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ABSTRACT 

JteocMnsndations for options aatertals and pcroceasoa In the 
aanafacture of f l a t altadmsa bsneycosh n a W e h are node 011 the bwia 
of comprehensive • todies of a large nueber of ladaptatat variable*. 

Tha affecta of wal^ht and distribution of tha adhaelve an 
bond otroagth arm described, for ana particular taat vehicle, "1*4*7" 
adheeive (amnufsctared by tha Hlooadagdale Rafebar Co.). Laaa conp-
""ihsaalve etodlea are oarrlod oat on otter arihaaiwm to sKiaap-
olatlon. Thrao adheslres art evaluated in peel and flatwise t&asile-
etceugth testa at elevated tsnperature. 

Optimm asthoda for the applloatica of liquid adheaivee to 
hsn*(fooai> and ftdap are develop ad f h a expe.'tnaatal stadias and 
sai »aia of oonpaxwble operations in other Industrie*, Propnood design 
layouts of and awdiisa-»productlau cleaning and prising 
aqirlpnant for facings, and of priaiag «qolpMnt for e o n , axe juiessiilmi 
Ths technical and — 1 a d v a n t a g e e of isniieoali^ ftci^i in the 
• tr ip font are diecaeeed. Corrosion~ resistant • a e r i a l s for 
f t p — t axe evalsated. 

A onnber of physical and chas&oal cleaning varlablea. aa 
wall aa ths eflfcetn of atorage of H ' i n oarat- and facings, are 
studied. 

Ths e f fec t s of curing t ins , tsnpsratwra, and preeaure on 
bond strength are evaluated. IWthoda for oorrectlag or 
for proas mtxpaga and core thlilrnses irragalaritiae, baaed on experi-
mental atudlea and surrey data, are aat forth. 

The affecta of honayoasfc ce l l - s lue and thickacsa-slslng 
esthod on bond strength are evaluated. 

An axploretory study of tha sigaificaaoe of aandsich bond 
strength aa a design criterion la described. 
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nrraoDUCTiow 

Tr  «IMI Of «dheafTe-oooded «lunlnaa hooeycon* HLOdvtch 
construction la a-^crfcft ha* expanded rapidly la the past f«w yaar«, 
and proartava to continue this axpaaaloo at an evan greater rate. The 
«peclallaod theory and practical tacfanolocr of thla type of bändln«, 
la conblnatloB with ita re la tire nevneaa, aoaatlaaa pravant aaaufact- 
wers fro« achlarlag full utilisation of It« advaatagaa. Muqr flnw 
«ho tmtm  achf«ved eoutrol of their procaaaaa after yaars of daralop- 
■ant and training ara Juatlflably raluctaat to aak« chans** «rtiich 
irlght jeopardise iäxlu  control. 

Although experience aad the exchange of laforastlon hava 
resulted la ateady progress In the technology of saedvlch bondlag, thsre 
faaa beao a aaad for a concentrated affort directed toward the Isolatloa 
aad control of critical production variables, sUowlng lacraaaad pro- 
duction Of onlfomly hl^h quality materials at lower co«t, and with 
leaa dapandanca en Indlridual akllls. 

The baalo objactlwea of UBA? Contract «o. AP 33(60^23626 
are lotendad to fill the need for such an aawancawsiit. These ob^actlwaa 
are listed aa followa: 

A. Devalopattnt of lavrowad fabrication aathoda, 
aaMtaabla to aa aoononlcal axpaaaloa potential 
la the aveat of total nohlllaatlon. 

B. Reduced proaucticn coata. 

C. IstproTed qvallty lirral of the and Itan. 

•f the "atatanaet of work" of the contract 
be outlined anra specifically aa follava: 

1. A coaqirahanalve prallJBluar/ aurvay cowering the 
latest pmctlcea aad wthoda uaed In the prod-j»ctlm 
of «dheslve-bonded aaadvich natarlala. 

2. Development of a dependable aad econoailcal cleaning 
aad prlartng method for the faying surfaces of 
sandwich coapoalta. 

3.  Detemlnatlon of the most practical adhaalwa 
for general production use. Ihla calla for awalne- 
tloa of coat, awallablltty, physical properties, 
and eaae of application and cure. Beat-realatant 
adhealwaa la the range fron 200» to 500° F are 
Included. 

k.       Evaluation of honeycomb call also with respect to 
production costs, physical properties, and adhealwa 
weight In sandwich coaposltes. 

AF 33(600)-23626 « 
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Introduction, Continued 

5, DvrttlofMent of a production method for securing 
uniform platen curing preaaure on flat boneyconb 
aandnrlch eonpoalta« 

6. Collaboration with contractors witio are engaged In 
«raluatlon of non-destruetire testing devices 
through consultation and the furnishing of test 
speclaiens« 

7« At the conclusion of the foregoing derelopments, tot 

a« Evaluate the consistency of the quality of 
honeycomb composite produced by the improved 
Methods. 

h     Determine production cost savlr^s. 

o« Recommend tolerance standards for core thick- 
ness, platen flatness, snd curing-cycle variables. 

d. Prepare an efficient production-layout plan. 

In this final report undsi the contract, the work haa been pre- 
ited in three sections. Section I contains th- results of individual 

studies of prooess and material variables. Section II contains the results 
of iadividnal studies of squipmsnt variables, extrapolated to include the 
development of hi^b-production techniques. Section III contains a general 
disousaion of sandwich bonding practices, based on documented experimental 
reeulte la this and other projects, and on survey information gained from 
discmssions with manufacturers. 

The control fabrication and test conditions, as well as ths 
final drafts, of prcposed specifications for automatic proceasing equip- 
mmt# iwv» been included in separata appendicea. Ths last appendix ocn- 
talne the results of exploratory studies of the significance of bond 
strength as a design property. 

• 
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F 
SECTION I 

PROPERTIES OF THE BOND, AS INFLUENCED BI  MATERIAL 
AND PROCESS VARIABLES 

SCOPE| DEFINITION OF TERMSx 

This section prasents the results of studies of the effects 
of Individual material and process rarlables on aluminum honeycomb sand- 
wich bond strength*.- These evaluations were used x> define optimum process 
conditions which could be applied to the derelopient of dependable and 
economical production techniques. Studies of individual variables hare 
been grouped into six divisions within this section. 

The majority- of the evaluations discussed in this section were 
based on the results of peel tests and flatwise tensile tests performed 
on specimens cut from laborstory-slse sandwich panels. The peel-watt- 
ing device used in the project was a specially built, four-lncL drum- 
type machine, driven by * Tinius-Olsen testing machine« The peeling 
torques in inch-pounds, required to remove the facings from three-inch- 
wide specimens, were recorded autographically. One-inch-square specimens 
from the panels were bonded to alumiuuK blocks and pulled in flatwise 
tension, in apparatus similar to that used by Forest Products Laboratory 
(reference 3M. In some instances, the peel and tensile-strength values 
were divided by the unit weight of adhesive in the panel to obtain 
"specific" strength values which were equivalent to "strength-weight* 
ratios« 

Since it was not feasible to duplicate the evaluations of 
individual material and process variables in several adhesive-bonding 
systems, one system was used as a test vehicle, and the results wsre 
augmented with exploratory evaluations of other adhesive systems. The 
choice of s suitable adhesive system for use as a test vehicle was based 
on the results of a "Survey of Existing Methods", conducted in May, 1953. 
It was found that fabric-reinforced bonds were used by almost every 
honeycomb sandwich manufacturer. Usually the fabric was added in the 
form of a cloth-support in a dry film of adhesive. Two "supported film" 
or "tape" adhesive systems were in common use st the time of the survey. 
The majority of the collected information, relating to process variables 
and physical properties, was found to apply to the "FM-it7" supported film 
and liquid system, supplied by the Bloomlngdale Rubber  -wpany of Chester, 
Pennsylvania. It was decided that ttJjk  system should be useJ as a con- 
trol vehicle in the project, in order to take advantage of the maximum 
amount of existing practical technology. 

Although the trends observed in the "FN-U7" system are 
generally representative of resia-plasticised phenolic adheslves as 
a class, quantitative results based on its use cannot be applied 
directly to other formulations within the class. There is limited 
correlation with results based on other classes (particularly the 
"epoxy" resins)* 

Detailed diseus/sions of the eoudltions of fabrication and 
testing have been placed separately in Appendices I and II respectively. 
Wture exceptions to the control procedures ocmrrsd, the results have 
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Section I,  Continued 

been noted accordingly.    In most cases,  an abbreviated listing of the 
control conditions is Included with the results of each evaluation. 

The nomenclatme of the adhnslve bond used in this report 
includes the followingt    "Core prime"  as used here implies a relativ»« 
ly llRht coating of adhesive applied to the top edges of the cell 
walls,  for augsienting the strength of a film-tjrpe bond.    A "bead" or 
"heavy bead** refers to a heavy deposit of core prisie, applied in such 
a way as to extend over the tops of the cell walls,  and is normally 
used in a "liquid only" bond.    "Film" refers to a layer of dried or 
semidried achesive of uniform thickness.    "Supported films" or "tapes" 
are those films which contain a fabric reinforcement (glass scrim 
cloth,  cheesecloth, etc.).    "Unsupported films" are composed of 
adhesive alone, with no fabric reinforcement.    "Facings" or "skins" 
are the sheet aluminum surfaces of the panel,    a "facing ^.rime" or 
"skin prime" is a light coating of adhesive used to protect the 
cleaned facings from contamination and to improve adhesion to the 
facing. 

A:     EFFECT OF WEIflHT ANIJ LOCATION OF ADHESIVE ON .JOND STRWOTH: 

The Individual variables studied in  this phase included core 
prime veight,  tape weight,  cell sise, core prime depth, and weight of 
facing prime. 

1«    Core Prime Weight, Tape Weight, and Cell Siset 

The first ma.lor eTperim«ntal program undertaken in this 
phase, and in the project  itself, waa a comprehensive, combined study 
of the effects of core prime weight,  tape weight, and cell eise on boon 
strength, aa reflected In room-temperature peel and tensile strength. 
This program involved a large number of panels and extended over a 
period of several montha.    Dried,  uncured weight of core prime waa made 
the Independent variable;  tape weight and cell else wie parameters. 
Comprehensive evaluations were performed In the l/8-lnch and l/U-inch 
cell aiaea, uelng a wide range of tape weights.    Evaluations were per- 
formed  in the 3/l6 and i/B-lnch cell sizes with one tape weight only. 

Core-prime weight was adjusted by varying the number of 
"passes"    through a roller-coating machine.    A constant "doctor" or 
metering gap of 0.030 Inches was used in priming all of the cores used 
in the "Adhesive Weight"  program.     The majority of the cores were 
primed in a 52-inch,  l/U-hp,  electrically driven"veneer coating" 
machine, having a four-inch-diameter,  rubber-covered applicator roll. 
Some of  the  panels made latar in the program were made from cores 
primed in & smaller,  hand-operated machine.    Diacussionn of these 
machines axe included in Section II- Part A, and Appendix I« 

The orime depth apolied at a 0.030 inch doctor-pan setting 
on the power-driven machine varied  locally  from approximately 0.010 
inches to 0.035 inches.    The depths applied  in the hand-operated machine 
were found to be somswhat less,   but the  cores primed in  the two machines 
were considered interchangeable for control purposes in the "Adhesive 
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Weight" progrnn. The cores primed in the two machines could not be 
considered interchangeable irhere "prime oepth" was studied as an in- 
dependent variable, however. See Part 2 of this discussion, entitled 
"Core Prime DeptM, 

The effect» of adhesive weight and coll else Are shown in 
tabular form in Table 1, and graphically in Figures 1 througa 16, at 
the end of this discussion. Note that the tabular presentation »hows 
the type of failure as well at the panel serial numbers and the low- 
ost readings« Panel» in this table are grouped by tape weight» In ir 

each cell »is», and are arranged in increasing order of core-prim» 
weight, within each tape-weight group. 

The "specific" flatwis» tensile and peel values shown in th» 
taMLeia and graph» were obtained by dividing the observed strength» by 
it.    tatal cured adhesive weight, in pounds per square foot of panel. 
Th» »pacific value» nay be interpreted a» strength-weight ratio», or 
bond effioi«nci»». The dimensions of these quantities have no par- 
ticular significance. It »ir. uld be noted that the Specific" »trongth 
or atrmgth-wei^ht ratio of the bond is not *-hm moat important cri- 
terion in th» «©lection of an optimum bonding system for a given 
sandwich construction« The primary piupoa» of th» bond 1» to permit 
the full capabilities of the core material and the facing» to ba 
r^-1l«sd. After the strength requirements of the bond for a partio- 
uxar combination of core and facings have been ascertained, it is 
then desirable to seek a bonding system which consistently meet» 
th»»« requirements without imposing a weight or cost penalty« 

Figures 1 through 6 show actual and specific tensile atrengtha 
»a a function of dried, uncured core-prlae weight, uncured tape weight, 
*.- • cell »is». The next six famlllc« of curve», Figures 7 through \2, 
•how actual and apecific peel atrengtha. 

Figures 13 and Ik  are Interpolated from the original peel and 
ten»lie curve», and ahow cell slse aa the independent variable, at a 
tape weight of 0.079 lbs. per square foot. 

Figures 13 through 18 ahow peel and tensile strengths in two 
cell aisee aa a function of total cured adhesive weight In tn« bond. 
These curves were derived from the ordinal peel and teaalie curves by 
computing the total bond weight at selected values of uncured tape and 
core prims weight«, on the assumption that the cured weight of the »um 
of mil adhesive components waa 0.85 tinea their uncured weights- (This 
flgui* la an average baaed or. a large sampling-) 

Incre»»os in adhesive weirht in the form of either core-prime 
weicht or tape weight, brought about increases of peel strength and flat- 
wise tensile strength. An exception to this rule is shown in Figure 7, 
where the dotted portions of the 1/6 inch cell, peel curves tended to reach 
a maximum. These dotted portions are known to represent a condition wherein 
the adhesion to the facing itself becomes a limiting factor. It la 
doubtful that adhesion to the facings actually drops off aa core-prime 
weight la increased, aa the dotted curves imply. It is more likely that 
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the cunratoraa reaulted fron ualntantlonal Tmriatlons in th« •ffectiT*- 
nmmm  of the cleaning operation. As the dotted portlone represent vmxj 
high peel atrengthe, the true ahapa of these curres la of little 
lflportMM«a 

The peel strengths of the panels marked with asterisks, in 
Table 1, were left off the graphs ahowing peel strength rm,  core- 
prime weight. The peel strengt»is of theae panels appeared to be lower 
than normal and the specimens ahowsd relatiTely high percentagea of 
adheaion failur* at the surface of the facing. The fabrication dates 
of theae panels fell into two periods when the cleaning process 
appealed to be out of control. The loas of control is fully discussed 
in Part F of Section I, under "Prept'.ration of Facings". 

The specific flatwise tensile curves Indicate that a tape 
weight of the order of 0.05 Iba/aq.ft. girea the highest- atrengtb- 
waight ratio ^ both the 1/8 -inch and l/Vlnch cell alaea, at core-prime 
weights in excess of 0.02 Iba/aq.ft. The "apacific peel strength" 
curves indicate that the efficiency of the bond in peel strength con- 
tinues to increaae aa tape weight is increased, particularly at low 
values of core-prime weights. In gennrsl it can be concluded that 
increases in in either core-prime weight or tape weight bring about 
increases in peel and flatwiae tenaile jtrengtha, but peel atrength la 
more directly influenced by tape weight. 

The effect of cell aise car be interpreted indirectly from 
Figures 5» 6,  11, and 12, and directly from Figures 13 and 1U« Both peel 
atrength and tensile strength are nearly inversely proportional to cell 
else, at any given set of adhesive weight conditions. (An exception to 
tills rule occurs where adhesion to the facing limits peel strength.) 

Fifturoa 15 through 18 do not present new data, but bliow the 
previous curves in a form which vmy be more readily interpreted by those 
who «ure accuatoned to working in terma of total cured edhasive weight. 
Ordinarily« the cured weight.of adhesive in a typical aandwlch bond la 
approximately O.lU lbs per square foot. These curve« ahow the effect of 
variations about this value. 

With the trend« exhibited by Pigoree 1 through 10 in mind, toe 
leader may mor« readily interpret the Hlgnificacce of the treads of the 
type« of failure«, end of the low reedlnga In Table 1. The aysteai of 
failure deeigoatlon uaed in thie project recognised aix poeaible type« 
of failure within the bond itself. (See Appendix II for full deacrlptico, 
and photograph« of apeclmena). Althsugh the ayatem was aubject to aca» 
discrepancy, definite trends were observed.  Flatwiae tensile failures 
in thetTM-U7''sy»t«« occur between the tape and the core, alaoat without 
exception. Low edheelve welghte tend to bring about failuree in adheaion 
at the cell walla thamaelvee. Ten« He failure« In the cor« material f 
(wjAlly where al 1/8-.0015 core waa uaed In a heavy bond) were not 
averaged or plotted, elnce they did not give quantitative data on the f,c ^ 
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effect of «dheaive velght, but only Indicated qualitatively that the bond 
was adequate for the core material In question. Peel failures tended to 
be More randomly distributed throughout the fillet structure within each 
speclmon and from specimen to specimen. Where adhesive weight was high, 
and/or a small cell else was used, peel failures tended to restrict them- 
selves to the adheslve-to-fadng Interface. Conversely, low adheelve 
weights and large cell slees exhibited peel failures In the proximity 
of the cell walls. The reader should overlook the panels marked with 
asterisks when studying trends of peel failures in Table 1. 

Because only ttiree or four peel and tensile specimens were 
taken from each panel, the lowest observed readings (expressed in the 
table r-* pereents of the mean) are not by themselves statistically 
valid indications of cuiailstency of quality, but collected results 
from large numbers of panels exhibited Important trends. In eacb 
group of panels in Table 1, particularly In the lowex tape weights, 
there Is evidence that the lowest observed readings increased In 
relation to the mean readings as core prime weight was increased, 
which may be interpreted as an improvement in consistency of quality« 
There was a considerable upgrading in the low readings (pereents) as 
tape wel&ht was increased. Cell else had no obvious effect on the 
oonsistency of quality of the bonds. 

Although the cae of a supported film weighing approximately 
040$ lbs. per square foot affords optimum "strength-weight" characteristics 
in flatwise ^-sile strength, it must b<- remembered that strength-weight 
ratio Is not tl*e most Important criterion. First of all, the bond must 
be strong enough to develop the full properties of the core material 
and the facings. A tape weighing 0.0£ lbs. per square foot is not neces- 
sarily capable of meetlnr, this requirement in any given structure. 
Second 1; , the bonding system as a whole must remain consistent in 
quality, under reasonable manufacturing conditions. It has been found 
In the work discussed here, and in Part D of this section ("Curing 
Cycle Variables") that bonds made from tapes weighing 0.07 lbs. per 
square foot present significant advantages over bonds made with lighter 
tape«; in consistency of quality and ease of manufacture. These ad- 
vantages appear to offset the slight penalty In strength-weight ratio 
imposed by udng heavier tapes. 

The leek of experimental coverage of tape weights between the 
nominal uäit weights of 0.05 end 0.08 lbs. per square foot waa uninten- 
tional. Originally, it waa planned to test tapes weighing (nominally) 
0.03, 0.05, 0.07, 0.09, and 0.11 lbs. per square foot. The"O.O^-and "0.07" 
tape» were Htandart items and were to have received the moat complete 
coveruge. Although two lota of "0.07" tape were ordered, both were at 
the high end o the manufacturer's weight limits, giving an average weight 
of 0.O79 Ibe. per square foot. 

The results have indicated that the fluctuations in tape 
weight that are currently tolerated in the industry have a signifi- 
cant effect on bond strength. In the course of the project many rolla 
of supported film, from two different manufacturers, -rere cut into 
relatively small pieces of known area and weighed. The following is a 
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tabulation of unit weight of 10 inch by 18 inch pieces,   in Iba/sq.ft. 
obserred across the width and down the length of a typical roll of 
"O.OT* supported film of »FM-UT*! 

UNIT WEIGHT OF "FM-UT"  TAPK,  LBS/SQ.  FT. 
ACROSS WIDTH 

0.0705 0.0635 

0.070 0.065 0.0675 0.0785 

0.070 0.067 0.0693 0.080 

I 

'• 0.070       0.07U       0.071 0.082 

Significant weight gradients are in evidence in this roll« Weight grad- 
ients have appeared tc be particvlarly obvious at the tag snds of the 
rolls. It can be concluded that more attention ahoula be given to the 
control of tape weight, by both the manufacturers and the users of the 
material. 

It is apparent that the average unit weight of a given roll 
cannot be determined satisfactorily from one coupon taken fron the «id 
of the roll. A better determination could be mad« from the total weight 
of the roll, divided by the total area, but this would give no indic- 
ation of local fluctuations or over-all gradients. A furthsr refine- 
ment to the weight-control systom would be the removal of lateral 
strips, approximately two inches wide, from each end and from the 
center of each roll. These strips would be cut into four equal pieces 
to be weighed individually. The application cf statistical quality- 
control analysis to this ssmpling method should give a realistic in- 
dication of ths weight conditions within each roll. 

Because ths determination of local unit weight on a sampling 
basis is a tims-consuming destructive test, not entirely representative 
of conditions throughout the roll, consideration should be given to a 
continuous non-destructive method permitting lOOft  inspection. 

It is sugrested that the maximum tolerance on a supported 
film having a n>minal weight of 0.07 lbs per square foot, be made 
plus 0.01, minus 0.005 lbs. per square foot.  (These limits are 
designed to recognise the nrsctical limitations of existing equip- 
ment used in the manufacture of supported sdhesive films, and are wider 
than what would otherwise be specified to assure good consistency of 
panel quality.) 

In specifying a core-prime weight, the designer should note 
that the addition of a very small amount of adhesive to the unprimed 
core brings about a stalking increase in bond strength. Successive 
additions of core-prime weight bring about smaller increments of im- 
provement in strength. Although sandwich structures made from unprimed 
core material would show reduced fabrication costs, the strength-weight 
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efficiency would be below optimum, and there might be some danger of 
bond deterioration or corrosion from exposure at a later date. No 
exposure tests were conducted within this project but it is generally 
belle'/ed throughout the industry that priming enhances the resistance 
Of an adhesive bonded structure to corrosion. 

Since nrery light core primes are effective in promoting 
efficient bonds where a substantial tape weight is used, and since it 
is impractical to attempt to maintain weight-inspection records on 
core primes weighing less than 0.01 lbs. per square foot, is is recom» 
mended that "complete coverage" be specified in lieu of a given weight 
in all panels In which maximum bond strengths are not required. Primes 
applied under such a specification would be presumed to require only 
one pass through a roller ooater and would be subject to visual in- 
spection only. The addition of dye to the adhesive would be man« 
datory here to facilitate inspection. Where the service requirements 
on the panel dictate that heavier core prime weights (0.01 to 0.03 
lbs. per square foot) be used, the weight should be specified. 

The results indicated that if bond strength wero the only 
consideration in the design of a sandwich panel, the smallest possible 
cell slae should be used. Other considerations affecting the choice 
on honeycomb cell sise are discussed in Part "E" of this section. 

2. Cors-Prime Deptht 

An imoortant dimeaion not considered in the study repre- 
sented by Table 1 and Figures 1 bo i8 is that of core-prime depth. The 
importance of this variable became increasingly evident as the work 
progressed, and was quant clvely determined when the project was 

approximately half completed. Table 2, at the end of this discussion, 
presents the results of this study.  Kight cores in two cell sizes 
were primed in the hand-operated roller coater (described in Section 
1I-A), at doctor-gap settings of 0.O1S and 0.060 inches. These set- 
tings were intended to provide extreme conditions which could be com- 
pared with the results obtained with the intermediate "control" doctor 
setting of 0.030 inches, used in the "Adhesive Weight" program.  It was 
later found however, that the depth applied with the 0.060-inch setting 
was less than the depth apnlied with the control doctor setting, making 
it inadvisable to use tho control results in the comparison. This in- 
congruity was apparently caused by a chanpe in priming equipment} th« 
majority or cores used in the "Adhesive Weicht" program were primed with 
the power-driven roller coater, not the hand-operated model used in the 
"Core Prime Depth" evaluation. 

The depth of prime on each alien of core, estimated with the 
aid of a machinist's scale, was from 0.010 to 0.015 inches on the cores 
primed with the smaller doctor setting, while the ranga on the deeper» 
primed cores was from 0.015 to 0.035 inches. The method of estimatinp 
these depths was crude, but a more precise method was not Justified in 
view of the fact that the depth within each individual cell varied over 
nearly the entire range of observed values.  I.ater work indicated that 
the variations could have been substantially eliminated by using a 
coater with a special ndoctor-blader metering system, but no such 
machine was available for use in the "core-prime-depth" program. 
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The peel and tensile results shown In Table 2 are expressed 
as both "actual"and "speciflon strength values| the latter representing 
strength-weight ratios In effect. Before Interpreting these ranults, It 
should be noted that the number of coating passes was not constant in 
the evaluation. The number of passes was doubled on the shallow-primed 
cores in an attempt to keep the prime weights nominally the same on each 
cell sise, but the deeper primes were nevertheless heavier« The "specific" 
strengths were substantially higher where the depth was shallow, even 
though the lighter coatings on these cores would be expected to reduce 
their strength-weight ratios. The bond strengths on the "ahallow" and 
"deep" cores in each cell sice were substantially the same. The strengths 
developed by the "shallow-primed" cores would undoubtedly have been lower 
if the number Oi.' coating passes had not been doubled, however. 

The change in priming equipment mentioned previously in this 
discussion brought about an indirect confirmation of the results present- 
ed in Table 2. Cores primed throughout the latter part of the project 
displayed shallower prime depths than did the cores primed for the ad- 
hesive-weight program. Bond strengths obtained from the later cores were 
nearly always higher, under any given set of weight conditions, than oould 
be pelleted from the results of the "Adhesive Weight" program. The levels 
of the curves in this program (Figures 1 - 18) were undoubtedly defined 
by the depth of prime in the cores. 

It may be concluded that the use of a shallower core prime 
would conserve adhesive and minimice the weight of the flnishea panels 
but the increased number of coating passes required to achieve a given 
level of bond strength in a shallow prime system would tend to offset 
these advanta^ss. 

Shallow core primes have one obvious advantage, not specific- 
ally evaluated in this project, in that there is much less danger that 
cell-wall perforations may be blocked off with adhesive, where thin 
(approximately 3/16 inch) panels are bonded« 

Although the increased production cost of applying extremely 
shallow core primes does not appear Justified, it is apparent that a reason- 
able limit on depth, as well as a set of unit weight limits that is 
within the practical limit» of available equipment, should be defined in 
specifications for primed core material. With some of the priming equip- 
ment currently in use, the depth is very irregular and an accurate determ- 
ination of the average is nearly impossible. A an interim specification 
figure, it is suggeeted that the shortest observed depth be held to a 
maximum of 1/6U inches. Whera optimum equipment (presumed to be a roller 
coater, watered with a blade) is available, a nominal depth of 0.02S 
inched should be soecified.  It should be noted that core prime depths 
of 1/16 inches have sometimeb been called for, apparently in the belief 
that a large figure is more conservative. Many process specifications 
call for a given weight, but do not specify depth. The actual depths 
realised under this type of specification are likely to be excessive, 
because less effort is required to apply a deep prime of any given weight. 
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3. F«clng-Prim« Weight» 

An evaluation of the effect, of facing prime-weight is pre- 
sented in Table 3 at the end of thla discussion.  The bond efficiencies 
developed from lightly primed (0.003 to 0,008 lbs per sq, ft.) and 
unprimed facing areas are compared. Two of these conditions were rep- 
resented in each panel, separated by a line of demarcation drawn on 
the facings. The extreme conditions, "unprimed" and "heavily primed" 
were not Incorporated in the same panels. The evaluations were duplicated 
In the 1/8-inch and 1/ü-lnch cell sizes, with various core-prime and 
tape weights. The order of presentation in Table 3 is by increasing 
total cured adhesive weight in each group. 

Quantitative comparisons of the two prime conditions are based 
on the strength-weight ratios ("speciflcM strengths) on each aide of the 
line of demarcation. Since a lightly-primed area was incorporated In 
each panel, the specific strength values in the lightly-primed areas were 
made the denominator, in the two ratios denoted In Tatile 3 as flone/Llght" 
and "Heavy/Light". 

Analysing „ne "None vs. Li^ht" results in Table 3, it can be 
seen that the efficiency of the bond in peel strength was generally lower 
where no prime was applied to the facxng. The facing prime assumed 
mom  structural import«:.^e in the small cell sire and in heavier adhesl/e 
llnbs, where the bond to the core became strong enough to cause failure 
to occur in adhesion to the face. In the l/U-inch cell site, the facing 
prime was less effective in upgrading peel strength-weight efficiency 
than in the 1/0-inch cell size. Flatwise tensile strength in either 
cell else showed little or no Improvement when a prime was added. 

Increasing the facing-prime weight from "light" to "heavy4' 
did not generally improve the efficiency of the bonds in peel strength. 
Increases In facing-prime weight had no marked effect on flatwise ten» 
slle strength in the results shown in Table 3. 

The following conclusions can be drawn from the results 
presented in Table 3t 

(1) The addition of an adhesive prime coat to the surfaces 
of the facings generally improves the peel strength-weight 
ratio of the bond but has little effect on flatwise 
tensile strength. 

(2) The over-all strength-weight ratio of the bond is not 
increased by usinp: heavy facing primes in preference to 
light ones. 

It is generally believed in the industry that the addition 
of a prime brings about increased resistance of the bond to weathering 
or corrorilon attack, but this factor was not evaluated in the project. 
A crime is also known to impart protection from fingerprint contamination 
to the chemically prepared metal surfaces, althour.h it la not recommended 
that primed surfaces be subjected to indiscriminate hanillinK* 

t. 
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SECTION I, Continued 

B - FACT NO PRIME VARIABLES: 

The effect of weight of facing prime in a.  tynical sandwich 
bond was discussed in Part A of this section. Studies of several other 
facing prime variables conducted on "three-tape" panels (peel strength 
at adhesive-to-facing interface only) are presented in Tables U  through 
6 at the end of this discussion. A study of the effect of dye in the 
priming solution is shown in Table U.    The purpose of the evaluation was 
to determine if this change in fabrication procedure had caused any loss 
of control of bond strength results obtained in the project.  In the 
same evaluation, "FM-iiS** was compared with "FM-U7" as a facing prime, in 
the belief that it might give somewhat superior adhesion to the TacinK* 
From the limited results shown in Table U, there does not appear to be 
any advantage in using "FM-U7" tape with a prime of MFM-U5", and there 
does not appear to be any obvious structural disadvantage in dyeing the 
priming solution. The experiment cannot be construed to imply that 
either formulation is superior as a sandwich adhesive. 

Since a strong color is very desirable in a prime (particularly 
a facing prime) to facilitate inspection, the contractor recommends that 
adhesive manufacturers consider the possibility of qualifying their 
formulations with a d/e already in solution.  Thn dye intensity should 
be capable of rendering a strong coloration to a coating weighing O.0O2 
Ibs/sq.ft., (dried) on an aluminum surface. The particular dye used 
here ("OIL RED «O'", manufactured by the National Aniline Co.) is not 
readily soluble in the thinner and was not thoroughly evaluated to 
determine if any detrimental effects might result from its usr>. Dyes 
which are considered for uso In metal adheslves should be evaluated to 
determine their possible effects on corrosion resi.stance. 

A third variable, explored ui fable I4, was the effect of 
procure.  The conditions of fabrication were the same as in the "'M-liV 
undyed" panel» except that the primer) facings were given an oven cure for 
3$ minutes at 32b F, whereas th*' prlmeci facings in the other groups were 
force-dried only.  The average pfel strenjrth of 1!?5 inch-lbs. obtained 
from the three panels wan lownr than In any of the other groups.  It 
was tentatively concludod that procuring the facing prime t'-nded to 
lower peel strength but it was docided to perform a more thorough study. 

A further study of the effect of precure, and of storage before 
and after pre^ure is presented in Table S.  Frecurinr time at 300°^ was 
varied from r.ero to sixty miiutes  on two groups of panels,which were 
then stored for three days and seventeen days, rear"'ctively.  In both 
groups, tho peel strengths struck a minimum at an oven time of approxim- 
ately two minutes.  (The minimum wan still, within the ranpe of "optimum" 
peel values obsorvd throu^hrxit the pro.ject.)  Peel strenrths again 
came up to the original "no-prncure" levels after five or ten minutes. 
A definite accompanying trend can be seen in the characteristics of 
the failures.  Apparently, the prime's strenr.th in adhesion InnrWiiAU in 
comparison to its strength in '•oh»'sion, when precure time war. extended. 
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I - B, Continued 

The axtended storage after precure reduced peal strength by approx- 
imately six percent.  Panels UlO and Uli, which received a long stor- 
age before a fiTe-mlnute precure, exhibited a peel strength loss of 
only two percent aa a result of the storage. These results contra- 
dicted the tentative conclusion that long procures downgrade peel 
strength. 

The last evaluation In the series, presented In Table 6, 
dealt with procuring and finger-handling of the prime as parameters, 
and also determined the protective effect of a paper-backed polyethylene 
"interleaf", laminated to the prime.  (The evaluation of the Interleaf 
was in conjunction with an unsuccessful attempt to develop a method 
for continuously laminating paper-backed polyethylene to the facing 
prime In a machine used for cleaning and priming coil stock.) As In 
the case of th« "Facing Prime Weight" panels (Section I, Part A - 3), 
two test conditions were incorporated in each panel, separated by a 
line of demarcation. Paper-backed polyethylene was laminated under 
heat and pressure over one half of the surface of each primed facing. 
The unprotected portions of four of the primed facings were covered 
profusely with fingerprints by six laboratory and office workers. 
(It should be noted that these persons' hands were relatively clean.) 
Another four facings having protective coverings laminated to half 
of their primed surfaces, received no fingerprint contamination what- 
soever. The paper-backed polyethylene was then stripped from all eight 
of the teat facings. Bight "three-tape" panels incorporating these 
facings were bonded and tested in peel. 

The peeling torque representing the conditions on each side 
of the line of demarcation have been presented in separate columns in 
Table 6. In every case, the peel strength in the protected area was 
higher than that in the unprotected area. Fingerprints on the surfaces 
lowered peel strength only about two percent below the values observed 
on the unprotected areas which were not handled. A third trend observ- 
able in Table 6 is an upgrading of peel strength by a short precure, 
contrary to the results of the previous evaluation. 

The three evaluations of the effect of facing precure on 
peel strength (Tables U, 5, and 6) gave generally contradictory result« 
each time, but the magnitudes of the upward and downward gradients in 
the latter two evaluations were small, while the large drop ahown 
in the first evaluation was probably a manifestation of other uncontrolled 
test conditions. The following general conclusions can be drawnt 

1. The procuring performed on the facing prime may either 
increase or decrease peel strength, but the variation is 
small. 

2. An increase in the duration of the precure of the facing 
prime causes the strength of the bond in adhesion to in- 
crease with respect to its strength in cohesion. 
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I - B, Continued 

3. Fingerprints applied to the primed surface of the facing 
by persona with relatively clean hands, did not bring 
about large reductions In peel strength« (It is not 
recommended that primed surfaces be handled with the 
bare fingers.) 

U* A film of polyethylene, laminated under heat and 
pressure to the facing prime coat appears to afford 
positive protection to the surface during storage and 
handling. Its use would not ordinarily be Justified, 
however. 

Other variables in connection with the facing prime, which 
do not directly influence bond strength, are discussed in Section II, 
Parts B and 0, of this report. 
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TABU. 5 

PTBCT OF FACIHG^PRIME PKBCUPE Oft ADHBBIOIf 

SurfM* Prapamtlom Thorough «Ikalln« clean in«, followed by 5 Bin. In agitated 
■ulfturlo aold - sodium dlchraoate «olution, at lUo'F. 

Prlainft On« bruah ooat,,,m-U7''«dhe»ive in equal part of IM-VTthinner, on w»rmed 
(120*F approx.) facing; dried in eirculating oven 9 l60aP. 

Facing Curingi Circulating oven at 300*F, variable time. 
Panel Cure» 5 Bin. at contact pressure; 60 mln. at 35 pal ,  S^'F. 
Matarialat FMinge - alelad 2Us-T3, 0.0l6 thick. 

Adhesive * Three layers heavy"TM-VTtape. 
Core   - AL-i/8-.oce cut 0.625 thick. 

rACHfO PREFARATIOW 

4> 
i 

Storage* after 1 . 
FrimlnÄ-DavB Avg. Low 

Reading 
Percent Failures 

m p  eg Remarks 
H 

m 

1 1 lA d g c 
Before After Pet. of Adhesion Cohesioi 

(C 12 aJ Precur« PrcQwr? m-f Avg. at Feeing atFacinj ;__ 

Uoi .002 None 

 1  

- 3 211 92 50 50 
397 .003 2 -- i   3 193 91 50 50 
398 .003 5 -- 3 200 90 30 70 average of peels 
399 .002 15 .. 3 219 95 15 85 - 209 inch-lbs. 
1*00 .002 60 -- 3 223 87 

91 

10 90 

U09 .002 None 17 200 50 50 
U05 .002 2 mm 17 180 93 U5 55 
Uo6 .002 5 mm 17 202 93 »♦0 60 Average of peels 
U07 .002 15 -. 17 202 89 30 70 - 197 inch-lbs. 
U06 .002 60 -" 17 199 83 10 90 

Uio .002 5 17 .. 197 88 Uo 60 
Uli .002 5 17 193 81 Uo 60 

* Seventeen day storage periods consisted of seven days wrapped in Kraft paper 
and ten days exposed to laboratory atmosphere. 

•* Two three-inch-wide specimens per panel in U" drum, autographic tester. 

AF 33(600)-23626 29 



TABLE 6. 

fcTAmmoir or PBOTSCTIOW TO FACINO PSIME 
AITOWDB) By UUCffATED POLlSTflf LBNX TKrEKLSAT 

Surface Proparationt 

Prlmingt 

Polyäthylen« Appllcationt 

Contaminationj 

Panel Cure: 

Material«t 

Tborou«h alteline cleaning followed by 3 ■Inutea 
in agitated aulfurio acid - eodlum diohronate 
solution at l6o*T.    On« minute cold rinse. 

One brush eoat',n(A7MadIieelve In equal part 
thinner on warmed facing, dried gently with 
hot air gun. Average prime welght-O.OOe Ibs/sq.ft. 

Paper-baeksd poly. pr«ss«d to half of «ach facing 
with blotter stock pads at SOO'F) 2 adn. at 10 
pal, then 2 min. at 50 pel. (First cycle did not 
cause polyethylen« to adhere) 
Exposed halvee of facings covered with finger- 
prints by six persons, after precure. (Pour 
panels only) 

5 »in- 
3^'P. 

at contact pressure, 60 min. at 3$ psli 

Facings - Alclad 2US-T3, 0.016 in. thick 
Adhesive - Three layers of heavy"FM-^T'tap« 
Cor«    ■ Al-l/8..O0e out 0.62$ in. thick 

571 
570 

569 
572 

565 
566 

IS 

Contamination 

FACING PREPARATION 

Fingerprinted 
(after 
precure) 

None 

Precure 
at 

30O*T. 

none 

2 min. 
M 

none 

2 mln. 
n 

THREE-INCH PEEL DATA 

Protected Area 

Avg. 

ln.# 

1871 ioejiss 

iS« 
&>■* 

Failure 
at Pacing 

Ad 

Pot 

2 

50 
»»5 

?5 
50 

50 
50 

Co 

Pet. 

50 
55 

50 
55 

U5 
50 

50 
50 

Exposed Area 

Avg. 

In-# 

1581 
170J 16U 

171 

if vti)* 

lf^ 

Failures 
at Facing 

Ad 

Pet. 

55 
30 

35 
30 

50 
55 

50 
60 

Co 

Pet. 

70 

65 
70 

50 

FEEL 
RATIO 

Exposed 
Protee« 

ted 

Pot. 

50 
uo 

92 

93 

9k 

RB4ARRB 

« 
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SECTION I - Continued 

C - EXPLORATORY EVALUATIONS OF SANDWICH ADHESIVESt 

Table 7» at th« end of this dlbeusslont shows the «dheslTes, 
methods of application, end curing cycles used by sereral of the major 
sandwich manufaoturers covered in the "Survey of Existing Methods", in 
April 1953. Three basic types of formulations are represented here* 
The "PM-UT* supported film and liquid system was selected for use as A 
test vehicle in this project becauae the greatest amount of detailed 
"process specification" data collected in the survey was found to apply 
to its use* 

\ 

The usual criterion used in selecting an adhesive for sand» 
wich bonding is the Military Specification based on lap-shear bonds. 
There is much evidence compiled in this project, and by other agencies, 
to suggest that the specification in Itself is not an adequate criterion 
for sandwich-bonding adhesives. A number of adheslves that display 
acceptable properties in terms of a specification based on lap-shear 
tests have given generally poor results when used in sandwich bonding« 
It is understood from outside sources that the converse might also be 
true, i.e. that some adhesives that are suitable for use in sandwich 
are unable to qualify under the lap-shear Specification. 

There are a number of fundamental differences between the 
conditions of honeycomb-sandwich bonding and continuous-surface bonding. 
A honeycomb-sandwich bond is essentially a network of filleted "T" 
Joints. The extreme edges of the aluminum-foil cell walls present a 
negligible surface area for adhesion, and for the transmission of bond- 
ing pressure through the resin. Although the flowing and filleting 
characteristics of the adhesive formulation are of little importance 
in continuous-surface bonds, It Is essential that sandwich adhesives 
flow, without the external application of pressure. Into the corners 
formed by the facings and the cell walls. Furthermore, honeycomb 
sandwich bonds have substantially more bulk or mass, and have large 
free surface areas for the evaporation of solvents and reaction 
produeta. 

Several exploratory Investigations of adhesives were performed 
in the project. The intent In performing tt.dse investigations was not 
to attempt to define or qualify the properties of Individual formula- 
tions, but to obtain some indication of the general suitability of 
various types of rormulations for sandwich bonding. In moat cases the 
investigations are not sufficiently complete to give a fair evaluation 
of the merits of any individual formulation. Table 6 shows peel and 
tensile strengths observed In panels made with various adhealve systems* 
First among these is "U22" (Shell Development Corp.). This adhesive, 
developed under military sponsorship, exhibits unusually high lap-shear 
properties at high heat. The tabulated results indicate that the flat- 
wise, tensile strengths obtained from sandviich bonds made with "U22" tape 
are of generally high order. Peel strengths on the other hand are in 
a consistently low range, and do not appear to ba influenced by adhesive 
weight, or to a large extent by cell siae. It should be noted that all 
of the "U2?" panels represented in this tabulation had high adhesive 
weights, even though a single layer of tape was used in the bonds with- 
out primes. 
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Mform laarlng the discussion of the "1*22" formulation, 
rsferenoe should be made to the curves in Pigurea ?3 end 2h.    Here the 
flatwise tensile end peel strengths of panels made with "FM-U?" and 
"1(22" «re suown plotted as a function of teet temperaturr. it ie 
apparent that "U22" retains a considerable amount of its strength 
at temperatures es high as 500*F, It should also be noted that 
lap-shear bonds made from the same formulation retain higher per« 
centages of their etrength at these temperatures, according to re- 
sulte published in other reports. The flatwise tensile strength of 
the "PM-UT*bonded panel drops off relatively steeply. The peroents 
of strength retained by'FM-V?'bonded panels at various test tempera- 
tures are also significantly leas then the percentages retained in 
lap-shear bonds made with the aame formulation. It ia of particular 
Importance to note that the VM-^7 bonded panel waa cured in a cycle 
which is believed to be optimum for obtaining high -heat properties 
(see. But 0 of Section I), 

Figure 24, in which the relationship between peel'strength 
and teat temperature ia plotted, shot's that the low peel strengths 
Inherent in "422" bonde do uot inoreae e ae teat temperature ia increased. 

^FM-hflon  the other hand, shows amaclmum peel strength at approximately 
150"F. The subsequent drop-off at higher temperatures is relatively 
unimportant in view, of the fact that the flatwise tensile values at 
higher temperatures are of a low magnitude. 

It may be noted in Figure 2h  that both of the •FM-UT'"'peel vs» 
teet temperature" curves show very ateep upward slopes at room 
temperature, suggesting that the peel atrengths at reduced tempera- 
tures might be critical. 

In en attempt to upgrade the peel properties of the "k22" 
formulation, a special tape with a loose-weave scrim cloth was uaed in 
one panel. The fabric uaed in the standard tape has a very cloee weave* 
and it waa thought that this might have been a possible cause for the 
loW peel strengths observed in this formulation. The special lot of 
tape made with open-weave "ecrim" cloth was of unusually heavy weight, 
and it ie significant to note that no improvement in strength wae ' 
brought about by either the change in cloth or the increase in weight. 
It appears that in very rigid formulationa of the type represented by 
"U22" adhesive, bond strength ie not sensitive to bond weight, contrary 
to the results observed with less rigid fOrmulatlöna•  This 
conclusion is confirmed by the results observed when the weight of the 
"unfilled epoxy" fonmilation waa varied. Peel' strength in this instance 
showed no correlation with bond weight.} the effect of bond weight on 
flatwise tenalle strength was not clear. 

Four adheaivea in Table 8 are of the •'opoxy" type, or modifi- 
cations thereof. The first, "EPON VI1I" (Shell Chemical Corporation), 
showed generally high values of flatwise tensile strengths, and relatively 
low values of peel strengths. This characteristic la typical of moat 
«Doxy formulationa which have not been plaaticiBed in aome manner. 
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Three oondltlons wer« incorporated in the "KPON ¥111" panel*• 
In panel No. U02 the adheeire was applied directly to the facinga, and 
no primes or fabric reinforcements were used« In panel No* ii03, ad- 
hesive » s spread onto cheescloth stretched over the facing« This 
modification was observed to bring about an increase in peel strength} 
tensile strength appeared to have been downgraded, however. In panel 
No. UoU the adhesive was again spread over cheeseclotht but in this in- 
stance, both the facings and the core had been primed with "FM-U7", 
in the belief that peel strength might be upgraded. Although a slight 
improvement in peel strength was in evidence, it is doubtful that this 
could be attributed to the addition of the prime, since the peel fail- 
ure was cohesive, in all cases. 

The "«poxy modified with «THIOKOL LP.3*" was tested in the 
belief that it might exhibit a good "filleting'* action. As a general 
rule, it is very desirable that a sandwich adhesive tend to "fillet" 
or "gather" at the comers formed by the cell walls and the facing. 
This region is the jnly part of the bond stressed as the panel is 
loaded, and it is structurally and economically desirable to confine 
the adhesive here. The THEOKOIAmodified-epoxy" adhesive displayed 
good filleting characteristics but its peel strengths, with and with- 
out a scrim cloth, were low. Since tensile strengths were satisfact- 
ory, a further development of this type of adhesive to develop higher 
peel strength might be .iustified. 

The adhesive designated as "unfilled, clear epoxy" displayed 
the filleting characteristic but was very brittle. It also displayed 
another characteristic, which would rule it out of any sandwich bond- 
ing application. At curing temperature (which in this case was of a 
vary low order) the adhesive was lowered in viscosity to a point where 
it flowed down the cell walla. The majority of adhesive was found 
later to have deposited on the lower facings. In panel No. 72, a 
scrim cloth was added in the belief that, the flow might be inhibited, 
and peel strength might be upgraded. Although seme of the adhesive 
at the top facing remained filleted to the fibers of the cloth, the 
majority ran down the cells, as before. Peel strength remained at a 
low value, indicating that fabric reinforcements have limited value 
as stress-relieving agents in brittle sandwich adhesive bonds. 

The "experimental rubber-epoxy-phenolic" formulation was a 
pilot, or preliminary blend, which was tested on the theory that it 
might develop self-filleting characteristics. No filleting was in 
evidence, and both the peel strength and tensile strength were observed 
to be low. A higher peel was obtained on a second panel made with a 
scrim cloth and a higher weight of adhesive, but the tensile value« 
remained at a very low value. The experiment cannot be construed to 
rule out this general type of formulation for consideration as a 
sandwich adhesive. 

The first of the two unsupported films, represented in Table 8 
as from Manufacturer "A", disnlayed relatively low flatwise tensile 
strengths.  The peel strengths were in an acceptable range, where 
a core prime was used in conjunction with the film. The second 
formulation showed low strength values in both flatwise tensile 
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•nd peel even though the core vus primed. Both filme ehowed a tendency 
to curl away from the cell walla during the cure. This fact probably 
accounted for the very low tensile and peel values observed in Panel 
No. 95, in which no prime» were used. The addition of a prime brought 
about substantial increases in both the peel and flatwise tensiles of 
Panel Ho. l6o, but the curling effect was still in evidence, and the film 
was not being utilized in the area of fillet. In Panels No. 232 and 
No. 303, an attempt was made to restrain the adhesive from curling by 
Inserting a glass scrim cloth between the facing and the core. Although 
the scrim cloth prevented the film from curling, bond strength was not 
substantially upgraded by this modification. The addition of cloth in 
this instance did not simulate the properties of a svpported film, 
since the resin was not consolidated to the fabric, but was merely 
restrained from curling by the external forces exerted by the fabric. 
Because of the above characteristics, it would appsar that adhesive 
formulations in the form of unsupported films are at a disadvantage 
in honeycomb-sandwich bonding unless there is sufficient flow at the 
curing temperature to cause filleting to the core, and flow to the 
facings. 

During the evaluation of the effect of curing pressure 
(Part D of this section) it was found that the cloth imparted a 
definite reel.' >-nce to the bond during the cure. The separation of 
core-cell wall and facing brought about by the presence of the fabric 
is believed to provide a significant amount of stress relief, which 
increases the resistance of the structure to impact loading, and to 
peeling loads. While no observations of Impact strength, or fatigue 
life were made in this project. It is believed that peel strength is 
related to these properties, and the use of a fabric reinforcement 
is Justified on this basis alone. It has been stated by one manu- 
facturer that by doubling peel strength of the bond,the service lifecfa 
panel can be extended tenfold. Another airframe manufacturer has 
performed sufficient tests to conclude that unbonded areas 3/U inches 
in diameter do not affect the performance of the structur i as long as 
a peel-resistant bond Is used. This characteristic of"high-peel"ad- 
hesives is a manifestation of their ability to prevent the propagation 
of failure in the bond. 

It will be recalled that a "tape" system was selected in 
preference to a liquid system for use as a test vehicle in this pro- 
ject, because of the increasing acceptance of tapes in industry. This 
selection was made with the knowledge that tape systems did hot develop 
the highest strength-weight ratios in flatwise tensile strength. Liquid 
systems have been used extensively in sandwich bonding in the 
past, but have became almost obsolete in favor of systems in which a 
fabric reinforcement Is used. In making the change, the industry was 
influenced by considerations of production economy, and reliability, as 
well as by a belief that higher peel strengths were required. In ac- 
tuality, the higher cost of supported films as compared to Iquids tends 
to cancel the economies realised in reducing the amount of labor involved 
in applying the aohesive correctly. In the exploratory evaluations, 
several panels were made with ^M-U?*liquid without the addition of 
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tape, to obtain some knowledge of their general characteristics* 
The panels made here demonstrated the fact that high flatwise tensile 
strengths may be realised in a relatively low'range of total adhesive 
weight when a liquid system is used. Only two of these panels were 
tested for peel strength, but both had unusually high total adhesive 
weights for "liquid only" bonds. The peel strengths of these panels 
were in a very low range compared with the peel strengths of panels 
made with a comparable weight of nFM-U7" supported film. Had the 
two panels made with typically light liquid bonds been tested in peel, 
it is believed that the values would have been below the acceptable 
minifflums specified by most manufacturers. It appears that a choice 
of a tape system in the project, in preference to a liquid system, 
was Justified on the basis of the inherently higher peel strengths 
developed by tapes. 

Both of the panels made from the formulation designated 
in Table 8 as "low-cost experimental vinyl-phenolic" had relatively 
heavy bonds, but developed relatively low peel strengths. The 
tensile strengths were in an acceptable range. In fabricating these 
panels, an attempt was made to duplicate the conditions used in 
making the supported film "FM-U7" panels, used as a test vehicle in 
the project« The use of a cloth in this instance did not assure a 
high order of peel strength. This cannot be assumed to be general 
for this type of formulation, since properties may be varied by 
changing the proportions of the particular combinations of resins. 

Table 9 at the end of this discussion shows the results of 
an evaluation of the "NARMTAPE 103-U5" supported film using the 
"NARMCO 2021" priming solution. It was felt that the extensive use 
of one formulation, "FM-U7", in this project should be augmented with 
a semi-comprehensivf evaluation of some other major sandwich ad- 
hesive to determine if the effects of adhesive distribution, cell 
else, etc. were the same in either case. This particular adhesive 
also warranted investigation on the basis of its elevated temperature 
properties. 

The effects of cell sire, core-prime weight, and test tem- 
perature on the bond strengths developed by "NARMTAPE 103-ii5" are 
shown in Table 9.  Figures 19 and 20 at the end of this discussion 
show graphically the effect of core-prime weight upon peel strength 
and flatwise tensile strength. The ratio of peel to flatwise tensile 
strength was found to be high with this adhesive. Both "actual"values 
and "specific" values are shown in the graphs. . It is apparent that 
core-prime weight and cell sixe have the same effects here, as were 
observed with the "FM-li7" supported film. The appearance of this 
supported film was generally similar to that of "FM-U7", except 
that a fabric of closer weave was used in the "NARMTAPE" system. 
Tape weight was not varied in tMs evaluation, since only one 
nominal weight was available. This weight, O.OU? Ibs/sq.ft., 
is in a range which (on the basis of the "FM-U?" results) should 
give nearly optimum flatwise tensile strength-weight ration, but 
which would probably be below optimum in its ability to assure con- 
sistency of quality under conditions of poor core-thickness tolerance, 
or substantial variations in core-prime weight. 

4 
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I - C, Continued 

The liquid solution, "NARMCO 2021,•, was applied to the coree 
used In these panels in the hand-operated roller coater, described in 
Section II - A, and Appendix I of this report. At a solids content of 
l$%t  this liquid in undiluted form was of relatively low viscosity. 
Although low viscosity is usually considered to be an advantage in 
the mechanised application of adhesives, it was found in this case to 
be a disadvantage, in that there was some tendency for the adhesive to 
flow down the cell walls. The condition was not obvious, and would 
ordinarily be disregarded under oroduction conditions. It has been 
found, however, that the depth of ths core-prime is an important 
parameter in determining the strength properties of the bond. The 
number of passes observed to be required for applying a Riven weight 
of core prime was higher than that required for "FM-U7". Since it 
is desirable to have as high a solids content as possible, to reduce 
the number of passes required in priming the core, it would be prefer*» 
able to have this formulation supplied at a higher solids content, and 
a correspondingly higher viscosity. 

The elevated-temperature properties of "NARMTAPF. 103-U5", 
shown in Figures 21 and 22 at the end of this discussion, indicated 
that a significant percentage of the room-temperature flatwise ten- 
sile strength was retained at 2U0oF. Peel strength showed some re- 
duction as temperature was increased, but this was unimportant in 
view of the high overall level of peel strengths available from this 
formulation. An extrapolation of the peel and tensile strengths vs. 
temperature characteristics shown in thn graphs to lower temperatures 
would suggest that this adhesive might be very suitable for low-temp- 
erature applications. 

Returning again to Table 9, it may be seen that the types of 
failures observed in the peel tests were influenced by core-prime weight 
and by test temperature. Increases in core-prime weight tended to cause 
a shift from an adhesive failure at the cell walls, to a cohesive failure 
between the tape rid the core.  Thin trend is the name as was observed in 
the "FM-^?" results.  Increases in test temperature caused the failure to 
become more cohesive in nature in the "NAHMTAPF," elevated-temperature 
test results. 

In the comprehensive evaluations of "FM-U?" tape systems, 
cell size was observed to havr- an Important effect or. biih peel 
strength and flatwise tensile strength. Generally speaking, the 
magnitudes of these properties were inversely proportional to cell 
sise« Some of the adheslves represented in this taolo do not appear 
to show this characteristic in such a strikinr manner. Cell else 
was varied as a parameter in the evaluations of WU22", "FM-U7" liquid, 
and'Unfilled clear epoxy" (Table 8), In the case of "1*22% tensile 
strength showed a very small incijase. Some improvement in both 
properties was brought about in the panels made with "FM-U7W liquid 
when cell sise was decreased.   (A small cell sice ofera an add- 
itional advantage where liquid systems are used, in that more 
surface area is available for the application of the liquid.) 
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J - C, Continued 

Th« unfillsd ol««r «poxy erldenoed no improvement In peel strength 
«hen oell eleed wee deoreeeedi no accurate comparison could be 
drawn from the flatwise tensile strength results. The results 
obtained from the evaluation of «NARMTAPE 103-U5" (Table 9) in- 
dicated that the bond strengths dereloped by this relatively non- 
rigid fomolation were strongly influenced by oell eise. In gen- 
eral, the oell sise probably has a more pronounced effect on the 
properties of the bond where a low-modulus adhesive is used. 

It should be pointed out that "creep" or "long-time loading" 
tests were not performed In this project. Creep strength undoubtedly 
represents an important criterion in the selection of adhesives for 
sandwich bonds; possibly more so than in the case of continuous surface 
bonds. Although the results of elevated temperature flatwiae tensile 
and/or elevated-temperature flexural sheer tests probably give a 
secondary indication of creep strength, no definite conclusions may be 
drawn from the work in this project aa to the creep resistance of in- 
dividual formulations or types of formulations. 

In Appendix VI to this report, an exploratory determination 
is made of the correlation between shear strength in the bond and 
flatwise tensile strength, using^FM-VT*. The results indicated that 
a correlation existed, but that the relationship between the 
properties was not necessarily the same for all formulations, test 
tempera cures, or degrees of cure. In view of the fact that shear 
strength is the ultimate criterion of most sandwich bonds, and that 
flatwise tensile strength does not necessarily bear the ssme relation- 
ship to shear strength in all formulations, it is doubtful that flat- 
wise tensile strength in itself would be reliable as a criterion for 
vise in selecting adhesive formulations for sandwich bonding. 

CONCLUSIONSt 

The conclusions derived from the work in this section may 
be summarised as followst 

(1) The use of s "supported-film"system in preference to a 
"liquid-only" system upgrades peel strength. 

(2) Strength-weight ratio, in the flatwise tensile test, is 
usually reduced by the use of a supported film. 

(3) Adhesive formulations having sufficient flow at curing temper- 
ature to produce filleting at the cell walls without "run-down" 
from the upper facing would effect the most efficient adhesive 
distribution. A "supported-film" adhesive of this type, having 
adequate levels of peel, tensile, and creep properties, would 
be desirable for honeycomb-sandwich bonding. 

(U) Unsupported films exhibit disadvantages in comparison to 
supported films in their tendency to sag cr curl away from 
the cell walls, and in their inability to afford fabric rein- 
forcement to the bond. 
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I - Ct Continusd 

(5) The ua« of sman.#r cell alse upgrades peel and tenalla atrengtha. 
Cell aise does not have a large effect on peel atrength where 
relatively brittle formulations are uaedf however. 

(6) There is reaaon to believe that some adhesives which diaplajr 
high peel strengths at room temperatures may be difioient in 
peel strength at reduced temperaturea* 

(7) There is an optimum range of viacoalty for adheaivea applied 
to the core as a prime by roller coating methoda. Low via- 
coalty may not assure that the prime stays within a definite 
limit of depth on being applied, whereas it is generally known 
that there is a practical upper limit on ^risooaity imposed 
by the successful operation of the coating machine. 

(8) There is reason +o believe that the elevated«temperature 
properties of sandwich bonds, in terms of percent of room 
temperature strength retained , are generally below those 
which exist where the same adhesives are used in lap-shear 
bonds. (This conclusion is known to apply in the case of 
the "U22" high-heat formulation, and in the case of "FK-U7N 

supported film.) 
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FIGURES 19 & 20t Room-temperature flatwise tensile and peel 
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film vith*NAPMCO 202£ liquid prime, vs. core-prime weight. 
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TEST TE1WERATURE, 'F. 

Peel and flatwice tensile strength* of'NARMTAPE 
103-U^'supported fll« vith"NAFMCO 2021* liquid 
prime vs. test temperature. Specimens tested 
as they reached temperature.  (From Table- '^ ). 
Facings: Alelad 2US-T3, .016" thick. Curet 
2 hours at 31*5*F> 35 psi» 
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Peel and flatwise tensile strengths of^IM-U?1 and*^22* 
vs. test temperature. (Specimens tested as they 
reached temperature; u.016 siclad 2US-T3 facings) 
,,FK-U7,, curet 5 minutes at 2-U pal, 31»5*Fj 60 minutes 
at 35 pal, 3tt^aF. Adhesive wt.- 0.135 Ibs/sq.ft.approx. 
■1^2'' curat 35 pal| 30 min. at löO^Fj 30 «In. while 
tamperatura Increased fron 160* to 330*F; 30 «in.at 330*F. 
Adhesive wt. ■ 0.13o Ibs/sq.ft. approx. _i 



SECTION I - Continued 

D - GURIHa-CYCLB VARIABLES 

This phase of the project Is presented in two parts. The 
first Inoludes studies of the effects of curing time and press temper- 
ature on the strength of honeycomb sandwich bonds. The second part 
deals with the effects of pressure, and pressure Irregularitiest and 
presents methods of alevlatlng the effects of the Irregularities. 
Applicable tables and graphs are presented at the end of each Individ- 
ual discussion. 

1* Effects of curing time and temperature on nFM-U7" bond strength! 

In the course of previous work, It appeared that the curing 
cycle which was recommended for "continuous surface" bonds made with 
"FM-U?" was too short In duration, and too low In temperature to give 
optimum results In sandwich bonding, particularly where the structure 
Is to be used at elevated temperatures. It was believed that this con- 
dition was not peculiar to "FM-U?" only, but was general for almost all 
metal adheslves which are used In both honeycomb sandwich and continuous 
surface bonding. To Insure adequate curing, the control curing cycle 
for "FM-U?" bonded panels In this project was established as $<> to 60 
minutes at 35 pel and Iht0?,  after a five-minute preheat at two to four 
pal. This decision-was made despite the fact that survey information 
(Table 7, Part C, Section I) indicated that some sandwich manufacturers 
who used NFM-U7N were curing for l£ to 20 minutes at temperatures of 
300° to 325°^. In order to qualify this deviation from recommended 
practice, a comprehensive evaluation was performed. The results of 
the evaluation presented here established that the control curing cycle 
used In the project was very nearly optimum. 

The results of the study are prasented in Table 10 and in 
Figures 25 through 26. The choice of the 1/U-inch cell else and a light 
adhesive bond was made to keep the bond strength low enough to preclude 
any chance of failure in the bonds between the flatwise tensile blocks 
and the specimens, in \.he elevated temperature tests. The combination 
of light tap« and large cells kept the peel strengths at a relatively 
low value, and tended to cause most of the failures to occur between 
the tape and the core material. In order to partially compensate for 
minor variaions in the weights of the bonds, all results were multiplied 
by the ratio of average/actual total cured adhesive weights. 

Curing time was the independent variable in this study, while 
press temperature, preheating time, and post-curing time were parameters. 
In this particular program, a curing temperature of 3250F was made the 
control, rather than 3U50F, the temperature used in the other phases of 
the project. 

The five-minute preheat on ifenels 329 and 330 was omitted to 
determine if there might be some obvious effect. Although one of these 
panels gave a very high peeling torque, no other apparent trends were 
observed, and the points were plotted in the graphs without special 
identification. 

f 
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I - D, Continued 

The exploratory evaluation of the effects of omitting the 
precure on "FM-U?" bonded panels was too limited to be conclusive. It 
is possible, however, that the practice of preheating of sandwich panels 
may be detrimental to bond strength in the case of some adhesives (in- 
cluding "FM-U?")« Evaluations presented in Part 2 of this discussion 
indicated that the proximity of the core call-wall edges to the facings 
was a function of the curing pressure in a supported-film system. If 
the bond has received a partial cure in the "preheat** portion of the 
pressing cycle, the abrupt application of full pressure, and the result- 
ing movement of the core with respect to the facings, may causa a eom- 
pressive failure in the bond. Although the integrity of a bond that 
has failed in this manner will be substantially restored by the further 
application of heat, it is unlikely that maximum strength will be achiev- 
ed. Very short preheat cycles may be required to develop maximum bond 
strengths In some fast-hardening formulations. 

The widespread use of a preheat at contact pressure is uiually 
considered to be Justified to promote the escape of vaporised solvents 
from the interior of the panel. In many cases the cell trails in aluminum 
honeycor.b panels have been ruptured and facings have been "blistared" 
by excessive pressures exerted by entrapped gases. The advent of per- 
forated honeycomb core minimised failures of this type but did not elim- 
inate them, primarily because the perforations were occasionally omit- 
ted throughout parts of the cores, particularly in thin slices. Im- 
provements in the control of honeycomb manufacturing processes have made 
this type of defect a rarity. Another Justification which is claimed 
for the use of the contaot-nressure preheat is the desirability of allow- 
ing the facings of large panels to undergo thermal expansion, without 
mechanical interference from the bonding tool. The physical data and 
survey information collected in this project have not established con- 
clusively that the use of a preheat at contact pressure is mandatory in 
the bonding of honeycomb sandwich panels. Since the preheat represents 
an additional process detail which must be kept rnder control, and since 
it probably tends to downgrade bond strength, manufacturers should give 
some consideration to its elimination. 

Three of the panels in the "32<>0F** group in Table 10 were made 
with oven post-cures (no pressure) after a press cure was performed. One 
of these panels (number 333) was post-cured after being in the press 
only ten minutes« Its strength did net appear to be impaired in any 
way by this unusual curing procedure. Conceivably, such a curing 
schedule might be of value where the hot-press capacity of a plant 
was at a premium while extra oven space was available. It is very 
likely that thermal warpage on large panels would become a critical 
consideration in such a case, however. The post-cured panels were 
plotted with the otners without special identification« 

An examination of the peel curves (figure 2$)  shows that 
peel strength was generally upgraded substantially as curing temp- 
erature was increased. An optimum peel strength is generally in 
evidence at press times of the order of one hour« It should be 
pointed out that the relatively steep drop-off of the •»SUS0?" 
curve is based on only one reading. Although the 2750F peel read- 
ings were generally higher than those at 300°?, the two group« war« 
plotted aa one curve to avoid confusion. The fact that two of the 
panels cured at 275°? gave peel strengths equivalent to those of 
panels cured at 325°? would appear to make the peel test unreliable 
as a means of detecting degree of cure. 
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I - D, Continued 

Th« trend of peel failures in Table 10 (3250F cures) In- 
dicated a maximum ratio of cohesiTe/adhesive strength at curing 
times of the order of one hour*  Very short and very long 
cures brought about a more cohesive type of failure. 

The room-temperature flatwise tensile curves (Figure 26) 
show a complicated series of inflections which are probably partly 
attributable to experimental error. The mlniimms occuring at total 
curing times 30 to 60 minutes on most of the curves apoear to re- 
flect a natural trend, however. The curves indicate that very 
short cures give higher values than cures of the normal order 
of duration, a fact whioh would make the flatwise tensile test 
at room temperature vnreliable as a means of detecting degree 
of cure. The flatwise tensile results at heat (Figures 27 and 28) 
do not show these mlniimms. Although heat resistance ^s generally 
enhanced by increases in curing time or temperature, there appear 
to be several exceptions to this rule. At a test temperature of 
IBO^, a cure of 60 minutes'duration at either 325° or 3U50F gives 
substantially the same flatwise tensile strength. Further increases 
in time do not appear to upgrade heat resistance appreciably. At 
a test temperature of 21*0^, however, the same sets of conditions 
give entirely different strengths. Again it should be pointed out 
that the drop-off of the 31x5°?  flatwise tensile curve (2140^ test 
temperature) is based on the results of only one panel. 

i 

Although the relative magnitudes of the tensile strengths 
at elevated cemperatures may give some secondary indication of the 
resistance to creep deflections, creep resistance itself was not 
evaluated in the project. 

The color of the bonds was observed to change from lemon- 
yellow to dark amber, as curing times and/or temperatures were advanced, 
Although the color in the center of the panel appeared to give some 
general indication of the degree o»' cure, it should be noted that the 
outer edges of most "FM-U7" panels usually tend Uo darken more than 
the interiors. 

Panels cursdat low temperatures retained some odor of 
solvsnt but, in the experience of the contractor, odor is often a 
deceiving indication of cure. In an undocumented test, some scraps 
from panels having varying degrees of cure were immersed in "FM-h?" 
thinner overnight. The bonds in the panels cured at low temperatures 
showed complete deterioration while those cured at higher temperatures 
still had considsrable residual strength. It is possible that a con- 
trolled exposure to solvent or solvent fumes, followed by a flatwise 
tensile test, might be of some use in evaluating the degree of cure 
of sandwich bonds (vented core only) made with this type of adhesive. 

It is apparent that the recommended cures of 300° to 3250>• 
in conjunction with times of 20 to 30 minutes are not sufficient to 
develop the optimum properties of "FM-U7"  in sandwich bonding. There 
is no evidence in this program sugftestinK that these cycles are not 
adequate for continuous-surface bonding. The need for more advanced 
cures on sandwich bonds is probably due to the large bulk of the be ;d 
in comparison to the thin plane of adhesive in continuous-surface 
bonds, and alao to heat-transfer differences. This is probably true 
for most adhesiTes that are used in both types of bonds. 
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I - D, Continued 

Xt Is often argued that tamperaturaa of the ordar of }$0oF 
•re prohlbltlra baoaua« of tholr datrlmontal affaota on tha tanpar of 
haat-traatad alumlnuma. A papar antltlad "Rahaatlng of 2U3 and 753 
Sheet", by J. A. Nock Jr, published by tha Aluminum Companjr of Amarioa, 
indicates that the curing cyolae used in sandwich bonding may either » 
upgrade or downgrade the yield and ultimate strengths of the 21|S alloy« 
depending upon the exact combination of time and temperature. A cure 
of from 10 minutes to cue hour at 350° downgradea the yl«d and ten- 
sile strengths of 2lia-T3 by approximately 2000 to 2^00 pei. Further 
increases in time upgrade the strength of 21*3-13. According to this 
paper, the properties of the 75S-T6 alloy are downgraded by extended ^» 
cures at 3£0 F. Since the inflections in the curves from which these 
obserrationa were made are reiy complicated, the reader should not 
attempt to extrapolate the above information to other conditions« 

The conclusions from this phase of the work are aa follow*t 

1. Honeycomb sandwich structures appear to require longer 
cures and higher curing temperatures than do "continuous 
surface" bonds using the same adheeire* 

2»    Extensions of curing time and temperature tend to upgrade 
the properties of the bond at elevated temperaturea • 

3* A curing temperature of the order of 35>0oF would not be 
aerioual/ detrimental to the properties of 2I|S-T3> but 
the 75S-T6 alloy is susceptible to overaglng at this 
temperature. The effect of caring time and temperature 
on the strength of aluminum cannot be generalised, however. 

U. A total curing time of 60 minutes at a temperature 
between 335° and 3<>00F provides a good compromise between 
optimum properties, and production economy on sandwich 
bonds made with "FM-V". This curing schedule is not 
necessarily applicable to other formulations. 

5. Preheating at contact pressure may actually be detrimental 
to honeycomb-sandwich bond strength where adheaives having 
rapid hardening characteristics are used, but the practice 
is claimed to have other benefits which may dictate its use- 
in most cases. 

6. Post-curing in an oven after a short press cure has the 
came effect, as a long press cure, where "FH-U?" or similar 
types of adhosives are uaed. 

7« Tensile and peel-strength tests at room temperature do not 
give a reliable indication of the degree of cure of sandwich 
bonds made with "FM-U7". 

i 
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i 
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m 185 " 313 .05». .oak .001 .118   61 1 * * * 90 10 

" 
551 ».31 123 

•   Corraotad to avaraca adbaalra llna walctit    (.123 Iba./aq.ft.) by aatlplyla« by ratio of avaraaa/artual wt«. 
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bonds to l/U-inch cell honeycorib, mm affected by our« 
time moA temperature.     (From Table   10 ). 
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FIGURE 28 
FIATWISE TENSILB STRENGTH AT 2U0'F VS. 
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by cure tins and tenperature. (Fro« Table 10 ) 
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SECTION I 

PART 0 - Continued 

2. Effects of Curing-Pressure Variables; Selectluxi of Press Pad Materials: 

The second phase In the Investigations of curing variables 
dealt with curing pressure, core-thickness deviations, and methods of 
equalising curing-pressure variations over the surfaces of honeycomb ssnd- 
vich panels. 

Two of the problems which relate to the equalisation of curing 
pressure are warpage in the curing fixture, and the control of the thickness 
of Tlrt  honeycomb. These problems are discussed in Part E of this section 
("Core Nsterlal") and in Section II, Part E ("Curing Presses"). 

Table U at the end of this discussion shows tabulated survey 
results illustrating the "press-loads" used by a number of honeycomb sand- 
wich nsnufacturers. Firms "A" and "B" in this tabulation used padding 
materials of some kind for the purpose of equalising mechanical pressure. 
Three other firms used only kraft paper between the cauls and the facings. 
The primary purpose in adding paper was to prevent the cauls from becoming 
contaminated with adhesive, not to equalize pressure. 

The range of curing pressures observed in use, in the survey 
of existing methods, was from 10 psi to 200 psi. These pressures were 
usually not selectively applied to various honeycomb core densities but were 
chosen according to the individual preferences of the manufacturers. Where 
high curing pressures were in usey "stops" (rectangular steel bars) were 
often inserted in the press to prevent the hot-plates from exerting crush- 
ing pressures on the thicker portions of the composite. Most sandwich manu- 
facturer» felt that the resilient properties of supported films tended to 
equalise pressure and improve the consiutency of bond strength. 

In general, the survey results indicated that some work should 
be done in the evaluation of "press-pad" materials, since no two manufac- 
turers appeared to favor the same type of material, and since some of the 
materials were relatively expensive. It also appeared that some evaluation 
snould be made of the effect of curing preasnre and of core-thickness de- 
viations, in vier of the fact that these two parameters appeared to be 
important factors in the rejection of production parts, 

Table 12 »hows the tabulated results of a program in which 
curing pressure, height of core-thickness deviations (difference in thick- 
ness at splices), tape weight, and cell slse were adjusted with respect 
to each other. Figures 30, 31» and 32 show graphically the effect of 
curing pressure on bond strength and bond thickness. Tae panels made in 
this evaluation were cured without the use of pads, and were made with 
three individual pieces of core material, milled before expansion to con- 
trolled thickness, and butt-Jointed together within the compoalte. 
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I - D, Continued 

The effects of cturlng pressure were observed on the outer 
(thick) portions of the panels only. The bond strengths observed In these 
portions were used as control references In Interpreting the significance 
of the nagnltudes of the strengths developed In the center portions where 
the core material was below thickness. 

The following observations were drawn froa the results pre- 
sented In Table 121 

(1) Curing pressure bad little effect on the strengths 
developed In the regions where the core was below 
thickness. 

(2) Curing pressure had a direct effect on the clearance, 
or gap i between the edges of the cell walls and the 
facings in the areas where the core was thick. The 
clearances observed here were not a function of the 
unit weight or thickness of the supported film, but 
were probably a function of core density and of the 
type of cloth reinforcement used in the film. The 
cloth appeared co have imparted soete resilience or 
eompreaeibility to the composite, in resisting the 
penetration of the edges of the cell-walls while 
curing pressure was being applied. It is probable 
that the clearance would have approached aero. had 
no cloth reinforcement been used. 

(3) Curing pressure had little or no observable effect 
on peel strength,but had a definite effect on flat- 
wise tensile strength. The variation in tensile 
strength was probably only indirectly c function 
of curing pressure, the direct influence being the 
clerrance between the core and the facing, which 
was itself a function of curing pressure. Intimate 
contact between the facing and the core undoubtedly 
promoted a more effective consolidation of the tape 
to the core prime, and caused the fillet to be more 
dense and compact. 

(k)    Heavier tapes showed pronounced beneficial effects 
in equalising bond strengths developed over areas 
in which core-thickness irregularities occurred. 
(It is probable that heavy core primes would have 
exhibited the same beneficial effects to seme 
extent.) 

(5) Heavier tape weights and/or smaller cell sices« 
t-nded to minimise the effects of curing-pressure 
variations on the consistency of quality of the 
bond in flatwise tensile strength. (This obser- 
vation is based on the fact that all of the "flat- 
wise tensile vs ■. curing pressure" curves showed the 
same slope, whereas the levels of these curves were 
raised as tape weight was increased, or as cell 
else was reduced.) 
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Th«ae reauita should not be interpreted to imply that a tape 
weighing 0.08 lbs. per aq. ft. (uneured) ahould become standard. In the 
"Adhesive Weight" evaluations., the optimum tape weight, from a "strength- 
weight" standpoint, was 0.03 lbs. per square foot. The evaluation repre- 
sented in Table 12 and the results of other studies in the project suggested 
that a tape weighing 0.07 Iba. per aq. ft. would offer the best compromise 
between strength-weight ratio and general dependability of the bond under 
adverse fabrication conditiona. 

It la interesting to note that even though theae panels were 
cured without the uae of preas pada, the lacinga appeared to have been 
pressed down slightly into the regions in which the core material was under- 
slse. The average thickness observed In the center regions (not shown in 
Table 12} was approximately 0.003 inchea less than the thicknesses observed 
in the outer portions of the same panels. 

The investigations conducted up to this point suggested that 
a practical set of test conditions for evaluating press-padding materials 
should involve the use of panels fabricated with predetermined core-thick- 
ness irregularities, in conjunction with one curing pressure and one tape 
weight. 

J 
Before running practical evaluations of preas-pad materials,       \ 

extensive screening tests were performed on a wide variety of padding 
materials which had been used in the past, or which appeared to be poten- 
tial replacements for materials in use. The result« of these screening 
tests are shown in Table 13 and Figure 33* Samples of padding materials 
were subjected to static compreaaion tests in which pressure was applied 
in a testing machine through ground plates. Instantaneous deflection read- 
ings were made with a dial indicator aa the pressure was increaaed. Another 
reading was then taken with only the weight of the upper ground plate on 
the specimen, after the machine pressure was released, in order to deter- 
mine the permanent deformation or "set" Induced in the sample. The 
"deflection vs. pressure" curves of a number of theae materials are shown 
in Figure 33. The change in deflection observed between pressures of 
3  and 30 pal (arbitrarily considered to be the desired limits of local 
curing pressure in a typical sandwich panel) were tabulated in the third 
column. The amount of this difference was interpreted aa the general 
mechanical effectiveness of the pad under room-temperature loading 
conditions. 

In arranging the presentation of pada in the table, the changes 
in deflections were placed in increasing order of magnitude.  It will be 
noted that samples of some of the materials were evaluated in thia manner 
after having been subjected to a simulated bonding cycle in a heated labor- 
atory preas. This waa done in order to obtain a secondary indication of 
the heat resistance and/or the re-usability of the pad. Micrometer read- 
ings were taken before and after the loads were app?led, on the majority 
of samples. 

In addition to the aforementioned teats, transient heat-flow 
teats were conducted to obtain an indication of the thermal insulating 
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properties of the pads. Special honeycomb sandwich panels having themo- 
couples bonded under their facings were placed between samples of the 
pads In a heated (3oo0F) press, and Instantaneous readings of temperature 
were made at definite time Internals. The interval required for the ad- 
hesive plane to reach a temperature of 27$QF was tabulated In the second 
column of Table 13« 

Approximate costs for the materials, in cents per square foot 
of panel area (two square feet of padding) ax« ".Iso shown in the tabulation. 

In general, there waa a trend toward longer heating times as r 
the effective resilience of the padding materials we. increased. A notable 
exception was represented in "KIMPAK", however. This material showed rela- 
tively high deflection In view of its low coet and ability to transmit heat. 
The effective delay in bringing the panel to temperature which would be 
brought about by adding this material (assuming that the ".03" material Is 
used), in lieu of using no padding at all, would be only about six seooods. 
In actuality It is possible that delays of the order of 2-1/2 to 3 minutes 
might be desirable from a practical standpoint, since they would permit 
thermal expansions in the composite to take place gradually and unifomly 
after the panels were introduced into the press, and would also cause more 
gradual release of the solvente in the adheeive. There are no data available 
from this project to indicate whether the rise in panel temperature should 
be slow or rapid for beet results, but panel manufacturers would generally 
prefer that the panel reached temperature promptly, to conserve press time. 
The sample of "AKROCOR" (a snonge-like, fiber-glass, vibration-absorption 
material) snowed the highest order of resilience. Its use would incur a 
delay of approximately 2-1/2 minutes in the curing cycle. Although Its 
cost was much higher than that of "KEMPAK", It appeared to be reusable 
whereas "KDfPAK" did not. 

The fact that the micrometer readings on the pad samples gave 
the seme values before and after the room-temperature compress ive tests 
were run showed that readings of this type cannot be used to determine the 
effectiveness of a padding material, before or after use. This limitation 
waa attributed to the fact that the anvil pressures applied by the micron- 
eter were always high enough to crush a given material to the same thick- 
ness, regardless of its condition* 

Only one solid rubber pad was evaluated in the exploratory 
studies. It was learned from one source that this type of padding was rela- 
tively incompressible, except at the edges, where a slight outward flow 
occurred. Since the centers of the peds were effectively thicker than the 
edges as a result of this flow, solid rubber peds were considered to be In- 
effective as a means of equalising pressures in a flat press. A further 
criticism of solid rubber padding materials waa that their resistance to 
temperatures of the order of 350*F was marginal. Since there were a large 
number of fibrous, sheet materials,which were more compressible and less 
costly, rubber pads did not receive comprehensive evaluations. 

It may be noted that none of the peds evaluated in this pro- 
were of the Internally heated type. Although It waa obvious that 
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flexlt-jT, reaillent, heating elements were required In eone of the types of 
fixtures used to cure contoured asseobUes, their cost did not appear to 
be Justified where flat sandwich wab to be cured. It waa believed that 
conventional "hot-plate" presses furnished the most reliable means for ap- 
plying unifom temperatures, aa well as uniform preasures, to flat work. 
Internally-heated pads are subject to failure from bum-out of the elements 
and it la difficult to control their temperature over their entire surface, 
whereas steam-or oil-heated plates are not subject to local heat-source 
failures and their temperaturescan be controlled uniformly. 

Another means of securing uniform pressure distribution on 
flat panels is by the use of fluid-pressure dlaphra^ns. Although diaphragms 
have been used successfully in the bonding of flat parts, they were not 
evaluated in this project, since the ordinary hot-plate press has appeared 
to be the most dependable and economical means of applying pressure to large 
quantities of flat panels. It would be possible to use fluid-pressure dia- 
phragms or "envelopes" in lieu of fibrous pads, in standard presses, but 
their use would make it necessary to carefully position each panel within a 
restraining frame, to prevent "blowout" of the diaphragm at unsupported 
areas. In addition to the danger of blowout, the use of fluid-pressure 
envelopes would impose additional heat-transfer and temperature-control prob- 
lems which are not encountered where simpler and more economical pressure- 
equalising media are used. 

The results of tests conducted on several of these padding 
materials are shown in Table Ik.    As In the case of the earlier evaluation 
of curing pressure, panels made with controlled core-thickness irregularities 
were used. The same nominal tape weight (0.03 Iba. per sq. ft.) and curing 
pressure (3$ psi; outer portions only) were maintained throughout the pro- 
gram. The total cured adhesive weight used In these panels was intentionally 
made low to give pessimistic conditions which would emphasize any beneficial 
effects brought about by the pads. Micrometer readings were made at the 
center (reduced core thickness) portions and at the outside (thick) portions 
of the cured panels. The differences in these two thicknesses were divided 
by the intentional difference in core thickness at the two locations, to give 
a "deflection ratio" which was a measure of the effectiveness rf the padding 
material in equalizing the pressure over the irregularity. The press pads 
have been tabulated in the increasing order of this ratio, where a cor-e-thick- 
ness Irregularity of 0.020 inches was used. The "deflection ratios" of 
various pads showed approximately the same order of increase where a core- 
thickness difference of only 0.010 inches was incorporated in the panels. It 
is interesting to note that the deflection ratios for each pad were substan- 
tially unaffected by core-thickness difference. 

Although it was thought that the peel and flatwise tensile 
strengthn in the thin center regions (expressed a« percentages of the values 
observed in the outer regions) would increase in the same manner as did the 
deflection ratios , *uch was not the case. After the apparent resilience 
of the padding material, in terms of its ability to bring the unsupported 
portion of the facing closer to the sunace of the thin section of core. 
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increased to a certain point, additional increases did not upgrade the 
strengths of the bond In the center portion. This limit of effectiveness 
occurred at a lover order of apparent resilience where a smaller core-thick- 
ness discontinuity was used. Thus, where a core-thickness difference of 
0.01C Inches can he expected, a press pad should be used, but the choice of 
the padding material is almost arbitrary, since most types of pads are 
effective at this thickness difference. Where a thickness difference of 
0.0SO inches can be expected, some selective Judgment vould be required to 
assure that maximum strengths in the thin areas are developed by the press 
pad, but any one of a number of types of pads appear to be suitable. 

Since the evaluation of the effect of curing pressure (Table 12) 
had indicated that flatwise tensile strength was upgraded as the facings were 
forced into closer proximity to the core. It was surprising to observe that 
decreases in the facing-to-core clearance below a certain value had no ef- 
fect on bond strength after a certain "deflection ratio" had been realized. 
The only explanation which nay be offered for this characteristic of highly 
resilient padding materials is that the facing was not forced into its final 
position with respect to the thin portion of core until after the preheat 
at contact pressure. In the interim, the tape and the core prime became 
partially cured and lost some of their ability to flow and coalesce, so thct 
when intimate contact was finally established, an optimum fillet was not pro- 
duced. The phenomenon did not appear to be important enough to Justify ad- 
ditional experimental work. 

r 
The following are a nu.nber of additional factors which might be 

taken into consideration in the selection of an optimum press-pad material: 

(1) The pad will be called upon to minimize the effect 
of non-parallelism In the press opening, as well as 
the effects of core-thickness irregularities. 

(2) The results of this evaluation do not necessarily 
represent the conditions where continuous-surface 
bonds are Incorporated in sandwich panels; considera- 
tion should be given to more resillant pads for panels 
of this type. 

(3) The indiscriminate use of highly resilient pads may 
cause the panels to have an undesirable outer appear- 
ance from "dimpling" of thin-gage facings In large- 
cell cores, or from "steps" in the planes of the fac- 
ings at the boundaries of internal thickness dis- 
continuities . ("Dimpling" was not observed in any of 
the panels made in this evaluation, nor were sharply 
defined "steps" in evidence, but the area in which 
the facing was pressed Into the discontinuity was 
clearly observable as a "valley".) 

(H) Thick, heavy pads may exhibit thickness or density 
irregularities of the same magnitude as those which 
are found in the core. 
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(?) The curing time and/or temperature May have to be 
increased where pads having very high Ineulatlng 
properties are used. 

These arguments would dictate the selective use of press-padding 
materials in seme instances. In general, howeverf a highly resilient pad is 
deslrahle. 

The padding material cannot necossarily be depended upon to 
maintain high bond strengths In regions where the core material is below 
the normal thickness with all. types of bonds. The results which were pre- 
sented in Table 12 Indicated that the mosv important factor In equalising 
bond strength In panels having thickness irregularities was the mass or 
thickness of the adhesive film. It can be interpreted from the results 
shown in Tables 12 and Ik that, where the maximum core-thickness difference 
is held under 0.010 Inches (corresponding to a manufacturer's tolerance of 
± 0.005 inches), the use of a nominal tape «eight of 0.07 lbs./sq.ft., in 
conjunction with the use of press-padding materials, would insure that the 
peel and tensile strengths in the regions «here the core was thin were main- 
tained at a level which was approximately 90)(, or more, of the level of the 
strength in the thicker regions. 

It should be mentioned that no direct evaluations of the 
thickness variations which arr brought about by the presence of solid 
insert of "edging" materials, were made in this program. It can be assumsd, 
however, that thickness Irregularities in these materials have effects which 
are analogous to those brought about by thickness irregularities in flat 
honeycomb. With most adhesive», the "continuous-surface" bonds over the 
solid detail components require higher pressures than do the bonds to the 
honeyconib. At a given curing pressure, the clearance between the edges of 
the honeyconib cell walls and the facings (determined in thia program for 
a limited number of core-density and pressure combinations) is less than 
the clearance between two continuously bonded surfaces. Where the same type 
of fabric extends over honeycomb and Inserts of identical thickness in the 
same assembly, more unit pressure is then transmitted through the- continuous- 
surface bond. If the "bond clearance vs. curing pressure" relationships 
were known for both types of bonds, a realistic theoretical determination 
could be made of the maximum allowable tolerances on the thickness of the 
honeycomb and the detail parts which would Insure that adequate curing 
pressures were transmitted through both parts. 
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SECTION 1,  Continued 

S - CORE MATSRIAL 

This seetlon Includes exploratory erslustions of various 
types of slumlmm honeyoonb cores, the effects of storing snd cleaning 
cores« snd methods of controlling core thickness. 

There are two basic types of honeycomb cores, "expanded" and 
"corrugated", produced at this time* These classifications are derived 
from the method of manufacture. In "corrugated" cores the hexagonal cell 
configuration Is established by preforming or corrugating the foil. The 
projecting nodes are then coated with adhesive and butted against similarly 
coatod nodes on adjacent strips of foil, under host snd contact pres- 
sure. Blocks of honeycomb fabricated in this manner usually measure 
about ten inches in the direction normal to the piano of the bonded 
nodes. Thess blocks are bsndsewed Into siloes of the desired thick- 
ness. "Expanded" cores (used as a test vehicle in this project) 
are made by bending the nodes under heat and high pressure, before 
any forming of the metal Is performed. Many sheets of foil are bond- 
ed together in this way to fona solid blocks fron one to three inches 
thick« Slices of desired thickness are band-sawed fru« these blocks« 
and are then, pulled ("expanded") into relatively long felloes of honey- 
comb, the hexagonal cell cenfiguration being formed automatically in 
the prooess. 

In order that the node bonds be strong enough to withstand 
expansion stresses. It Is necessary to chemically clean the foil used 
in the "expsndsd" core before the adhesive Is applied,  "Corrugated" 
cores may or may not be cleaned, since the cleaning Is not a pre- 
requisite of the manufacturing technique. 

Generally the two cores can be dietingulshed by the fact 
that the material sawed in the unexpended condition retains sharp- 
edged cell-walls, while "corrugated" material has a roughened, burred 
edge. The appearances of the two types may be reversed where expanded 
type cores are SAwed after expansion, and corrugated cores are milled to 
thickness. Thickness tolerances of the order of 0.005 Inches can be 
maintained on flat honeycomb cores, either by sawing in the unexpended 
condition or by sawing open core "blocks" or "logs" into slightly over- 
sise slices which are then sised to thickness in precision rolls. An 
experiment discussed in this section indicated that it was impractical 
to roll expanded cores to thickness. 

Cores of either type are almost alwaya supplied with vent 
holes or p rforationö in the cell walls to permit the escape of 
solvente during the panel cure. 

The dene1ties of honeycomb cores are proportional to foil 
Uitoknees, and inversely proportional to the slse of the cells. 
Generally epeaking,  expanded cores can be made in smaller cell sites 
than can corrugated cores. 

i 
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1 
I - E, Contlnuad 

Th» dlroot affect of eall •!■• on bond «trangth «•• obmmrtmd 
in the Adhoair« Wolght program (Part A, Saetlon I)* Tha bond strangth 
waa found to be about inrraraaljr proportional to the cell else at a given 
aet of bond-weight condition». In roller-coating ezperimenta (dlc.cuaaad 
later in this report) it «aa found that the weight of prime adhesive 
which can be applied in a single pass ia alao nearly InTaraeljr proportional 
to cell aiae of the honeycombr 

Physical propertiea auch aa eompreaaira strength and shear 
strength are primarily a function of core density, and are not affected 
to a large extent by cell eise. 

Cell aiae affects the local degree of stabiliiation of thin 
gage sandwich facings under compression. In tests conducted at Forest 
Producta Laboratory (reference 38), it waa found that the cell aiae of 
the honeycomb should be no more than approximately ten times the thick- 
ness of the facings, if the full propertiea of aluminum in compression 
are to be realiaed. Related to this characteristic, ia the tendency for 
thin-gage facings to "dimple" or "mark off"into the depressions 1'ormeo 
by the cells, aa a result of excessive pressure or shrinkage of the 
adheaire under cure. "Dimpling" has occaaionally been observed In 
this project en l/U-inch-oellNFN-li7nbonded panels made with 0*016 inoh 
thick faoinga« The type of the preaa padding material, curing pres- 
sure, and the adhesive formulation undoubtedly influence the tendency 
for facings to dimple. 

Small-cell cores in the lower density range (3 Iba. per 
cubic foot, approximately) are somewhat more susceptible to damage 
from careless handling than are large-cell cores of the same density. 
Although there is no record of a controlled comparison between small- 
cell and large-cell cores of the same density, it is possible that 
light-weight cores in the smallest cell size are susceptible to tearing 
in the peel test. Peel failures of this type usually occur in con- 
junction with low failing torques (see Appendix II), but it is not 
known whether this fact has any design signit'icance. 

The first experimental comparisons of the honeycomb materials 
of various types are presented in Tables 15 and 16 at the end of this dia- 
cussion. It should be emphasiaed that these evaluations were exploratory 
only, and were based on very limited samplings from each type of material. 
The objective of these evaluations was to determine only if any basic dif- 
ferences in bonding characteristics existed between various types of cores. 

Table 15» shows the bond strengths developed by various corea, 
under the same conditions of adhesive weight. Adhesive weight waa kept 
in a range low enough to confine failures to the vicinity of the core. 
Although experimentally rolled expanded core was Included in this study, 
standard expanded core, uaed aa a teat vehicle in other parts of the 
project^waa not represented. At the time the evaluation was performed 
it waa thought that the results obtained from the use of expanded corea 
in the "Adhesive Weight" program (Part A, Section I) could be uaed aa 
a control reference. Later work indicated that two variablaa, core-prime 
depth and cere cleanlineaa, were not within the aame control ranges «hen 
the two seta of evaluations were performed, and that theae parameters 
appeared to be more significant than the Independent variable, "type 
of core material", studied here. 
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I - Ef Continued 

I 
Core materials "A" and «B" war« made by th« corrugation 

method, by two different fimia. Core "A" appeared to hare been through 
a rolling or flattening process which had reduced the height of the 
sawing Irregularities. (An attempt to differentiate between the peel 
readings In the areas which had received the greatest amount of roll- 
ing deflections, and those which had not been touched, was not suc- 
oessful.) Cora "A" had a generally clean appearance« but it was not 
known whether it had been subjected to a cleaning process. Core "B" W f 

did not appear to hare been rolled or otherwise processed after saw- 
ing. The special "rolled-expanded- cores were from an experimental 
lot which was passed through rollere in an attempt to duplicate the 
condition of Core "A". Close limits on thickness were obtained by 
rolling the expanded oores. but the operation produced a eompreeslTe 
buckling or accordion pleating of the cell-walls, rather than merely 
upsetting the extreme edges, as in the case of corrugated core "A*. 
Apparently, the tears and burrs on the cell-wall edges, on honeycomb 
which ha« been bandsawed in an expanded condition, produce strees 
concentrations which bring about premature local buckling or upaet- 
Ing at the cell-wall edges, under compreeeiwe loading. Core which 
has been bandsawed before expansion, dose not contain local atress 
concentrations at its edges, and fails in buckling when it i» rolled 
to thickness. Although it did not appear practical to roll cores 
sawed before expansion, bond strength was obsenred on this type of 
material to determine if the different edge configuration might be 
benefiolal. 

Core "A«8 apoeared to be superior to core "B" in iwS ability 
to prorldo good bond strengths. Both were superior to the special 

"rolled-expanded" core in their ability to develop flatwise tensile 
strength, but were about equiralent in ability to dewelop peel strength. 
Later it will be shown that core "A* and standard (not  rolled) expanded 
cores develop very nearly the same peel and flatwise tenelle bonds un- 
der the asms conditions. This faot, in conjunction with the fact that 
"rolled-expanded" core develops inferior bonds in comparison to core "A", 
suggests that there ie no advantage in rolling core materialii merely to 
upgrade bond strength, aa has been done in some in stances. Although a 
greater amomt of apparent faying-aurface area is presented by a rolled 
cell-wall edge, the rolled edge presents essentially only one aide of 
the foil for bonding. 

Table 16 shows a number of incidental properties of various 
cores. The expanded (control) core w** included in thia evaluation. 
The rolled•-expanded core ehewed the Iowast. degree of thickness wriation, 
but its flatwise oompreeaiv« strength (in panels) waa low, probably be- 
cause of the accordion-pleat buckling induced by the rolling proceaa. 
Core "B" exhibited a wary roor thickness tolerance, but showed excellent 
compressive etrength, even jhen its high density was taken into account.        ? 
The cell walla in thia core, including the node bonds themselves, were 
observed to be curvilinear. Ihia ourvature apparently lent additional 
column atabiliaation to the walls.under oompreeeive leading. 
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I - E, Continued 

Taking density Into eooount, corrugated core "A" and expanded 
(control) oore exhibited nearly the eane flatviae oonpreaaiTe •trengttae* 
Tnlckneea readings on the two cores showed the eane order of standard 
deriation (based on the nean of readings on each sample,, not oa 0*625 
inches), except in the. oaee of one of the oorrvgated earaplee,which 
shoved one extremely low reading* The area in which the reading was 
made appeared to hare been too low to hare been touched by the rolling 
device used to flatten the asperities. It should be observed that the 
sampling represented here wv? Inadequate to determine if thickness 
irregularities of this order might occur in the expended'' core as 
well as in core "A". 

An experimental core~sisin? method developed before the 
start of the project should be discus».^ at this point. This method 
involves the milling of unexpended slices of rough-cut honeyocnb to 
close tolerances. (A number of special core slices were milled for 
use In the "curing-pressure" evaluations in this way). The expert" 
mental milling devloe waa capable of milling one side in each paae 
at a feed rate of one lineal foot (equivalent to approximately 10 
square feet of expanded surface) per minute« without the use of a 
lubricant. It appeared that a heavy-duty machine of this type 
could be oonstructed which would mill both sides in one pass to 
obtain an overall thickness tolerance of ± 0.002 inches. It was 
felt, however« that the construction of such a machlns was not war- 
ranted by the demand for flat honeycomb cut to such a close tol- 
erance. 

The core delamination observations on Table 16 were mede 
after the cleaning studios in Table 17 were performed* Only oore 
"A" and the expanded cores were tested* (Core "B" was not tested 
but appeared to be generally low in node-bond strength, as evidenced 
by local delamlnations.) The primary objective of the tests was to 
determine if node-bond strength was affected by various cleaning 
methods. Hot inhibited alkaline cleaning alone, or hrt cbromie 
acid alone^caueed a lose of approximately 10 percent of the origi- 
nal node-bond e trangth,while the two in ocmblnation may cause lose 
of the order of 25 percent* 

In Table 17 at the end of this discussion, the effect« of 
the storage and oleanllnees of core material are explored. The top 
half of the table represent« an exposed storage period of four months, 
after which cleaning wae performed on half the epeoimene, and panels 
were mede from all of them. This work wae duplicated on corrugated 
and expanded cores. The cleaning was done in 165°? eolutione of in- 
hibited alkaline cleaner and chrondo . ^id, with rinses after each 
solution-dip. One panel in each condition was made without a core- 
prime, and two panels in each oondidtion were madw with a light oore- 
prlme. The depth of prime on these cores was comparable with that 
on the panels presented in Table 16, and wae leee than the depth ob- 
eerved on the panels in the Adhesive Weight program. 
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I - E, Continued 

,'Ai; u   Clsftnlng was obswnrad to increase the bond strengtha by a 
significent amount in ell oases. The earns order ot bond, atreneth was 
dleplajrod by each type of oore, under the same conditions of cleaning 
and storage. This work did not Indicate whether the storage waa re- v 

sponslble for the low values on the unolesned core«, or whether the, v 
strengths were low V> start with and were simply increased by the 
cltganinB prrceaa. The only available comparison was the preliminary 
evaluation in Table 1$  of core "A1*, eoon after it was received from 
the supplier. The conditions of the two sets of tests, other than 
storage end oleanlng, were almoat identical. When first received, 
core "A" displayed bond strengths that were much higher than those 
obssrved after storage, but comparable with th»> values observed after 
cleaning, in Table 17. No realistic comparison could be drawn from 
other data on expanded cores, so an additional evaluation, shown in 
the bottom half of Table 17, was run. AU cores here were unprimed 
and were bonded, into panels within 2h hours after being expanded. 
Previous storage in the unexpended condition was not aeoertained. 

In the first part of the second evaluation in Table 15, 
another attempt was mads to dotermine the relative effectiveness of 
the allcallna and chromic acid treatments, siz-gly and in combination. The 
comparison of cleaned vs. uncleaned cores was unsuccessful in that the 
two uncleaned (control) panels gave widely and unaccountably different 
bond strengths.  The averages of the properties of the two panels 
were Intentionally omitted from the table.  The comparison of clean- 
ing methods appeared reasonably valid, however, and suggeeted that 
alkaline cleaning alone was the most effective of the three con- 
ditions« - (Note that the total adhesive weight was low on panels 
60li and 60$•) It should be noted here that the primary purpose of 
a chromic aoid treatment, subsequent to alkaline cleaning, is to 
neutralise anü stabilise the aluminum surface, and is not neces- 
sarily done to develop optims bond strength. The major significance 
of the obssrved effectiveness of slkallns cleaning in this case is 
that it Implies that the surface condition had been downgraded by 
contamination and not by chemical deterioration. The effects of 
storage on aluminum cores would undoubtedly be muoh less severe if 
the material were kept in the original shipping container. 

Since the original purpose of the second evaluation was un- 
fulfilled, a new test was performed, represented by the six panels st 
the bottom of Table 17* The new results indie .ted that the cleaning of 
new core material by the methods used here downgraded bond strength to 
some extent« The results of this evaluation agreecTwith the reeulte 
of the indirect comparison of new end stored samples of core "A", 
and tended to prove that excessive open storage can causs a deteri- 
oration of the feying surfsees of honeycomb cores. 

A second conclusion which can bo derived from these direct 
and indirect comparisons is that core "A" end the expanded core 
yield substantially the same bond strongthe under the same conditions 
of (exposed) storage, cleanlineee, and bonding conditions. 
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I - E, Continued 

Although cleaning of urn ooro could generally be «xpoetod to 
upgrade tha faolng^to-oors bond strength, it ahould bo peihtod out that 
tho aquoeua eloonlng proooatos uaod here tended to downgrade tha noda- 
bond atrangth (Table 16) • It would appear that oorea should be iinliwd 
or aado into panels before any extended open-etorage period occurs to 
avoid any need for oleaning. 

Several other faotora ahould be taken Into oonsideratlon la 
the interpretation of these reeultat 

1* The degree of the eereritgr of the control storage 
tu>*d In this evaluation (hanging unprotected in _ 
room with hot «leaning solutions) Cculd not be W* 
eatlnated. 

2* The light adhesive line and relatively large dell 
■iae ueed in this evaluation caused the bond to be 
relatively sensitive to adhesion condition* at the 
aurfaoe of the core material. 

3. It la generally believed that poor adhesion con- 
ditions are conducive to deterieratiätt by eorroeioQ. |, 

The oonclnsiona derived from the work in this phaae art 
■s  followei 

1. "Corrugated** -and "expanded** honeycomb oorea macM 
binder favorable conditions of manufacture can bo 
«xpeoted to yield the same order of bond strength. i 

2* Honeycomb oorea ahould be primed or bonded into 
panels before any extended exposure to ccntaMLnaticn I 
ocours, if maximum bond strength» are to be real- i 
iaed. 

3. The aqueous cleaning of contaminated honeycomb oorea f, 
tends to upgrade oore«to-faclng bond strength» but 
it can also be expected to lower node-bond strength. 

h.    Some form of rolling or pressing operation appears 
desirable and practical on flat honeycomb alloee that 
are sawed from corrugated logo or expanded blocks, 
to improve the thickness tolerance. Such an operation 
la neither desirable nor neoeeaary on core slices 
Which have been sawed in the unexpended condition. 

"■ 
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SECTION I - Continued 

Ft  VARIABLES IN THE PREPARATIOM OF FACINOS FOR ADHESIOH 

1. Survey Resultst 

Table 18 at the end of this dlecusalon shows the cleaning 
cycles used in April 1953 by nine sandwich manufacturers ic the prepar- 
ation of facings for adhesion. It can be seen that there is some differ- 
ence of opinion amcr.g manufaoturers in regard to optimum methods and 
materials in all phases of the cleaning process. The most widely need 
solution repressnted here is that originally recommended by Forest Prod- 
ucts Laboratory (references 26 and 27), consisting of sodium dlchromate 
and sulfurie acid. Other acid treatments represented in this table are 
commercial "spot-welding etches," plain chromic acid, and mixtures of 
chromic acid and sulfurie acid. The last  solution is probably oquir- 
alent to the sodium diohromate-sulfurio acid solution where the hexa- 
yalent chromium contents are the same. 

All of these manufacturers used hot, inhibited, alkaline clean- 
ers of seme type to degrease the parts prior to acid treatment. Two man- 
ufacturers felt that a preliminary vapor degreasing operation was neces- 
sary to augment the action of the alkaline cleaner in remoTing foreign 
matter from the surfaces of the parts. A hot rinss followed the alkaline 
treatment In almost every case. There was apparently some difference of 
opinion among manufacturers as to whether a hot or cold rinse should be 
used after the acid treatment. 

The drying performed after the last rinse was often done in 
an oven, at temperaturee as high as 2^0°?,    Most manufacturers limited 
the storage or "holding time1* between drying and priming to eight hours 
maximal. 

It is generally believed throughout the adhesive bonding in- 
dustry that nonoptimum cleaning procedures decrease resistance to cor- 
rosive or weathering service conditions. This belief has been confirmed 
In at least two instances. 

The following are a number of details that cams to light in 
the survey but are not shown in the tabulation) 

(1) The presence of chloride ion in the acid solution tended 
to cause corroaion of the facings. 

(2) The disposal of aged, or worn out, acid solution presented 
a troublesome problem to most manufacturers. In soms instances,, 
when these solutions had been dumped down the eewer, damage to 
conduits and pumping systems had resulted. 

(3) The use of old or deteriorated solutions sometimes caused 
the facings to be stained or corroded. 

(U) Poor or inconsistent adhesion was sometimes believed to 
be related to the conditions of alkaline cleaning. 
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X - F, Continued 

2. Preliralnary Observations of Cleaning Process Deterioration! 

Trie control cycle for preparing facings for adhesion in this 
project was chosen from a general study of the tabulated survey results. 
It vns derided that the sheets should be given five minutes' iasaersion in 
sn air-agitated solution consisting of one part sodium dichrooate, 10 parts 
sulfuric acid, sod 30 parts water at a temperature of IhO'T-    Preliminary 
to this treatment, a ten-minute imnersica in a proprietaryf inhibited 
allcaline cleaner, "QAK1TE 6l> at 180*P was used. (The choice of alkaline 
cleaning conpounds used in this project was arbitrary and was not based on 
any knowledge of differences in the suitability of products from various 
msnufacturers.) Later in the project, a change in alkaline cleaning com- 
pounds was made from'OAKITK 61" to "OAKITE 6l-A",  at the suggestion of the 
manufacturer. A hot (150*7 approximately) spray rinse was used after each 
of these treatments. The sheets were force-dried in warm air for 20 
minutes after thic cycle, and were primed within approximately one hour. 
It appeared that these conditions would be generally typical of procedure» 
used by manufacturers. 

In the earlier phases of the project no direct «valuations of 
cleaning variables were made, and it was not anticipated that a major 
amount of work would have to be done. It will be recalled that in the per- 
formance of the "Adhesive Weight" program (Section I, Part A) two chrono- 
logical periods were observed in which adhesion to the facings appeared to 
be out of control. Although no exact cause could be assigned to this con- 
dition at the time, it was believed to be related to a deterioration In the 
effectiveness of the cleaning process. This belief was later confirmed. 
The loss in peel strength was found to have been caused by a relatively 
minor drop in sulfuric acid concentration, the effect of which had been 
amplified by a poor selection of process conditions. In order to make this 
determination it was necesscry to go through three stages of investigations 
of cleaning process varisblss. In the first stage, the chronological 
occurence of peel readings which had showed the loss of control was compared 
with periodic chemical analyses of the acid solutions. In the second stage, 
exploratory studies of individual cleaning variables were made. More com- 
prehensive evaluations, utilizing refined methods, were completed in the 
third stage. 

Table 19 shews a consecutive listing of the serial numbers of 
all panels made In the "Adhesive Weight" program from C-117 through C-205. 
The peel strengths of these panels have been designated as "low", "medium", 
or "high" depending on their relationship to the levels of control curves, 
made when the specimens were broken. The nominal weight of the tape used 
In each panel is shown in the right-hand column. A number of the "low" 
p-aels have been narked with asterisks, indicating that an unusually high 
percentage of the peel failure waa in adhesion to the facing. (These are 
the same panels which were marked with asterisks in Table 1, and which 
were left out of the "peel vs. adhesive weicht" graphs in Part A of 
Section I.) It can be seen in Table 19 that the occurence of low peel 

r* 
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readings attributable to poor adhesion at the facing tended to occur dur- 
ing two chronological periods» and that the tue of a heavy tape and/or a 
amall oell else tended to bring about an earlier manifestation of the loss 
of control* 

It should be noted that all of the peel strengths which were 
described qualitatively as "low" In Table 19 would have been considered 
acceptable under most normal production or design standards. The Justifica- 
tion for giving particular attention to these panels lay In the fact that 
non-optimum cleaning Is almost universally considered to make adhesive bends 
susceptible to deterioration on exposure to corrosive media. 

In order to give an additional chronological representation 
of peel-strength trends, several panels having two layers of "FM-VT* tape 
under each facing were made with facings which had been cleaned and primed 
at various times In the project. This type of bond structure promoted 
conditions which Isolated the peel failure at the Interface between the 
adhesive and the facing. Table 20 at the end of this discussion shows the 
peel results observed In three of these panels. The flrsx of this group> 
Panel 30, was made fron facings which had been cleaned very early In the 
project, and displayed an unusually high peel strength. (This panel was 
originally made In order to evaluate the strength developed by a "two tape** 
system, not to observe the degree of adhesion at the facings*; Panel 151 
was made at the time that the first series of unaccountably low peel read- 
ings was observed. Its unusually low peel strength supported the conclusion 
that the cleaning or priming processes had gone out of control. As an 
additional check, a facing which had been cleaned during the first suspected 
periods of deterioration, end one cleaned In a relatively new solution,were 
bonded Into Panel 187. The significant difference In peel strengths devel- 
oped In the two sides of this panel confirmed that the cleaning and/or prim- 
ing processes had gone out of control. 

In the course of the work, samples of the acid cleaning solu- 
tion had been analysed periodically as a routine check, which could be used 
as sn aid In Isolating the cause of unforeseen deterioration factors of the 
type Involved here. Table 21, at the end of this discussion, shows these 
analyses, and shows the serial numbers of the pantLs made at the time the 
seoples were taken. The analyses corresponding to panels C-15^ and c-200 
represent the conditions In the acid solution during the two periods In 
which control had been lost* Although the concentrations of some of the 
Individual solution components appeared to have been affected by age and/or 
usage of the solution In the two analyses In question, a comparison with 
the chronological trends of peel strength In Tablee 19 and 20 did not reveal 
any obvious correlations between Individual process factors and peel strength. 
(Later work proved that reductions In acid concentrations had been at fault, 
but these reductions did not appear significant at the time the comparison 
was made*) It was decided that additional efforts should be made to Isolate 
the exact cause of the deteriorations. 
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I - F, Continued 

3. Exploratory Studies of Cleaning-Process Variables« 

Before undertaking the isolation of the factor responsible 
for the loss of control over peel strength, it was felt neoessazy to 
determine how adhesion could be most effectively determined quantitat- 
ively. In general, the results of the "Adhesive Weight" program 
(Section T, Part A) had indicated that flatwise tensile strengths were 
not affected by adhesion conditions at the facing. Since it was hoped 
that the Isolation program could be conducted through the use of only 
one physical test, a program was initiated to positively determine if, 
under very unfavorable conditions, flatwise tensile strength might be 
affected by adhesion at the facing. It was felt that uncleaned facings 
represented the most unfavorable conditions for adhesion. Four panels 
were made with unclean facings bonded to the core under typical adhesive 
weight conditions, and were broken in peel and flatwise tensile tests, 
the results of which are shown in Table 22, at the end of this discussion. 
While the peel strengths had dropped to low values, flatwise tensile 
strength remained at a level which was normal, or slightly above normal. 
(It should be observed that no flatwise tensile failures were observed 
to have occurred between the tape and the facing in the entire project. 
other than in cases where no pressure had been applied during bonding.) 

Since it appeared that flatwise tensile strength waa not 
quantitatively related to adhesion conditions at the facing, it was 
decided to conduct peel tests only, and to conduct these tests on panels 
which had been made with special, heavy bonds consisting of three "FM-UT** 
tapes. The purpose in using multiple tapes was to provide adhesive-to» 
core bonds which were strong enough to assure that the peel failure 
occurred at the Interface between the adhesive and the facing. It was 
also decided that all of the "three-tape" panels should be made with a 
high-density core material in a small cell size (1/6-.002), to assure 
that peel failures would not occur in the core material, and that the 
value would be a true measure of adhesion at the facing. 

Table 23, at the end of this discussion, shows the results 
of a number of exploratory evaluations which were intended to isolate 
the cause of critical factors in the cleaning process. It is important 
to note that the majority of facings were cleaned under the standard 
control conditions used in the earlier phases of the project. Some of 
the last exploratory evaluations indicated that these control conditions 
might be in a critical range. In view of the fact that the choice of 
temperature (lUO0?) and immersion time (5 minutes) in the acid solution 
did not assure that ultimate values of adhesion were obtained, the ex- 
ploratory evaluations of most of the other variables appeared inconclusive. 
It should be noted,however, that the control conditions used here were 
consistent with the general practice of the adhesive-bonding industry, 
and that ample Justification for their choice existed in the survey data. 
Later werk proved that the effects of tine and temperature must be con- 
sidered if concluaive evaluations of individual cleaning solutions 
are to be made. 
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Since individual comments end coneluaions have been presented 
along with the quantitative results of the exploratory evaluations in 
Table 23, a detailed discussion will not be made here. The following 
general conclusions were made from the resultst 

(1) Variables in the alkaline cleaning process had little 
effect on adhesion. 

(2) The addition of intentional contaminants such as j 
trivalent chromium, chloride, and ferric ion did not 
have significant effects on the level of adhesion. 

(3) A preliminary wipe with chlorinated solvent before 
the alkaline treatment appeared to downgrade adhesion. 

(It) The concentrations of sodium dlchromate and sulfur!c 
acid had some effect, but the nature of this effect was 
not clearly represented. 

(5) Acid temperature was probably not held within the 
limits of control required by the particular conditions 
of the above evaluations. 

It was decided at this point that the effects of individual 
process variables could not be resolved by the conventional type of eval- 
uation utilising only one immersion time and temperature, and that 
surveys of literature dealing with research methods used on other types 
of cleaning processes should be initiated to determine if more refined 
methods might be available. It was further decided that before more 
work was initiated, the basic control variables should be evaluated to 
determine the ranges in which they were critical. 

A considerable amount of experimental data relating to the 
chemical preparation of clad, heat-treated, aluminum alloys for spot 
welding was found in past issues of the "Welding Journal".  (A bibli- 
ography of these references is included in this report, following the 
bibliography of sandwich-bonding references.) The type of cleaning 
process investigated here appeared to be analogous to the processes 
used in the preparation of aluminum for adhesion. It should be noted 
at this point that Firm "C" in Table 18 used a commercial room-temper- 
ature spot-welding preparation in lieu of the standard hot sulfurlc 
acid-sodium dlchromate solution. "Etches" of this type are usually 
based on a combination of hexavalent chromium ion and an inhibited 
t,pe of hydrofluoric acid, and are used subsequent to an alkaline 
degrease and hot rinse. They are not true "etches" in that they do 
not remove a significant amount of material from the sheets, but only 
deoxidise the surfaces, bringing the electrical contact resistance at 
the surface to a low value, of the order of 10 micro-ohms. 
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Th« background of r«s«aroh on «pot-welding preparations In- 
cluded oonprehensire evaluatione of the effectiveness of the process as 
a function of concentrations, alkaline degreaslng methods, rinsing and 
drying cycles, holding time, Immersion times, and solution temperatures. 
It appeared that nuch of this imformation would be directly or indirectly 
applicable to the preparation of aluminum for adhesire bonding« 

In the spot-welding research, electrical surface-resistance 
measuretnsnts were used to eraluate the effectiTeness of the treatment* 
One of the principle objectives was to establish a non-critical process 
in which consistently low surface resistance could be maintained. In 
each experiment, resistance measurements were made on a large number of 
coupons Immersed for various lengths of time in the test solution» As 
chenges were made in the process conditions, the lowest observed values 
of surface resistance did not vary appreciably, but the optimum immersion 
time required to bring about a low resistance was subject to wide var- 
iations • If all of the resistance measurements had been made at a con- 
stant acid-Immersion time, the results would have had little significance. 
It was decided that future evaluations of adhesion as a function of chsm- 
loal surface treatment variables should be based on "peel strength vs. 
acid Immersion time" curves, rather than of measursments of peel strength 
at constant immersion time. This change was later found to be smply 
justlfisd. 

It was also decided that measurements of electrical surface 
resistance could be made in the course of the work at hand, to determine 
if there Blight be a useful relationship between surface resistance and 
the degree of chemical preparation for adhesion. 

** 

■ 
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U. Rtns« Temperature and Holding Tina: 

Before the "poel va. acid Imeralon t'rae" program was Initiated 
the effecta of rinsing temperature and of atoraga ox- "holding time" between 
cleaning and pricing were detarmined. The reported reaults of the research 
on apot welding treatment« had shown that high rlnaing temperatures, long 
rinsing tlines, and high alkalinity of the rlnae water downgraded the effect- 
iveness of processes of this type. It should be noted that the water uaed 
for rinsing the cleaned facinga in thia project waa in a relatively high 
range of pH {6.3  to 9), and that the effect of rina« water on adhesion was 
not evaluated. The survey results had indicated that there waa a difference 
of opinion among manufacturer a as to whether the rinsa subsequent to acid 
treatment should be hot or cold. The survey results also indicated that 
most manuxScturera considered long holding times to be datrijuantal to 
adheaion. 

Table 25 shows the results of two stu&las in which "holding 
time" was adjusted. In the first study a hot rinse was used on all of the 
facings, in accordance with the original control procadures. After clean- 
ing, the facings were suspended from hooks in a shop area for fron 20 to 
100 days. Panels which had baan made froqt facings stored in this manner 
for 20 daya ahowed peal values ranging from 221 inch-lbs,  the usual 
maximum which can be realised where 0.0l6-ineh alclad 2US-T3 facings are 
bonded with "rM-Vjr", to aa low as 129 Inch-lbs., a level which was con- 
sidered "out of control". A second set of facinga, made i«t*> panels after 
100 days of exposure, showed peel strengths rsnging from 5^ to 111 inch- 
lbs., indicating that an exposure of this duration could not be tolerated. 

The second evaluation shown on Table 25 waa conducted on two 
groups of cleaned facinga, corresponding to rinse temperatures of TO0* and 
150°^, approximately. Holding times were adjusted from five minutes to 
one week, in order to allow storage effecta to be observed within a more 
reasonable range of conditions than ware held in the previoua evaluation. 
The cold rinse upgraded the peel strengths davsloped by these facinga by 
approximately five percent. Holding times of the order of one week did 
not appear to affect peel strengths. It should be noted that the type of 
exposure used in the second group waa different from that used in the 
earlier group in which 20-day and 100-day exposures were imposed. The 
second group was suspended in the ssme room in which the facings had been 
cleaned, whereas the first group had bean exposed in a shop area. It waa 
not known which of these two conditions was more unfavorable. 

Although the results of the work represented in Table 25 were 
undoubtedly influenced by the exact nature of the expoaure conditiona. It 
appeared that the maximum holding time of four hours imposed in most pro- 
cess specifications waa conservative, aa long aa reaaonable preca-tiona 
were observed to prevent the stored parts from being contaminated.  It 
was further decided that the control conditiona within thia project ahould 
be revised to use a cold rinse rather than a hot rinse aubaequent to acid 
treatment. 

f# 
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5-  Evaluations of Cleanlng-Procas« Varlablas In Tams of 
Peal Strangth vs. Acld-Iauerslon Tina: 

A aeriea of evaluation« of cleaning proeesa varlablea In which 
acld-tiBBeralon tlmo waa nade the independent variable are afaown in Table 2U. 
It «aa decided to perform the atudiea at t*o acid temperaturea} 11*0°? and 
160°^. The control facinga in the program were alclad 2US-T3, 0.016 incbea 
thick. The facinga cleaned at each of the inmaraion times were primed and 
bonded with three layera of "FM-U7" tape to nine-inch-square alicea of 
al l/8-.OOß core material 0.625 inchea thick. Two three-inch-vide peel fcH 
apecinena were teated from each of theae panels. The percentage of the 
facing area which appeared to have failed in adhesion waa obaerved and re- 
corded on each apecimen. The add aolution waa analysed periodically in 
the course of the investigations. 

In the course of these investigations, a conmarclal "surface 
resistance analyser" of the type uaed in reaistance welding quality control 
work waa uaed to take readings on the freahly cleaned and dried sheets, to 
determine if electrical surface resistance might exhibit a correlation with 
peel atrength. 

Group C, in Table 2^, represents the first "peel va. imnaraion 
time" series, which waa to have bem uaed aa a control. Before the fabri- 
cation of theae panels waa completed, it waa noted that the facings did not 
appear to have been thoroughly degreaaed by the alkaline treatment. This 
grour (Oroup "C") was aet aside, and was later compared with new sets of 
control panela, nade after the alkaline cleaning conditions were improved. 

Oroupa "A" and "B" repreaent the control penela made after the 
adjustment in alkaline cleaning aolution condition«. The peel atrengths ob- 
aerved in Groups A and B were plotted in Figure 35, and were assumed to rep- 
resent the control relstionship between peel strength and imaaraion tins 
at two temperaturea, other conditions of the process being optimum. Later, 
Groups "0" "P" and "V," which were made under near-optimum conditions, were 
added to the control aurvea to augment them. The ahapea of the two control 
curves in Figure 35, corresponding to the two acid temperaturea, are entirely 
different. It can be seen that the original control conditions uaed in 
earlier evaluations (five minutes' immersion at lUO^) were in a. region of the 
curve which waa aloped, suggesting that theae conditions might have been too 
critical in themselves to permit the effecta of other varlablea to be defined. 
At an acid temperature of 160°^, it appeared that an immer a ion time of the 
order of three minutes would allow a maximum level of adheaion to be con- 
sistently realised, while at leaat eight minutes would be required to main- 
tain consistently high pec. : at an acid temperature of lUO^F. Both curve« 
reached the aama maximum level of a;pproxlmstely 200 inch-Iba.  It waa ob- 
aervad that unusually long innersion times sometimes brought about a loss in 
peel strength, particularly where a high temperature waa uaed. 
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Figure 36 «hows the peel strengths observed In the panels vhlch 
were originally to have been used es s control, but which showed evidence 
of having received Inadequate alkaline cleaning. Although the position of 
the curve wet shifted laterally. In the lower range of ^cld-lnnsrslon times. 
It appeared that naxlaium adhesion waa not affected by the presence of the 
residual deposit from the alkaline cleaning process. 

The survey of research on spot-welding alclad 2hS-T  aluminum 
had indicated that the thickness of the sheets was an important parameter 
in determining the "surface reeictanee vs. immersion time" characteristics 
associated with spot-welding preparations. Thin sheets required much 
shorter immersion times than did O.OUO inch-thick sheets« Figures 37 
and 38 show the "peel strength vs. acid-immersion time" relationships 
at acid temperatures of lUO0 and l60oF, using alolad 2I4S-T3 sheets 0.032 
and 0.012-inch thick. A comparison of ths shapes of these curves with 
the shapes of the control curves in Figure 35 indicates that sheet thick- 
ness has the same effect in the preparation of facings for adhesion as it 
does where sheets are prepared for spot-welding. Although facings that 
were 0.032-inch thick required only slightly longer immersion times than 
did facings which were 0.016-inch thick, there was a onsidsrabls differ- 
ence in the optimum immersion times required for 0.012-inch and 0.016- 
inch thick facings. 

The shorter acid-treatment immersion-times required for thinner 
sheets are probably attributable to the fact that copper from the "core" 
alloy has migrated through the thin layer of relatively purs outer cladding 
material during the heat-treeting process, making ths cuter surf seas more 
reactive. (This eharacteristio is also believed to make thin sheets less 
resistant to corrosion.) Another factor that may contribute to the sen- 
sitivity of acid-treatment conditions to sheet thickness is the probable 
reduction in oxide film thickness as successive rolling passes are made. 
Thin sheets would have correspondingly thinner films of oxide, which 
would require less time for removal. 

It may be seen In Figures 37 and 38 that the 0.032-Inch facings 
developed higher maximum peeling torques than did the 0.012-Inch facings. 
Had one of the thicknesses exhibited higher percentages of adhesive failure 
than the other. It would be suspected tuat Its surface was less suited, 
chemically, for the development of high bond strengths. A comparlaon of 
these percentages In Table 2k  la inconclusive, however. The comparlaon of 
peel torques developed by the two thicknesses does not necessarily prove 
that one or the other surfsee Is superior, since there la undoubtedly a 
difference in the amount of torque required to bend the fee Inga of each 
thickness.  In a drum-type peel teat, without back-load lag, the torque 
required to bend the facings la Influenced by the adhesive forces In the 
bond, since these force . dccermlne the radius of curvature of the metal 
at the line of failure.  If sufficient back-loading were applied to the 
specimen to draw the facing snugly against the drum, the adhesive forcea 
would not Influence the amount of torque required to bend the facing, 
but this torque would still be a function of the thickness, the elastic 
moduluw, and the yield strength of the mstal. The complicated Interrelation 
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of adhesive forces end bending forces In the peel test vlthout hack-loading 
makes It Impractical to experimentally Isolate the effects of facing alloy 
or thickness on the individual magnitudes of either type of force. The 'tee 
of a bsck-load, sufficient to hold the the facings against the drum vouXd 
vmtotm  the effects of adhesive forces on the torque required to bend the 
metal but the energy absorbed by the metal would still be a function of 
thickness. Experience In this project has Indicated that the drum test 
vlthout beckloadlng Is generally satisfactory for the purpose for which It 
Is Intended, I.e. to establish comparisons of bond strengths where facing 
material or thickness are not variables. 

Figure 39 shows the peel strength vs. acid ImBarslon time 
characteristics of alclad 7519-76 alloy, 0.032 Inches thick, at an acid 
temperature of IkcPF.     (It should be noted that the cladding material 
uaed in this alloy is of a different composition from that used on the 
2'*a alloy.) The 0.032-Inch material evaluated here was almost identical 
with 0.0l6-lnch alclad ?Us-T3 In its acid-treatment characteristic. A 
curve representing alclad 2i»S-T3 0.032 Inches thick has been traced 
from Figure 38 on this graph. It appeared that alclad 758 did not de- 
velop the same order of adhesion observed on alclad 2'tS sheet of the sane 
thickness. Since the yield strengths of the two metals are substantially 
different, the amount of peeling torque absorbed in bending the facings 
must also be different. Peel-strength readings, therefore, do make ab- 
solute comparisons of the adhesive forces developed on each type of surface. 

In Figure kO,  the peel vs. immersion-time characteristics 
are shown for three groups of facings which were acid-treated without the 
uee of air agitation. The consecutive points in each series have been 
connected by straight lines to show their wide degree of dispersion. The 
errstic nature of these peel curves was probably the result of local temp- 
erature variations in the solution,resulting from the lack of agitation. 

Figure kl  shows the peel vs. Iraners ion-time characteristics 
for three groups  of facings cleaned in acid solutions that had received 
considerable uae. The individual points on these curves show an unusually 
high degree of dispersion. (It should be noted that theae groups were run 
at an acid temperature of l609F only.) It can be concluded that inconsis- 
tent results (not necessarily low readings only) might be expected where 
acid solutions have received extended use, which points up the necessity 
for frequent chemical analysis. 

Some facing» that had reoeiTsd long acid-immarsion in the 
"worn"solutions showed the presence of a grey-white scale. It could not 
be determined whether this scale extended inward or outward from the 
original plane of the surface of the sheet.  Micrometer readings did not 
indicate any difference in thickness which could be attributed to the 
deposit. In priming the surfaces of some of the heavily scaled sheets, 
it was obsorved that the liquid tended to be absorbed within the scale. 
Although the peel strengths developed by heavily scaled surfaces did not 
appear to be unusually low, it was believed likely that eventual resistance 
of the bonds to weetherlng and corrosion attack would be impaired. Ho 
attempt was made to determine if the structural properties of the mstal 
had been impaired by the presence of the scale. Since the scale observed 

i 
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on those sheets might he very likely to occur under normal production con- 
ditions , It «ms decided that further work should he done Ister In an attempt 
to Isolate the cause of the condition. 

Figure k2  shows the effect of "hreaklng-ln" the acid solution. 
Spot-veldlng literature had Indicated that freshly prepared acid solutions 
did not show optimum characteristics, and that the optimum characteristics 
were not developed until a significant amount of material had been pro- 
cessed, cr until aluminum salts were edded to "catalyee" the solution. The 
exploratory evaluations had previously indicated that the same character- 
istics might be true for the hot sulfurlc acld-sodlum dlchrouate solution, 
since the use of a fresh solution appeared to have brought about low peel 
strengths in one case. Group "O" In Figure h2  was processed directly after 
a fresh acid solution had been mixed. Group nPn was processed after several 
racks of facings had gone through the original fresh solution. There was 
no detectable change in "peel strength vs. lansrslon time** characteristics 
as a result of breaking in the solution. Both groups showed very little 
dispersion about the control curve. 

Figures U3 and kk  show the effects of sulfurlc acid concentration 
on a typical solution at two acid temperatures. At the acid temperature 
of l609F (Figure hk)  the concentration of the add shewed no effect. Where 
an acid temperature of IkoPf vas used, however, acid concentre. i.on appeared 
to have s very striking effect on the peel strength vs. Inmerslon tlms 
characteristics of the solution. Where the add concentration was low, 
a longer Inmerslon schedule was required to obtain optimum adhesion to the 
facings. The normal concentration was 22.h  percent, whereas the "low" 
add concentration used here waa 16 percent. This concentration was of 
the same order as the concentration observed during both of the periods of 
suspected cleaning-process dsterlorstlon.  (see Table 21). It was con- 
cluded that a depletion In add concentration brought about by chemical 
usage, and/or "drag out" was the cause of the low peel strengths observed 
In the "Adhesive Weight" program. 

■ 

Before leaving the discussion of Figures ^3 and UU, it should 
be noted that another apparent deterioration of the alkaline cleaning process 
was observed in the "high acid series (Figure U3) run at lUOQF. This series 
was the last one run in the program. Residual deposits remained on three 
of the facings which received the shortest inmerslon times and the pattern 
of the stenciled lettering vas In evidence in the deposit. The shape of 
this curve is generally similar to that observed In Figure 36» where Inade- 
quate &3kallne cleaning was also In evidence. The inadequacy of the alka- 
line cleaning process in these two Instan ea was not attributable to the 
type of cleaner, but was « result of over-use and/or Improper maintenance 
of the conditions of use. 

It can be seen In Table 2^ that meaaurements of surface re- 
sistance showed no apparent correlation with peel strength In the majority 
of the groups on wLich readings had been taken. A definite correlation be- 
tween surface resistance and peel strength w»« later observed where a 
cocmerClal spot-welding treatment had been substituted for the sulfurlc 
acid-sodium dichrooate process. 
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Figure» 1*5 through 48 ahoir the effect of the concentration 
of "active" Bodium dlchrooMte on the "peel atrength rm.  Inerelon time" 
characteristic*. A significant amount of trlvalent chroalum «as placed 
In these solutions to slmlate the effect of depletion of the active 
hexavalent ehroartun from extended uae. The»« curvea Indicated that 
«odium dlehroaarte had an Inhibiting effect on the action of the aolution. 
Where no active sodium dlchronate waa preaent, very lav peal strengths 
were observed In the normal range Of immersion times.  (It la possible 
that a relatively high peel strength could have bean obtained at a vary 
short imaeralon time, but thla «aa not considered a practical condition.) (f 
The time required to reach a suitable maximum level of adhesion waa In- 
creased aa the concentration of active sodium dlchrooate was Increased 
from 0.1 part to k  parts.  (A concentration of one part la ncormally 
racoaaaanded for the hot aulfurlc acld-aodlum dlehromata solution, vbere 
10 parts of aulfurlc add. and 30 parts water are used.) Where atrip 
alualnua would be processed continuously la a long acid tank, the effect 
of sodium dlehromata concentration might be very Important. 

The curves In Figures kf  through k6  Indicate that the laral 
of ■axlmum adhesion increased Aram approximately 180 inch-lbs. to approxi- 
mately 210 Inch-lb»,, aa the concentration of sodium dlchroem * was la~ 
creased trcm 0.1 part to k parts. Since thla trend was not obsarvad la 
other parts of the program where the concentration of sodium dlchronate 
had bean varied, no firm conclusion vaa mod«. It waa felt the* .slnor 
variations la the level of maximum adhealon were of leas Importance than 
the ability to conalatently develop peel strengths In a non-erltleal 
maximum range. It should be noted that the effect of sodium dlcluomatc 
concentration waa evaluated at only one acid temperature, l6oPf,  and that 
thla teaperature la the upper limit on the normal range of temperature at 
which the aolution is used. 

The following general conclusions can be drawn from the 
evaluations of peel strength In which acid-immersion time waa the Independent 
variable: 

(1) Add temperature has a very atrlklng effect on the peal 
vs. laeeralon time characteristic« of clad aluminum facing« treated In the 
sulfurlc acld-aodlum dlchronate aolution. The temperature has little or 
no effect on the wmxlimim level of adhealon obtained. 

(2) The concentration of aulfurlc add In the aolution de- 
termines Its "peal vs. Imsaralon time" characterlatlca at acid temperatures 
of the order of IkCPf,  but has little effect at an acid temperature of l60^V. 

(3) An Increase In the concentre-"on of sodium dlchronate 
cause« the solution to be slower la Its operation. 

(U) Thinner sheets require less tlam in the solution for 
optimum adhealon to be attained. 
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(5) There Is littI« apparent difference between the lameralon- 
tlme eharacterlatlee of alclad 2ka-T3  and alclad 75S-T6. but there la a 
difference In the apparent level of adhesion vhlch can be developed on the 
surfaces of theae tiro alloy« In a given sheet thickness. 

(6) The apparent magnitude of adhesion aa neasured In the 
"four-inch-Arum" peel test Is influenced by the thickness and alloy of 
the facing material. The amount of torque required to bend the facings 
la Itself a function of adhesion, since the radius of curvature of the 
bend Is Influenced by bond strength. While the use of a "back-load" to 
hold the facing positively agalnat the drum undoubtedly removes the 
tendency for the adhesive forces to Influence the amount of torque re- 
quired to bend the facings, this component of torque Is still a function 
of gage. A drum-type test without back-loading gives natlafactory com- 
parisons of bond strengths, where facing material and thickness are not 
varlablea. 

(7) Acid solutions which have recleved considerable use 
tend to give erratic values of adhesion and can alao cauae pitting or 
scaling on the surfaces of the sheets which have been processed at long 
tinea and/or high acid temperatures. 

(8) Some form of agitation or forced convection should be 
used to assure that temperature la consistent throughout the acid aolu- 
tlon. 

(9) Freshly prepared solution« of hot (l60oF) aulfurle 
acld-sodlum dlchronmte solutions do not require special Immersion 
schedules. New solutions give consistently good results. 

»    (10) Alkaline cleanera which have been used to excess may 
leave deposits on the surfaces of the faclnga which are retained through- 
out the add treatmsnt. Peel strengths. In the optimum range of acld- 
Innerslon times, are not downgraded by this condition. 
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6. Studies of the Causes of Appearance Defects on Facings: 

A special series of tests wan Initiated In an attempt to iso- 
late the cause of the formation of the scale observed in conneötiou vith 
the use of old or deteriorated acid solutions. It was thought that the 
cause of this scaling vas in the form of a contaminant f introduced either as 
a product of the reaction at the surface of the sheets; as a suspended mat- 
erial in the ccnpressed air used for agitation; or as a product from the 
corrosion attack on the stainless steel tank. Peel strengths were not ob- 
served in these tests, since earlier work had Indicated that poel strength 
was not always seriously downgraded by the presence of the scale. Small 
rectangular coupons, one inch wide and two inches long, of alelad 2US-T3 
in various thicknesses, were iranersed in agitated test solutions at l60*F, 
and were removed at one-minute Intervals in a range from zero to 23 minutes 
of total innnerslon time. All the coupons were given a preliminary hot 
alkaline treatment and hot rinse before the acid treatment. On removal 
from the acid solution, the coupons were Immediately rinsod under a cold 
water spray for approximately 15 seconds. After being dried in warm air, 
the coupons were carefully affixed to large sheets of blotting paper in 
increasing order of inmersion times. The appearances of the surfaces of 
the coupons in the various groups were then compared. 

k  control was first estsbllshed, using thm deteriorated 
solution represented by group "S" (Figure UO). Oroups of coupons were 
run In thicknesses of 0.008, 0.012» 0.016, and 0.032 inch. The character 
istic scale began to form on these-coupons at approximately 6 minutes. 
Thinner sheets showed relatively heavier deposits, and the formation of 
these deposits occured in a shorter time« An attempt was made to photo- 
graph these specimens, but the results were not satisfactory. The seals 
appeared to have a striated appearance, in the rolling direction. While 
some of the coupons displayed a yellowish tint, the scale was ordinallly 
a grayish-white in color. 

The analysis of the control ( deteriorated ) solution shown 
in Table 2k,  (Group "8") Indicated that the hexavalent chromium content was 
very low, and that the iron content was not unusually high. Chloride and 
silicon were not present in excess, but the content of aluminum was rela- 
tively high. It was decided to make up test solutions in which these and 
other concentration conditions were artificially induced. Thirty additional 
series of coupons were run In various thicknesses, in various artificially- 
controlled solutions. A tabulation of these results was not attempted, but 
the following conclusions were drawn from the study: 

(1) Excesses of trlvalent chromium (up to three "parts") did 
not tend to produce the scale in question. The coupons cleaned in solutions 
which were high in trlvalent chromium content often showed ''rinsing stains," 
however, indicating that the salts in this solution were less solüble. 

(2) Chloride concentrations of 500 parts per million caused 
severe pitting and corrosive attack of the coupons at immersion times in ex- 
cess of 10 minutes on the thinner sheets. Chloride concentrations of 50 parts 
per million caused no noticeable attack at Immersion time as high as 20 
minutes. The type of whitish scale which was under investigation was not 
produced by chlorides. 

** 
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(3) A ferric ion concentration of O.U ]>ercent did not bring 
•bout the scaling action In question. 

CO Agitation of the solution tended to accelerate the form- 
ation of the scale» suggesting that the offending contaminant might be sus- 
pended rather than dissolved In the solution. Mechanical agitation appeared 
to be as effective as air agitation in accelerating the formation of the 
deposit. 

(5) Lev concentrations of active sodium dichromate in them- 
selves did not produce the white scale. 

(6) Addition* of aluminum hydroxide» which brought the cal- 
culated concentration of aluminum Ion to 0.5 percent,did not bring on the 
appearance of a scale. (An analysis of this solution revealed only 0.23 
percent aluminum. Periodic snalynes of other solutions used In the course 
of the project indicated that a maximum of 0.3 percent of aluminum could 
be detected by analysis of the dissolved components.) 

(7) Although the action of an acid solution In good condition 
tended to dull and whiten the original finish of the aluminum to a certain 
extent, eaqphasislng the Appearance of the rolling marks, there was normally 
no "etching" effect, and the surfaces retained a high degree of reflectivity. 

(8) When the original deteriorated solution used as a control 
was rejuvenated to the normal recoenended sodium dichromate concentration, 
the formation of the scale ceased, sod waa replaced by a pitting action. 
The pits formed here were randomly distributed over the coupons, but appear- 
ed -to be more concentrated near their centers. The first traces of pitting 
were observed at an inmersion time of six minutes on 0.012-inch material. 
At an imiiersion time of 25 minutes, the pitting was strongly In evidence, 
and some of the pits appeared to be aa large as 1/64 inches in diameter. 
The pits were not black, aa were those produced by chloride contamination, 
but were whitlah in appearance. The remainder of the surface of the aheets 
did not ahow any unusual discoloration. 

(9) When the deteriorated solution which previously had been 
rejuvenated to its normal sodium diohronate concentration was brought to 
its normal level of acid concentration, the pitting action becsme more severe. 

(10) When a fresh charge of alkaline cleaning aolution ("QAKITE 
61-A") waa mixed, the pitting action observed in the rejuvenated deteriorated 
acid solution was not Inhibited in any way. It was not determined whether 
the drag-out of silicate compounds from the alkaline cleaner might have been 
responsible for the scale. As far as is known all alkaline cleaning com- 
pounds contain silicates. 

It was concluded that no satisfactory determination hal been 
made of the cause of the scaling actions associated with the use of "worn- 
out" or deteriorated acid solutions at relatively high temperatures awl long 
iimDersion times. The rejuvenation of these solutions to their normal recom- 
mended concentrationa removed the tendency to form the scale, but replaced 
it with a pitting of the surfaces, which was even more undesirable. Chloride 

k* 
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oonoentrations of the order of 500 part« per million bad an obrlons deatruo- 
tire affect in themselres, but were not responsible for the formation of 
the particular scale under studj. The concentrations of iron, alundnu*, and 
trivalent chromium in the solutions did not appear to be responsible for the 
scale. It «as definitely established that the thinner clad materials were 
more susceptible to the formation of scale, or to corrosive attack* The 
likelihood of the occurence of these undesirable conditions under ordinary 
production procedures might in some instancea call for the selective use 
of immersion schedules on various sheet thicknesses and/or the frequent 
replacement of acid solutions. 

It is possible that the appearance defects obserred here 
may be related in some way to impurities in the looal tap water, or to 
some other factor that was not studied in these testa« 

0* 

Although no accurate usage data were available, because of the 
variable nature of the times and tenperaturea used in the project, it was 
estimated that approximately 300 square feet of faoings bad to be pxooeasad 
in the ten-gallon tank before the scale deposit began to appBar on the 
surfaoes. It is probable, however, that the conditions of the teata and 
the small sise of the tank caused this square-footage figure to be pesslmia- 
tio with respect to normal production conditions. Aasuning that in noraaal 
production 60 square feet of facings could be safely prooeesed with each 
gallon of acid solution, in a 3000-gallon tank the chemical cost par square 
foot could be determined in the following manner: 

Total weight of soxution at 10 lbs/gait 30,000 Iba. 

Weight of sulfuric acid («S-T^/lb.) assuming 
additional "upkeep" added to original charge:     8,000 Iba. 

Weight of sodium dichrooate 0 rty/lb. 2,700 lbs. 
(Note: Coet surveya indicated that aodium dich- 
romate is cheaper than chromic acid in terms of 
hexavalent chromium content. Asaunss that ori- 
ginal charge and upkeep total k  parts.) 

Total coat of charge 
- (3.7) (8000) ♦ 17 (2700) . $300 ♦ $J*50 - $750.00 

Coet per equare foot of facings (half of coat per eq. ft. of 
sandwich), aasuming 60 sq. ft. can be processed with every 
gallon: 

0.00 
gal x bO aq. ft./gßX. 

m  O.^/sq. ft. 

This coet does not include the mixing labor or the costs of disposing of the 
spent solutions.. The percentages of the total coat of processing facings 
which this figure represents would be very small for existing batch opera- 
tions, but would be significant in a continuous colL-procesaing line. 

AP 33(600)-23626 92 

A 



^1 ^ 

I - r. Continued 

The useful life of the acid cleaning eolutlon nay be extended 
In the following wayat 

(a) By using lower acid temperature» and/or short Innerslon 
tines. This practice calls for more careful selection and control 
of acid temperature, inmersion tine, and chemical concentrations. 

(b) By using distilled water or be Her-feed water In making      ^ 
up the original charge. It Is not definitely known whether this 
practice will reduce the tendency to produce scale; it would he 
mandatory where the chloride content of the water exceeded 50 ppn. 
Distilled water usually costs from two to five cents per gallon. 

i 

(c) Possibly by the use of "ion exchange resins'* to remove 
solution contaminants. (These compounds ware not evaluated.) 

7. Kxploratory Evaluations of Miscellaneous Cleaning Methods: 

The results of several exploratory evaluations of "non-standard 
methods for preparing aluminum surfaces for adhesion are shown in Table 26. 
These evaluations were performed entirely with 0.016 inch thick facingi of 
alclad 2US-T3, bonded with three "FH-hT  tapes to al 1/8-.002 core. Measure- 
ments of electrical surface resistance were made on some of these facings 
Just before the priming was performed. 

Particular attention was given to a "room-temperature", prop- 
rietary, spot'welding etch, "DIVERSEY 51^" > since it appeared deelrable to 
determine if a correlation between the techniques used in preparing aluminum 
surfaces for adhesion and for spot-welding might exist. This particular 
compound was chosen for evaluation because it had been used by one airframe 
manufacturer in preparing surfaces for adhesion. It is probable that most 
compounds of this type are similar in composition, and that all are basically 
similar to ths materials developed under the research projects covered in 
the spot-welding' bibliography. 

Since it was known that the operation of spot-welding prepara- 
tions is adversely affected by the presence of ferric ion, the evaluations 
were duplicated in a "PYREX" vessel and in the tank of 'CARPENTER'S Stainless 
No. 20" steel which was ordinarily used to contain the hot acid solution. 
Facings were treated in the tank at room temperature and at 110*7.  Although 
these solutions are seldom used at temperatures above 80*P, it appeared 
desirable to determine if an accelerated reaction could be induced by heat, 
in order to be able to economically process continuous webs. 
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The gxwphloal results in Figure 1*9 indicate that the epot- 
weldlng preparation Is capable of producing the same —«1— degree of 
adhesion as Is produced by the conventional hot sulfurle aold-sodlua dlohro- 
mate solution but that the conditions of its use are nore critical. The 
presence of ferrous materials appeared to reduce the effectiveness of the 
solution. A warm solution appeared to be far too critical in its peel va. 
lumersion tine characteristics to be practical, while the rooei-tenperature 
cycle was more critical than the conventional hot sulfurle acid-sodium 
dichromate solution, in this respect. No tests were performed to determine F 
whether treatment of the facings with the spot-welding preparation resulted 
in bonds which were fully resistant to deterioration from exposure* 

The tabulated results (Table 26) indicated that surface 
resistance readings showed sons correlation with peel strengths when the 
spot-welding solution was used. Very low values of surface resistance 
produced maximum peel strengths, except in the series in which the solu- 
tion was warmed to 110*F. It should be re-enphasiced at this point that 
the conventional, hot sulfurle acid-sodium dichromate treatment does not 
produce a correlation between surface resistance and adhesion, nor is it 
suitable for use in treating aluminum to reduce its surface resistance. It 
is superior, however, to at leaat one (and probably all) spot-welding solu- 
tions in its ability to develop optimum adhesion. It might be possible to 
chemically modify the room-temperature spot-welding preparatiocji to give 
equivalent results. Such a development would be desirable in that the 
requirements for corrosion-resistant equipment would be much less demanding, 
and in that there would be no need to heat the solutions. A revised type 
of spot-welding treatment for developing adhesion might also lend itself 
to quality control by means of surface-reaistancs meaaurements. 

Two other acidic treatments, which were evaluated for pre- 
sentation in Table 26*were 25 percent sulfurle acid and 5 percent ohroaio 
acid. Sulfurle acid, at this concentration and temperature, waa entirely 
unsuitable. (This conclusion is based partly on other findings) see 
Figure U?.) No conclusions may be drawn in regard to the suitability of 
chromic acid aa a post-alkaline treatment, since it haa been proved that 
an evaluation based on one concentration, one temperature, and one lamer- 
sion time is inconclusive. 

Of the three degreaalng methods, evaluated without subsequent 
acid treatment, alkaline cleaning gave the best snd most consistent results. 
"Vapor degreesing" was not evaluated, but would probably have given better 
results than did the "wipe" with a chlorinated solvent. 
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I - F, Continued 

8. Degreaslng Preliminary to the Acid Treataent; 

Although no comprehensive evaluation of variables associated 
with the preliminary degreaslng treatment was performed, several general 
observations can be made: 

(1) Commercial alkaline cleaning preparations are entirely 
suitable for removing dirt, oils, and stenciled lettering from the surfaces 
of the sheets, prior to acid treatment, as long as the solutions are "kept 
up" sad replaced often enough to maintain their effectiveness. Alkaline 
treatment alone does not prepare facings satisfactorily for adhesion. 

W 
(2) The possibility that "drag-out" from the alkaline solu- 

tions nay have contributed to the deterioration of the acid cleaning process 
was not explored. 

(3) Ordinary reconnended titration methods, used in the pro- 
ject, did not reveal the fact that alkaline cleaners which had been used to 
excess were not functioning correctly.  ("Double titration" methods nay be 
of value In determining the effectiveness of some types of compounds.) 

CO Published information on alkaline cleaning compounds 
indicated that the wann or cold rinse subsequent to alkaline cleaning should 
be performed as soon as possible to prevent the cleaning compounds from dry- 
ing on the sheet surfaces. 

(5) A considerable, number of proprietary, inhibited, alkaline 
cleaners are on the market, and the optimum conditions of use for each type 
should be obtained from the manufacturer. (Some general evaluation work on 
cleaners of this type is contained In literature on spot-welding research.) 

(6) Vapor degreaslng with chlorinated hydrocarbons was not 
evaluated in this project, but it la probable that this type of cleaning 
would not remove stenciled letters from cut-sheet stock, unless some means 
such as "ultrasonic agitation" were available to augment it. Ultrasonic agi- 
tation is difficult to apply over the surfaces of large sheets. It is prob- 
able, however, that an ultrasonic unit could be Incorporated in a cootinuous 
coil-processing line, in conjunction with a vapor degreaslng system. 

(7) It appears that "spray" alkaline cleaning would be the 
most practical means of removing dirt and oils from coll stock, on a contin- 
uous basis. Spray alkaline cleaners represent a special class of compounds 
which are "uon-foamlng", and are used at relatively low concentrations. 

(8) A generally accepted theory in the technology of alkaline 
cleaning ie that the silicate which is used in all "inhibited" aluminum 
cleaners to prevent etching or "gassing" forms a protective surface film of 
colloidal aluminum silicate. This film tightly adheres to the surfaces of 
the sheets through the subsequent hot-rinsing operation and prevents the 
formation of additional oxides. Were it not for the film of silicate, alumi- 
num would be attacked by any hot aqueous solution having a pH In excess of 8. 
It is interesting to note that silicates are considered to be insoluble in 
both sulfur 1c acid and chromic acid. 
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F, Continued 

9. Other Variables Associated with the Preparation of Aluminum for Adhesiont 

A number of factors which relate to the problem of obtaining 
optimum adhesion were not evaluated la this project« 

One factor which la likely to affect the level of adhesion 
Is the film of moisture adsorbed on the surface of the metal at priming. 
This variable Is undoubtedly Influenced by the tenperature of the metal and 
by the relative humidity at the time the priming Is performed. High rel- 
ative humidity is also considered to be detrimental to the quality of bonds 
aade with most adhesive«, in that moisture Is likely to condense in the vet 
prime costing after it has been chilled by the evaporation of solvent. 
Although actual determination« were not made in the course of this project, 
relative humidity was believed to be in the range from Uo to 60 percent in 
the priming area. Early in the project, it was found that facing primes 
of "IM-^T* tended to "blush" unless the surfaoss were warmed before and 
after the adhesive was applied. 

Although the "water-break" test is often specified as a 
quality control test for adhesion, a formal evaluation of the correlation 
between water-break and adhesion waa not performed in this project, nie 
technicians who conducted the cleaning operations on the test facings re- 
ported that no "water-breaks" were observed on rinssd, acid-treated facings, 
even when very short acid-immersion times were used. Since the >.v:lngs were 
usually rinsed aa quickly sa possible after being removed from the alkaline 
and acid treating tanks, it waa not practical to determine if the solution 
films tended to break before the rinsing was performed. More advanced 
studies of the physical characteristics of surface films in relation to 
the preparation of metal surfaces for adhesion are currently being conduct- 
ed by the Franklin Institute under Air Force Contract Ho. AF 33(6l6)-231*7- 

The effect of the temperature of the air during the force- 
drying operation was not directly evaluated, but this temperature should 
be kept below lko'7 if the re-formation of oxides on the surfaces of the 
sheets is to be avoided. 

r* 

According to published literature, most acid treatments used 
on aluminum surfaces do not etch the uetal itself but merely remove the 
oxide. (Hydrochloric acid is a notable exception.) One accepted theory 
is that the oxide film is replaced by a more stable, compact, chemical 
film which resists the re-formation of oxides. Hexavaleni chromium (aa 
found in »odium dlchromate and chromic acid) inhibit« the attack of aclda 
on alusinum and moat other metala, and la believed to bring about the form- 
ation of a complex chrxxnate compound vhlcL is particularly stable and re- 
sistant to corrosive attack. 

It shov■1 be noted that, although the aluminum sheet stock 
used in this project was procured from more than one manufacturer, no dis- 
tinction waa made in the results of the evaluationa of cleaning variable». 
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I - F, Continued 

It is probable that the type« of lubriceting, cleaning, and heat-treating 
nettaoda used in the manufacture of the aluminum may have Bane significance 
In the choice of the cleaning-process conditions used for developing 
maxiuum adhesion. 

The only facing alloys on which cleaning ntudles were per- 
formed in this project were alclsd 2US-T3 and alclad 758-T6. The conclu- 
sions derived from these studies are applicable only to the clad versions 
of these alloys; the bare alloys are undoubtedly more reactive and may 
require shorter acld-lmmerslon schedules. It Is likely that the acid-treat- 
ment Jharacterlatica of very thin (O.OOÖ and 0.012 inchea) clad sheets 
approach the characteristics of the bare alloys because of the migration of 
reactive alloying constituents through the thin layer of cladding material. 
Although thin-gage sheets of the relatively pure aluminums such aa 23 and 
38 would require somewhat shorter acid-lmnerslon times than would thicker 
sheets of the name alloy, because of their lower heat capacities and thinner 
oxide films, the lack of diffused alloy constituents In their surfaces would 
tend to make them leaa reactive than thin-gage clad materials. 

The majority of research on the cleaning variables In adhesive 
'bonding baa heretofore been performed by the use of the "lap-ahear'' teat. 
It should be observed that quantitative reaulta from thla type of teat are 
often affected aaynptotioally by the yield atrength of the metal, and do 
not neceasarily reflect the strength of the bond in adhesion to the metal 
surfaeea. 
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TAfltg 19 

IteffnltudM of p*mi atrwiftha obtained fro« aon««cuttTo 
P«rj<-1» mmd» In •dlMalr*-««l<ht prograa, during two per- 
iod« of poaalbl« olsanar aolutlon datarloratlon. 

REUTITK PKBI. 3TREH0TH 

0*11 81M tcminml Tap» Wt. 

awl»l nvmbmr 1/6 3/16 iA 3/8 fiba./s^.ft. 

0-U7 
e-ul 

Nad. 0.066 
Mad. ... ... 0.096 

0-119 ... ... Mad. ... ■ 
C-120 Had. ... ... ... x 

0-121 Mad. ... ... ... H 

C-122 ... ... High ... 0.066 
0-123 Mad. ... ... ... O.079 
0-185 Lam ... ... ... N 

c-iac hav* ... ... ... " 
0-127 
0-126 

haw» ... ... ... " 
hem* ... ... ... " 

0-129 ... ... Elgji ... " 
0-130 ... ... Lafc» ... X 

0-131 ... Mad. ... ... « 
0-131» ... Mad« ... ... n 

0-135 ... ... ..'. Mad. » 
0-136 ... MM* ... ... » 
0-137 
O-136 

... Nad. ... ... a 

... ... Mad. ... a 
0-139 
C-1U0 

... ... hau. ... •> 

... ... ... Nad. » 
0-1*1 ... ... ... Nad. m 
C-lkS ... ... ... Hafi. t 

0-1*3 ... ... Mad. ... « 
C-lk7 
0.IM 

High ... ... ... " 
ham ... ... ... ■ 

0.1k9 ham ... ... ... « 
0-153 
0-15* 

... Lou» ..- ... M 

... ... Low» ... M 

(Olaaainc aolutlon» nh»n«ai1 mt thl» point.) 
0-155 Nad. ... ... ... ■ 
0-156 ... Mad. ... ... M 

0-157 Mad. ... ... ... 0.066 
0-167 
0-166 

... Nad. ... ... «.079 

... ... Mad. ... a 
0-169 ... ... ... Mad. " 
O-170 ... ... Had. •• 
0-171 Had* ... ... - 
0-172 ... ... Had; — « 
0-173 
o-m 

... ... Mad. ... * 
Mad. ... ... ... B 

0-177 Mad. ... ... ... •« 
C-1J9 
O-lBO 

... Low ... ...' » 

... ... ... High n 

c-18* Mad. ... ... ... 1 

0-165 Mad. ... n 

0-166 ... ... Nad. ... 0.098 
0-166 ... ... Nad. ... m 

0-169 Mad. ... ... ... 0.079 
0.098 0-190 ... ... Mad. ... 

0-191 ham ... ... ... a 
0-198 Mad. ... ... ... 0.079 
0-193 
C-ISA 

Mad. ... ... ... ■ 
Mad. ... ... ... " 

0-195 Mad. ... ... - 
C.196 Mad. ... ... ... 0.086 
0-199 ho» ... ... ... 0.079 

0.096 C-200 haw ... ... ... 
0-20. ... ... Loir* ... •1 

o-2oe tmr* ... • •• ... p 

0^03 
C-80k 

•-• Nad. ... 0.086 
Mad. ... -.. ... M 

0-805 Low* ... ... ... •» 

-y Dlaplajrad ralativalj high paroantaga of adhaaioo fallura to 
ahowlag ralatlvaljr low paal atrai^J». 
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TABLE 21 

RgSÜI/TS OF PERIODIC AKALYSES OF ACID CLEMTOR SOLOTION 

(Perfonwd by C. M. Ball, Assayer Chemist, Berkeley, California) 

Equivalent 
Sulfurle   Chromium 

Panel cleaned at approx. 
time of analyais 

Aoid 
Pet. 

Hex 
Pet. 

Trl 
Pet. 

Iron 
Pet. 

Aluminum 
Pet. 

Cl si 
Pet. 

C-l 22.03 0.81* 0.006 0.005 0.015 Nil mmm 

C-30 20.k^ 0.68 0.08 0.011 0.020 10 mm** 

C-58 18.10 0.51 0.31 0.22 0.06 10 .08 

Note: At this point, 
hexavalent chromium 
was boosted by adding 
sodium dichromate. 

C-66 18.0 1.23 0.39 0.31 0.31 10 

C-1U9 Ik.Q O.Or 0.55 0.30 0.28 1*0 .02 

C-15U Ik.-J 0.88 0.57 0.3^ 0.16 50 .01 

Notet Aoid and alka- 
line solutions changed 
here. 

C-155 

C-200 

21.6   0.8U  Nil 

18.35  0.51*  0.21 

Nil    0.005   Nil   Nil 

0.10   0.08    10    0.01 
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FIOURE 35 I ' 
PEEL STBENOrn VS.  IWffiRSION TIME 

SUITURIC ACID-SODIUM DICHRCMATE SOUWION 
ALCLAD 2US-T3,   .016" THICK 

(CCMTROL) 

200 

100 
Legendt 

Acid temperaturest 
—O-lßO'F» (Oroups B. V, 0, «. P) 
^drlUo'P, (Group A) 

t V-i ter SB 

& 

ACID IMMERSION TIME, MXHITTES 
Figure 35 t Control curves, Alclad 2US-T3 facings, .016 inches thick in 
air agitated solution containing (nominally) 1 part sodium diehromate, 10 
parts concentrated sulfurlc acid, 30 parts water- Alkaline cleaning with 
hot rinse precedes treatment; cold rinse and force-dry follow. Facings 
primed wlth^PM-Vft bonded with 3 layer«"FM-VT*tape to al l/8-.00e core. 
(From Table 2k).    Note! some groups plotted here are also plotted in 
evaluations of other parameters In succeeding graphs. 

S 
300- 

EFFECT OF INADEQUATE ALKALINE CLEANING 
PRIOR TO CONTROL ACID TREATMENT AT lUO* F. 

NJ 

I 

3        T        5 6 7 8 
ACID IMMERSION TIME, MINUTES 

Figure 36t Effect of Inadequate alkaline cleaning cycle on first group 
run In series. Facings showed residual deposit, with pattern of letter- 
ing In evidence, after alkaline treatment« eliminated after concentrstion» 
temperature, and immersion time In alkaline cleaner were increased. Similar 
«ppeazonce and curve shape was In evidence on 160? "High Acid* group. 
Figure Uu  (From Table 2U) 
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30a 

20G 

10a 

S   U   ^   6 
ACID IMMERSION TIME, MINUTES 

1 n 

FIGURE    38 
AIT LAD 2UC-T3 

soon .012 THICK           1 

| 

„^ twliß] 
• 

>■—-—-i V 1 y-1^ " i 
20C 

t u OÄSflL, 
^ 

/ 
3 A< >id TM npsrat- 1 rea« 

F) 
lOO-' & r l""   -O 

-A 
-1«*0"F (Group D; 
-IöO'P (OroupB E & 

1            1 

0 

1 1 
0 1 3 < i          ■ 1        • *          5 i 

1 
> r  £ 1       s >             3 0                      2 0 

ACID IMMERSIGN  TIME,  MINUTES 

Flguras 37 tc 381    Effaet of facing thlcVmeao (0.032 and 0.012 Inches) on 
relationship between peel-strength and acid-iisnersion time at two seid 
tesipereturss.     (Froa Tsble 2U) 

AF 33(60C>-23626 109 



I 

300 

ITOURE  39 
ALCIAD 75S-T6 

.Qlg «Iff 

200 

100 

.^!£?. —-N*^fc=2bft=i3i *SÜ£^= 

Legendt 
G  AlclAd T5S-T6, 

ffi.r6. «C32 

255*3. ^W 

.   .032 thick,,l^O^F  (Group K) 
 Control (ÄlclAd 2US-T3,   .016 thick,, ihO'T) 
——.032 aielad 2l^-T3  (rramTigarm 35) 

5 *~      5 6 7 8 9       10 20 
ACID DMERSION TIMB, HmWES 

Figure: 39 :    Peel ve. acid-innex^Ion time at lUo'F of »Iclad 75S-T6,   .032 thick 
shoving Blmllarlty with control («lcl»d 2US-T3,   -016 thick) end 
lower value» than »Iclad 24s-T3 in eaae thiekneaa.    (Froa Table 2»*) 

FIGURE   llO I 
MGW^aiTATEJ) soixnroH, 

ALCLAD 2US-T3,   .016 thick,  l60'F. 

£sninU£d tatfd 

S    100 
Non-agitated 
■ ■ 

Legend 1 
■ Group L 
A Group M 
(9 Oroup B 
 -Control (alclad 2»iS-T3,   .016 thick, l60#F, 

air-agitated solution)    (Fnm Fipure 35) 

3 V 5 6 7 
ACID IMMERSIOW TIMB, MINOTES 

10 20 

Figure UO: Effect of lack of air agitation of acid aolution, showing vide 
degree of dispersion about control.  (Froa Table 2k) 

9! 
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. ■ 

1, 

I 

\ 

%        5        6        7        8 
ACID DMERSIGM TIUK.MIMUTSS 

Figur«:    bit    Pe«l »trength vs. •aiA-ixmmrmi.on time, of «InXad 2<»8-T3 
facing«  .016 thlak In owr ag*d aolutiaaa at. ißO'T, show- 
In« high dsgree of dlsparaloB about control,    (fro« TabI« 2h) 
Faolngs olaanad at longer tlaas shomd porous gray-white scala. 

300 

1            1     1      1 
ACID Boum Gil 

200 \ r- A 

h 3gntro L^^ 
* 

f f 1    1    |     1 
Legend t 

-©- Fresh Solution (Oroup 0) 
100 

/ 
i / 

-Ä- Solution broken-in by 
cleaning several facings 

-■ Control (Alolad 2US-r3. 
(Group P) 

,016 thk, 36 

1 i 0 

1 / 

0   ] L    2 3 1( 5   i » 7 a  9  io     20 
ACID DMERSIOII TIME, KXHOTES 

Figure   U2t    "Fresh" sad "broken-in" acid solutions at l60*F uaed to clean 
alolad 2US-T3 faoinga,   .016 thick, ahoving no change in Inner- 
sion tine characteriatica and lav degree of diaperaion about 
control.    (Froa Table 2k) 
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FIOÜRK   lij ' 
E3TBCT OF SUUURIC ACID COHCENTW   .Of. 

ALCLAB 2ltS-T3 TACJUOS,   .016 THICK 
li*OT. 

200 

I 
100 

oU- 

ZjSgsodj 
-O-Blgh acid)» 33-5 pot.  CGroup ZJ 
-ArLow aold,    16.0 pot.  (Orcap X] 

— — -»Control, 22.1» pet. 4pprox. 

*Laat mmrim» oloanod.    tmoinga shcwad rasldvw «nd 
P«tt«ni of l«itterin^ indicating InndMunt«   nlk- 
illM aiMMflEi auai li «lunar tä Hauai aSZ 
567 10 20 

ACID IMCSBSION TIME,  HIROTES 

a 

Aoid 
 .Cl2Ptr 1 

riOURB W 
EFFECT OF SULFURIC ACID COMCSHTRATIOIf, 

ALCLAD 2US-T3 JÄCBI0S,   .016 THICK 
160*F. 

Legendt 
-0-Hlgh acid, 33-5 pot. (Group AA) 
-A-Low acid,  lo.O pot. (Group Y) 

— — — Control, 22.U pot. approx. 

: >  

3   5   5   2""  T   5" 
ACID IMMERSION TIME, KIMUTES 

10 20 

Flgurea li3 & )JU : Effects of hig^i and low equivalent eulfurie acid content 
on peel strength vs. imersion tioe, alolad 2US-T3, 0.016 
thick, Bhowlng significant effee* at lUo'F and none at 
ISO'F.  (Froei Table 2h) 
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TABU 2$ 

PSBL vs. aouomo TIttBt BOT AKD COLD RIWSK 

SurUbctt Prcpuratlont 

Primingj 

Thorough alteliu« olMtnlng followed by $ ala. in agitated 
■ulfurlo aeid > aodiUM dlchronate «oiutlon at L^O'F. 
Three minute variable teaperature spray rlnee. 

One bruah ooat, *nf-l»7'edlMslire In equal part ot^m-kf" 
thinner, on waraad facing, dried with warn air. 

Materialsi Facings - Alelad i>U3-T3, .016 In. thick 
A heeive - Three layers heavy"FM-^T*tape 
Core   • A1-1/8-.0QP cut .629 in. thick 

FACIHQ ragPARATIOIt 

3M  • 
« 

lit \h 
Average 

ln-# 

THREE IMCH 

Low 
Reading 

Pet. 
of 

Average 

PKEL Dftm 
Percent Fslluree 

Afiheslor 
at    sklx 

Rasairks 

Cohesion 
at skin 

282 
283 
284 

SOdayn 

255 
256 
257 
258 

M*6 
UVf 
k>& 

lOOdaya 

5 mln. 
1 hour 
1 day 
1 week 

.002 

.002 

.002 

15 0( appro») 221 
198 
129 

.002 

.002 

.002 

.002 

.002 

.003 

.003 

.002 

111 
76 

8o 

189 
197 
19U 
189 

69 
93 
87 

15 
25 
k3 

85 
75 
55 

80 
50 
81 
6k 

65 
65 
85 
65 

96 
9U 
92 
9U 

>0 
50 
35 
50 

35 
35 
15 
35 

50 
50 
65 
50 

Xxploratory 
Kvaluation 

of 
Holding Tim 

Average of 
peels ■ 
192 inch-lbs. 

U50 
U51 
U5U 
453 

mln. 
hour 

1 day 
1 veek 

,002 
.002 
.002 
.002 

65(approx) 203 
196 
211 
200 

89 
9» 
86 
91 

5? 
U5 
50 

50 
55 
55 
50 

Average of 
peels - 
202 inch-lbs. 

Storage i "Exploratory" aerlea was suspended uncovered in shop area of 
honeycomb manufacturing plant. "Rinse temperature" aeries 

suspended -»covered in room with cleaning tanks. 

Ill* 
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VXPWBMORI EVALUATI0M3 OF VARIOUS SURFACE PREPARATION MCTHODS 

SPiBCIHEREi Alelad 2V3-T3 facing»j 0.016 Inohe« thick, olMnad by various 
methods, priaed vith"FM-Urto 0.002 Iba/sq.ft.; bonded with 
three layer«•PM-^T*tape to ai l/6-.üOe core. 

1 
SURPACE PREFARATIQW * 

dill 

THREE 11 VCH PEEL 
1TK 

DBaRBASE 

FXKAL TREATMENT                  | Average 
(2 speci- 

mens) 

Percent 
Pallures 
at Pacing Time   1 

mt Flolutii nn Tempi Min. J 
See. 1 In.-I Ad Co| 

U58 
10 nln. in «IteltnJ 

i 

•olutlott»»t l65*P •DIVBRSBY    SlV' in TO'PJ 1 295 98 90 10 
U59 n Pyrex 'Vessel kpproii 2 54 156 75 251 
460 it (sse Pig. U9) k 1          6 204   ; 6o 40| 
1^1 « 10 53 |        135 6o 40 

| 412 5 «in. HUM 20    ) 93 63 90 10 

511 ■DIVERSBY    51*" In 30 sec 233 71 97 3 
512 Stainless Steel 70*p 90 sec 110 86 98 2 
513 Tank approi 3 i        33 133 90 10 
SI«* (see Pig. 1*9) u 18 148 55 45 
515 5 12 150 70 | 30 
516 6 18 128 85 15 
51]' 10 63    1 1U6 80 ! 20 
518 10 ain. in alkaline 

solution» at 165'P 
20 107 73 95 5 

519 L5 seel 80 184 55 45 
520 ^5 sec 20 114 75 1 251 
521 SO sec 21 139 8o 201 

1 522 IIO^P 1 19 145 6o 40 
523 n «oc k6 189 6o ! uo 
52U 2 54 131 75 1 25 
525 5 18 84 80 20 

[ 526  1 6 24 60 90 1 id 

362 5 Bin. in alkallxM lUoop 5 — 66 85 l5 
i 363 solution« at 165,P 2511 H2S0U ^.UO'P 5 — 69 85 15 

U33 10 mln. in alkaline 
solutlon*at 165*? 

5* Chromic Add 165^ 5 170 55 99 1 

1 UlU Acetone wipe (none) — — |     1120 34 99 ij 

1 U15 CCli, wipe (none) — — 240 30 99 1 

1 300 mtm^ ÄÄ »mm 58 98 2 
301 1 »olution»at 165*P mmm 1     •• mmm 1           57 i    98 i    2 
302 (none) mmm    1 mm 54 98 1    2 
»♦13 mmm    1          .- mmm 53 99  ]    1 

» »OAKITE ' 6l^A" 
«* Average of 8 readings In'PAICo' (Model VT-II) Surface Realstance Analyxer 
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sEcnos II 

PROCESS AND EQ'JIPKENT DEVELOPMENT 

Conourrent with the «xperlmental ■tudlaa of variables that 
affect bond strength, covered in Section I? evaluations of process 
and equipment variables ware being performed by neans of experlnsntal 
and survey work. The scope of these developnents Included oore-prlmlng 
methods, the coating of facings in the sheet and coll forms, methods 
of processing colled alxsalnum, control of flatness In curing fixtures, 
and evaluations of corrosion»resistant tank and rack Materials* The 
results of these evaluatlona are dlaeuaaed In this section« 

A ■ Adhealve-Coatlng of Honeycomb Coret 

1. Survey of Existing Methodst 

The survey of existing methods, performed at the a tart of 
this project Indicated that flat honeycomb core material« were being 
adhesive-coated by a variety of methods, including, power roller-coating, 
hand-rolling with conventional or pressure-fed "paint rollors", spraying, 
brushing, and "edge-dipping". Where "tapes" were used in the bond, rela- 
tively light applications of adhesive were required, and power roller- 
coating was the most generally used method. Where a "liquid-only* bond 
was used, the adhaaive had to be applied in a relatively heavy "bead" 
(0,06 to 0.07 lbs. per sq. ft., approximately, both aidea) at and above 
the edges of the oelL-walla» Hand-rolling or bruahlng were found to be 
the most commonly used methods of applying heavy beads. Power roller- 
ooaters were aometimas used to apply beads, but at leaat fifteen double 
"passes" through the machine were usually require'* to deposit sufficient 
material. A special method of apraying was s onetimes used to apply heavy 
beada. Hare, the surface of the material was first "cobwebbed" over by 
holding the gun at some distance from the work. The gun was then brought 
cloee to the work, and a dense layer of wet adhaaive was applied over 
the oobwebblng. This layer coalesced almost ijmedlately into a "bead" 
on the top edgea of the cell walla. The method was tried experimentally 
in the project and found to be generally aatlsfactory, although con- 
aid arable skill waa required to maintain a consistently beaded surface. 

Power roller ooaters were observed in use in two sandwioh- 
manufaoturing plants. These machines were ordinary unhooded "veneer- 
coaters** of conventional dealgn, usually operated by two mm. One 
man Inserted the core slieea at the infeed aldei the other man re- 
moved the slices and handed them back over the machine for tha next 
pass. Although the machines were considered to represent the best 
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II . A, Continued 

production dwrioes available, there were eereral disedTanta^ee con- 
nooted with their use. Chief among these was the fact that the ex- 
cecslre handling of the core material tended to remore the wet adhe- 
SITS locally. Other disadvantages were exeesslre clean*>up time, rapid 
evaporation of solvents from the stock, hasardous woildng »jondltlons 
for the operators, and excessive number of passes required to apply 
the proper weight of adhesive. 

The survsy revealed that fabric-reinforced bonds were rapidly 
replacing liquid-only ("heavy bead") bonds in the industry's preference, 
usually, the fabric was added in the for« of a cloth-support in a dry 11 
film of adhesive. Two major "supported-film" or "tape" systems were In 
use at the time of the survey. The majority of collected information 
relating to process variables and physical properties was found to 
apply to the "FM-U?" supported film and liquid system supplied by the 
Bloomlngdale Rubber Co of Chester, Pennsylvania. Because "PM-UT" 
liquid appeared to be typical of metal adhesives as a class, in that 
its low solvent boiling point, high viscosity, and low solids content 
represented unfavorable handling conditions, it was used as a test 
vehicle in coating experiments. 

2. Evaluation of the Veneer Coatert 

The first stage in this program was an «valuation of a typical 
"veneez^coater" as a core-priming device. The machine used hero was a 
light-duty, -double" (two side) ooater in the low-priced class. The 
applicator rolls were four inches in diameter and. covered with a deep 
resilient coating of neoprene, smoothly ground. Power was applied 
through roller chains and gears, from an enclosed 1/k-hp motor. The 
doctor rolls were mounted on the "in-feed" aide of the machine. (See 
sketch at the top of Table 27 at the end of this diecusaion, and photo- 
graph. Figure 75, at the end of Appendix I.) There was no covering or 
hood to restrict solvent evaporation. Originally, this machine had 
been built with the lower doctor roll on the "outfeed" side. Conven- 
tionally, most veneer costers are built In this manner so as to per- 
mit use of the angular cavity between the applicator roll and the 
spreader roll as a reservoir, on both the upper and lower sets of rolls. 
This machine had been modified by the previous owner to utilise a pan- 
res ervcir system under the lower rolls. The usual "cavity-reaervolr" 
system, with a "seal plate" at each end, was retained in the top rolls. 

In the first trial of this machine as a core-coating device, 
undiluted "FM-U?** adhesive was poured in the cavity reservoir between the 
two upper rolls. The relatively small amount of adhesive in the cavlv 
was subjected to a considerable amount of churning «id aeration. With- 
in fifteen minutes, during which time both fresh adhesive and thinner 
were added, the stock had dried to a point where it was completely 
unusable.. The oore material processed In the interim received a very 
Inconsistent, blotchy coating; many of the cells ware filled with 
adhesive, and "cobwebbing" «as in evidence. It appeared that the 
lack of an enclosure to restrict solvent evaporation, in corabina*lon 

- j       with the small reservoir capacity! made it impractical to use the top 
coating rolls in further work« 
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II - A, Continued 

In th« next trial, MFM-U7,'«dheaive, diluted with an equal 
part of ,hl-U7,'thlnner, was placed in the pan reaerrolr, under the 
bottoa rolls. Doctor setting, cell slie, and the number of passes 
wer« adjusted in this run. The unit weights of adhesive to the cores 
wer« determined by weighing the core« before thejr wore coated, and 
after they had reoelTed an oremight air-dry, subseouent to coating. 
The depth of prime down the cell walls «as estlaiated with the aid of 
a machinist's scale* The weight and depth results are shown in Table 
27, at the «nd of this discussion. Although the primes were relatirely 
consistent and free fro« cobwebblng and blotching, they were rery light 
in relation to the number of passes which had been applied. The ad- 
hesire in the pan reserroir renained reaaonably clear and low in vis- 
ooaity after one hour's operation, but the unit weights tended to in- 
crease with time, indicating that a significant loss of solrant was 
oeouring. It was concluded that the uae of diluted adhesiv« reduced 
the handling problems in coating, but was otherwise uneconor leal. 

The next runs were made with undiluted adheaire in the lower 
reaervoir« The weights and prims depths obserred in this run are also 
shown in Table 27,   The following conditions were bbserred during ths 
runt 

(1.) There was again some cobwebblng and blotching on 
the primed surfaces, particularly after the adhesire 
stock had been used for soms tins. 

(2.) High circular ridges of adhesire spaced at approximately 
l/li-lnch intervals were formed on the surfaces of ths 
rolls. These ridges tended to learo heavily primed 
"stripes" denn the lengths of the core slabs, and ap- 
peared to cause significant variations in depth of prime. 

(3.) AdhesiTo tended to crawl ateadily out on the roll 
Journals, over the edge of the pan. Thia adhesive 
eventually was deposited over ths side frames, motor, 
bearinga, gears, and drive chains« Ths adhesive 
loss from this flow was of the ssms magnitude as 
the amount applied to the core. 

(U.) The loss of solvent from evaporation appeared greater 
in this run than during ths run with diluted adhesive. 
A heavy odor of solvent fumes surrounded ths coater 
during this run, and after two hours of operation, the 
workmen felt generally ill from the effects of the fossa. 
(The toxic and noxious nature of the fumes from the 
solvents in "FM-U7" are not necessarily peculiar to thia 
adhesive| stronger and more iaaaediate effects were ac 
timss observed in working with other formulatioi.a.) 

. . 

AF 33(60O)-23626 119 



*I 
II - A, Continued 

It v»a *pp«rent that, although power roller-ooatera represented 
the w>st efficient known derlce« of appljrlng adheslre prines to large 
pleoee of flat core, epeolal aodifloatlone were required to fit them 
for high production. The following modifications were carried out on 
the existing Mchlne for «valuation during runs In which quentltiee of 
core Material were prlaed for use In other phases of the projects 

(1«) The rolls and rerervoir were partlaUj enclosed 
with sheet metal to restrict evaporation. (A photo- 
graph of a fully enclosed coiwwrclal machine is shown 
in Figure &), at the end of Section II~B.) 

(2.) The speed was reduced fron approximately 50 fpm to 25 fpa. 

( 3») The entire unit was placed out of doors as a temp- 
orary expedient during coating runs to mlniaise 
toxicity and explosion hasards. 

(U.) Ths standard äwitch was replaced with an explosion- 
proof switch . (The actor, although fully enclosed, 
was not exploeionfcproof. ) 

(5.) Specially contoured "deflector plates" were placed ower 
the Journals inboard tram  ths edges of the pan reservoir 
to reduce tendency for adheslre to leare the pan» 

(6() A resKirable expanded-«etal safety guard was placed 
over the top rolls to reduce accident hanard« 

Additional runs shofsd that these modifications had beneficial 
effects, but that they did not entirely remore the problens of excess 
fumes and less of adheslTe over the edges of the reeerroir. The adhe- 
SITS still tended to gather In ridges on the rolls, causing relatiTsly 
heavy, deep streaks on the core material. The core material primed In 
these runs MM not beliered to present the desired degree of uniformity 
for control purposes in experiments dealing with bond strengte, but «as 
considered generally representatiTe of core primed for production pur- 
poses. It was later determined that the inconsistent depth of adhesive 
oo these cores, a manifestation of the tendency for adhesive to form 
ridges at the rolls, caused the bonds to be low In strength-weight ratio. 

The formation of the ridges was observed to occur at the gap 
between the doctor and applicator rolls. As ths mstered adhesive emerged 
from the doctor gap, is was divided over the twe roll surfaces. It did 
not distribute evenly into two uniform films, but tended to concentrate 

|      itself alternately on one roll and then the other, at an even spacing 
or pitch down the length of the rolls. The concentrated areas tended 
to be drawn Into ridges, tha ridges on one roll corresponding to ths 
valleys on the other. As the adhesive grew mere viscous from loss of 
solvent, the spacing tended to Increase and the ridges became higher 
and narrower. Under the most extreme conditions the ridges beeime as 
high as 1/8 inch (approximately) and their spacing from each other was 
approximately 1/2 inch. Ridgee as high as 1/8 inch caused prime depth 
variations of approximetely 1/32 inch. 
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The ridging effect on tha rolls and the tendency to apply 
tha liquid in stripes la a ooanon problem in tha coating Industry. Tha 
effect is nost pronounced where realnons adheslves era handledf prob- 
ably because of tho high riacoaity and/or cohesion of the liquid« 

Ordinarilyj tha ridging problem is relieved on comnereial 
roller ooaters by causing the doctor rolls to rotate at a slower'speed 
than the applicator rolls« In order to prevent daaage to the roll 
aurfacee in tha event of positive contact, tha doctor rolls are uaually 
drlran through an orar-rurming clutch« In the roller ocater used In 
these evaluations, all of the rolls turned at the aama speed and were 
driven positively. A roller coater having the over-running feature 
Mould undoubtedly hare given better reaulta, provided that the «dheaiv» 
was not so viscous that it actually caused tha doctor roll to be driven 
by the applicator roll«- Discussions with coating ■snufacturara in- 
dicated that the use of a alow doctor roll, in any event, would not 
completely remove the striping problem« 

It should be noted here that low adhesive viscosity is not 
necessarily desirable in coating« A ifiscoalty which is too low may 
cause adhesive to run down thr cell walls beyond the optimum desired 
depth« Similarly, the use of a high»boiling solvent may cause the 
applied adhesive to fvn   while the primed core la being dried« 

3. Experimente with the Hand-Operated Coater} Immeraion of Wet Rolls 

It was decided to evaluate methods of relieving adheaiwe 
roller coating problems on the small, hand-cranked teat coater (the 
aama coater used In evaluitions of akln-primlng variable«, discussed 
in the succeeding section)« The roll layout of the smaller machine 
was generally similar to that of a veneer coater, except that no pro- 
vision for "top coating" was made« Several runs were made on this 
machine to prime core material for use in other bond-strength 
evaluations. 

A red dye, "OIL RED ,0«N, was added to the adhealva atock la 
theae runs to facilitate inspection of the primed cores. (It is generally 
recommended that a dare be incorporated in liquid adhesive used for 
priming. Ths dye used here way not be optimum for this purpose. The 
degree of color Intensity required in core primes waa found to be not 
as great aa that required in akin primes.) 

It waa found that the weight applied in each pass on the 
smaller machine waa generally lower, and the depth of prime shorter, 
than had been observed on the larger machine. The cause of this 
difference waa later traced to the fact that- the doctor roll co the 
■mailer machine waa above the level of the adhealva in the pan, a 
condition which waa due to the particular configuration of the coater, 
and did not exist in the rune in which faclnga were coated. Drying of 
the adhealva on tha doctor roll caused tha gap to beooma affectively 
smaller, reducing the amount me tared onto the applicator rollf con- 
sequently the amount and depth of the prime on the core waa reduced« 
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(The shorter prime aepths applied In this Machine were always obsenred 
to gire generally higher bond strengths at any given set of «eight 
conditions; a fact which oonflrred the results of the study of the 
effect of core prime depth») It was concluded that both the doctor and 
applicator rolla should slweya be insrnreed in the sdhosiTe stock. If 
consistent results ware to be obtained'with adhesiTes haring loir- 
boiling sdlTunts. In effect, this conclusion precludes the use of 
any system utilising "transfer-rolls*, with loir-boiling solrents. 
Ibe ssns conclusion was asde independently, in the work with sheet* 
costing «quipnent, using dilute adhesives« 

The adheaiv« in the hsnd-driren snaller coater showed the 
saais tendency to for» ridges on the applicator roll as it did la the 
larger machine. The tendency for adhesiTS to leaw» the pan on the 
surfaoet of the journals was still obssrred« 

¥* 

U. Effect of Roll Surfaoet 

In sn attempt to reduce the "ridging" effect and apply mare 
adheslre In a single pass, « grooved steel applicator roll was fab- 
ricated and tested. The grooves in this roll were semisiroular in 
cross section, 1/32-inches In dopth^snd spaced at $/tU~inch Intervals« 
No Improvement in results was observed* The honsyocab cell walls. In 
contact with the wet roll surface did not draw tha adhesivs from the 
grooves, and appeared to have lighter and shaUower primes than those 
obsenred on material primed with a :.. ^othly ground rubber-covered roll. 

Although the aforementioned evaluation itself did not give 
sufficient data to form a conclusion aa to the effect of roll hardness, 
the experience with coatlrs equipment accrued in this project has 
indicated that solid metal rolls would not bs suitable for coating 
core material* 

When it is considered that a doctor setting of about 0*020 
inch is optimum, sod that the closest standard tolerance on comercially 
available cores Is ±.005, it can be seen that the use of non-resilient 
rolls would bring about either prime-depth errors, core crushing, or a 
combination of the two* On the other hand, it is generally known that 
thick rubber coverings and/or coverings of low Durometer are OK re subject 
to ewelllng and deterioration from the action of solvents* A hsoprene 
of 70 Durometer is generally considered to giw the best service with 
the solvente used in^FM-Uf* One manufacturer of veneer ooaters has 
ventured the opinion that the best compromise between roll-life and 
resilience would be offered by a covering of 70-Durometer neoprene, 
approxlmttely 5/16 inches dsep on a rsÄi approximately 8 inches in 
diameter* Thass conditions would appear to be reasonable* (It should 
be noted that most standard -veneer ccateu are offered with coverings 
approximately twice as dsep*) Although two manufacture™ have propoeed 
that "gelatin" coverings be used, the contractor has had no experience 
with this material. It is usually considered advisable to uae "relief 
springs'1 in the roll mountings to prevent- damage resulting to the 
machine when oTsreise materials are fed through. In the caae of core 
material, theee springs should probably be eet at a low pressure setting 
to prevent damage to the roll surface from the sharp cell-wall edgee* 
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II - A« Continued 

In the core-prlmlng work In thle project, it appeared that 
the beat method for setting the working clearance or height of the 
rolls for a given core thickness was to place a small slice of the 
core between the rolls while the machine was stopped, and bring the 
tolls together until the core could still be mored about under vry 
low hand pressure without deforming the cells. The core was then 
riv-introduced at several places along the width to check the paral- 
lelism of the roll centerlinos. 

Slippage between the rolls and the core or roll-speed 
differentials are very undesirable,since they cause excess adhesive 
to be built up on only one side of the cells* 

5. Doctor-Blade Meterings 

The next modification, a doctor "blade" in place of the 
doctor roll, proved to be highly successful. The general layout 
of this arrangement is shown In Figure $0 at the end of this discussion. 
Table 28, on the same page, shows weights and depths of prime applied in 
this manner. The use of a doctor blade rather than a roll as a metering 
device, completely removed and tendency for the adhesive to form ridges 
on the applicator rolls. The core primes were almost completely uniform 
in depth at any given doctor-gap setting. The maximum depth variation 
w»3 approximately 0.005 Inches. The improved consistency made it 
possible to estimate average depth with reasonable accuracy, whereas 
this could not be done on material primed in a doc tor-roll coaler. 

In operation, the adhesive was observed to be doctored 
smoothly and evenly, the excess falling directly back into the 
reservoir from the gap. Ae important as the improvement in the 
consistency of the pricing operation was the fact that after one 
hour of operation, the adhesive in the reservoir was of substantially 
the same viscosity as at the start of the run. There was no loss of 
adhesive at the edges of the reservoir, and the odor of the solvents 
around the machine was far less Intense than in previous runs. (The 
test fixture was not "hooded" for this run.) Evidently, the blade- 
metering system brought about less evaporation from one or more of 
the following causes: 

(1.) Only one moving roll was covered with adhesive film. 

(2.) There was no "parting" action in the adhesive at the 
doctor gap. 

(3.) The smoothly-metered film on the applicator roll 
presented less surface area than the ridged surface 
characteristic of other metering systems. 

Although it was expected that some dried resin might accumulate 
on the top and/or bottom of the blade after long operation, there was 
no wetting whataoever on the top and only a very light wetting on thp 
bottom, extending for abcat 1/16 inch fron the sharpened edge. 
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The core-prim« weights applied in the dootor-blade run 
(Table 26) vere found to be elightljr lees than those applied in a rolX» 
netered system« The reason for the difference undoubtedly lay in the 
fact that in the absence of excessire solvent evaporation, the solids 
content of the blade^metared mix remained substantially- the same 
(approximately 20%)  throughout the fun. (Higher solids contents were 
always observed to give heavier prime coats, other conditions being 
the same.) 

The evaluation of the doctor blade had to be performed on 
3/l6-inch-thick slices of core, because of an unanticipated kinematic 
problem« The position of the blade was located by a straight, non- 
rotating shaft, placed in the doctor-roll Journal bearings« This 
orientation permitted the same doctor-gap control to be used on either 
the blade or the roll« The interference arose from the fact that the 
blade was mounted too high to permit slabs thicker than l/U" to pass 
between the robber rolla (the sketch does not depict this condition«) 
For this reason, the blade could not be used in the priming of 0,625- 
inch core for bond-strength evaluations« Very little core material 
remained to be primed for the bond-strength evaluation, after the 
development of the blade principle, so the design of an improved 
blade-metered fixture for this purpose «as not Justified« There was 
no doubt that blade-metering would have resulted in an improvement 
in bond strength at any given unit weight core prims« The grounds 
for this conclusion are as-follows1 

(1) Shallow primes proved to offer the best strengths 
weight ratios« 

(2) Where the prime is inconsistent in depth, a major 
portion of the material would be deposited beyond 
the optimum (shallow) depth limit, and would not 
be used efficiently in the bond. 

(3) The blade-metering system allowed the material to 
be placed at a shallow, uniformly controlled depth« 

6. Contacts with Coater Manufacturers: 

At this point, letters were sent to a nuatber of manufacture re 
of coating oqulpment, giving a description of the blade dsvioe and of the 
results obtained. Shortly afterward, the project engineer visited several 
of thsee firms during the tour of eastern and ndLdwestem s^uipstsnt man- 
ufacturing plants. Tbe manufacturer» of "veneer-coatera" expressed con- 
siderable interest in the blade principle, and indioatad that the roll- 
aad-blade configuration used in these invastigatlcns had. not previously 
found any use on this type of coating equipment, (nie terms "doctor 
blade" , "doctor knife", "scraper bar" and "nsterlng bar" are «anerally 
applied to a nvafeer of types and configurations of metering and wiping 
devices used on wet rolls. The conclusions obtained in this project 
apply only to the configuration shown in figure $0, mm far as 1« known.) 
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Most voneer-coatlng applications do not call for "3trlpe-freew 

coatings, «nd th© roll-metering systems in their usual form are normally 
considered adequate« For this r«. ion, ooater manufacturers ha-re not 
previously felt there was a need for more refined systems. The manu- 
facturers generally cgreed, houelrer, that the priming of honeycomb rep- 
resented a unique problem* It was proposed to the manufacturers that 
blades could be incorporated in standard veneer ooaters by placing 
straight cylindrical shafts in the bearings intended for the doctor rolls 
and locating the blade assemblies about these shafts. The original 
doctor-gap adjustment features could be retained in this manner. Be- 
cause of the obvious desirability of priming the top sides as well as 
the bottom sides of the core slabs in the same pass, the application of 
the blade-metering principle to the top roll was discussed at length. 
The manufacturers agreed that the proposed method of replacing rolls 
with blades was generally practical and proposed that, at the top roll, 
the blade itself could be made \ he bottom ccnponent of a reservoir. 
The sides of the reservoir would resemble the conventional "seal- 
plates** used on existing machines, except that they would bear against 
only one roll and would be bored to receive the locating shaft. 

t 

7, Conveying Systems^ 

The manufacturers of coating equipment were also asked to 
comment on the feasibility of handling the freshly primed core on a 
driven conveying system. In response, a system involving driven, 
knife-edged discs was proposed. Disc conveyors of this type have 
been used to some extent on flat-surface parts coated on their under- 
side. An experiment (discussed in Section II-B, "Coating of Facings") 
had previously indicated that knife edge conveyors were not practical 
for handling adhesive-coated aluminum facings because of their tendency 
to strip the coating from the surface wherever contact occurred. It 
was believed, however, that a prime coating on the edges of honeycomb 
cell walls would not be as subject to stripping because of the inter- 
mittent contact of the coated surfaces with the discs, and because of 
the small area of adhesive contact on the discs in relation to the 
area of adhesive contact on the cell walls. 

In order to test this theory, a number of sharp-edged steel 
discs were placed on a free-turning shaft, mounted at the outfeed end 
of the hand-operated test ooater. Although the discs, shaft, and 
other parts became covered with "cobwebbing" there did not appear to 
be any signlricant transfer of prime adhesive from the core material 
to the edges of the discs. Since it was known that the cobwebbing 
would not occur in a properly designed machine (the fixture used here 
had the conventional doctor-roll system and was not hooded) it was 
concluded that a disc conveyor system should be practical for this 
application. It was further decided that such a system should be 
equipped with, fixed scraper knives on the first few driven shafts to 
preclude any chance of building up ercessive amounts of adhesive on 
the edges of the discs after contiguous use. 
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8. Drying Oransj Preliminary Dasign 

Since effective means had been developed for uniformly and 
efficiently applying primes to the cornsf and for conveying the wet 
cores as they emerged from the machine, attention was directed toward 
the possibility of force-drying the material on the conveyor, so that 
it could be handled at the end of each pass without danger of removing 
adhesive.  It is generally believed that an oven-dried coating 
tends to receive a heavier application of liquid in the succeeding pass 
than does a coating which is still wet, but this theory was not confirmed 
by experimsnt.  Preliminary c alculations were made to determine the 
venting capacity and heat consumption which would be required in a 
continuous "tunnel1* oven for drying primed cox« material« Ihese cal- 
culations indicated that the oven would have approximately the same 
configuration and capacity as the continuous curing oven proposed In 
the continuous coil-processing line, which was under design at that 
time. It was originally assumed that the core materi&l would travel 
through the coater and oven at a speed of 35 feet per minute, that the 
heated length of the oven would be 18 fett, and that a temperature 
gradient, increasing from 100° to 250oF, would be applied to the material* 

In order to duplicate and evaluate these conditions, several 
freshly primed coupons of honeycomb were placed in a laboratory oven 
set at 300°?, for 30 seconds. Thermocouples were located in the centers 
of the coupons and observations were made through a glass in the oven 
door« Although certain conditions of the test were favorable (the temp- 
erature was high, and not in the form of an increasing gradient) the 
conditions as a whole were considered unfavorable in that the honeycomb 
was not consistently coated (much of the adhesive was concentrated 
in local arraasj and the air velocity within the oven was relatively 
low« The temperatures within the honeycomb coupons were observed to | '• 
rise uniformly and reach a maximum of approximately 2U0oF within 25 
seconds on all the specimens, including some which received additional 
coats of adhesive after successive drying cycles« 

Visual observation revealed that solvent in the denser por- 
tions of the coating began to "boil'* after about 15 seconds (180°?, 
approximatsly) but that the boiling stopped after the 25 seconds had 
elapred. An Inspection of the dried surfaces after removal from the 
oven 'jndicated that the bubbles no longer existed in the areas in 
which boiling had occurred; the adhesive had coalesced completely into 
a relatively dense, homogeneous mass. The coating appeared generally 
dry, and was not tacky. It appeared that the drying conditions im- 
posed here would have been generally adequate to prepare freshly primed 
core for handling and for successive additional roller-coating passes. 
There was no doubt that the conditions were favorable when compared to 
conditions in which the wet core is removed from the coater by hand and 
gives another pass after a very short air dry. 
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9* Praparatlon and Distribution of Froposed Spoolflcatlons 

The conclusions and resulta of the evaluations dealing with 
the priming of core material were compiled In "Proposed Specification 
'3-5* For Mechanised Cor«-Priming end Drying Line". (Sne Appendix V)t 
A schematic drawing of the line (C-3) and a drawing showing the proposed 
method of modifying standard veneer coaters for core priming (C-U) were 
Included». The text of the specification included a general description 
of the process requirements, pertinent observations on desirable and 
undesirable features, and a set of sample calculations dealing with 
neat capacities and air rates in the avmn» 

Copies of "Specification »3-5'"were distributed among 
manufacturers of coating and oren equipment for comments and approxi- 
mate cost estimates. The following is a listing of manufacturers 
who acknowledged receipt of the letter, and indicated that they could 
supply portions of the equipment required for the coating and drying of 
honeycomb core material. (This list does not constitute an endorsement 
of the qualifications of these firms, and undoubtedly overlooks sc 
firms who are qualified to supply this equipment.) 

1 

I 

Coatir ', Machines t 

Black Brothers Co., Inc. 
$03 Ninth Avenue 
Mendots., Illinois 

Potdevin Machine Co. 
200 North Street 
Teterboro, New Jersey 

Oven and/or Conveying Systemt 

Aladdin Heating Corp. 
Ill West 137th Avehue 
San Leandro, California 

Drying Systems, Inc. 
1808 W. Foster Avenue 
Chicago U0, Illinois 

Orieve-Hendry Co., Inc. 
1811 West Lake Street 
Chicago 12, Illinois 

Industrial Ovens, Inc. 
13825 Trlskett Road 
Cleveland 11, Ohio 

Union Tool Corp. 
Warsaw, Indiana 

John Waldron Corp« 
P. 0S Box 791 
New Brunswick, New Jerssy 

Young Bros. Co. 
1831 Columbus Road 
Cleveland 13, Ohio 

W. C. Matheson Co. 
228 - 9th Street 
San Francisco, California 

Ovens for Industry,  Inc. 
2032 West 105th Street 
Cleveland 2, Ohio 

J. 0. Boss  Engineering Corp, 
600 St. Paul Avenue 
Los Angeles,  California 

The  coating manufacturers who specialise in veneer-coating 
equipment indicated that no major revisions were considered necessary 
in the design of the  "doctor-blade" coater.    The range of their estimates 
indicated that a suitable machine could be procured for a price of the 
order of $2,500.00 under competitive bidding conditions. 
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Or»n iMtnufftoturars Yoloed aam»  opposition to the proposed 
configuration of the oven. (The configuration was not offered as a 
firm recommendation.) It should be noted that a few of the configur- 
ations offered as alternatives appeared to be obviously Impractical 
In themselves. The oven manufacturers generally agreed that the 
length of the heated portion should be Increased from 18 feet to 
approximately 2k  feet, to simplify the temperature^control problems. 
They further pointed out that the original estimate of the heat In- 
put «as In error. In that It neglected the BTU's required to heat the 
core material itself. An important and apparently valid criticism of 
one of the basic assumptions» on the ovens in both the core line and 
the coil line, vas of fared by one manufacturer of continuous-coil 
lines. The water vapor produced aa a product of combustion in a 
direct gas-fired heat exchanger is likely to condense into the coat- 
ing as a result of the difference in temperature between the work 
and the surrounding air. This observatloo would appear to be applic- 
able to any type of oven in which adhesive coatings are applied, and 
would make the use of an indirect-fired unit mandatory for use with 
and bonding system that was susceptible to strength loss from the 
absorption of water. 

An analysis of the conments and estimates received from the 
oven manufacturers indicated that the conveyors, oven housing« and heat 
exchanger(s) could be purchased at a price of the order of 4X5,000,00. 
Final proposals on this type of equipment would require scms scrutiny 
to determine if fully practical systems were being offered by every 
manufacturer« 

f9f 

The conments and criticisms received from manufacturers in 
regard to "Specification 5-5" were used in preparing a "Supplement" 
containing notes which supersede tho information la the original 
specification, where applicable.. Both the original specification (with 
minor oorrectiona included) and the supplement appear in Appendix ▼» 
It must bs emphasised that this specification material is not Intended 
to be formal, rigid, or binding and was prepared only to serve ss a 
guide In the Intelligent selection of equipment by manufacturers and 
users. It should be noted that "Proposed Specification 3-5" is not a 
Qovemment specification. 

10. Cost Savings from Improved Methodst. 

It is estimated that the cost of priming and drying fla*. 
core material can be reduced to approximately half the cost of current 
methods aasuming full-shift operaticrts in either case. It Is assuned 
here that the current method utilises a conventional "two-side" veneer 
coater, batch ovens, and no intentional drying time between passes. 
The crew In each case would be the same, but leas time would be required 
for each pass in the proposed method, since' the parts could be fed In 
an almost unbroken series, and the racking time for drying would be 
eliminated. Amortisation coat would be significantly lowered because 
of the efficient oven utilisation. Cleanup time woulj be significantly 
reduced, and the consumption of thinner in replacing evaporated solvents 
would become negligible. The improved consistency of prime depth 
would permit lighter primes to be applied without sacrificing bond 
atrength. The scran loss and/or rework costs resulting from the 
removal of wet adheelve in the handling of undrled parts would be 
eliminated. 

t 
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The total saving in the cost of priming core neteriel «suiting 
from imprormmnta  in «Mthoda, Including the savings realised by more 
efficient utilisation of adhesire in the bond, would be of the order of 
fire cents per square foot. This figure does not include savings that 
would be indirectly- realised fron reduced rejection rates and lowered 
inspection costs as a result of improrements in consistency of quality. 

11* Conclusions 

(1. ) A plain» unmodified roller coater of the type known as a 
"veneer coater1* can be used to apply primes of viscous, 
resinous adhesives to flat honeycomb, but the following 
disadvantages apply to its use. 

(a) Ordinary "doctor-roll" metering causes the ad- 
hesive to for» in ridges on the rolls, resulting in 
deeply primed tt stripes" en the work. 

(b) The roll-metering system and the usual lack of 
enclosure cause excessive solvent loss, resulting in 
dangerous and unhealthy conditions, changes in coating 
characteristics, and loss of adhesive over the roll Journals, 

(c) large, freshly coated parts cannot be handled easily 
without removing adhesive in local areas. 

(d) The conventional "roll-cavity" reservoir system 
causes excessive churning and aeration of the mix, re- 
sulting in very rapid increases in viscosity from «-rap- 
oration of solvent. 

(2.) Obe type of "doctor-blade" metering system presents overwhelm- 
ing advantages over the roll-metering system in that the depth 
of prime is held very consistently and solvent loss is reduced- 
Most type« of veneer-ooaters can be modified to use this system. 

(3.) Grooved applicator rolls offer no advantages over smoothly 
ground rubber-covered rolls. 

(U.) Applicator-roll surfaces should be resilient enough to permit 
.contact with the work to be established, without danger of dam- 
age to either the roll or the work, should the parts be slightly 
over thickness. Overly resilient rolls are probably more sus- 
ceotible to swelling by the solvente. 

(5.) It appears to be feasible and eoonomioal to dry primed honey- 
comb in the same operation in which it is coated. 

(6.) In any coating system used with low-boiling solvents, all wet 
rolls should be iamersed in the stock solution and a sheet-metal 
enclosure should be used to retard evaporation. A photograph of 
an enclosed machine la shown in Figure $6  at the end of Part B 
of thxs section. 
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TABLE 27 

WEIGHT AND DEPTH OF •pW-lfT' LIQUID ADHESIVE APPLIED TO ALUMINUM HONEYCOMB CORE 
MATERIAL IN UNHOODED POWER ROLLER COATER, AS A FUNCTION OP DILUTION, CELL SIZE- 
DOCTOR 8ETTIN0, AND NUMBER OF PASSES. 

Note: 

These reaults are not repre- 
sentative of a machine which 
is properly enclosed to re- 
strict solvent evaporation, 
or of one in which metering 
is accomplished with a blade. 

UPPER DOCTOR ROLL 
(not used) 

STEEL DOCTOR ROLL, 
PARTIALLY IMMERSED 
(same surface speed 
as applicator roll) 

PAN RESERVOIR 

RUBBER-COVERED APPLICATOR ROIL 
(U-inch dia. $2  inches long) 

pilutioo 

Doctor 
Setting 

Inches 

H'jraber 

of 
Passes^ 

[wt. of Adhesive in Lba./sqJ 
ft. on both sides of honey-j 
comb cut .623" thick after 
l-day air dry. 

Approx. 
Depth of Prime] 

Inches Remarks 
1/8" 
Cell 

3/16" 1 
Cell 

iA" 1 
Cell | 

3/8" j 
Cell 

Diluted 
with 
FM-V7 
thinner, 
1:1. 

«» 
.030 

±,O10 

! 

2 
k 
6 
10 
I8 

.oce "".002 .001 
.002 
.0Qk\ 
.006 
.01U 

.000 f .CIO to .020 
Oood 

distribution 1 

.050»» 
t .010 

2 
6 

; .ooi 
.oik 

— .006 
.010 — ; 

.020 to .035 Itaiform 

Wide 
Open 2 .031* .026 .022 .012 

.050 to .065 
(.oJ*o to .050 
for 1/8 core) 

Itoifora, 
Bubbles 

Diluted 
111, used 
in eoater 
ifor 1 hr 
1 41 

.OUO 2 .012 — .006 — .025 to .OhO Uniform, 
Clear 

Undiluted 

.030 1 
2 
h 
6      1 
10 

.003 

.012 

.02U 

.03k 

.062 

.OIQ 

1 .CM 

.002 

.010 
|  .020 

.021» 

.03** 

.005 
— —-. 

•032 

.010 to ,öko Blotchy, 
Streaks, 
Cobwebbed. 

.050 2 
k 
6 
10 

.020 

:2I 
.066 

.016 .012 
.020 
.026 
.060 

.012 1 .020 to .OhO 
(.015 to .035 

1 for 1/8 core) Blotchy 

* Dlreotloa of core reversed for each pass. 
*• Doctor roll was later found to be warped .010 inches out of eooeentrleity. 

Other runs were made after a straight roll had been substituted. 
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Figure 50 

SKETCH OF CORE-PRIMINO TEST FIXTURE WITH DOCTOR-BLADE 
METERING SYSTEM 

Doctor Gap 
Blade 

2-3/U Diameter, Rubber- 
Covered Rolls 

Honeycomb 

Depth of Prime 

Reservoir 

Table 28 

DEPTHS AND WEIGHTS OF UNDILUTED "FM-U7" ADHESIVE APPLIED TO HONET- 
COMB CORE MATERIAL IN COATING FIXTURE HAVING DOCTOR-BLADE METERIMO 

Doctor 
Setting 
Inches 

Number of 
Passes 
(each side) 

1/8-inch Cell 1/U-inch Cell   | 
1Air-Dried 
tJhit Weight I 
(both sides) 
Ib/sq.ft. 

Depth 
of 

Prime 
Inches 

Air-Dried 
| Unit Weight 
(both sides) 
lb/sq.ft. 

Depth 
of 

Prime 
Inches j 

.015 U 
6 

— — .003 
.005 

.012 
n 

.020 U 
6 

— 
„. 

.008 

.010 
.015 

N 

.030 1 
2 
u 
6       1 
8 

12 

.015 

.031 

-- ■ 

.020 
N 

.005 

.008 

.011 

.017 

.021 

.0U3 

.020 
n 
■ 
N 

n 

a 

.050 2 
6 

.018 

.070 
i 

1.025-.030 
II 1     -   
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SECTICN II, Continued 

B - UBVELOPMHTT OP COATIMO MEIHODS FOR FACINOS IN THE SHEET AMD COIL FORMSl 

The results of the "survey of existing methods" did not disclose 
any practical experience on the part of sandwich manufacturers In the 
roller coating of aluminum sandwich facings, with metal adheslves. Survey 
results Indicated that the most popular method of applying primes to the 
facing was by spraying. The only other connonly used method was brushing. 
The highest degree of mechanization observed In the survey was where 
cleaned facing sheets were placed on a moving conveyor and passed through 
a spray booth. A sheet of continuously moving Kraft paper covered the 
conveyor and protected its mechanism, as well as the backs of the sheets, 
fron the manually directed spray. Although the roller coating of indivi- 
dual sheets had been tried by various firms, no practical means of keeping 
the backs of the sheets free of adhesive had been found. The investigations 
of coating methods in this project, discussed in this section, did not re- 
veal any practical methods of coating one side only of thin, individual 
sheets, but indicated that the coating of continuous strip« was feasible. 

The first major experimental effort in the roller-coating of 
facings in this project was directed toward the development of a success- 
ful coat er for single sheets. Although there was some doubt whether 
a practical method existed, it was felt that most of the data and exper- 
ience gained in this effort could be used in the development of a coating 
system for continuous webs, whether the single-sheet coating development 
was successful or not. 

It was decided to use dilute "FM-U?" liquid in all roller-cost- 
ing experiments on facings. This formulation was chosen because of its 
general use as a supported-film and liquid system in sandwich bonding, 
and because its high viscosity, low solids content, and low solvent boil- 
ing point provided unfavorable conditions for coating which are typical 
of metal adheslves as a class. In order to give reference data, several 
facings were primed with one, two, and three brush coats of dilute "FM-U7" 
and dried. The following is a tabulation of the unit weights and coating 
thicknesses observed in this study» 

Number of Brush Costs 

1 
2 
3 

Average unit Weight 
Lbs./Sq.Ft. 

0.0013 
0.0038 
0.0079 

Average Thickness 
 Inches  

0.0002 
0.0007 
0.0012 

During ons of the early core-priming runs in this project, con- 
ducted on the power veneer coster, sevsrsl 0.016-inch-thick facings were 
passed through experimentally.  A number of these facings were "backed" 
with starch-bound "FIBEROLASS surfacing mat" to increase their effective 
thickness to approximately 0.02$ inch. The backed sheets were coated 
successfully, but the gap between the wet and dry roxls could not be set 
to sccomnodate the unbacked sheets without the danger of adhesive trans- 
fer. Backing the sheets was considered impractical for production because 
of s tendency for glass fibers to remain on the aluminum after the mat was 
stripped off. 
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II - By Continued 

Tho fundamental problem In ooatlng one side only of a thin sheet 
of metal lies in the fact that the gap between the wet "applicator roll* 
and the dry "backup roll" is small, allowing adhesive to transfer from one 
roll to the other. It was believed that if the single backup roll could 
be replaced by two smaller rolls, offset . from the centerline, the effect- 
ive gap between the wet and dry rolls could be increased while still 
maintaining sufficient backup pressure to keep the surface of the sheet 
in full contact with the applicator roll. 

A special hand-opera»ed test coater (see Figures $1 and 52, and 
Drawing P-l in Figure 5>3, at the end of this discussion) was built to 
evaluate the ticuble backup roll" principle. As can be seen in Drawing 
"P-l", the two small-diameter rubber-covered backup rolls were driven by 
a common idler shaft. The axis of this shaft passed through bearings, 
which were located in such a way that a single, large-diameter roll 
could be substituted for use in other coating experiments, on either 
core or facings. 

In the first two experiments with this machine, all the rubLer- 
covered rolls were left smoothly ground. The pan reservoir was charged 
wlth*FM-47* diluted with an equal part of •FM-^T" thinner to give a solids 
content of the order of ten percent.  Undiluted adhesive at 20 percent 
solid« was found to be too viscous for this type of coating. 

'«« 

In the first run, the coater was used alone without the auxi- 
liary conveyors shown in the drawing and photographs. The doctor gap 
was varied from 0.005 to 0.010 inches. Aluminum sheets, ten inches wide, 
eighteen inches long, and 0.012 to O.OUo Inches thick were tried in the 
machine. The average unit weight of the coating* was found to be approxi- 
mately 0.0006 lbs. per square foot. Although the coatings appeared 
generally uniform, the degree of coverage could not be satisfactorily 
determined because of the lack of dye coloration In the adhesive. It 
was apparent, however, that about 1/4 Inch en the leading edge of each 
sheet had been left unprlmed, while the back edge received a heavy deposit 
which sometimes extended around to the top (uncoated) side of the sheet. 
As the back edge of the sheet left the machine, adhesive from the wet 
roll sometimes splashed onto the dry backup rolls. 

In the second run the "infesd" and "outfeod" conveyors shown 
in the photographs and Drawing P-l (Figure $3)  were added, and the entire 
machine was tipped at a three-degree downward incline. These modifications 
were intended to guide the sheet in and out of the machine and to keep it 
moving as it emerged from the rollers, A dye ("OIL RED 0") was added, to 
the adhesive to aid in determining the completeness of the coating. The 
width of the unprlmed area was found to be reduced, and the tendency 
for adhesive to get on the backs of.the sheets was eliminated by these 
modifications, but adhesive still tended to transfer from the wet rolls 
to the dry rolls. It was apparent that the coating was inconsistent, 
and that some oare spots were present, particularly on thinner gage 
materials. The knife-edged discs on the outfeed conveyor were found to 
have stripped the ooatlng entirely away wherever they contacted the 
sheet. During this run, the effective gap between the applicator roll 
and the backup rolls was varied in an attempt to Improve the complete- 
ness of coverage, without success. 
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II - B,  Continued 

Although the doüble-backup-roll coating system appeared to 
have doubtful practicability, it was decided to make at least one more 
test. It was Relieved that the poor distribution ol the coating might 
have been due to Insufficient resilience in the backup rolls. 

The tendency to wet the backup rolls as the sheets left the 
machine appeared to result from the entrapment ot an excess of liquid 
between the sheet and the roll. This condition could be relieved by 
"grooving" the rubber applicator roll, according to accepted practice 
in the coating industry. 

It appeared that a special "outfeed" conveying system wao 
necessary to handle sheets without touching the bottom (wet)aide. The 
special "inverting" conveyor system, shown in Drawing P-2 (Figure $h) 
was built to fulfill this requirement. Other modifications noted on 
Drawing P-2 are a helically-grooved, rubber applicator roll, and a 
special set of nO-ring" covered backup rolls. The purpose in using 
"O-ringR" In preference to a solid rubber covering was to provide a 
highly elastic surface without the need for vising rubber of low 
Durometer. 

Strips of cleaned aluminum, 0.012 to 0.031 inches thick and 
from four to six inches wide, were experimentally primed in the test 
model shown in "P-2". A deep red coloring was added to the adhesive 
to facilitate Inspection. Several of the strips received smooth, 
uniform coatings in these tests, but the results were found to be 
generally unpredictable.  Some strips shoved bare streaks corresponding 
to the pattern of the grooves on the applicator roll. In general, the 
coatings were found to be uniform when a doctor-gap setting of the order 
of 0.015 inches was used. It was further discovered, however, that the 
tendency for adhesive to collect under the sheets and eventually transfer 
itself to the dry rolls, still remained, and that the condition appeared 
to exist at doctor settings in excess of 0.010 inches. The two conflict- 
ing doctor-setting requirements appeared to make the double-backup-roll 
coating system fundamentally impractical. In order to confirm these 
conclusions, it was decided to try the system with a "doctor blade" 
(the same one vised successfully in experiments on honeycomb core) in 
place of the uoctor roll.  Although the blade removed the tendency for 
the adhesive to form "ridges" on the wet applicator roll, there was no 
other apparent improvement in results. 

The "0 -ring"-covered backup rolls appeared to have been a 
desirable and practical improvement, but they offered no further utility 
in the project, because of the basic impracticability of the individual 
sheet coating system. The inverting conveyor system worked re»»aonably 
well on the lighter gages, and probably could have been made fully prac- 
tical by adding additional rollers at a closer spacing in the curved 
portion. Since the roller coating of individual thin-gp-ge sheets 
appeared generally impractical, no further development was carried out 
on the special conveyor. 

In the course of the work with helically grooved rubber rolls, 
a tendency for the sheets to "track" to the side was observed. Dis- 
cussions with engineers familiar with strip-tracking problems revealed 

lr 
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that «Iilven, helically grooved, rubber rolls cause the sheet to track 
in the direction opposite to the apparent lateral motion of the lands 
at the line of contact, because of a tilting or buckling of the lands 
as they come in contact vith the veb. 

Very little information in regard to individual-sheet coaten» 
for thin gages was received in response to the survey of equipment 
manufacturers. Several firms have experimented with various tech- 
niques in past years, but no fully practical system has been resolved. 
One of the latest methods tried is an "intermlttsnt" coating system, 
in which the pressure rolls are held apart until micro switches or 
photoelectric devices sense the approach of the sheet. An uncoated 
margin, approximately l/k  inch in vldth,must be tolerated around the 
entire edge of the coated surface for the successful operation of this 
system. In general, it appears that individual sheets thicker than 
(approximately) 0.020 Inches can be primed on one side in. conventional 
veneer-coaters, but that no fully reliable system for coating one side 
of cut sheet material thinner than 0.020 inches exists. 

Further experiments were carried out on the hand-operated 
coating fixture to develop methods for coating continuous webs. Since 
the failure of the individual-sheet machine was thought to be due 
primarily to a lack of positive backup-pressure, the two small backup 
rolls were replaced by one large-diameter roll. Long individual strips 
were used in lieu of continuous webs.  The spring-loaded rolls were 
held open while the web was inserted, and were sprung open again as 
the end of the strip left' the machine.  With the spreader roll helically 
grooved to the dimensiori shown on Drawing "P-2", and with a doctor 
setting of "zero", the coating appeared to be complete over the surface, 
but it was very light, and the pattern of the helices was in evidence. 
The back-up roll was wetted from adhesive transfer at the edges of the 
sheet only. This transfer caused the "dry" side of the sheet to be very 
lightly stained with adhesive to a depth of approximately l/l6 inches 
from its edges. It was believed that a revision of the grooving con- 
figuration might relieve the problem. 

At this stage in the development of this type of "grooved- 
roll" coating device, it was decided to make a run under simulated 
production conditions in a foil-processing line. A quantity of 3S-K1U 
coiled sheet, 0,010 inch thick and eight inches wide» was procured for 
this purpose. The two basic objectives of the "continuous-web" run 
were as follows: 

(1) Dttermine the feasibility of continuously coating 
the web on one side only in an undriven system 
utilizing a rubber applicator roll, helically 
ground to a "herringbone " pattern. The grooves 
in this roll v sre of larger area than those used 
In previous experiments.  (The purpose in using 
the herringbone configuration was to give a self- 
centering effect which would Insure good tracking.) 
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II • B,  Continued 

(2) Dotennlne the feaalbllity of contlnuoualy laalnatlng 
» web of peper-bfltoked polyethylene to the prlned 
•urftioe of en elumlnura web under he&t end preeeure. 
(It had been found practical to leolnete theee 
oaterlele In e hot press, end It appeared to be ed- 
vantageoue to perform thle lamination on a contin- 
uouely.prooeeeed web to provide protection, ae well 
ae a surface which would lend iteelf to identifica- 
tion etenoiling.) 

A eohematic drawing of the teet eetup ie ehown in Figure 
55 • Photograph* of the coater and interleaver and of the cleaning 

tanks are shown in Figures 57.58end $9  et the end of this article. It 
will be noted in Figure 55 that a Nslit-rubber roll" wes used in the 
interleering aesembly, and that a "narrow-bodied"roll was used ahead 
of the coater. The "elit" roll is a patented type, used to achieve a 
self-centering effect. It was not evaluated for this purpose, but was 
slit only to simulate the actual surface condition which would be 
found under production conditions. The "narrow-bodied" roll was added 
to relieve en anticipated "tracking" problem at the coater.  The 
operation of these special rolls is discussed in Pert D of this section. 

In the performance of this run, the web showed no tendency to 
"track" or "weave" when no interleaving was being performed.  It is not 
known whether tracking error might have occurred if the "elit" roll end/or 
the "narrow-bodied'roll had not been used.  As soon as the paper-backed 
polyethylene wae introduced, end the roll preeeure wee applied, the 
centerlinee of the two webs began to diverge noticeably, beyond the 
interleaver. Although some adhesion between the interleaving material 
and the primed web »probably occurred at the preeeure rolle themselves, 
the two webe were found to have been completely delaminnted after they 
had paeeed over the next roll in the eye tern.  Part of the difficulty in 
continuously laminating theee two materials was probably due to a differ- 
ence in their coefficients of thermal expansion-, Continuouely laminating 
at this stage in the process appeared to be Impractical. It ie possible 
that the lamination of plain, unbacked polyethylene would be practical 
in euch a process, if performed between hot "nip" rolle at,or very near, 
the "rewind" stage. 

The coating method evaluated here also appeared generally im- 
practical. It was apparent that a "squeeze-roll" coater in euch a system 
could not be driven by the web alone, because of the lubricating effect 
of the adhesive. It was necessary to add a temporary hand crank to the 
applicator roll to supply enough additional torque to prevent a lipping. 
It appeared that this coater, like the earlier "double-backup-roir» coater, 
had conflicting doctor-roll setting requirements. With the 0.010-inch- 
thick strip, the setting had to be very nearly «ero to preveut wetting 
the backup roll. This setting, in turn, did not supply a sufficient 
amount of adhesivs to the surface of the applicator roll to uniformly 
cover the surfsee of the etrip. In order to apply a coating of reasonable 
thickneee and uniformity, the doctor setting had to be opened to a degree 
which caused the backup roll and the clean side of the strip to be wetted» 
The best results were obtained at roll pressures in excess of 100 lbs., 
as measured by the spring scale. 

1 
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It ehouM be noted at this point that grooved applicator rolls 
are generally considered to be superior, as a coating medium, to smoothly 
ground rolls, «nd that two msnufacturers of eoatirg equipment indicated 
that the magnitudes of the groove dimensions used on the experimental 
rolls in this project, were in the correct range. It has appeared that 
metal adheslves such as "FM-Vr*present coating problems which are basically 
different from those encountered with more conventional materials, and 
do not lend themselves to application from grooved rolls» A possible 
explanation for this difference is that the adhesive, in a liquid form, 
has less affinity for the aluminum sheet than for the sides of the 
grooves in the rubber roll. 

A further criticism of grooved rubber rolls, which came forth 
in this experiment»was the fact that grooved rolls appeared to be far f* 
more susceptible to attack by the solvents than smoothly-ground rolls. 
When the "herringbone" roll was removed after the run, and rubbed-down 
with a »olvent-dampened rag, some of the groove lands were torn away. 
Although smooth heoprene rolls often show a significant swelling from 
the action of the solvents in'FM-V;? they are not subject to such complete 
deterioration, probably because they present less surface area for the 
absorption of solvent. 

The poor performance of grooved rubber applicator rolls in 
this experiment appeared to rule them out. One further experiment was 
conducted on a squeese-roU coater having smooth, resilient rubber rolls. 
As in the first coating experiment, conducted on backed and unbacked 
sheets, 0.0l6*inches thick, the powered "veneer coater" was used. The 
objective of the later experiment was to determine if it might be prac- 
tical to squeeze 0.010-Inch webs under such a high pressure that adhesive 
would not be able to flow over the top edgee of the webs, under condi- 
tions where the backup roll was completely wetted with transferred ad- 
hesive. The test indicated that higher sqw>eze pressures increased the 
tendency for adhesive to "crawl*1 onto the dry side of the sheets. On 
the other hand, higher pressures improved the uniformity of the coating. 
Dootor-'gap setting was observed to have very little effect, in this run. 
It was apparent that the quality of the coating obtained with the use of 
smoothly ground rubber rolls was superior to that obtained from grooved 
rolls, contrary to opinions held in the coating industry. The earlier 
experiment with the 'bqueeza-roll" system indicated that the lower limit 
of metal thickness which could be successfully coated on one side was of 
the order of 0.020 inches. The limit would be lowered where either roll 
presLore or the resilience of the roll surfaces was increased. 

Concurrent with acme of the later investigations of grooved 
rolls, research was being performed on a ftandamer tally different type 
of coating system, the "reverse-roll" method, in the same foil*processlng 
machine used in the coating and interleaving experiment, a qeaatlty of 
3S-H19 foil, 0.006 Inches thick and 39 inches wide, was coated over the 
entire surface of one side with "FM-U?" in the coating oystem tiaioitk 
schematically in Figure $6 , (It should be observed th«.t ao backup   ; *** 
roll was used here.) There was no tendency for the adhesive to "afMrl" '"^ 
around the edges of the web. The coating was uniform and satisfactory 
(superior to that observed on the material coated in the smoothly ground 
"squseae-roll* system). After s long period of operation, the «oatlhg 
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b«sg«n to show bar« arMs. Thi« difficulty was traced to drying of the 
adneelre on the applicator roll. The uee of an unsubmerged roll, as shown 
in Figure 56,  with « adheaiTe harlng "low-bciling" solvents is inad- 
Tiaable. All rolls should be submerged as far as possible in the reser- 
voir stock to prevent changes in coating conditions resulting from sol- 
rent evaporation. As an additional precaution, the rolls and reservoir 
should be enclosed to retard the evaporation of solvents. (It my be 
noted that, under the conditions of the experiment, it was not possible 
to submerge both rolls without losing the effect of the doctoring. With 
the web passing straight downward, or at any downward slope, it is in- 
possible to submerge both rolls and still be able to meter the surface 
of the applicator roll in a reverse-roll system.) 

While the metering of the adhesive onto the applicator roll 
is performed by a doctoring system in reverse-roll coating, the meter- 
ing of the adhesive onto the strip from the roll is a function of reverse 
speed, as well as doctor setting, Faeter roll speeds give a heavier 
deposit on the strip from a relatively thin film of adhesive on the roll* 
It should be noted that reverse-roll systems have recently found favor 
in the continuous painting of cleaned aluminum strip for metal awnings 
and other precoated assemblies. The chief advantage of the system is 
its ability to. apply a uniform, stripe-free coating* The formation of 
stripes or ridges <>n rolls from the cohesive action of the liquid was 
discussed in Part A of this section* Stripes were not observed on the 
foil which had been experimental ly reverse-roll-coated* 

It appears that the reverse-roll coating method would be 
entirely suitable for the thinner gagee, but its practicability on 
heavier gages (above 0.02$ inches) would be doubtful unless ecne 
auxiliary means were available for backing up the web, to flatten 
out heat-treatment warpages and rolling irregularities*- A positive 
backing la not objectionable with the thicker gages, sinde the clearance 
between the dry and wet rolls is sufficient to eliminate the danger of. 
wetting the dry roll. In continuous paint coaters (aee Figure 68 in 
Part D, Section II) the web la usually positively backed and flattened 
where It contacts the applicator roll, by paaslng it around a precisely 
ground drum while under tension.  (These coaters are not ordinarily used 
on webs thinner than 0.020 inches because of a lack of demand for euch 
light material.) With high reverse-roll speeds, it is possible that 
the thickness of adhesive on the applicator roll in such a system can 
be reduced to the point where webs aa thin as 0.008 inches may be 
coated without danger of transfer to Uta backup drum, making it possible 
to use only one coating system for all gages. The actual lower safe 
limit of web thickness in such a system would be determined by the 
precision of construction of the particular machine in question, and 
cannot be evaluated on a different machine. 

Since a reverse-roll coating system must usually be supplied 
without a backup roll or drum, it is necessary that two coaters be 
specified in a continuous strip system which is to handle heat-treated 
aluminum in the range of thickness between 0.006 and O.OUO inches* 
A "reverse-roll" coater «ould be used on ^ages up to 0*020 or 0.025 
inches. A squeese-roll system, or an additional reverse-roll 
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system with « bnckup roll,would be used on thicker meterlala to obtain 
complete coverage on warped weba» without the need for applying high 
strip tensions. The-probable need for two coating systems has been 
mentioned In "Proposed Specification 'S-li5" which appears as Appendix 
IV of this report. 

The last experiment relating to the continuous coating of 
webs performed in this project was a determination of the nebd for the 
introduction of an ^interleaf or "separator sheet" to prevent finished 
primed aluminum coils from "tacking" together tinder storage. Originally, 
Proposed Specification "S-U" called for the introduction of a polyethylene 
web at the rewind stage to nrevent adjacent surfaces from tacking together 
and to provide extra protection during handling and exposure. A cost 
analysis revealed that the polyethylene would add 0.7 cents to the cost 
of processing each square foot of aluminum, whereas the total cost of 
cleaning and priming was of the order of U cents. Previous experiments 
had proved that it was impractical to provide enough lamination to keep 
the polyethylene firmly attached to the primed surface throughout sub- 
sequent shearing and handling operation, so its value as a protective 
covering was restricted. One remaining Justification for an interleaf 
which had not been evaluated was its ability to prevent adjacent loops 
of primed aluminum coils from becoming adhered together during storage. 
It was decided that the seriousness of this problem should be invest- 
igated to determine if the 1 ^erleaf could be neglected. 

Since it was not possible to evaluate theeffects of pressure 
(from dead weight) and temperature on actual coated coils, it was de- 
cided to press individual primed sheets together in a laboratory press 
under «n tnfavorable set of conditions. A number of strips of alclad 
2I4S-T3 aluminum, 0.016 inches thick, were cleaned by the control methods 
and brush-primed with "FM-U?" to a dried weight of approximately 0.002 
lbs per square foot. The coating obtained in this manner was relatively 
Inconsistent in thickness, and contained localised areas which were so 
thick as to be difficult to dry o..t. The wet material was placed in a 
laboratory oven at 300°? for one minute to give unfavorable drying con- 
ditions. The strips were then stacked in three groups of three strips 
each, with the primed side of one strip bearing against the unprimed 
side of the next strip. A piece of Kraft paper was placed against the 
last exposed primed surface in each stack. These stacks were placed 
in a hot-plate press with a generous amount of padding material at a 
pressure of 200 psi (assuming a U8-inch-wide coil, 5000 lbs. in weight, 
lying on its side, and supported by an area 1/2 inch wide and U8 inches 
lone), for one hour, at temperatures of 70°, 115°, and l$0oF. 

At TD^, there was found to be no lamination or "tack" between 
the bare aluminum and the prime, or between the paper and the prime. At 
115°?, the primes were observed to have adhered to the clean aluminum 
over about five per cent of the surface. Where this adhesion occurred, 
the prime had been stripped away from its original surface.  The degree 
of adhesion was very low and the surfaces could be separated easily. The 
paper adhered tightly to the prime in this set of specimens, however. 
The specimens pressed at l50oF were tightly adhered together, and about 
20%  of the adhesive was transferred.  The paper was completely bonded to 
the adjacent primed surface. 
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Since the experimental conditions tinder which adjacent, primed 
sheets became adhered to each other were very unfarorsbl*, It was con- 
eluded that a polyethylene Interleaf would not be needed If reasonable 
conditions of manufacture and storage were observed. These conditions 
would bet 

(1) Reasonable consistency of coating thickness, 
(2) Final oven precure temperatures not to be below 325°?» 
(3) Storage of the coated colls at temperatures below 90°?, 

Kraft paper appeared to be entirely unsuitable for use as a 
protective covering on primed surfaces. 

Conclusions t 

The following are the general conclusions obtained frost the 
stuiles of manufacturing variables in the application of adhesive primes 
to the surfaces of aluminum sheett 

(1.) There is no known, practical method of applying adhesive 
to one bide only of Individual sheets thinner than 0.020 Inches 
(approximately) by power roller coating. 

fß,)  All roller coating systems in which law-boiling solvents 
must be handled should be enclosed to restrict solvent evaporation, and 
all wet rolls should be partially submevsed in the coating solution. 

(30 The use of grooved applicator rolls in the roller coating 
of adhesives such as"JM-ltT'does not give good results. 

(U.) The most uniform and complete coatings can be applied to 
light-gag«, continuous aluminum <hB  by the use of a reverse-roll 
technique. 

(5.) A reverse-roll technique cannot be expected to work 
satisfactorily on heavy-gage webs containing warpages and other discon- 
tinuities unless the material is backed up by some means, such a« 
wrapping it around a solid drum. The presence of a backup roll or drum 
makea it difficult to coat one side of a very thin web without trans- 
ferring adhesive from the wet roll to the dry roll. 

(6.) Satisfactory coatings can be applied to one side of 
individual sheets or continuous webs thicker than 0.020 or O.Oß^ 
inches (approximately) by the use of smoothly ground resilient 
surfaced rolls which exert a "nip" or "squeeze" pressure on the 
web. 

(7.) If reaaonable conditions of manufacture and storage are 
observed, it is not necessary to add polyethylene or other non-adhering 
material aa a coil interleaf, to prevent<2rled^FM-UT*primed surfaces from 
becoming adhered to adjacent bare aluminum surfaces.  In the event 
both sides were coated, interleaving would beecne mandatory. 
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Figure 51* " Laf e«»d" «nd of coater, with conveyor in 
place. Not* shims under frame, giving 30 incline* 
Floating frtne at top carries two backup rolls and 
idler shaft. 

Figure 52. "Outfeed" end. Note 10" x 18" facing in 
machine. Crosshead slide (behind gears) pivots around 
crank axis for gap adjustment. Hex-head bolts in ends 
of slides control doctor setting. Sears which drive 
backup rolls are hidden. 
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FIGURE  56 

3S~m.9  .006 thk, 39*  wide, 
Chemically Cleaned end Dried 

Aluminum Applicator Roll, 3* Dta., 
Driven at o Ft/Mln. (approx.) 
Opposite to Web Motion 

Aluminum Transfer Roll, Immersed 
Ir Reservoir. Doctors Adhesive at 
Applicator Roll in approx. .00U to 
.006 Gap» 

Reservoir Containing "FM-UT", 
Diluted with 2.5 to 3 Parts Thinner 

Continuous Oven at 250° to 270°?. 

W' 

,< 

i 

\ 

Figure 56t Sohsmatlo of reverse-roll «eating system, used to apply a dilute 
"FK-UT" prime coat to one side of 39 inch oontlnuous btrip of 3S-H19 foil, 
0.006 inoh thick. Although coating was jmooth, unifoxm, and did not extend 
around the edges of the strip, the applicator roll tended to dry up under 
continuous use. This condition could have been minimised by enclosing the 
roll assemblies in a hood, and could have been eliminated by inmersing the 
applicator roll in the reserroir. (The latter modification could not huve 
been carried out with the strip passing downward, as shown here.) 

■ 
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Figure 57: Grooved-roll coater, aa set up in continuous 
priming and interleaving experiment conducted in production 
foil processing line. Web enters oven at left. Roll at 
right is "narrow-bodied". 

Figure 53: Experimental device for laminating paper-backed 
polyethylene interleaf to hot, primed, aluminum atrip, aa aet 
up in production foil-procea8ing line. Web emerges from oven 
at lower right. (Note delamination near upper roll) 
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Figare 59: Strip aluminum (3S-H-14, 8" wide, 0.010 " thick) 
passing through production foil cleaning and rinsing stages at 
contractor's plant during priming and interleaving experiment. 

Figure 60 : Enclosed roller coater with variable speed drive 
and glue circulating pump. (Photo co-irtesy Black Brothers Co.) 
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SECTION II, Continued 

s 

C - STUDIES OF CORROSION-RESISTANT MATERIALS FOR CLEANING TANKS AND RACKS» 

According to survey Information gathered early in the project, 
the use of the he t sulfurlc «old--odium dlchromate solution In the prepar- 
ation of facings for adhesion has resulted In a number of tank failures. 
Although dlchromate is known to be a corrosion inhibitor, the contractor 
has no knowledge of a tank made of ferrous materials which has withstood 
continuous service. Tanks lined with plastic materials have shown similar 
histories of failure, probably b.cause of the high temperature in combin- 
ation with the oxidising power of the dlchromate. Lead-lined tanks have 
given reasonably good service as far as is known, and no failures of tanks 
made with ceramic materials have bee . reported. 

Early in the project, the contractor evaluated a number of m vtals 
in an accelerated corrosion test. The results are shown in Table 29 and in 
Figures 61 through 65>, at the end of this discussion. Tests were conducted 
in 150-cc beakers in a controlled-temperature bath set at 196 1 20F. The 
test solutions -— one part sodium dlchromate, ten parts sulfurlc acid, and 
thirty parts water; and 2S%  sulfurlc acid alone — were replenished daily. 
The specimens were coupons, 1-1/2 Inches wide, 3 Inches long, and approx- 
imately 1/16 inch thick. Welds were made down the centerlines of some of 
the coupons with recommended rod materials. The total time of the test was 
752 hours, but some of the materials were withdrawn sooner, after pronounced 
attack was in evidence. 

All of the stainless steels showed significant deteriorations 
in the dlchromate solution. The deterioration uf the stainless in the sul- 
furlc acid alone was very severe, except in the case of "CARPENTERS STAINLESS 
NO 20 Cb". Apparently sodium dlchromate accelerates corrosion rather than In- 
hibiting it, in the case of "NO. 20" and "MONEL". (There is a case on record 
of a "MONEL" tank built to contain the acld-dichromate cleaning solution, 
which failed within 21* hours after being filled.) 

Lead showed little attack in the plain acid, but built up a thick 
powdery scale in the cleaning solution. This scale was found to be loosely 
attached to the metal and the coupon was considered to have failed. (Note: 
the presence of lead is known to cause "smutting" on the surfaces of aluminum 
parts treated in room-temperature spot-welding etches. It is not known 
whether it does this in the solution in question.) The lining of tanks with 
lead is understood to be becoming obsolete, partly because of its tendency 
to creep and sag away from the structural tank walls. 

The temperature chosen for these tests was unfavorable in that 
it was in excess of the recommended operating, emperatures; however,it was 
far below the temperatures encountered where gas-i'iring might be used as a 
heating method. In generrl it appeared that none of the metals was suitable. 

As a check on the above results, the history of the small tank 
used in the project for the cleaning of facings can be cited. This tank was 
built from "CARPENTERS STAINLESS NO 20 Cb" sheet.before the coupon tests were 
performed. The material was known to be very costly, but was selected on the 
basis of its outstanding service with sulfurlc acid. The tank WHS made to 
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II - C, Continued 

hold ten gallons of eulfurlc acid-sodium dichromate solution and was six 
inches wide, 2h  inches long, and 18 inches deep* The walls were made from 
lli-gage sheet, welded (with"CARPENTERS NO. 20" welding rod) at the ends only. 
The sides and bottom were formed from the same piece. A lip was bent at the 
top and an angle-iron frame was tack-welded around the girth to prevent 
buckling. Four 500-watt electrical strip heaters supported the tank at the 
bottom. A thermostat well and a submerged air agitator were made from 
■CARPENTERS STAINLESS NO 20" pipe. The tank was in service from three to 
five days out of the week at lUCfor 160°^, for approximately i5> months. 
Although considerable difficulty was encountered with electrical shorts 
in the heaters from acid dragout, the bottom welds (at the ends only; not 
directly over the heaters) remained sound. At the end of a year, however, 
leaks developed at the tack welds, which held the angle-iron restraining 
frame in place. These leaks were plugged successfully with "CARPENTERS 
NO. 20" welding rod. Periodic analyses of the test solutions indicated 
that significant quantities of ferric ion were entering the solution, pre- 
sumably from the tank walls. Although this tank gave reasonable service, 
over the life of the project, its resistance to leakage was considered poor 
and the material is not recommended. 

r^ 

The field of plastic linings was also explored. Literature on 
plasticised and unplasticized polyvinyl chloride was procured from a number 
of firms who manufactured or distributed it under various trade names. In 
general, the literature indicated that "PVCs" are highly resistant to acids 
and acid fumes at temperatures under li*0o • l5C0F, Chromic acid and other 
oxidizers are usually quoted as an exception, with lower recommended temper- 
ature limits. It is claimed, probably with Justification, that some types 
of polyvinyl chlorides are superior to others in temperature resistance. The 
temperature limitations on polyvinyl chlorides in the presence of oxidizers 
appeared to rule them out as a tank-lining material for the solution in ques- 
tion, but the contractor performed one exploratory experiment. Coupons of 
plasticized and unplasticised polyvinyl chlorides and of sheet "TEFLON" were 
placed in beakers of cleaning solution, in the same manner as were the metal 
coupons, except that the temperature was set at l$0oF. Both "PVC" samples 
tended to stain the solutions and their surfaces became tacky after several 
days' immersion. Tl:j "rigid" material displayed some swelling from contact 
with the solution. Since the samples were procured from two different man- 
ufacturers, it is not considered that a fair evaluation of "rigid" vs. 
"plasticized" materials was made. The "TEFLON" sample appeared to have been 
unaffected by the solution. 

The evaluation confirmed the belief that polyvinyl chlorides 
would be unsuitable for direct contact with the acid cleaning solution. There 
was no indication, however, that they would be unsuitable in evacuation hoods 
over the tanks, where temperatures are lower, or as sealing liners in in- 
ternally heated ceramic tanks, where the brickwork provides insulation be- 
tween the lining and the hot solution. 

The use of "TEFLON" as a lining material was not considered 
because of its expense and the lack of experience In its application. It 
appears to be ideal for use as a "trim" material or as a bearing material 
for roll Journals. 
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II - C, Continued 

Of the tank naterlsls under consideration, oeramlce were the only 
oiaes of material which had not been eraluated. It was decided that survey 
information would be of more significance than laboratory work in evaluating 
these materials. An additional survey of existing installations indicated 
that no failures had been experienced in a number of ceramic tanks being used 
with the sodium diohromate-sulfurie acid solution. Discussions with a number 
of manufacturers and studies of sales literature indicated that acid-resistant 
bricks or-tiles were entirely resistant to acids and oxidisers. There was 
some uncertainty as to the resistance to oxidation of one of the types of 
materials used to bind the bricks together, however. Although the majority 
of fillers and mortars are known to be entirely satisfactory, it could not 
be finally determined whether some of these materials might be susceptible 
to oxidation attack, and it is recommended that prospective buyers obtain 
firm guarantees from the fabricators. There was some disagreement among 
ceramic tank fabricators as to the best means of compensating for expansion 
in long tanks, optimum material for an outer lining, etc., but these variables 
were believed to represent differences in opinion in a competitive field, and 
were not explored by the contractor. 

It was concluded that a ceramic construction would be optimum 
for a tank containing the solution in question. Of the other types of con- 
struction considered, only lead-lined steal veusels appeared to have adequate 
resistanos to attack, and these were undesirable on the basis of the likeli- 
hood that they would Introduce undesirable contaminants in the solution. 

Both ceramic and lead-lined tanks require immersion heating of 
the solution. Where the heating must be done by electricity, "JPYREX" or 
similarly protected immersion heaters are necessary. Heaters of this type 
were observed in one relatively small ceramic tank holding the solution in 
question, and their performance was claimed to be satisfactoiy. Steam 
appears to be a much cheaper medium«however, and its use is recommended. 
The contractor has tried to determine, from questioning those experienced 
in the field, whether there would be any objection to the direct introduction 
of steam through nozzles, in preference to indirect heating in exchangers, 
and has found none. There 1« some question as to whether pressed carbon 
or ferrous nozzles would be preferable. Most carbon nozzles contain bind- 
ing materials which are susceptible to oxidation by the dichromate. Ferrous 
nozzles, on the other hand, would tend to introduce iron (a contaminant which 
is suspected of being harmful) into the solution. No conclusion could be 
made as to which of the two would be more suitable. 

It became obvious, early in the project, that some investigation 
of various materials should be nw-de for the racks used to transport the 
aluminum sheets through the solutions. The first racks used in this project 
in conjunction with the ten-gallon alkaline and acid cleaning tanks were of 
welded black iron, coated with cured layers of phenolic and epoxy adhesive3. 
The early breakdown of the resins and attack of the metal indicated that 
these rack"« ware inadequate. An experimental rack of "rigid'* polyvinyl 
chloride, cut and hot-formed from thick plate, was procured from a local 
tank manufacturer.  This material softened excessively in the hot (180°?) 
alkaline solution, and stained the sheet surfaces by its proximity in the 
(IliO0?) acid solution. It was not determined whether this brown stain 
affected adhesion. 
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II - C, Continued 

The last and most sucessful rack tested was made from 23 aluminum 
round wire and bar, "HELIARC" welded. The high purity of this metal gare it 
a reasonable degree of resistance to acid attack. This rack was used through- 
out the major part of "Mie project without evidence of failure, other than a 
blackening of the welds and the formation of a hard white crust on the sur- 
face. A weight check, performed afUr 65 cycles at tank temperatures of lU0o 

and löO^F, revealed that the rack had lost only 1»6$  of its total weight of 
1.12 pounds. The wet surface area was approximately 175 square inches, and 
represented about 90%  of the total area of the rack.  This rack material is 
considered to have two basic advantages over other materials, in that it 
does not introduce harmful contaminants, and does not set up electromotive 
potentials at the sheets. The hard, abrasive surface produced by long use 
would undoubtedly be objectionable where large parts must be processed 
without scratching. It is recommended that large racks be made with 
"TEFLON" trim parts, utilised as bumpers and rollers. Small discs or 
bushings of this material should be placed in critical locations in the 
structure before it is welded together. 

Corrosion-resistant materials are not usually required for 
containing alkaline cleaning solutions.  Black iron tanks, indirectly 
fired with gas, are generally satisfactory. The electrically heated, black- 
iron alkaline tank used in this project became heavily misted above the 
level of the solution, apparently from condensation. The submerged por- 
tion remained completely unaffected, however. 

This concludes the discussion of investigations of various 
corrosion-resistant materials conducted in this project. A summary dis- 
cussion of recommended materials for iimnersion in the sulfuric acid-sodium 
dichromate solution is also contained in "Specification S-U" (continuous- 
coil processing line) which is included in Appendix IV of this report. 

AF 33(600)-23626 

t—^r :  

156 

■^^-J  . ^ -T 



TABL3 29 

RESULTS OF ELEVATED-TEKPERAT»TRE CORROSICW TESTE 
CM METALLIC TANK MATERIAIß 

Temperatures  196'F - 
1 

f 

Mt.  Loaa Thicknea« 
Loaa 

Time 
Immersed 

Solution . Material Weld Pet. | Mile- Hours Remarks 1 
I 

Ill0!30, 
Sodium 
richromate, 
Sulfurle 
Acid, Water 

»CARPENTERS 
STAINLESS 
NO. 20 Cb« « 

T-316» 

Same 

Same 

11.2 

25.5 

6.9 

19.8 

752 

752 

Porosity, & 
undercutting 
in weld 

No apparent 
local attack 
at weld 

1 

T-30>l- 
(as rolled) 

T-306 28.7 19.6 752 Cracks above 
solution, pierc- 
ing specimen 

' 

T-V30» R 2520 12.6 6.0 330 Local pitting 
above solution, 
piercing specimen 

"MONEL" Same 3.6 2.0 2 Effervesced 

Black Iron Same 26.6 20.2 2 Effervesced 

Lead* None I.67 
(Scale 
Removed] ] 

— 752 Thick, powdery, 
yellow scale 

|25* 
Sulfurj c 
Acid 

•CARPENTERS 
STAINLESS 
NO. 20 Cb«« 

Same 0.27 0.1 752 Apparently 
unaffected 

T-316 Same 3.5 2.2 2 , Effervesced 

T-30»l 
(as rolled) 

T-308 12.0 U.9 2 Effervesced 

T-430 R 2520 U6.3 3U.6 2 Effervesced 

■MSNEL" Same 20.0 7-6 213 Unsubmerged 
portion 
attacked 

Lead None 0.018 

1 
— — — 752 Thin, gray 

flaky scale 

J 

b# 

* See photographs (Figs.   61-65) 
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CORROSION TEST SAMPLES 

Figure 61s "CARPENTERS STAINLESS 
NO. 20 Cb* In 2$% Sulfuric Acid. 
(No evidence of local Attack.) 

Figure 6b: 3talnlaaa 1*30 welded with 
2520, in cleaner. Pitted area near 
veld at left piercea specimen. 

Figure 65t Lead in cleaner. Note 
heavy scale deposit. 

Figure 62t •CARPENTERS STAINLESS 
NO. 20 Cb" in Sulfurio-Dichrasate 
cleaner. Note weld porosity, under-
cutting at lower right end of weld, 
and attack at edge of heat-effeoted 
area. 

Figure 63t Stainlaes 316 in cleaner. 
(No local attack in evidence.) 
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SFCTION II, Continued 

D - C0NTIMU0U3 CLEANII« AND PRIMIMO OF FACINGS 

Inreatlgatlon of F«»«lbllity 

The survey of exlstiftg methods, conducted at the start of 
the project, did not reveal any Instances where highly advanced produc- 
tion techniques had been applied to the preparation of aluminum facing 
sheets for sandvlch bonding. All facing materials were purchased In the 
form of flat, cut sheets, and were processed by batch methoda An exception 
to this general rule was observed at one plant, where the cleaned facings 
were passed through a spray booth on a continuously moving paper-covered 
conveyor, and then carried through a continuous drying oven. , The clean- 
ing In this case was performed by oonventlonul batch methods. 

Since sandwich processing was divided over a relatively 
large number of firms, the square footage requirements of most of the 
firms «ere not usually so large as to tax the capacities of the batch- 
processing facilities In producing finished facings. The operations 
Involved In cleaning, add treating, and priming the facings were 
usually considered to be as critical as other processes Involved in 
the manufacture of the finished sandwich. The large number of oper- 
ator-controlled variables usually made It necessary to maintain close 
quality control on the parts. One of the principal drawbacks to batch 
processing appeared to be the necessity for careful handling to avoid 
contamination of the cleaned surfaces. Most manufacturers primed the 
parts within a few hours after cleaning, a requirement which called 
for close Integration between the cleaning and priming departmonts. 
High humidity conditions were reported to have an adverse effect on 
the primed surfaces, particularly where the parts were sprayed. 

It was obvious that many of the problems associated with 
the cleaning and priming of facing material could be minimised or elim- 
inated by the application of automatic processing techniques. Continuous, 
mechanised processing of facings in the form of cut sheets was first 
considered. It was known that individual steol sheets had been pro- 
cessed in fully mectumlsed systems, in prepsrlng for drawing and stamping 
operations In the automotive and appliance Industries. The processing 
here consisted of cleaning and priming, but "cleaning'' in this oase 
represented only an alkaline or vapor iegreasing operation, and "priming" 
was usually merely an application of a soap-like drawing compound to 
both sides of the sheets. The sheets traveled through these lines 
horlsontally, on conveyoz^. 
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• 

The eutamctlo processing of indxTidual sheets horlsontslly did 
not appear to be praotloal in the case of /• \rcraft aluminum alloys for the 
following reason«t 

(1) It would be difficult to maintain scratoh-free surfaces» 
and to prevent damage to thin-gage sheets. 

(2) It would be difficult to design mechanised equipment 
with sufficient corrosion resistance to transport the 
sheets through a dip or spray of the hot acid solution 
which is required in preparing aluminum sheets for 
adhesion« 

(3) Thsre is no known practical means of applying adhesive 
primes automatically to one surface only of Indirldual 
thin-gage sheets. 

Designers and suppliers of continuous processing equipment 
were generally negative in their comments on the feasibility of process- 
ing thin-gage aluminum sheets horisontally» 

It appeared to be generally feasible to apply mechanisation 
to individusl stages of the conventional rack-type processes to bring 
about higher production capacities and lowered costs. These modifications 
would take the following formt 

(1) Replacement of existing monorail hoist systems 
with continuous or circular monorails from which 
two or more racks of parts could be kept in the 
cleaning process at the earns time. The movement 
of these racks would bs controlled in the same 
manner as «t present: Automatic time-cycle hoist 
controls would have doubtful feasibility because 
of the wide range of process times in the various 
stages of the cleaning cycle. 

(2) Use of a continuously moving conveying system for 
transporting the parts through a spray booth and 
tunnel-oven. 

A proposed layout of a eemlÄutomatlc batch system is shown schematically 
in Drawing PL-2 in Appendix III of this report. Estimated cost data for a 
lloe of this type are shown at the end of this discussion. 

This degree of mechanization would bring about a substantial in- 
crease in production capacity, and would undoubtedly tend to lower unit 
costs. This type of process line would not entirely relieve the existing 
production problem«, however. Hanilllng of the parts would still be req.uired 
at the end of thf  cleaning cycle. As msny as ten workmen might be required 
to perform all of the loading, unloading, hoisting, and spraying operations 
In a line running at full capacity.  (Bight workmen have been assvn»d in 
the cost sstinate.) There would still be see» dependence on the Juigment 
and skill of the workmen in producing consistently satisfactory parts. 
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II - D, Continued 

It became evident early in the project that the most econom- 
ical and reliable means of processing facing materials would be in a 
continuous "coil" or "strip" line. Although the contractor was familiar 
with the processing of Toil"gages (under 0.008 inches in thickness), 
there was very little available information on the continuous process- 
ing of coils in the "sheet" gages. Although aircraft firms occasion- 
ally heat-treated alloys in the coil form the material was not subse- 
quently processed in this form. It appeared that the following factors 
relating to the feasibility of processing in the coil form required 
investigationt 

(1) Availability and cost of colled, h*at- 
treated aluminum alloys. 

(2)- Degree cf advancement of coil-processing technology« 

(3) Availability of suitable equipment. 

(U) Strip thickness limitations. 

(5) Feasibility of incorporating highly corrosive chemical 
treatments in the process« 

(6) Feasibility of continuously applying adhesive primes. 

(7) Operational and equipment costs of coil lines« 

An extensive survey was begun in an effort to make contacts 
with firms or individuals who were experienced in the design and 
operation of the type of equipment in question. It was anticipated 
at this time that those who were familiar with continuous processing 
techniques would probably not have a working knowledge of the partic- 
ular materials and processes involved in preparing aluminum for adhesive 
bonding. Evaluations of a number of process variables were initiated 
in order to be able to fully define the requirements of a continuous 
strip process. These evaluations included studies of the effects of 
temperature, concentration, and solution age on optimum acid treat- 
ment time (Section I, Part F), evaluation of methods for applying ad- 
hesive primes to metal sheets (Section II, Part B), and studies of 
corrosion-resistant materials (Section II, Part C). 

The preliminary survey of equipment manufacturers revealed 
that the manufacturers of the following four general classifications 
of equipment might be qualified to supply all, or a portion of, a 
continuous-coil processing line which would prepare aluminum for 
adhesive bondirg. 

1« Rolling, pickling, slitting and heat-treating 
equipment. 

2. Foil-converting equipment. 
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3. Textile equipment for continuous handling of cloth. 

U* Procoating equlpmont for applying enamel to colled 
sheet, for use In awnings, Venetian blinds, etc. 

The manufactupera in the first group indicated a general Interest and were 
able to make constructive suggestions on the proper configuration for the 
line. The equipment they proposed to supply was of a generally rugged con- 
struction, and represented an adaptation of equipment used in high-speed, 
high-tension equipment found in steel mills. |r* 

The manufacturers of both foil/»conTertlng and textile-processing 
equipment indicated that they would be Interested In undertaking the con- 
struction of such a line, but that speolal laboratory and development ef- 
forts would be required to prepare a practical design. 

The manufacturers of equipment for  precoating coils 
supply a relatively new type of Industry vhlch Is undergoing rapid 
growth. The matw^ls processed here are usually non-heat-treated 
coiled aluminum in a 1/2-hard or 3/U-hard condition and In thicknesses 
ranging from 0,020 inches to 0.060 inches. These materials are passed 
at speeds of the order of 50 feet per minute through sprays of alkaline \ 
cleaner, acid solution.., and rinse water, and are continuously coated 
with enamels In various colors. The coatings are baked In the same 
continuous operation. In long ''tunnel ovens", after which the webs 
are rewound and stored until slitting, shearing, forming, and as- 
sembling operations are performed. From two to three operators are 
required. The operation of these lines is usually sustained without 
stopping for periods ranging from five days to two weeks. As one 
coll is completed, a new coll Is spliced in place by means of a wire- 
stitching machine. The width capacities of the earlier  precoating 
lines was very limited, but some lines presently under construction 
are designed to handle 20-inch and 36-inch material, and it is antici- 
pated that U8-inch lines will be built in the near future. The tensions, 
roll diameters, power requirements and o^er^all cost of these lines are 
relatively low when compared with steel strip lines because of the light- 
ness and flexibility (low modulus) of the material, and the lack of 
slitting, forming and rolling operations in the process. It is esti- 
mated that from 12 to 15 of these lines are in operation, the major- 
ity of which process material under 12 Inches In width. 

It is significant to note that the type of chemical-treating, | 
coating, and curing operations performed In these lines are analogous 
to those performed on aluminum sheet prior to adhesive bonding, and 
that they are performed in the same consecutive order. It was decided 
that this type of equipment should receive the most thorough coverage 
in continued survey and contact work In connection with adhesive bonding. 
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At this point, a preliminary schematic drawing, showing a 
basic proposed layout of the components, was sent to the manufacturers 
of all the types of equipment covered in the survey. The project 
engineer then visited seven Eastern and Midwestern firms who appeared 
to be able to contribute Information. Significant amounts of infor- 
mation were exchanged by telephone with nine other firms, during the 
trip. Correspondence was exchanc^d with approximately $0 additional 
firms, In the course of contact and survey work relating to the develop- 
ment of a coll line, and a number of additional local contacts were made 
by personal visit or telephone. 

The majority of the firms visited were equipment manufacturers, 
Tbe sales offices and laboratories of the Aluminum Company of America 
were visited in Pittsburgh, Pa, The continuous-strip pickling and an- 
nealing facilities were observed in operation at U, S, Steel's "Sheet 
and Tin" plant in Gary, Indiana, A typical  precoating line for apply- 
ing enamel to continuous webs of aluminum was observed at the firm of 
Roll Coater, Inc, In Pendleton, Indiana, Several of the photographs 
at the end of this discussion show the Roll Coater line in operation. 
The builders of this line, the Qasway Corporation, were visited In 
Chicago, 

The information collected in this trip, and in response to the 
distribution of the preliminary drawing, indicated that it was entirely 
feasible to construct a continuous-coll line for cleaning and priming 
wide heat-treated aluminum strip in the coil form, for use as facings 
in sandwich assemblies. The manufacturers were interested in learning 
more about the details of the process and Indicated that they would 
supply practical comments and details which could be used in preparing 
specifications and drawings. 

It appeared that the roll layout, oven, spray washer, rinses, 
•nd moving parts of the line could be patterned after existing pre- 
coating lines.  The acid treatment would require a dipping process 
rather than the conventional spray. The strip would be passed over 
stoneware rolls in a long shallow ceramic tank, in the same manner 
as  steel strip is pickled. Some modification of the coating system 
would probably be required to enable it to handle high-viscosity adhesives 
with "low-boiling" solvents, and to be able to process the light gages 
used in sandwich assemblies. 

It would be possible to combine the functions of a conimerclal 
precoating   line and a line for processing heat-treated colls into 
the same unit. This would entail mounting the acid-solution spray 
chamber above the ceramic tank used for the sulfurlc acid-sodium di- 
chromate solution, and using them alternately. Conversion of the 
wider  precoating lines to permit cleaning and adhesive priming of 
aircraft grades of aluminum would be desirable in the event of total 
mobilisation. An additional function of such a line could be the 
application of non©iectrolytic, chemically applied, anodic coatings 
for military and commercial use. 

■X 
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Roll Dlametere 

There vaa seme disagreement among equipment manufacturer» as to 
the effects of material thickness, gage, and strength In determining what 
roll diameters should be specified. Host aauufacturers who worked vith 
steel felt that a diameter of 12 Inches would be much too small to carry 
aluminum strip O.OUO-lnch-thick. Those who were experienced In handling 
aluminum strip knew that O.05I-inch-thick metal of relatively low yield 
strength could be passed over 12-lnch roila,  but felt that heat-treated 
material would be too "stiff". A formula for predicting the stress in the 
outer fibers is quoted as follows; 

Stress - Elastic Modulus x I^Ppj-^gg86 

This formula indicates that a stress of approximately 36,000 psi would be 
induced in aluminum and a stress of 100,000 psi would be induced in steel 
by passing O.OUO-inch-thick strips of the t\:o metals around a twelve-inch 
roll. Ordinary steels and non-heat-treated aluminums would be cold-worked 
under these conditions, but heat-treated aluminums would not. The soft 
outer material on ".lad «QunytmipMi would be cold-worked by deflections of this 
order but the structural properties of the sheet as a whole would be sub- 
stantially unaffected. 

The stress formula in itself does not indicate whether an exces- 
sive tension might be required to wrap the strip snugly about the roll. 
Experiments have indicated that a tenoion of 2.o lbs. per inch of width is 
required to cause Q.OUO-inch-thick alclad 75S-T6 to wrap 160 degrees about 
a 12-inch-diameter drum, with full contact at the apex of the bend. This 
would require a total tension of approximately 100 lbs. on a li8-inch wide 
strip, whereas approximately 350 lbs. would probably be required to prevent 
excessive sag in the oven catenary, in such a system. Twelve inches repre- 
sents a standard roll diameter on a line of this type and appears to be 
adequate for heat-treated aluminum in thicknesses up to O.CwO inch. 

Availability of Coiled, Heat-Treated Aluminum 

An analysis of the availability of colled, heat-treated 
aluminum on the basis of discussions with the three major suppliers, 
was made at this time. Until very recently, heat-".reated aluminum had 
not been available in the coil form in widths greater than 12 inchea 
in thicknesses under 0.016 inches, and 2h  inches in thicker gages. One \ 
aluminum company haa recently made available heat-treated coiled sheet, 
36 inches wide, in thicknesses of 0.025 inches and greater. Since the 
most common thtckneaa used in sandwich panels is 0,016 inches, and since 
a major portion of the work calls for widths in excess of 2U inches, the 
present availability of coil would not Justify the purchase of a contin- 
uous processing line. Another aluminum ct.^pany has adviaed the contractor 
that their future plans call for the inatallation of conttnucua heat- 
treating equipment which will enable them to furnish U8-inch-wide heat- 
treated, coiled material in practically all of the gagea. Although no 
definite date for the atart of operation of this unit can be set, it is 
estimated that from two to four yeara will be required. Although It is 
not definitely known, it is probable that all three of the major aluminum 
suppliers have plane for extending the width ranges of their coiled, heat- 
treated aluainum product«. 
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It should be noted that there is a distinct advantage in 
purchasing the material in the coil form, regardless of whether the 
material Is processed in  this form or not. The approximate savings 
in cost per pound and per square foot of 2US-T aluminum xn various 
gages, which can be realised in this manner are tabulated as followst 

THICKNESS SAVINGS 

Inches Cents per Pound Cents per Square Foot 

.012 

.016 

.025 

.OUO 

13.7 
11.3 
7.3 
2.9 

2.3 
2.6 
2.6 
1.6 

The cost savings per square foot of finished sandwich would 
be twice those per square foot of sheet, or 5.2 cents per square foot, 
where 0.016-or 0.025-inch facings are used. An additional saving brought 
about by buying in coil is the saving in scrap waste t resulting from 
efficient shearing. 

In the survey of manufacturers, particular attention was given 
to "shearing and stacking** lines. Photographs of two of these lines are 
shown in Figures 70 and 71 . A unit of this type shears coils at 
speeds of the order of 150 FPM into lengths from one to twelve feet long, 
within a tolerance of approximately 1/32 Inches. The cost of these units 
runs from #15,000.00 to $25,000.00. They have gained increasing accept- 
ance in the automotive Industry, where there has been a trend toward pur- 
chasing sheet steel in the coil form» 

It should be noted here that the quality of moat existing 
heat-treated colled shset (with the exception of the newer 36-inch- 
wide material) is below that of flat sheet, in that it is very likely 
to be warped, and inconsistent in hardness,from the effects of the 
batch heat-treating process. This condition is brought about by 
temperature gradients in the relatively large mass of the material 
during the heat-treating process and IS the current limiting factor 
on coil width. Currently produced heat-treated flat sheet also shows 
some warpage originally, but is "stretcher-leveled" to Improve its 
flatness. This leveling process brings about a small upgrading of 
physical properties which allows the temper designation to be changed 
from "T-U" to "T-3". The change is of the order of only 2000 psl 
and is not a major consideration In choosing between coll and sheet. 
Coils which are heat-treated in a continuous-strip process will 
show less warpage than do current batch-processed colls, as far as 
is known. 

Tracking 

The problem of keeping vide, moving strips accurately 
centered has until recently been a retarding factor in the develop- 
ment of continuous-coll processing systems. Coiled materials usually 
contain rolling or heat-treating irregularities which caus« them to 
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waare or  track aidsway-s whan thay ara paaaad orar a number of plain cylin- 
drical rolls. The problems increase as the width of the material and/or 
the lineal speed are Increased. Although there are a number of well-estab- 
lished methoda for keeping strips of paper, cloth, and other low-modulus 
materials properly centered, these methods «re not generally applicable to 
metal strips. Hie current upward trend In width toward 36 Inches and lt8 
Inches has largely been made possible by the advent of the "LORia-ALlGKER" 
system, patented by U. S. Steel. This system involves the use of metal 
and rubber-covered rolls of special construction, which apply centering 
forces to the moving strip. The  strip-processing industry currently gives 
this system almost universal acceptance as a principal means of improving 
tracking. Individual equipment tdBivfacturers often augment it with systems 
of their own design. 

The inventor of this system, Mr. E. T. Lorig (Chief Ssveloprasnt 
Engineer, Engineering Division, U. S. Steel Corp.), was consulted In Pitts- 
burgh during the eastern tour, and rendered further consultation during a 
visit to the contractor's facility. 

The tracking problems in the system in question will be Bdnlalzed 
by the relatively low speeds, but will undoubtedly require special attention 
because of the warpages inherent in heat-treated materials. 

Preparation of Proposed Equipment Speolfieations 

Since the application of coll«processing techniques to the prep- 
aration of facings appeared sound, and since there was a likelihood of ob- 
taining coiled aluminum within a few years, effort -as directed toward draft- 
ing a practical design layout for such s unit, and determining the coat« of 
its operation. 

A proposed specification, "8-2", and a second schematic drawing, 
"L-3", were distributed among the firms who had been previously consulted, 
with the request that they submit technical connent and criticism. (This 
version of the specification end drawing were omitted fron the report since 
they present some obsolete information, and may be confused with the newer 
drafts which are note accurate and complete.) 

The commie: .ts and critic lama received from these inquiries, and tha 
■ore detailed process data obtained from experimental studies, were confined 
into a Proposed Specification "B~k"   (not a Government specification), which 
appears with drawings "L-V, "L-5", «nd "L-ff* in Appendix IV of this report. 
This material was sent out to the equipment manufacturers with the requsst 
that they retain it for future reference, after s^naitting sans rough cost 
estimates and additional final camnents on practicability. Since acme of 
these final criticlsma were of a very pertlub .t and basic nature, it was 
felt neceasarv to laaua a suppiement to the original specification. This 
supplement appears in Appendix IV, along with the original specification. 
(The specification itself has received minor corrections In form and ac- 
curacy since being distributed.) The intent In preparing this specification 
material waa not to set forth rigid or binding limitations, but to provide a 
useful guide to prospective suppliers in understanding the process require- 
ments, and to give a prospective buyer a sound oasis for auditing and evaluat- 
ing future proposals. 
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Sources 

The following la a Mating of nanufacturera vho contributed tech- 
nical Infornatlon In the surveys, and/or appeared to be capable of providing 
the najor portion of the equlfawnt for the proposed continuous-coll clean- 
ing and priming line, and for the shearing and stacking Una. The  firms 
are arranged alphabetically In groups corresponding to the general type of 
equlpmsnt that they supply,  (ibis list does not constitute an endoraemant 
of the qualifications of these firms, and undoubtedly overlooks some  firms 
vho are qualified to supply this equrposnt. ) 

(1) Continuous-Coil Processing Equipment, general: 

Frank W. Egan & Co« 
Bound Brook, New Jersey 

Oasway Corporation 
6h63  No. Ravenswood Ave* 
Chicago 26, Illinois 

James Hunter Machine Co. 
North Adams, Massachusetts 

Ovens for Industry, Inc. 
2032 W. 105th Street 
Cleveland, Ohio 

Wean Equipment Corp, 
22800 Lakeland Blvd. 
Cleveland 17, Ohio 

(2) Aeld-Resistant Tankst 

Maurice A. Knight 
Kelly Avenue 
Akron, Ohio 

Nukem Products Corp. 
600 16th Street 
Oakland 12, California 

Stxehle & Co. 
605 Addlson Street 
Berkeley 10, California 

(3) Ovenm 

Aladdin Keating Corp. 
Ill West Avenue., 137th 
San Leandro, California 

Drying Systeme, Inc. 
1608 W. Poster Avenue 
Chicago, Illinois 

Grieve-Hendry Co., Inc. 
1811 West Lake Street 
Chicago 12, Illinois 

W. C. Matheson Co. 
228 - 9th Street 
San Francisco, California 

J.  0.  Ross  Engineering Corp, 
600 St. Paul Avenue 
Los Angeles,  California 
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(U) Go«torst 

The Black Bros» Equip. Co» 
Mendota, Illinois 

Potdevln Machine Co. 
ZOO North Street 
Teterboro, New Jersey 

(5) Spray Washers: 

Cincinnati Cleaning 
& Finishing Machinery Co. 

Hageman Street 
Sharonville, Ohio 

Drying Systems, Inc. 
1808 W, Foster Avenue 
Chicago, Illinois 

Hanaon-VßnWlnkle-Münnlng Co. 
Matawan, New Jersey 

Jamas Hunter Machine Co. 
North Adams, Massachusetts 

Industrial Systems Co. 
28 Main Street 
Matawan, New Jersey 

(6) Special Rolls: 

Mount Hope Machinery Co. 
15 Fifth Street 
Taunton, Massachusetts 

(7) Shearing and Stacking Linest 

Dahlstrom Machine Works, Inc. 
h2?7 W. Belraont Avenue 
Chicago Ul, Illinois 

Union Tool Corp. 
Warsaw, Indiana 

John Waldron Corp. 
P. 0. Box 791 
New Brunswick, New Jersey 

Oeorge Koch and Co. 
Evansville, U Illinois 

L. W. Lefort 
2335-52nd Street 
Vernon, California 

Magnus Chemical Co. 
Qarwood, New Jersey 

Peters - Dalton 
17900 Ryan Road 
Detroit 12, Michigan 

N. Ransohoff, Inc. 
N. !>th St. at Ford Blvd. 
Hamilton, Ohio 

United States Steel Corp. 
Pittsburgh, Pa. 

Union Tool Corp. 
Warsaw, Indiana 

>* 
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The rough equipment cost estimates received from the pros- 
peotire suppliers showed extremeljr wide rsrlstlons. Some of the 
suppliers evidently interpreted the line as being almost entirely 
• special design which would require initial research and development 
-'ork, while others regarded it as more or less standard. It appeared 
to be generally desirable to place the responsibility for fabricating 
the line in ths hands of one firm if possible. 

A continooua-coll processing line (without the shear line) 
could be purchased for a price of the order of $150,000 to $175,000. 

In order to determine whether the cost of the line is Justi- 
fied, the square-footage costs, with contlnuous-eoll processing tech- 
niques and with existing batch techniques, are estimated here. A 
third case that will be considered Is a continuous monorail system for 
handling out sheet. (See Pl-mt Layouts, Appendix III.) These costs 
are computed on the basis of facing square-footage, and must be doubled 
for sandwich cost estimates. It Is Important to note that the estimates 
assume that optimum process conditions as determined in this project, 
«re upheld In all three oases. 

Square-footage costs shown here for batch operations are 
highly theoretical, and are not based on actual data collected in the 
industry. Actual costs of this type are generally unavailable from 
sandwich manufacturers. UtillBation rates vary considerably from firm 
to firm, whereas these costs assume only one utillBation rate, presumed 
to be at a oomparatlvely high level. 

•) Assusptionst 

(1.) The following three types of production systems 
are asaumedt 

Case X: 

Low-production batch process;  single monorail, one 
rack every 55 idnutes, containing 6 sheets, U' x 8'| 
priming done by one spray operater| sheets dried in 
batch oven.    Total crewt     3 "»n. 
Initial cost of systemt    $50,000.00 
Total output per shiftt    1500 square feet 

Case Yt 

High-production batch process} continuous monorail, 
one rack every 15 minutes, containing 6 sheets 
U1 x ö«, priming done by two spray operators as 
sheets travel by on moving convayorj continuous 
oven used for drying. 

$75,000.00 
5,000 square feet 

5 
Total crewt  S 
Initial coet of systemt 
Total output per shifts 

Case Zt 

Ccntlnuous-coll cleaning and priming line, with 
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supplementary coll-shearing Une« Speed varies with 
age. Average width of material Id 36 Incnea (max.* 
8 inches).  Priming done hy  roller ooater. 5' 

Total crew: U men 
Initial cost of systemt 
Total output per shifts 

«175,000.00 
10,000 to 25,000 square feet 
as tabulated belows 

Thickness 
Inches 

Machine 
Speed 

(approx.) 

Sq. Ft. 
Hour 

Sq. Ft. 
Shift 

Sq. Ft, per year 
50 weeks 

5 shift» 15 shifts 
week    week 

.012 

.016 

.025 

.QUO 

18 FPM 
12 " 
10 M 

7 " 

3200 
2100 
1800 
1250 

25,000 
16,000 
1JU,0Ü0 
10,000 

6,250,000 
U,000,000 
3,500,000 
2,500,000 

18,000,000 
12,000,000 
10,500,000 
7,500,000 

(2.) For purposes of these estimates, it is assumed that 
these systems are used either (a) 5 shifts per week or (b) 15 shifts 
per week. The burden rates corresponding to these shift utilisations 
are {*> 2.0 x Direot Labor and (b) 1.5 x Direct Labor. 

(3.) Direct labor in every case Is assumed to cost $2.25 
per man hour. 

(U.) The total square footage rates have been adjusted down- 
ward from the theoretical maximum in every case to allow for down 
time, relief periods, etc. 

b) Base Costs Proportional to Square Footage in All Methods« 

It ulll temporarily be assumed in this estimate that the 
cost of aluminum raw materials in the three systems is the same, and 
this cost will not be included in the cost of processing. (As noted 
in the discussion of the availability of colled, heat-treated aluminum, 
the price of coil stock is 1.6^ to 2.6^/sq.ft.. less than the price of 
cut sheet.) 

(1.) Adhesive:  Assumes dilute (1:1)"FM-U?"(or equivalently 
priced adhesive) applied Lo give 0.002 lbs./aq. ft« solids• 

Assumed Prices: "FM-U?*- lU.SO/gal.j Thinner - $2.75/gal. 
Weight of liquids:  8 lb./gal. 
Solids content of adhesive ■ 20 percent. 
Cost - (   .002)   x  UU.50 ♦ $2.75) 

(.2) (8) 
- $.009/sq. ft. - 0.9»/sq. ft. 

(2.) Chemicals:  Assumes that acid must be replaced after 
60 sq. ft./gal. (200,000 sq. ft. per tank) have been processed: 

Acid: O.Ut/sq. ft. (see Discustiion 6. Section I, 
Alkaline (assumed): 0.1#/sq. ft» Part F) 
Total 0.5#/sq. ft. 

r 
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c)    Cost« Proportional to Number of Shiftsi 

(1)    Lebort    (et t2,25/i«*n-hour - |l8.00/man-ahift) 

Xt 
It 
Zt 

3 men x 118.00 +1500 eq. ft. - t^ö/sq.ft. •• 3.6#/8q.ft. 
8    »    x        "       +5000 eq.  ft.  - |.029/aq.ft.  - 2.9^/8q.ft. 

*    X        "      + figures tabulated below 

Thickness                                                         Labor Cost, 
Sq. Ft.                  l/Sq.Ft, 

Inches                         Shift 

Case Z 
^/Sq.Ft. 

.012 

.016 

.025 

.OUO 

25,000 
16,000 
m,ooo 
10.000 

.0029 

.00U5 

.0051 

.0072 

0.3 
0.U5 
0.5 
0.7 

(2) Utilitiest 

Oast Assume total gas load in all systems is 
3 million BTU/hr - 3 x(l360 cu. ft./million BTU) 

- UOOO ou.ft,/hr. 
Assumed oostt  304/thouaand cu. ft. 
Total gas cost per shiftt #9.60 

Electricity: Assume il.OO/shift 
Water» Assume consumption - 10 GFtf 9 0.025#/gal. - |l.20/shift 
Total utility cost/shift» - $11.80 

Utility square-footage costst 

It    $11.80 + 1500 - $.008/sq.ft.  -  .8#/aq.  ft. 
Ii "      +5000 - $.002/sq.ft. -  .2^/sq. ft. 
Zt N       -i-figure»   tabulated belowt 

ThlcknAsa 

Inches 
Sq. Ft. 
SKift 

Utilities Coot, Case Z 
$/Sq.Ft.       #/Sq.Ft. 

.012 

.016 

.025 

.OUO 

25,000 
16,000 
1U,000 
10,000 

0.0005 
0.0007 
0.0008 
0.0012 

o.o5 

TTTT 
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d)    Burden (not Including •raortitatlon) 

Direct 
labor. 

Case ^/sq.ft. 

3.6 
2.2 

0.29 
0.U5 
0.51 
0.72 

a) 5 ehifts/wk  b) 15 shlfte/wk 
• 2.0 x D. L.   t 1.5 x D. L. 

Burden 
^/sq. ft.      #/sq. ft» 

7.2 

0.6 

T75 

o.U 

ITC 
r* 

e)  Machine Amortisationt 

Assume: 5-year economic life, 
10 pet. salvage value. 

Straight-line depreciation 

Annual chargest 

Xi 150,000 - I5..000 - |9,000/yr. 
5 years 

Yt    »75.000 - 17500 - n3,500/yr. 
5 years 

Zt ♦175,000 - $17,500 - t32,000/yr. 
5 years 

Square-Footage Chargest 

Case 
Annual 
Charge 

X 
X 

$ 9,000 
♦13,500 

r.012 

Z     j:S|   »32,000 
{.QUO 

Yearly aq. Footage 
at 5 shifts        bt 15 shifts 

Amortiiation/sq.ft. 
at 5 shifts      b:I5 shifts 

#/sq. ft.        J/SS» ft. 

380,000 
1,250,000 

6,250,000 
U,000,000 
3,500,000 
2,500,000 

1,150,000 
3,800,000 

18,000,000 
12,000,000 
10,500,000 
7,500,000 

2.U 
x#x 

0.5 
THE 

in 

0.8 

0.18 
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f) Total Square Footage Processing Costst 

Cost in Cents per Sq. Ft. of Facingst 

Batch Coil 
Items X Y 

.012 
Z 

.016 .02$ .OUO 

Adhesive 
Chemicals 
Labor 

m  Utilities 

•3 Burden 
» Amortisation 

0.9 
0.5 
3.6 
0.8 

7.2 
2.U 

0.9 
0.5 
2.9 
0.2 

u.u 
1.1 

0.9 
o.5 
0.3 
o.o5 

0.6 
0.5 

0.9 
0.5 
o.U5 
0.07 

0.9 
0.8 

0.9 
0.5 
0.5 
0.08 

1.0 
0.9 

0.9 
0.5 
0.7 
0.1 

l.U 
1.3 

^ Total Cost 15.U 10.0 2.9 3.6 3.9 U.9 

£ Burden 
3 Amortisation 

5.U 
0.8 

3.3 
0.35 

O.U 
0.18 

0.7 
0.27 

0.8 
0.30 

1.1 
0.U3 

V? Total Cost 12.0 8.15 2.33 2.89 3.08 3.56 

It should be noted that the costs (and savings) shown here 
represent half of the costs of processing facings for one square foot 
of sandwich. 

These estimated costs show that a coil-processing system 
offers significant economies over batch methods. These savings are 
in addition to those which can bo realised by purchasing and shearing 
aluminum in the coil form (a prerequisite in coil-processing and an 
alternative in batch processing). 

It may be concluded that a continuous cleaning and priming 
system will be technically and economically Justified when:  (1) colled 
heat-treated, aluminum becomes available in widths up to U8 inches and 
(2) when there is sufficient demand for cleaned and primed sandwich 
facings. 

It is anticipated that both of these conditions may be real- 
ised by 1957 or 1958. (Parts of the design of the continuous-coil pro- 
cessing unit proposed in this project may be obsolescent at that time, 
and the cost of this type of equipment may change in the interim.) 
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Figure _66: Accumulator, stitcher and double-
reel uncoiler in typical strip painting line. 
(Photo courtesy Gasway Corp.) 

Figure 67 ? Spray washers and rinses in typical strip 
painting line. Note web emerging from squeegee rolls 
at right. (Photo courtesy Gasway Corporation) 
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Figure 68? Double paint coater in typical alumi-
num strip painting line. Coated web enters con-
tinuous drying oven at upper right. (Photo cour-
tesy Gasway Corp.) 

Figure _£o: Oven, cooling rolls, drive and rewind spools 
in typi-_al aluminum strip painting line. (Photo courtesy 
Gasway Corp.) 
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Figure 70 : Coil shearing and stacking line. (Photo courtesy 
Dahlstrom Machine Works, Inc.) 

f <Sr 

Figure _J1: Coil shearing and stacking line. Shown here with 
cradle-type unwind stand; spool-type stands may be substituted. 
(Photo courtesy Union Tool Corp.) 
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SECTION II,  Continued 

E - CURINO PRESSESt 

Most flat »andwich is cured in "heated-platen" or "hot^ 
plate" preaaea of the aane general types used in making plyvood. 
These preaaea aometimea gire unaatiafaetory reaulta ^ honvoomb- 
aalSiSh bonding because of a lack of parallelism in their openings. 
Sir^oblem caSlaea the aame type of difficulties as are J*^ *y 
core-thickness irregularities, but cannot be relieved ^^T^^L 
oore-thickneaa tolerance, and can be only P^^^^SÜS!" 
ing reailient padding materials on either sioe of the sandwich com- 
posite 

The following aimplified aketoh of a typical five-opening 
hot-plate preaa preaentr the nomenclature uaed in thii diaeuasion. 

UPPER FIATEN STRUCTURE 

STEEL INSUIATINO STRIPS SEPARATIHO 
PIATEN PROM HOT PIATE 

HOT PLATES, DRILLED FOR 
CIRCULATION CP STEAM OR 
HOT OIL 

_ LOWER (MOVABLE) PLATER 

STRAIN RODS 

LQADINO CYLINDF^S BASE 

It should be noted that the hot-plates themaelvea are aometimea referred 
to aa "platena", but this la not the preferred nomenclature.  Platens 
are ordinarily unheated, rigid atructural members — unless the hot 
plates and platsna are combined into one structure, in which caae the 
entire unit ia called a "heated platen". 
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General aurvoy Information obtained early in the project in- 
dicated that variations In the press openings over the working area in 
sandwich bonding presses might exceed 0,030 inches in some cases. The 
error was generally attributed to thermal warpage, rather than to lack 
of precision in construction. The thermal errors were caused primarily 
by temperature gradients in the rigid frame and backup components of the 
presses, and ware transient in nature over the first eight to 2h  hours 
of operation after heatup.  It was known that presses were often "shimmed" 
to correct the errors. The transient nature of the error suggested that i 
shimming was not a satisfactory solution,since flatness in a press which 
had been shimmed at temperature equilibrium would not be assured in the 
interim period between the time the press reached operating temperature 
and the time of equilibrium, some sandwich manufacturers felt that 
total warpage error was divided evenly among the openings in multiple- 
opening presses, reducing its harmful effects. 

The development of special curing fixtures utilizing fluid 
pressure, transmitted through flexible or semi-flexible envelope^ was 
first considered.  It was recognised that fluid pressure envelopes are 
advantageously employed in the bonding of some contoured primary struc- 
tural parts, but they present as many technical and operational prob- 
lems as are encountered in ordinary heated presses. Since heated presses 
represent a durable class of machines with which both builders and 
users have accrued much experience, and since they are widely used 
in the bonding of flat sandwich, it was decided to concentrate on the 
Improvement of this type of curing fixture. 

. 
The first step was to devise a procedure for determining 

deviations from parallelism, in the openings of sandwich bonding 
presses. In tne first method tested, lead wires were laid two inches 
apart across the lower hot plate of a laboratory press. It was found 
that the press had to be at temperature to produce and deformation at 
all in the wires.  The wire derormations in one laboratory press having 
flexible loading rams showed an average gradient of 0.010 inches down 
the length of the press. The exact cause of this gradient was not 
determined, but it was obvious that the gradient did not exist under 
actual curing conditions.  In order to rimulate a flat, incompressible 
panel surface and remove the indeterminate effects of lead wire com- 
pressibility, a pattern of aluminum stops 0.0?1 inches thick was laid 
out, and short pieces of 0.090-Inch (diameter) lead wire were placed 
at definite intervals throughout the pattern. This method appeared 
to give a true indication of the press parallelism which would exist 
where the panel under cure was perfectly uniform in thickness, (it 
should be observed that the method did not reveal the flatness of the 
plate surfaces. "Parallelism," in the sense used here does not neces- 
sarily imply flatness of the surfaces, or straightness of -Ü-^ opening.) 
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The proposed "lead-wire" method was tried In a large pro- 
duction press, and refinements in the procedure were made. This in- 
vestigation culminated in the followinf» recommended procedure; 

1. Generalt 

It is desirable that two tests be run; one as the press 
Just reaches operating temperature, and another after a 
period of at least 16 hours of continuous operation.  It 

is desirable to run additional tests to simulate conditions 
under which undersize panels are bonded.  Two men are required 
for each test, for a period of about 1/2 hour, including five 
minutes of press time. 

2. Materials t 

(1) Aluminum stops, 0.051 inches thick, 10 inches long, and 
l/U to 1/2 Inches wide. 

(2) Lead wire, 0.090 inches in diameter, cut into pieces 
1/2 inch long. 

(3) Two cculs in good condition. 

(U) Micrometer. 
(5) Marking Pen. 
(6) Steel tape. 

3. Methodt 

(1) Mark off a rectangle corresponding to a typical 
panel size on the cleaner of the two cauls. 

(2) Lay out a pattern of 0.051" thick aluminum stops 
within the rectangle. Although the configuration is 
arbitrary, a "checkerboard" of open rectangles is most 
convenient. The sides of the rectangles should be from 
12 to 18 inches in length. An additional stop should be 
placed diagonally in each rectangle to prevent local 
distortion. 

(3) After the stops have been laid out, place a 1/2 inch 
long piece of lead wire at each rectangle corner and at the 
cc *ter of each rectangle. If the wires are kinked before 
they are put in place they will not tend to roll when the 
caul is lifted. 

(U)  Place the second caul carefully over the wires and 
stops.  Insert the two cauls in the press.  (Caution:  In 
lifting the cauls take care not to allow them to sag or 
open up.)  Apply curing pressure. 

'., 

• 
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(5) Remove the cauls after approximately five minutes. 
Lift the top caul gently, and carefully Invert It before 
laying It dovn. 

(6) Measure the wire thicknesses with a micrometer, 
recording them on a preliminary diagram* 

(7) Subtract the smallest thickness reading from all of 
the readings. Enter these differences on a final diagram. 
Note the conditions of the test (pressure, temperature, 
date, ©to.). 

Copies of the recommended p*ocedure were furnished, along with 
quantities of pre-eut lead wire and stops, to a number of honeycomb mnu- 
facturers, with the request that they return copies of the result«. 

Results from three Large (1* ft. x 6 ft. or greater) presses 
were obtained in response to this survey. Those who performed the test 
indicated that the Method waa satisfactory. The following diagrams rep- 
resent the resultst 

PRESS NO. 1 (Two openings, 50 psi, 
300°!% loaded by hydrostatic press ore 
in 8 parallel fire hoses between bed 
and lower platen. Platen Insulated 
from lower hot plate with "Transite")! 
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PRESS NO. 2 (Two openings, 60 psi, 
300°? for at least 2U hours): 

THOUSANDTHS OF ONE INCH 

PRESS NO. 3 (One opening, 
300orf 10 paDt 

9 9 11 18 19 17 10 5 12 1 

U 6 5 9 10 8 8 5 5 1 

5 U U 2 3 0 h 7 10 

11 8 U h 1 0 6 3 2 

19 10 8 6 b 7 7 6 11 1 

£2 16 12 7 7 7 7 10 12 

THOUSANDTHS OF ONE INCH 

Presses Number 1 end Number 2 showed maximum errors of 0*006 
and 0.0055 Inches respectively, en acceptable degree of parallalisn« The 
maximum error of 0*023 Inches In press Number 3 shows a very poor degree 
of parallelism which could not be alleviated by the use of press padding 
materials* It Is believed that press Number 3 may represent a condition 
which Is not uncomion throughout the industry. 
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The next step In the program was to solicit advice from press 
manufacturers. A form letter of Inquiry was sent to 27 firms, with a 
sarvole of sandwich material, and a diagram showing one proposed means of 
co, 8Cting the warpage problem. The letter explained the conditions of 
honeycomb sandwich manufacture and the contractor's conception of the 
warpage problem. 

Several of the firms who were surveyed indicated either that 
they did not manufacture hot presses, or that their presses were too 
small for the application. The following press manufacturers responded 
with technical information regarding the design and operation of hot>> 
pressing equipment. (This list does not constitute an endorsement of 
the qualifications of theJe firms, and undoubtedly overlooks some firms 
who are qualified to supply panel-pressing equipment.)i 

Fjellman it Vinther Co. Wilco Machine Werks 
P. 0. Box 1205 1301 North Holywood St, 
Joliet, 111. Memphis 8, Tenn. 

Merrltt-Solem Division Williams-White & Co. 
Solem Machine Co. Moline, 111. 
Lockport, Hew York 

R. D. Wood Co. 
Plycor Company Public Ledger Bldg. 
(associated with Becker & Van Huellan) Independence Square 
565 W. Washington St. Philadelphia 5, Penn. 
Chicago 6, 111. 

1 

Baldwin-Lima-Hamilton Corp. 0. Siempelkamp & Co* 
2020 Nineteenth St. Krefeld, Germany 
Jen Francisco 10, Calif. Domestic Distributorsi 

i 
Berthelsen Engineering Works, Inc.      Heyer Sales and Engineering Co* 
P. 0. Box lli23 1003 Washington Bldg* 
Joliet, 111* Tacoma 2, Wash. 

• 

Although some of the firms had supplied presses for honeycomb 
sandwich manufacture, most of them had not previously been aware of the 
flatness requirements involved. The majority of hot-plate presses are 
supplied for applications where precision requirements are much less 
demanding. All agreed that warpage was generally caused by thermal 
gradients in the rigid unheated components of the preei. A number of 
simple modifications can be made in an ordinary press to reduce or 
eliminate the thermal warpage problem, and some presses are initially 
designed to produce very low warpages* 

The thermal warpage in question is usually attributable to 
temperature gradients in the top and bottom platens, particularly the 
top platen. The underside of the top platen is hotter because of its 
proximity to the adjacent hot-plate, and as a result, the platen 
strue'vure deflects downward. The loading of the press tends to bring 
about an opposite deflection upward, but the two deflections do not 
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necessarily cancel one another. An upward thermal deflection may occur 
In the lower platen structure In the sane manner. The hot plates them- 
selves are usually machined steel plates, approximately two Inches thick, 
with drilled passages for the heat-transfer medium* Their high area- 
to-thickness ratio, and the fact that they are drilled, make them rel- 
atively flexible and low in strength* 

The platen surfaces in a conventional press are insulated 
from the hot plates, usually by steel strips. Although the steel 
strips are relatively inefficient as an insulator, their thicknesr 
can be controlled very precisely, while most conventional thermal 
Insulating materials are too soft and too low in strength to be 
satisfactory* Special- high-stvength materials have been developed 
specifically for the insulation of hot presses, but these materials 
have not gone into wide use at this writing. Shim stock is often in- 
serted under the insulating strips, to compensate for known deviations 
from parallelism* 

It is a matter of common knowledge in the press industry that 
the dimensional stability of any press can be improved by reducing or 
■topping the flow of heat from the hot-plates to the platens* One 
method of accomplishing this is bo insert an additional drilled plat« 
between the platen and its adjacent hot plate, for the circulation of 
cooling water* Steel-strip insulation must be added to both sides of 
the additional plate to prevent chilling of the hot plate and to pre- 
vent platen warpage resulting from variations in the temperature of 
the cooling water* When a water-cooled plat« has been added, it is 
sometimes necessary to compensate for the additional heat los3, by 
using two heated plates instead of one* This modification is ordin- 
arily oarried out at the top platen only, but is sometimes done at the 
bottom platan as well* The introduction of water-cooled plates sub- 
stantially reduces transient and steady-state heat flow to the rigid 
platens and allows the press to be shimmed to a stable degree of 
mechanical and thermal flatness* 

Some presses are designed to minimize thermal warpages with- ■' 
out using coolants* Usually this involves combining the platen and 
adjacent hot plate into one rigid structure which is heated uniformly, 
top to bottom* 

The sketch at the beginning of this discussion, shows a press 
of the "strain rod" type, in which the pressing load is resisted by 
four corner posts* In another type of press frame, the bed, strain- 
rods, and upper platen reinforcement are replaced by a number of large, 
parallel plates, bolted or welded together with spacers in between* A 
rectangular opening is made In the plates to receive the platens, hot- 
plates and loading mechanisms. 

Regardless of the design, the prospective press buyer should 
obtain some indication or guarantee of the magnitude of mechanical and 
thermal deflections in a given press. For ordinary fiat sandwich bond- 
ing the contractor has concluded that a press should maintain a paral- 
lelism within  limits of the order of 0.00$ inches at any time after 
reaching operating temperature, and should not deflect mere than 0.015 
inches in each 100 inches of length unoer a full-area load of 100 psi. 
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A press in vhich uniform loading is approached or approximated 
is more strble dimensionally, A system utilising eight or more hydraulic 
rams in two banks, and in which the rams can be used selectively, is 
reconanended where underside panels are likely to be bonded. Ordinarily, 
undersize panels are likely to induce undesirable end deflections which 
sometimes endanger the press itself. It is very advantageous to be able 
to use only the four rams in the center on half-size panels. The alter- 
native to this safeguard against excessive deflection is to place "stops" 
near the ends of the press openings, a practice which can cause faulty 
pressure distribution arising from the difficulty in selecting stops 
of proper thickness. 

It is essential that presses whicn are to be used for honeycomb 
sandwich bonding have a smooth and uniform action in closing. Some presses 
are provided with "compensators" to prevent the platens from closing un- 
evenly as a result of the binding action of the ram cylinders. 

Five to ten openings would be desired In ei press which is to be 
used for the high production of flat sandwich parts. The maximum number 
of openings is limited by the combined weight of the floating hot plates 
in lbs. per square inch of full press area. This figure represents the 
pressure differential between the top and bottom panels in the load, 
assuming full-size panels.  The pressure applied to undersise panels as 
a result of this dead weight would naturally be greater. The lighter 
honeycombs have bare flatwise room temperature compressJve strengths 
of the order of 100 psl» Assuming a factor of three to allow for con- 
centrations of load and loss of strength at elevated temperatures, th* 
maximum allowable pressure on the bottom panels should be approximately 
30 psi. Assuming that 10 psl should be the pressure applied to the panel 
in the top opening, in this range of density, the maximum differential 
caused by the weight of the plates should be no more than 20 psi. If 
"half-size" panels are assumed, the combined weight of the "floating" 
components shtuld be no more than 10 psi, over the total press area. 

It can readily be seen that if a multiple-opening press is 
closed immediately on a new load of panels, the bottom panel will be 
subjected to a pressure far in excess of that usually recommended for a 
conventional "pre-heating" period. If it is felt necessary to preheat 
the panels at "contact" pressure, a special loading schedule must be 
observed. The press must be closed slowly enough to allow the bottom 
panel to receive the weight of one floating hot plate at a time, at 
appreciable intervals. As the weight of each new plate is brought 
onto the panel, the effective pressure then rises in a stepped gradient. 
With suitable control equipment, the top press openings can be loaded 
while the lower openings (already loaded) are being closed, one at a 
time, by the rising platen. It is estimated that 15 seconds should be 
allowed for the closing of each opening. After the topmost opening is 
closed, the press may be allowed to stand at contact pressure in the 
top opening for a suitable period, after which full pressure would be 
applied for the duration of the cure. Whether this proposed loading 
cycle is used or not, the prospective buyer should determine whether the 
pressure control equipment being offered with the press will lend it- 
self to the close control necessary here. Particular attention should 
be given to ability of the control system to reproduce and maintain 
very low preasureh in tho top opening. 

!' 

.. 
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Because of the danger of disrupting the r rmal filleting and 
coalescence of the aiheoive bond, it would appear that presses should 
not be "breathed*1 or "cracked" during the cure.  (This conclusion is 
not directly supported by experimental data obtained in the project.) 

With the loading cycle proposed here, a "loading elevator" is 
a desirable accessory. Elevators of this type provide a platform of 
adjustable height from which workmen may slide the panels into the open- 
ings. 

It is not recommended that press "stops" be used In the bonding 
of honeycomb sandwich panels.  Stops are jually rectangular steel bars, 
which are placed around the edges of the panels to prevent crushing of 
the composite. The results of studies of the effects of curing pressure, 
and of core thickness Irregularities, have indicated that the cumulative 
effects of thickness tolerances, war^pages, mechanical deflections (includ- 
ing those in the padding material), and thermal expansions make it nearly 
impossible to select stops of appropriate thickness. A stop which is 
too thick prevents the panel from receiving adequate curing pressure, and 
one which is too thin does not prevent crushing. It is proposed that the 
use of stops be abandoned in favor of more fundamental methods of cor- 
rection. These .-i-thods include the removal of thermal warpages from the 
frees, the use of selective curing pressures on cores of various densities 
10 to 100 psi Are the recommended limits), the inclusion of a cloth 

in the adhesive line, and the use of resilient press-pad materials. Other 
sources of crushing problems which should be considered are the bonding 
of underslae panels,' uneven or erratic closing of the press, and excessive 
core thickness variation. All of the factors mentioned here can be 
controlled. 

An accurate temperature control system is required in a press 
which is to be used for adhesive bonding. One or more temperature re- 
corders are mandatory accessories. 

The addition of an automatic loading table, on which new panels 
can be laid up while others are being cured, is a refinement which is 
probably not Justified with the long curing cycles involved in adhesive 
bonding. Usually, only two openings can be utilized where loading tables 
are used. 

Many advantages and features offered by competing press 
manufacturers have not been discussed here, but should be given due 
consideration In choosing a press. 

The use of aluminum cauls approximately l/U-inch-thick is 
recommended in the curing of sandwich.  The cauls must be larger than 
the parts themselves, and should be clean and free from dents, kinks, 
and edge-burrs. The thickness of the entire caul should be checked. 
(One press manufacturer reports that deflections in the rolliog equip- 
ment sometimes bring about thick areas in the center portions of aluminum 
plates.) The bottom caul provides a convenient surface for laying up 
the composite, and the top caul is usefu^. for holding the stack together 
while it is being moved. As the press is opened, the presence of the 
upper caul tends to retard chilling of the top panel facing, thus reducing 

' thermal warpage of the panel. The cauls also help to nrotect the sur- 
faces of the hot plates from damage 
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In the svirvey of existing methods it was learned that precau- 
tions should he observed in cooling the panels as they are removed from 
the hot press, to prevent permanent thermal warpages. Panels should be 
withdrawn as soon as possible after opening the press to prevent undue 
chilling of one side. On removal, they should be stacked vertically 
with air spaces between, to provide free air circulation.  (Cne men» 
ufacturer reports that If thick cauls are used« the panels may be 
safely cooled in stacks, with the cauls In place. 

"Unsymmetrical" flat panels, in which one facing Is thicker 
than the other, may tend to warp unless special measures are taken to 
adjust the insulating effects of the pads on either side. ' 

Although seine manufacturers are able to cure a number of panels 
in the same stack without any separation, others report that this prac- 
tice induces permanent thermal warpage. 
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V    ) aWKARY AMD QIWERAL C0HCLU8I0K8 

A.     CRIT1RIA USED IM THE KVAUJATION OF SANDWICH »OlfDS: 

In the majority of test work conducted In this project, the 
rour-lnch-drtoB peel test snd the flstvlse tensile test vere used to evslu- 
ste changes In the properties of sandwich bonds, as material and process 
paramsters vere varied. It ahould be emphaalsed that theae two properties 
do not entirely determine the suitability of the bond In themselves. In- 
asmuch as there Is some dlssgreemsnt In the Industry with regsrd to the 
selection of physical tests for qualification, quality control, and In- 
spection purposes, some comments should be made here concerning the algnl- 
flcesce at varloua tests. 

1. Flexural, or Plate-Shear Tests: 

A sandwich bond must generally be cepable of austalnlng the 
sarns magnitude of shearing stress as la required to fail the honeycomb core 
material. The shear atrength of the bond, at the temperature In queatlon, 
la Influenced by the choice of the formulation and the condition» of fabri- 
cation. 

Sheer tests on ssndwlch structures ere limited In the senee 
that they do not Indicate the magnitude of the »hearing strength In the bond, 
when the core material la subject to failure. For thla reason, flexural 
•hear test», applied for quality control purposes, can only be depended 
upon to Indicate the level of quality of the bond up to the point of core 

( ) failure; beyond thla point, the magnitude of the bond strength remslns un- 
known. It Is difficult to determine by visual inspection whether the bond 
or the core baa felled first in a flexural shear test. 

In the flexural shear test, the thickness of the facings and 
the core material and the conditions of the teat influence the apparent mag- 
nitude of the core shear strength to an extent which is not predicted by the 
simplified shear formula. For this reason, a plate shear test is considered 
more definitive} however it is generally felt that a flexural shear test im- 
poses mere realistic conditions of loading and is much easier to perform. 

2. Flatwise Tensile Tests: : j 
The work In this project has indicated that there la some 

correlation between the aheer atrength In the bond and tLs flatwlae tensile 
atrength In the bond, but that a fixed correlation exists only where adhesive 
formulation, teet tempereture, and (probably) the effective degree of cure     j 
are held constant. Since flatwlae tensile tests csn usually be relied upon 
to give en indication of the level of shear strength within the bond, under 
conditions in which the core material would be subject to failure In a shear 
teat, tensile tcets sre desirable for quality control. It should be noted 
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that the flatvlae tensile strengths (snd shear strengths) developed In the 
bond are a function of cell else, the configuration of the bond, and the 
fabrication conditions used In making the bor i. It should be further noted 
that I'latvlse tensile strengths In sandvlch bonds do not vary In the sane 
way as du "lap-sheer" strengths, as temperature Is Increased. 

3. Feel Tests: 

The peel strength of a sandvlch bond Is an Indirect neawure of 
ability to resist Impact loading; the life of the structure under fatigue f 
loading} and ability to restrict the propagation of local failures at I 
over-stressed or unbonded areas. Unless peel strengths are high, perts 
may be subjected to damage from careless handling or from subsequent fin- 
ishing operations. No minimum peel-strength standards for design or quali- 
fication have been universally accepted by the alrfraate Industry at this 
vrltlng. On secondary structures, a "four-inch-drum" peeling torque of ; 
kO  Inch-lbs. on a three-Inch-wide specimen has been used by several air- 
frame manufacturers as a minimum accepteble standard. Minimum peel strengths 
of 60 Inch-lbs. or more have sometimes been specified on primary structures. 
Some primary sandwich structures having peel strengths as low as 30 Inch-lbs. 
have successfully met service requlremsnts, but It Is possible that conpara- 
tlvely low peel strengths such as these sre safe only wh&n the particular 
adhesive formulation has compensating features such es high flatwise ten- 
sile strength. It should be observed here that peel testing methods and 
devices have not been standardized throughout the Industry, but a four-Inch« 
drum test Is the most universally used at this writing. The work In this 
project hss Indicated that peel strength Is generally related to the weight, 
configuration, and fabrication conditions incorporated In the bond. Peel 
strengths may sometimes be In a critically low range under extreme (high 
or low) temperature conditions. 

k.    Edgewise Compresslve Tests: 

Although the strength of sandwich panelr in edgewise compres- 
sion Is often en Important design criterion, tests on laboratory-else 
specimens do not necessarily give a reliable indication of the structural 
integrity of the part,or of variations in quality, in production.  In a 
small, flat, accurately machined, specimsn containing no core splices,the 
facings can usually be expected to sustain compresslve stresses which sre 
in excess of the yield strength of the metal. The results are generally 
insensitive to the strength of the fscing-to-core bond, in the normal 
range of bond strengths. Although the integrity of the structure may be 
strongly Influenced by flatness irregularities, arising from cor^thiclraese 
differences st splices, typical conditions of this type cannot be conveniently 
reproduced in small specimens. The criticisms of edgewise compressives mentioned 
here do not necessarily apply to "tall-column" compresslve tests. 

5. Creep Testst 

Creep strength forms an important criterion in the selection 
of sandwich bonds, particularly where sarrioe temperatures are high and loads • 
are long in duration. It is probable that tne creep resistance of a given 

AF 33(600)-2 3626 19U l 

JL 1 



Ill - Contlnu«<! 

formulation la more critical In sandwich bonda than In contlnuoua-aurface 
bonds, and that It la wore  directly affected by the degree of cure given 
to the part. Although no creep tests vere run In thla project, aome ele- 
vated-temperature tensile tests were run, and these tests may give an In- 
direct Indication of creep resistance. 

6. Lap-Shear Teatat 

At this writing, military specifications baaed on lap-shear 
properties are still used aa a criterion in the selection of adhesives for 
honeycomb sandwich bonding. Only a limited correlation exists between lap- 
shear strengths and honeycomb sandwich shear strengths, however, because 
of the basic differences between the two types of bonds. The percentage of 
room-temperature shear atrength retained in a sandwich bond at a given 
el rated temperature la less than that retained in a lap-shear bond with at 
least one adhesive. 

i 

• 

B.  CONSIDERATIONS IN THE FABRICATION OF SANDWICH PANELS flAVING CONSISTENT 
MID OPTIMUM BOND STRENGTHS i 

Four basic stages In the fabrication of an aluminum honeycomb- 
sandwich panel are: the selection of materlala; the preparation of the metal 
surfaces for adhesion; the application of the adhesive; and the bonding 
proceas Itaelf. A nuniber of conclusions, relating to each of these stages, 
are presented aa follows: 

1. Selection of Materials: 

In selecting a suitable adhesive system for u given structure, 
the moat Important criterion la the ability to develop the full atrength of 
the core material and facings. The formulation should preferably be avail- 
able In the form of a fabric-supported film aa well aa a liquid. The uae 
of a supported film simplifies the production of the parts and Improves the 
consistency of the quality of the end product. The preaence of the cloth 
reinforcement upgrades peel strength (particularly where "low-modulus" 
formulatlona are uaed) and imparta aome resilience to the composite during 
the application of curing pressure. 

The liquid form of the adheaive in queatlon should be In a range  ^ 
of viacoalty that makes it suitable for the mechanical roller coating of 
core material.  Ita solid content should be a« high aa possible, within ihe 
permissible limits ol viscosity.  It Is desirable that aolventa in the ad- 
heaive have an evaporation rate low enough to prevent appreciable change* 
In vMcoalty during the coating operation. 

For unximum economy in the utilisation of curing fixtures, the 
curing cycle required to develop optimum propertlea should be aa abort aa 
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possible. It should be noted that longer curing cycles «re generally re- 
quired for sandvlch bonds than are required for continuous-surface bonds 
made from the same formulation. 

Since the weight of adhesive represents a significant percent- 
age of the total weight of the structure, the cost of adhesive materials Is 
a very Important consideration In the selection of a suitable formulation 
for sandwich structures. 

It Is very desirable that a honeycomb-aandwi-h adhesive have i  , 
sufficient flow at the curing temperature to produce a filleting action, W' 
resulting In an efficient distribution of adhesive. 

■ 

The selection of materials for sandwich facings Involves 
structural considerations which were not within the scope of this project. 

The primary criterion In the selection of a suitable honeycomb 
core material la usually its ability to sustain the shearing stresses aris- 
ing from flexural loading. In some cases, a honeycomb may be selected for 
Its oblllty to sustain compresslve loads. Most of the physical properties 
developed by honeycomb are primarily a function of its density in pounds per 
cubic foot, and are not directly related to cell sise* Cell aise ia important, 
however, in that small-cell cores develop higher bond strengths under given 
adhesive bonding conditions and tend to impart maximum local stabilization 
to thin-gage facings that are loaded in compression. Small-cell cores in 
the lowest density ranges have one disadvantage, in that the light foils 
used in their construction make them susceptible to damage from handling« 

In general, a "vented" or "perforated" core material sbould 
be used, to allow the escape of released volatlles during thr cure. 

The thickness tolerance maintained in flat honeycomb is of 
primary importance in determining the cons latency of bond quality over the 
surfaces of the panels, particularly where several individual honeycomb 
and detail components are Joined together in the same composite  A 
tolerance of - 0.005 Inches is adequate to Insure a reasonable degree of 
consistency throughout the panel where a supported film of significant 
thickness is Incorporated in the bond and adequate pressure distribution 
is maintained in the curing operation. 

The method by which the honeycomb haa been manufactured ia 
usually not a consideration in its application as long as reasonable and 
careful conditlona of manufacture have been maintained. 

The degree of adhesion developed at the surface of the core 
material may be downgraded by long storage (of the order of one to four 
months) in an exposed condition. The material should be wrapped or en- 
closed during storage if priming cannot be performed within a reasonable 
period of time. 
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Honeycomb core nraterlals should not be cleened unleee they are 
known to be contaminated by storege or by lubricant« applied in machining 
proceesee. Aqueous cleaning upgradee the properties of the core-to-face 
bond where the core has become contaminated, but reduces the strength of 
the node bonds. 

! 
2. Preparation of the Facing Material« for Adhesive Bonding: 

Facing» must always be cleaned, and the cleaning process        (' 
should be in an optimum range of control if high bond strengths are to be 
consistently maintained, and if the full resistance of the bond to ex- 
posure effects are to be developed. 

As far as is known, sn optimum degree of preparation of the 
surfaces of facings can be attained only by the use of an acid treatment.      ' 
subsequent to the removal of nonnetallic impurities in a degreasing 
operation. Hot. inhibited alkaline cleaning compounds give satisfactory 
degreasing result« and do not present critical control problems. The 
best known and leant critical acid treatment is a hot solution composed 
of sodium dichromate und sulfurlc acid. Sodium dichromate tend« to 
Inhibit the «olution,while the «ulfuric acid accelerate« it. The con- 
centration« of both.chemical« «hould be maintained close to their original 
value« by replenishment. 

Where this solution has received extended use, the effective- 
ness of preparation of the surfaces for adhesion tend« to become Inconsis- 
tent and there 1« some danger that a «cale deposit may form on the surfaces, 
or that the surfaces nay become pitted. Chloride ion in the solution is 
not responsible for the aforementioned condition, but cauaes severe cor- 
rosive attack of a different nature when present in excess. 

Corrosive attack and the formation of deposits ar« more likely 
to occur on thin sheets, and are accentuated by high acid temperatures and 
long immersion times. Although these conditions may be avoided by the use 
of short acid-immersion times or lower acid temperatures, the adheolon de- 
veloped at the surfaces is likely to be downgraded as a result of change«. 
Since it Is likely that conditions of this typo may be Influenced by local 
water impurities, it Is inadvisable to recommend acid-treatment process 
schedules without taking this factor into account. In some localities the 
use of distilled water In the acid charge is undoubtedly Justified. Where 
there is no danger of surface attack, an iranersion time of ten minutes in 
conjunction with seid temperatures ranging from IU50F to l60OF can be ex- 
pected to develop optimum adhesion.  It should be noted that shorter im- 
mersion times may sometimes have to be employed on sheet thicknesses of the 
order of0.012 inches, to prevent scaling or corrosive ettack. 

The acid solution recommended here would be suitable for use 
in a continuous-coil processing unit. The nominal temperature of the solu- 
tion would be maintained at 160°?, to allow relatively short iinmersion times 
to be used. Immersion time would be Inversely proportional to web speed, 
which would be varied selectively according to thickness and alloy. 
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A warm rinse (1^0°? max.) should preferably be u«ed after the 
alkaline treatment. The r<nae after the acid treatment may be warm (IU00 

max.) or cold. A cold rinse flevelopa slightly higher adhesion, but warm 
rinses are advantageous In that they reduce subsequent drying time. 

Cleaned facings may be stored as long as a week before priming 
without endangering bond strangthf if they are not exposed to «drerse con- 
taminating conditions. It is adrisable to prime as soon as possible after 
cleaning, htwaver. 

3. Application of the Adhesive: 

A prime coat of adhesive should be applied to the facings to 
protect the cleaned surface, to promote adhesion, am? (probably) to develop | 
maximum resistance In the bond to deterioration from exposure. The weight 
of the face prime Is not critical so far as bond stret^th is concerned. 
The use of a dye In the prime solution provides a satisfactory means for 
determining If coverage Is complete. The degree of : pfecure given to the 
prime Is also not critical, but the durability of the coating prior to panel 
layup Is enhanced by extended precures. 

The best-known production method for applying primes to indi- 
vidual sheets Is spraying. Where the facings are processed In the coll 
form, roller coating may be used. 

Both the weight and the depth of the core prime Influence 
the level of strength developed In the bond.  Primes should be applied to 
the core material at a shallow depth (0.025 Inches, approximately). A 
light prime coat of unspecified weight, applied In one pass through a 
roller coater, and used In conjunction with a moderately heavy tape, 
would represent the best compromise between production economy and struct- 
ural Integrity- when it is not necessary to develop maximum bond strengths. 

In order to avoid the neceaslty of handling the primed, undrled 
slices of core material. It is desirable that a continuous-oven drying system 
be used In conjunction with the coeter. 

For reasons described elsewhere in this section. It Is highly 
deslrr; Te that a fabric reinforcement be Incorporated in the bond, preferably 
through the use of a "supported" film so that the major part of the adhesive 
In the bond can be applied In a predetermined, consistent amount. 

h.    Curing: 

A multiple-opening, "hot-plate" press Is the most desirable 
tool for the production bonding of flat sandwich parts. Some of these presses 
display a lack of parallelism In the openings due to temperature gradlenta 
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In their rigid structural components. Most non-parallel presses can be 
restored to acceptable accuracy by certain modifications. Where the pre- 
cision requlreoents sre known in advance, a high degree of parallelism 
can be supplied In new equlpotent. 

The effects of thickness Irregularities In the composite, 
and cf nenparsllellsm In the curing fixture, csn be partially relieved by the 
use of resilient padding materials. 

The curing times, temperatures, end pressures reconraended 
on continuous-surface bonds are not necessarily optimum for sandwich 
bonding. In general, pressures should be lower, while curing times and/ox 
temperatures should be Increased, on honeycomb sandwich parts. 

C.  APPLICATION OF MBCHANIZED TECHNIQUES IN THE MANUFACTURE OF SANDWICH: 

I Selective curing pressures rsnglng from 10 to 100 psl should 
be used on cores of various densities to develop optimum bond strengths 
without danger cf crushing. The use of "stops" to prevent local crushing 
of the core does not appear to be Justified, and may bring about s condition 
In which the bond receives no curing pressure at all. The weight of the 
"floating" components of a multiple-opening press Imparts s significant 
additional increment of pressure on the panels In the lower openings. 

i 
The use of s short "preheat" period at contact pressure Is 

probably Justified on large, flat sandwich panels. Some adheslves having 
rapid hardening characteristics may be downgraded In strength by preheat- 
ing. 

*? 

1 

Survey and experimental results have Indicated that It Is un- 
doubtedly feasible and highly desirable to clean and prime aluminum facings 
In the coll form. A processing line for this purpose would be patterned 
after existing pre-coatlng lines, and would cost approximately $175,000.00.    m 
Facings could be processed In a line of this type at rates of the order of 
16,000 square feet per shift, at a cost of 2 to U cents per square foot. 
Including adhesive costs. This cost would be approximately one-third of 
the cost of moat existing methods. 

An additional saving of approximately 2-1/2 cents per square 
foot, not Included In the above processing costs, would be realised through 
the purchase of facing material In the colled form rather than In the form 
of flat sheet. This saving could be realised whether the material Is event- 
ually processed In the cut sheet form or the coll form. 

hone of these cost savings csn presently be realised, since 
Ud-Inch-wide, heat-treated, colled aluminum sheet In the thinner gages Is 
not as yet evallable. It Is expected that this type of material will be- 
come available within two to four years (1936 - 1938). 
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In addition to offering direct and Indirect saving* In coat«, 
processing In the coll form would permit facings to be produced in sub> 
stantial lots. The quality of the aluminum surfaces and of the prime 
coating could be consistently and easily msintsined, because of the re- 
moval of hand variables from the operations. 

An interim method in the machanlzation of cleaning and 
priming methods would be the processing of individual sheets in a manually 
controlled, continuous-monorail cleaning system, followed by spray priming 
and continuous drying on a moving conveyor. This system would not offer 
complete freedom from the effects of Hand variables«but would prepare ^ 
facings at substantially higher speeds and lower costs than would existing 
batch methods. 

The proposed system for priming large quantities of flat 
slices of honeycomb in a system combining a modified roller coater and 
continuous drying oven has already been mentioned.  It is estimated that 
e system of this type would permit the cost of core priming to be re- 
duced by approximately five cents per square foot. This estimate includes 
a saving in material cost, brought about by more efficient location of 
adhesive on the honeycomb. 

Where large panels are produced in quantity, layup should 
be performed on some type of conveyor system. The cauls used in the 
pressing operation could be utilized' as platforma to support the parts on 
such a conveyor. 

The proposed mechanization techniques are described in more 
detail in appendices to this report, containing proposed high-production 
plant layouts and tentative specifica«ions and drawings for the proposed 
core-priming and drying line and the continuous-co11 processing line. 

Estimates have indicated that total savings of the order of 25 to 
UO cents per square foot of optimum quality sandwich can be realized by utiliz- 
ing advanced mechanised equipment in conjunction with high production rates. 
These total savings Include individual savings of as much as ten cents per 
square foot in the cleaning and priming of each facing and five cents per 
square foot in the priming and drying of the core material. Other savings 
Included In the total are those brought about by lower inspection costs, more 
efficient utilization of curing fixtures, lowered rejection rates, and the lay- 
up of panels on a conveyor system. The reduced costs estimated here are based 
on the assumptions that optimum process conditions (curing times, aoid-immer- 
sipn timej, etc.) are upheld, and that the production rate would be of the 
order of 5,000 square feet of sandwich per shift. The majority of Individual 
cost savings oould not be realized unless high production rates Justified the 
procurement of the spooialized equipment. The procurement of the equipment 
would be technically Justified, however, on the basis of the improved quality 
level of the end item, even if a low utilization rate prevented significant 
cost savings from being realized. 
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D.  MAIHTEHANCE OF THE CONSISTENCY OP QUALITY OF FLAT SANDWICH STRUCTURES: 

It appears that some of the effort which Is normally expended 
In the continuous, destructive Inspection of flat sandwich parts can he more 
gainfully used in the maintenance and control of fabrication conditions. 
Where fist  sandwich panels are produced at high production rates. It Is 
mandatory that the need for Inspection and testing of finished panels be 
minimized to avoid the production of numerous reject panels before process 
and material variations can be detected.  The dependence upon Clnal in- 
spection can be reduced by the application of advanced production methods 
and adequate material and process control. Correlations of material and 
process variables with defects In finished panels, of the type determined 
in this project, are required to establish practical control conditions. 

It is propc ed that adhesion conditions t.t the facings be 
controlled at the cleaning process, not upon completion of the production 
panels. Peel tests run on special heavily bonded- sandwich specimens in 
conjunction with periodic chemical analysis can be used to Isolate and 
quantltlvely describe the adhesion conditions at the adhesive-to-facing 
plane. 

r 

The application of mechanisation and high-productIon techniques 
simplifies the maintenance of the quality of sandwich parts by transferring 
the control of process variables from the workmen to automatic devices. 
It can easily be seen, for example, that the inspection of cleaned and 
primed facings from a coil-processIng line can be based upon peel-test 
results from only a few specimens, removed fron the ends of each finished 
coll. The level of quality exhibited by these specimens g-ives s reliable 
indication of the quality of the entire coll, whereas specimens would have 
to be removed from each rack-load of sheets in a batch cleaning process 
to give a comparable degree of assurance that quality was being upheld. 

There has been no indication in the work in this project 
that the Inspection and testing of raw materials used in the panels 
should be curtailed. > 

Four major production factors which affect the quality of       ! f 
the bonds in finished sancwich pn^ts are: preparation of the facings; '■' 
weight end configuration of the bond; curing cycle; and curing-pressure 
distribution. Since a number of these factors affect the conalstency over     1 
the entire panel surfaces as well as from panel to panel, destructive tests 
from local areas do not necessarily rsveal all the defects. The use of a 
practical non-destructive test which could be applied over the entire sur- 
face of each panel would be of great benefit as a final check on production 
quality. I 

* 

:• 
Since a multiple-opening steam-heated or oil-heated press gives 

dependable temperature control, and since continuous automatic "temperature- 
vs.-time" records can be made as the panels are bonded, only periodic physical 
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tests are required tc check degree of cure on high-production flat panels, 
once the control limits of the cycle are established. 

Adhesive-weight conditions in the tape influence the bond 
strength but can be ascertained before the tape Is used. The weight of a 
light core prime is not easily determined, but the improved control which 
is available from the proposed core-priming unit, in combination with the 
additions of dye to the stock, would allow inspection to be on a visual 
basis in the majority of cases. To this end, it is desirable that panels 
be designed to require only one roller-coating pass on the core material, 
wherever structural necessity does not dictate that maximum bon<* strengths 
be obtained. 

The work in this project indicated that one of the most 
important tools for isolating the cause of low strength results was the 
analysis of the "type of failure". Although low peel strengths often 
suggest to the manufacturer that the cleaning process may be out of 
control, there is no basis for a conclusion of this type unless sn 
unusually high percentage of the peel failure has taken place in adhesion 
at the facing. It is regrettable to note that records of the type or 
location of failure are not always maintained in laboratory and quality- 
control work involving the destructive evaluation of adhesive-bonded 
assemblies. 

There is no doubt- that some amount of destructive physical 
testing must be conducted "after the fact" to maintain control over the 
entire process. Valuable data can often be obtained from integral test 
coupons when these are available from panel cutouts or other representative 
trim areas. The tabulation on the following page shows some of the cor- 
relations between types of defects and process variables which have beten 
observed in the project. 

'■ 
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Correlations Between Defects end Process Conditionst 

Change In Process Condition 
Causing Defectt 

I 
t 
Q Variablet 

Defeat Manifested Int 

o CO 

Conditions Under Which 
Process Variable Is 

Crlticalt 

Core or Insert 
thickness 

Press flatness 

Cor«-prime weight 

Tape weight 

Age of acid 
solution 

Core cleanliness 

Mean curing pressure 

Mean curing pressure 

Add temperature 

Sulfurlc acid 
concentration 

Add imnersion tine 

Dlchronate 
concentration 

Curing temperature 

Curing time 

Sffectlreness of 
alkaline cleaner 

x 

x 

X 

X 

X 

X 

X 

X 

(x) 

(x) 

(x) 

(x) 

X 

X 

(x) 

Sereral pieces used 
in eane penel 

All cases 

Tape weight low 

Core-prime weight low 

High acid temperature, 
light gages t long tine 

Light bond, large call 

Light cores 

Heavy cores 

Acid content low or 
dichromate high 

Low add temperature, 
high dichromate cone. 

Low add temperature 

Low add temperature 

Short curing time 

Low tamper*tui-e 

All oases 

« Probably depends on adhesire 
*♦ Parentheses indicate that condition is probable only; not based directly 

on results from project. 
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APPENDIX I 

CONTROL FABRICATION METHODS AND MATERIALS USED ON TEST PANELS 

a) 0«neral: 

In order to eonäense this report, th« control procedures used 
in fabricating all test panels are discussed in this appendix. Deviations 
frca the control procedures, where they are thought to be significant, 
are detailed In the presentations of individual evaluations. 

Although the control fabrication methods established early in 
the contract were thought to be near optimum, later evaluations proved 
that soe» were not« Is amny cases, control methods were revised after 
individual evaluations had Indicated that the conditions wore In a 
critical range. 

A close control over all parameters was sought In the fabri- 
cation of each panel, but human errors and equipmant failures sooetlmes 
occurred. Where any doubt as to correct fabrication technique existed. 
Individual panels or groups of panels vere rejected from the results. 
Where the Inconsistency appeared to be the result of a variation in an 
overly critical paraneter, the parameter was studied ae an Independent 
variable. 

b) Mtterlalss 

(1) Facings: 

Facings used In this project were purchased as full-sized 
sheets and were cut to nominal slse b> an outside source. The control 
facings (alolad 2lt8-T3, 0.016 Inches thick) were purchased in severe! 
lots from the same manufacturer, but may have represented several mill 
runs. Aluminum sheet in other gages and alloys varied as to manufacturer. 

In shearing the facings and incorporating them into panels, 
the orientation of the "rolling direction" was not noted. A check per- 
formed at the close of the project revealed that the rolling marks on 
almost all facings were oriented in the "peeling" direction. 

(2) Core: 

The control core material was of the "expanded" type, out 
0.625 inches thick, with vent-holes in the cell walls. Cores were 
ordered in a number of lots over a period of a year. Storage pre- 
cautions and the duration of storage were not entirely consistent. 
The majority of core elicee were cub to eise, weighed,and wrapped in 
kraft paper for storage, as soon aa received. 

4 
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At the outset of the project, a control denolty of the order of 
h to 5  lb«, per cubic foot ws« arbitrarily «elected. It was soon dis- 
covered that this density was too low to resist the flatwise tensile loads 
(and in «ome cases, the peeling loads) which were encountered in some of 
the heavier bonds. A control density of the order of 6 lbs. proved to be 
generally adequate, but would not sustain the high tensile loads required 
to fail heavy adhesive bonds on l/8.ineh.cell-sise cores. A nominal 
density of 6 lbs. per cubic foot had to be used in these eases. Ibis 
density wa® also used in the majority of the multiple-tape panels, which 
were designed to fail at the adhesive-to-facing plane. 

Although the densities of Individual pieces of honeyooob cor« 
were recorded, this infomation has not generally been presented with tb« 
result», or used in interpreting them. Density is primarily a funotion 
of the true cell sise (or "cell count") and of the aluminum foil thick- 
ness. It is doubtful that foil gage has a large effect on bond strength, 
but cell sise has been found to have a striking effect. Sine« minor vari- 
ations in call «is« wer« not recorded, and since density itself does not 
necessarily give an indication of cell sise, bond strength results could 
not be corrected for physical variations in core material. It is prob- 
able that the over-all dispersion of bond strength readings in tb« proj- 
ect would bar« been reduced had actual cell «is« been taken into account. 

The following 1« a tabulation of the aluminum cores used in 
the project (all cores were of the "perforated" or "vented" type): 

!l 

ITBHTIFICATIOW 

1/8-.0015 
1/8-.002 
3/16-.002 
1A-.003 
3/8-.004 

IBN3ITY 

6.1 Ibe/cubtc foot 
8.1 lbs/cubic foot 
Ja? lbs/cubic foot 
6.0 lbs/cubic foot 
5.1* lbs/cubic foot 

(3) Adhesive: 

Tb« adhesive used as a test vehicle in all facing-to-core 
bonds was "FH-kj".    Relatively small lots of liquid adhesive thinner 
and supported film were purchased from time to time from two different 
sources. No attempt was made to determine if individual quantities of 
liquid adhesive were chemically consistent, but all rolls of supported 
film were cut up and weighed. Wrinkled areas, or areas which «bowed 
large weight gradients locally, were set aside and us«d in toncrltical 
location, or «Is« «crapped. Tbm  B«l«etioa of an adequate number of uni- 
form and consistent tapes of the sama unit weight for each evaluation 
proved to be a major problem. For praeVcal reasons, it was necessary to 
assume all batches to be chemically coosxatcnt, and to place emphasis 00 
weight consistency.  Ther« wa« no evidence in tb« work to Indicate that 
the liquid or the film, from either source, wa« cb«mically Inconsistent. 
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ect. 
Tbm  following unit weight« applied to tapes used In the proj- 

(Actual variations have been estimated from weight records.): 

Designation 

"extra light" 
(special run) 

"medium" 

"heavy" 

"extra haavy" 

"Four pass" 
(special run) 

"Five pass" 
(special run) 

Komlnal 

0.03 Ibs./sq. ft. 

0.05  Iba./sq.  ft. 

0.07 Ibs./sq,. ft. 

aö?9 lbs./sq.ft. 

0.086 Ibs./sq. ft. 

O.096 Ibs./sq. ft. 

Actual 

0.02k  * 0.002 

+   0.01 0.05 -   O.OOY 

0.07   ♦   0-015 
-   0.01 

ao79 * o.oök 

0.066 * 0.003 

0.096* 0.00k 

Other adheslves encountered in the project are discussed indi- 
vidually in the text of the report. 

c) Panel sixe: 

The majority of the earlier panels were nominally ten inches 
by eighteen inches in size. This size was chosen because it was be- 
lieved necessary to obtain four three-inch-wide peel specimens and four 
flatwise tensile coupons (one inch square) from each panel. Later, it 
became apparent that two peel specimens were adequate, but that the 
number of tensile coupons should be increased to six or eight. These 
requirements allowed the pazxel size to be reduced to nine inches by nine 
inches. No dsnsifled areas, inserts, or edgings were incorporated in 
any of the panels, and none of the panels exceeded 10 inches by 18 
inches in size. 

d) Panel Identification: 

A "panel history" sheet was prepared witn each panel fabricated. 
This form contained space for the recording of all material variables, 
pertinent weights, special process techniques, and test results. The 
autographic peel records were clipped to the back of the "history" sheet 
and the ecopleted histories were filed by consecutive serial numbers, 
which were given to the panels chronologically as they were bonded. 

e) Weighing: 

A careful accounting of all individual and cumulative adhesive 
weight > vas maintained on most panels. Core-prime weights were measured 
by weighing the core slices 'before and after they were primed and dried. 
(The "unit weight" used here was the total weight of applied adhesive on 
both sides, divided by the area of one side.) "Force-dried" unit 
weights of adhesive wure recorded on primed facings. The unit weight 
of ZAch piece of supported film used in the project was recorded. Where 
the unit weights of two tapes in the same panel were significantly dif- 
ferent» peel tests were run on the light side only, and the total cured- 

y 
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adhesive weight of the panel was corrected to a value which aasumed both 
tapes to be light.  "Total cured adhesive weight" van determined by 
weighing the panel component» before and after cure, and subtracting this 
difference fron the total weight of the uncured adhesive cenponents. Since 
this procedure consistently gave a ratio of "cured" to "uncured" adhesive 
weights of about O.85, the uncured weight was often multiplied by this 
factor in lieu of subtracting the weight lost in curing. 

f)  Core Priming: 

Although a few special cores were primed by hand methods 
(roller, brush, or edge dip)« the majority of cores were primed to a 
given number of passes in a roller coating machine. Cores primed early 
In the project were processed in a 1/4-H.P. "light-duty" veneer coater 
(bottom coating only from rubber-covered applicator roll, doctored by a 
steel roll; both rolls in an underslung pan reservoir). A schematic of 
this coater is shown in Table 27 at the end of Section II, Part A. 
Figure 7$ at the end of this appendix shows this coater in operation. 

Later in the project, "control" cores were primed in a small, 
hand-driven coater having the sem» general roll configuration as the 
power machine. Photographs (Figures 31 and 52) of this machine are 
contained in Part B of Section II, in the description of skin priming 
evaluations. 

A control doctor setting of 0.030 inches was maintained on 
all core coating rune in which prime depth was not an independent var- 
iable. This setting gave a depth of penetration which varied locally 
from approximately 0.010 inches to O.035 inches when the power-driven 
coater was used. late in the project it was determined that the hand- 
operated machine had given a lower range of core-prime depths than the 
power-driven machine, at the same (0.030-inch) doctor-gap setting. Tble 
condition was found to result from the fact that the doctor roll on the 
smaller machine was not immersed in the reservoir. Although every at- 
tempt was made to keep the depth of prime consistent, actual depths were 
very difficult to measure, and the consistency of the peel and tensile 
results were undoubtedly influenced to seme extent by variations in core- 
prime depth. 

In priming individual slices, one side was first given a 
definite number of successive pacses, with no significant interval be- 
tween each pass.  The slice was then air dried for about 15 minutes, and 
the same number of passes was applied to the other oide. The consist- 
ency of the prime coats obtainable from either machine was relatively 
poor, for experimental control purposes. The use of the improved 
"doctor-blade" metering system would have brought about a substantial 
improve-ment in control, but this development was not completed until the 
majority of the cores for use in the test panels had already been primed. 
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g) Cleaning of Facinga: 

The control methods used in preparing facinga, where the pre- 
paration itself was not an independent Tariablet changed sereral times 
in the course of the contract. Originally, the following eohedule applied 
to facingst 

(1) Ten minutes' immersion in inhibited alkaline cleaner 
("OAKITE «öl'", U oa./gal.) at 180° a $0r, 

(2) Hot spray rinae for three minutes. 

(3) FIT« minute«• immersion in a hot (UuOc * 60F) air- 
agitated solution of the following componentst 

1 part sodium dichromata 
10 parts concentrated sulfurlc acid 
30 parts water. 

(U)  Hot spray rinse for three minutes* 

{$)    Force drying in warm air (fan-type electric heater) 
for ten to thirty minutes. 

(6) Renoral from racks and wrapping in kraft paper until 
priming operation (max. two hours* storage). 

iAter work indicated that five minutes' inmeraion in the acid, 
at lUO0?, waa a relatively critical process condition, in which peel strength 
of panels having heavy adhesive lines was eon»timee sensitive to variations 
in tlms and temperature. In most of the evaluations of individual vari- 
ables, facing cleanliness was not a critical factor, as evidenced by 
the absence of failures in the interface between the adhesive and the 
facing. Where either deterioration of the cleaning solutions or sensi- 
tivity of the control process conditions appeared to have been capable 
of influencing the results of any individual evaluation, the results 
are noted with this information. 

Several intentional changes were made in the control clean- 
ing cycle during the course of the project.  The alkaline cleaning 
concentration was raised to 6 ounces per gallon. Later, the type of in- 
hibited cleaner was changed from "OAKITE: '61'"  to "OAKITE «Sl-A'". 
•friere waa no evidence of a change in physical properties aa a function 
of alkaline cleaning.  The durations of the rinsing times were lowered 
and a cold rinae was substituted for a hot rinse, after the acid treat- 
ment. An Improved tbermostat was added at the acid tank,bringing the 
temperature variation down to - U0?. About midway through the project, 
the procedure waa amended ao that only the unlettered aldea of the sheets 
were primed in every case. After the effecta of acid-cleaning variables 
became eatablished, all control facings were cold-rinsed for thirty seconds 
in a water spray at room temperature, gather than being rinsed for three 
mlruite« in a hot spray. Some lots of control facings, processed at the 
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end of the contract, were acid-cleaned at 160°F for 3 or 3|- minutee, 
or at IkcPw  for 8 minutes. Since tbes« cycles vere known to be de- 
pendable > these lots were designated "best denning" or "optimum clean- 
ing" in the descriptions of the control conditions. 

h)  Priming of Facings: 

All control facings were primed with a dilute solution of 
"PM-VT (one part of liquid at 20 pet. solids in one part of "FM-V? 
Thinner" approximately). Two major changes in priming conditions were 
made in the course of the contract.  In the first, "OIL-RED '0'" 
(National Aniline), a red dye, was added to the priming solution to 
allow easier visual Inspection. A comparison of "dyed" vs. "undyed" 
skin primes (see Bart I) indicated that the dye had no apparent dele- 
terious effect on bond strength. 

In the second change, the brush-priming technique was modified 
to give a smoother coating and to prevent water-vapor absorption. Before 
the change, each facing had been brushed fairly rapidly while at room 
temperature« The coating was then force-dried with a hot-air gun with 
a nozzle temperature of approximately UoO0?- This method tended to pro- 
duce a very uneven coating, which did not become obvious until after the 
dye came into use. It was believed that the adhesive coating might have 
been susceptible to water vapor absorption because of the chilling ef- 
fect of solvent evaporation in the former method.  In the revised method, 
the bare facing was wanned gradually with the hot-air gun, and then the 
prime was brushed on with slow even strokes. Force-drying with the gun 
was then performed as before. The resulting coating was very consistent 
and appeared to exhibit less tendency to "blush" from the absorption of 
water. The two mathods were compared during the exploratory cleaning- 
variable evaluations, and no noticeable difference in peel strength was 
observed. There appeared to be much less local "scatter" in the auto- 
graphic peel records, however, after the improvement in coating consis- 
tency was made. 

The use of a brushing technique is not recommended in preference 
to spraying for the priming of facings In production. 

1)  Bonding: 

All panels were cured In hot-plate presses. All of the 10- 
by-l8-inch panels w re bonded In a specially msde press having 12-inch- 
by-20-lnch electrically heated plates (See Figure 76, at the end of this 
section). Smaller panels were made in a 9-ineh-by-9-lnch econeroial lab- 
oratory press. The latter press was considered somewhat superior la flat- 
ness, durability .and temperature control accuracy. In the last half at 
the project the smaller press was used exclusively. 
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Panels «ere bonded vlth sheets of alumlnun foil and blotter 
stock on each side to give som» degree of padding. The blotters were 
discarded after two or three bonding cycles. It Is doubtful that un- 
controlled flatness errors In the platens, or thickness errors In the 
boneycoab, had a significant effect on bond strength In the relatively 
snail panels nsds in the project. 

All control "FM-U7" panels wars cured according to the 
foUcnrlng schedule: 

'Five alnutes preheat at contact pressure (2 to k 
pal approxlaately) at jhi**  &*,  followed by 55 to 60 
alnutes at 30 to 35 pal. (Mo relaaaa of pressure 
batween prehrat and cure.)" 

TVils oycla is longer in duration and higher in temperature than that 
recoaHended by the aanufaeturars of "FM-Vf" • It had bean used aa a 
control cycle by the contractor, before the project began, on the 
baaia of an observed superiority. 

The evaluations of curing variables have indicated j&t the 
known tolerated varlationa fron control curing conditions did not have 
a aignifleant effect on the consistency of the test results 

J 
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FIG. 7k. FORCE DRYING 

FIG. 73. HOT SPRAY RINSE. THREE STAGES IN THE 
PREPARATION OF SKIFS TOR PRIMING. 
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PIO. 75. PRIMING BOTTOM SIDE OF A 10" Z 18* HOMKTOGMB 
GORE SIAB IN A 52", l/U HP, QLUK SPREUJHR 
(SAFSTT GUARD RSfOVSD). 

FIG. 76. RiMOVINQ THE CURED 10* X 18" TEST PANEL 
FROM THE AIR-OPERATED PRESS. 
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TEST MblUODS AND DEVICES USED IN PROJECT TO KVALUATE BOND STIffiNGTHS 

a) Test* applied; general 

The "four-Inch-drum" peel test and the flatwise tensile test 
(one-inch-square specimen) vers used to evaluate bond strengths in this 
project. Where the adhesion to the facing was the Important dependent 
variable, the bond was tested in peel only. Flatwise tensile strength 
was found to be unaffected by the condition of the adhesive-to-facing 
bond. In certain instances peel and, tensile tests were conducted at 
elevated tenqperatures. | 

Short^span flexurcl tests at room and elevated temperatures,        A 
and edgewise compressive tests at room temperature,were run primarily 
to determine if any fixed correlation with flatwise tensile strength 
existed. Ibe conditions of these tests are reported in Appendix VI. 

Where applicable, the test conditions and equipment set 
forth in Forest Products Laboratory's Report No. 1556, "Methods for 
Conducting Mechanical Tests of Sandwich Construction at Nozwal Temp- 
eratures", were utilized. 

b) Sise and number of specimens 

Originally, it was believed that four one-inch-square speci- 
mens from each panel would give a satisfactory determination of the 
average flatwise tensile strength in the panel. The number of speci- 
mens was later increased to six or eight in the majority of evaluations, 
in order to increase the validity of the average c In most panels, the 
flatwise tensile coupons were removed from one or more one-Inch strips, 
sawed fron the approximate center of the panel, in a direction parallel 
to the peel specimtns^ In a few instances extra tensile specimens were 
sawed from the untested butt ends of the peel specimens. Special sawing 
schedules are noted in the results of certain evaluations. 

AU peel specimens were eight to ten inches long, and were 
sawed in the "ribbon" direction. In order to make it easier to clamp 
peel specimens in the fixture, the cores in most panels were cut slightly 
undersize, leaving a portion of the facings unsupported at each end of 
the specimens. 

'/here the adhesive bonds In each panal were known to be practi- 
cally Identical, peel tests were run on both sides of the panel, alternat- 
ing from specimen to spclmen. Where symnetry in the adhesive planes had 
been sought, but was not achieved, peela were run on the side which was 
believed to be the weaker. 

All of the earlier peel-test results were based on four spednsns 
cut from each ten-inch-by-eighteen-inch panel. The scatter of the peel 
readings proved that many of the panels contained strength gradients re- 
sulting from indeterminate, local variations in parameters such as tape 
weight, core-prime weight, and curing pressure. A nusber of panels ex- 
hibiting inconsistencies of this type were rejected from the program. 

AF 33(600)-23626 223 

^Z 



*« 
Appendix II, Continued 

It WB8 decldsd that the rejection rate could be reduced and that better 
control over fabrication condltlona could be eatabllahed by making smaller 
panels. Accordingly, the standard panel alse vas reduced to nine Inches 
by nine Inches and two, rather than four, peel specimens were sawed from 
each panel.  In reducing panel size and Increasing the number of panels to 
compensate for the reduced number of specimens available from each panel, 
accuracy and reproduclblllty of the results were greatly Increased. 

It Is strongly reconmended that relatively small panels be used 
In all experimental evaluations of honeycomb-sandwich properties. This 
recommendation Is pertlculerly applicable where flexural shear strength. 
In either the bond or the core material, la the dependent variable. Para- 
meters such as core density, prime weight, and tape weight should of ,, 
course be observed and recorded after the component parts of the panel 
have been cut to sice, to make maximum use of the data. 

c) Flatwise tensile apparatus and testing procedure 

The important de&lgn details of the modified flatwise tensile ap- 
paratus, which was a close copy of that detailed by Forest Produots Labors» 
tory in their report No. 15S>6, are shown in Figure 81 at the end of this 
Appendix. It was found that the rectangular cradles used in the FPL fix- 
ture were not strong enough to re»lst the loads that could be carried in 
"heavy-adhesive-line" bonds, and that it was difficult to achieve a straight 
pull through the centerlines of the specimens. The FFU cradles were designed 
with a 1-1/8-inch-square opening to receive the one«inch-aquare specimen 
blocks. In order to raiae the strength of the fixture, this opening wae 
made smaller, giving a close fit about the specimen block« The modifi- 
cation gave ample strength as a result of the Increased wall thickness, 
and removed the need for centering each specimen in the cradle by hand. 
The diameter of the removable pins was increased from 1/U to 3/8 inch and 
large knurled knobs were provided for ease of withdrawal in the oven. 

The original apparatua had been clamped In the serrated Jaws of 
the Tlnlus Olsen test mschlne. This clamping was replaced by providing 
rectangular pluga fitted to the dlmenalona of the tapered openings In 
the crossheed and the table of the machine. Longer pull rods were pro- 
vided to aeocnoodate the height of the removable testing oven. The bottom 
rod was rigidly centered In the crossheed by the plugs while the top rod 
was suspended centrally from a spherical nut-and-washer combination> The 
lower rod was connected to the grip by a ball-swivel Joint. Thl« Joint 
allowed the grip to fall free aa the failure occurred, thua facilitating 
the substitution of new specimens. 

Each tensile specimen was band-sawed from the penel with a blade 
having 2h  teeth per inch. The edgea of the specimens were then daburrsA 
with s file, and the outer surfaces of the facings were lightly sanded to 
give a satisfactory bonding surface. The faying aurfaces of the bon&ing 
blocks were cleaned on a belt aander, shortly before the adhesive was ap- 
plied.  Freshly prepared epoxy adhesive was then applied sparingly to the 
surfaces of both the bonding blocks and the specimens.  In the first half 
of the contract, "ETON VI" wae used to bond all tensile apeclmene to the 
test blocke. Where thla adhesive was used, the coated surfaces were allowed 

S^   to set up for about two houra before being wrung together and placed in an 
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oven for thirty minutes at lb0of.  With the advent of tensile testing at 
elevsted temperntures, It was decided that "EPON VIII" should be used be- 
cause of Its probable superiority at the temperatures In question. This 
adhesive did not require a "setting" period sfter coating. A curing 
cycle of k5  minutes, et I800F, was given to tensile specimens cured with 
"EPOH VIII". 

Either of the two epoxy adheslres gave satisfactory results, as 
long as the specimens were made up correctly. Where too much adhesive 
was used, where only one faying surface was coated, or where the surfaces 
were not properly sanded, failures sometimes occurred In the block-to- 
specimen bond. These failure* were not averaged In the results. 

Where Shell's elevated-temperature adhesive, n422",was tested 
In flatwise tensile up to 500°?, the block-to-specimen bonds were also 
made with "k22", to provide sufficient heat resistance. Before any speci- 
mens were laid up. several blocks were bonded together with pieces of 
"k22n  tape, under clamp pressure. It was found that only a anall area 
In the centers of the one-Inch-square surfaces would bond together satis- 
factorlly. On checking the flatness of the block surfaces. It was found 
that tbey were "crowned" as much as 0.003 Inches from the manual belt- 
sandlng operation. The problem was eliminated by sanding six blocks at 
a time in the special frame (Figure 66). The else end mass of the frams 
allowed the operator t^ hold the blocks firmly and evenly against the 
sanding belt, and produced a very flat surface. The block-to-specimen 
bonds were Intentionally under cured (1^ minutes in an oven at 330°?) 
to minimise peatourlng of the core-to-face bonds. The elevated-tempera- 
ture flatwise tensile tests were entirely successful; no failure* oc- 
curred In the block-to-specimen bonds. 

1*  was found that the useful life of the specimen blocks could 
be Incressed significantly If they were originally made 1-1/8 inches long 
Instead of only one Inch. They were dlacarded after successive sanding 
operstlons hsd reduced their height to 15/16 Inches or less. The bole 
diameter was made 3/8 Inches to receive the larger pins. A small addi- 
tional hole was drilled through some of the blocks to accomodste a 
thermocouple lead during elevsted-tempera-cure teats. 

Flatwise tensile specimens were pulled In the Tlnlus-Olsen 
machine at an approximate rate of 300 Iba./minute. A test was conducted 
to determine If this rate hau any effect on the breaking strength, end 
If this effect could be used to give en indication of creep properties. 
Tensile coupons were cut from two panela made with adheslves which ap- 
peared to be susceptible to creep failure. The results, sumnsrlsed in 
the following tabulation, did not indicate that the rate of pull had a 
significant effect on breaking strength within the practical rate limits 
of the machine: 

Approximate 
Loading Rate 

Ibs/mln. 
100 
300 

1000 
10000 

Obaerved Tensile Strength 
(avg. of 3 rdga.) 

Adhesive "X"  Adhesive "Y" 
22U 
223 
211 
2U8 

309 
316 
318 
315 
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In certain instences where Icnr-denelty honeycorabB vere uetd In 
penels, peel feiluree were obeerved to occur In both the core end the 
bond, within the MUM specimen. The outstanding feature about these 
failures was that the torque was a function of the type of failure, be- 
ing very low in a region of core failure and high in a region of bond 
failure. In one penel made for the General Klectric Company where al- 
l/8-.001 core was used, failure began in the core at a torque of approxi- 
mately l(-5 inch-lbs. and abruptly transferred itself to the bond at a 
torque of the order of 180 inch-lbs. The co-existence of two types of 
failure, each manifesting a different strength, was also observed to a 
lesser degree in some apecimens which failed in the bond only. In these 
specimens, the recorded torques appeared to be lowest where the failure 
hnd occurred in the cloeest proximity to the core. y 

In all of these instances, the failure appeared to transfer it- 
self back and forth indlscrimlnAtely« and the probable degree of Inconsis- 
tency in the strength of the panel over its surface did not account for 
the variations in peeling torque. The contractor bellevtjsthe signifieaince 
of the phenomenon is that peel failures which occur in the core are not 
necessarily an indication of panel quality, but are proof that the bond 
la adequate. The contractor does not know of any instances where honey- 
comb panels failed in peel within the core material, under service condi- 
tions. 

The peeling fixture was used in elevated-temperature tests on 
several adhesive«. The decomposition of bearing lubricants under heat 
determined the upper limit of test temperature. The tenter in the pro- 
ject wee used with ordinary lubricants up to 500^ on "1*22", but the 
bearings began to tighten up at about kOQPf,    The operator ran the tester 
without a specimen at both temperatures to determine the approximate 
frlctional torque, and aubtracted these readings from those taken with 
apecimens in place. The bearing» and the gear teeth had to be carefully 
cleaned and flushed with lubricant to restore free-turning operation 
after the teat. The use of special high-heat lubricant« would have ex- 
tended the practical temperature llmlta of the machine. 

In undocumented tests conducted on several rejected panels, 
peeling speed did not appear to affect the level of the peal torque. It 
did change the magnitude of the minor fluctuations on the traced record, 
however. Faster speeds tended to give the fluctuations less amplitude. 
In general» the machine aa conatructed had a significant inertia and 
tended to damp out minor torque variations without recording them. Thia 
limitation did not appear to be aerioua, however, 

A phenomenon observed in the uae of both the autographic peel- 
tester and hand-operated machine waa the fact that narrow specimens geve 
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lilcher reading« (In terns of Inch-pounds per inch width) then did wide 
spedmeno. This tendency can be seen In the following tabulation: 

Panel 

Nominal 
Specimen 
Width 

(Inches) 

1 
2 
3 

Number 
of 

Specimens 

2 
2 
3 

Peeling 
Torque Corrected 
to 3-Inch width 

(Inch-lb».) 

166 Machine- 
Peeled 

187 
165 

166 Nachlna. 
Pealed 

1 
2 
3 

2 
2 
3 

118 

21k    Hand-Peeled 1 
2 
3 

3 
3 
2 128 

This sice effect may be attsfbutable to transverse propagation 
effects,which are essentially Independent of width. 

At the time the peel tester was designed, there waa come dis- 
cussion as to whether or not the specimens should be "back-loaded'' so 
that the facinga would always lie tangentlälly againat the drum at the 
line of fallur«. It was believed that the effect of facing thicksoas 
would be substantially nullified if the facinga followed thm drum as 
they cane off the core* Furthermore, it would be possible to utilise 
nearly all of the specimen length in the average, whereas as much as 
six inches of length are sonstimes wasted in the conventional machine. 
Since it was not known whether a practical back-loaded machine could be 
developed in time to be used In the evaluations of bond strengths, the 
conventional design was used throughout the project. 

On one occasion a dead load of 30  lbs. was applied to a well- 
bonded 0.0l6-lnch-thick facing through a temporary pulley fixture 
mounted on the autographic peel tester. In a specimen of Wis type the 
facing would ordinarily be pulled off almost vertically. There was a 
difference of only a few degrees in angle from the vertical attributable 
to the application of the back-load. It appeared that the amount of 
back-load required to hold well-bonded light-gage facinga against the 
peeling drum might be very high. The additional tension produced by 
this amount of back-load might call for special clamping techniquea, to 
prevent the specimens from pulling loose during the tests. 

Although it would be desirable to cause the facings to follow 
the curvature of the peeling drum by back-loading or other means, the 
use of the conventional tester, without back-loading, gives readings 
which satisfy the purpose fox- which they are Intended; i.e., to make 
comparison« of the strengths of bonds made to facinga of one material 
and thickness. Practically speaking, comparisons may be made where 
facing thickness Is variable, If the variations are within reasonable 
limits. 

1 

■ 

I 
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Appendix II, Continued 

As Mich flatwise tensile speclMn was broken. It vms removed 
and the actual dimensions were measured with a asehlnlst's scale. The 
Indicated value of flatwise tensile strength «as then corrected for 
area. The broken specimens were Inspected by the operator and the type 
of failure was recorded. Usually> only one type of failure was In evi- 
dence. On "FH-1»7"-bonded panels the majority of tensile failures occurred 
in cohesion between the film and the cell walls. Panels made with large 
cell corea and/or light adhesive lines sometimes failed In adhesion to 
the core or,  more cofononly, in a mixture of adhesion end cohesion. The 
general absence of tensile failures between the film and the facing 
throughout the project supported the conclusion that the flatwise tensile 
test does not give an indication of the strength of the bond at the ad- 
hesive-to-facing interface. 

The broken flatwise tensile specimens were not saved. Used 
blocks were heated briefly in a laboratory furnace set at about 900°^ 
and the epoxy adhesive was scraped &way with a putty knife. The blocks 
were then ready for re-use after the belt-aandlng operation. 

d) Peel-test apparatua and testing procedure 

Photographs of peeled specimens and of graphical peel records 
are shown in Figures 77 through 80 at the end of this appendix. 

The four-inch-drum, nachlne-drlven, autographic peel-test ap- 
paratus, shown in Figures 8U and 85 and in drawings F2, F3 (Figs. 88 and 
83) was klnematlcally a copy of a fixture used in conjunction with a 
torque wrench. A number of specimens cut from the sama panels and 
tested in both the manual and the autographic teaters gave excellent cor* 
relations in their average reedlngs. The autographic teater proved to 
be generally superior to the hand tester In reliability, range, ease of 
operation, and accuracy. One of Its chief advantage« lay in ttm  fact 
that it could be used in tests at moderately elevated temperatures. 

All peel specimen« (with the exception of some from "non- 
destructive tenting" specimens) were three Inches wide and from eight 
to ten inches long. All the specimens were peeled in the "ribbon" 
direction. Although it is believed that peel strength in the ribbon 
direction is somewhat higher than in the direction acroas the ribbon«, 
no tests were conducted within the project to determine the effect of 
direction. It has been learned from outside sources that peeling tcrque 
is also influenced by the rolling direction in the facings. Higher 
peels are said to be obtained when the rolling direction coincides with 
the peeling direction., but no attempt was made to confirm thia. 

Sawed peel specimens were identified by a panel number and a 
specimen letter. Bach specimen was de-burred with s file end measured 
with a machinist's scale, before being clamped in the peeling fixture. 
The height of the gap between the peeling drum and the three roller« 
wa« adjusted eo that the specimen would contact only the roller adjacent 
to the drum.  (The other two . oiler« were nonfunctional and could have 
been left out.) A sheet of graph paper, rubber-«tamped with an identi- 
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Aposndix II, Continued 

fieation heading»was placed In the recording drum, uadar the typewriter 
roller«. The test machine was then seroed and the recording pen vac 
put dovn on the corner of the margin« off the grid. With the Indicator 
•till at zero, the drum vae rolled by hand ao that the pen made a datum 
line acrota the page. The machine vaa then loaded to give a peeling 
apeed In the range 2 to U Inchea per miaute. After the peeling drum had 
rotated 90° (approximately 3^ Incbea on the paper) the action vaa con- 
aldered to be at equilibrium, and a nark vaa made on the graph. (The 
portion of the graph before the 90° mark vaa not averaged In the re- 
aulta). Mark» vere alao made on the graph to Indicate where the line off 
failure had paaaed over any line of demarcation, aignlfying an Inten- 
tional change in fabrication conditlona vlthin the panel. 

The pealing vaa atopped when the and of the apeclmen «lipped 
over the last roller, or when the pen reached the end of the paper. The 
apeclmen and the graph were aet aalde andamr ■peeimen and a blank graph 
vere inserted. The mean height of the recorded torque curve vaa later 
observed, multiplied by a constant to convert it to Inch-pound», and 
corrected for apeclmen vldth. High and low torque readings aa well aa 
the mean were recorded. Boom  of the tabular preaentatione «how low peel 
readings aa percent« of the mean, la order to give some indication of 
conalatency of quality. 

Peel result a in thia report are expressed in "inch-lb«, of 
torque per three-inch'width off apeclmen". In the Interim Summary Report, 
and in early progreaa reports, peel« were axpreaaed in "inch-lbs. per 
inch off apeclmen width". The magnitude of the letter reading vaa one- 
third of the former. The actual widths off the apecimana were three 
inches in either caae, and the choice off the larger figure waa made on 
the basis off ita greater degree off usage in the industry. 

Peeled specimen« were visually graded for type off failure in 
large batches. Six types off bond failures vere recognised in a aup- 
ported-ffilm system. The first criterion applied to the aide off the tape 
on which the failure occurred) that la, whether the tape remained attached 
to facing, or to the core material, aa the facing waa peeled off. The 
failure on either aide waa broken down into "adhesion", "cohesion", or 
"adhesion and cohesion mixed". In the tabular preaentatione, these 
falluree are called "A","C", and "AC", reepectlvely. The percentage off 
area In which each type off failure occurred waa recorded. In many peel 
apecimana, all alx types were observed. All apecimana (approximately 
2000 in all) were graded by the same per eon. 

H 

! 

A modified system off peel failure observation waa uaed on the 
"throe-tape" panels.  Here, all specimens vere designed to fail in ad- 
hesion, or In a mixture off adhesion and local cohealon, at the facing; 
the occurence off other typea off failures made the resulta void. Mix- 
tures off adhesion and cohealon on the facings were not graded aa "AC" 
but were broken down separately. The recording off failures here waa 
susceptible to arbitrary Judgment, just aa In the "slx-ffallurenayatem, 
but the results tended to favorably augment the quantitative peel- 
torque readings. 

^ 
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Appendix II,  Continued 

It Is •omitlJMa «uggeated that the peeling torque« required 
to bend fsclnga of trarloua gage« be detemlned BO that peel-torque reed- 
ing« made on the conventional nachlnc may be corrected to give «bsolute 
indications of the adhaalva force« In the bonda thanaalTea. It haa ap- 
peared, however > that the amount of torque required to bend the facings 
la a function of tha adheeive force« in the bond bealdea being a function 
of the material and the thickneaa of the facing«. Light-gage facing« 
in combination with he*vy adhealve llnea tend to come off tha apecimen 
nearly vertically, with a very email radlua of curvature at the failure 
itself. Heavy-gage facing« and faclnga which are poorly bonded textd to 
follow the curvature of the drum. Aa far aa la known, Lt la not prac- 
tical to experimentally determine the torque absorbed by an unbonded 
facing, aince little permanent bending la performed unlsaa the facing 
la firmly attached to the core material. 

AF 33 (600)-23626 230 



PHOTOS OF PEELED SPECIMENS: 

Figure 77: Predominantly cohesive 
failure, tape-to-core. This panel 
was made with primed l/8-cell core, 
and "0.07" lb/sq. ft. tape. Record/ i 
peeling torque: 168 inch-lbs per 
three inch width. 

Figure 78s Adhesive failure between 
"O.OT" tape and unprimed, l/8-cell 
core. Recorded peeling torque: 78 
inch-lbs. 

Figure 79: Adhesive failure to urv-
cleaned alclad 2US-T3 facing 0.016 
inoh thick. Recorded peeling torque: 
5U inch-lbs. 

Figure 80: Predominantly cohesive 
failure between "0.07" tape and 
primed, 3/8-cell core. Recorded 
peeling torque: 69 inch-lbs* 
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Figures 8L & 85 ? Autographic peel teat apparatus In Tinlua-Olsen taat 
machine. {Special recording drum at right uaaa standard Tlnlus-Olsen pan 
and indicating bar^ 

Figure 56 : Flatwise tensile test apparatus. Upper 
left: Curing fixture for "U22" bonded blocks. Upper 
right; Block-sanding fixture with height control 
platform. Bottom: Modified Forest Products laboratory 
flatwise tensile grips (lower grip Is at rx£xt, with 
centring pl'̂g in place) 
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APPEHDIX III 

PLANT LAIOUIS 

QraMings "PL-l" and "PL-a" included «t the fmd of this 
appendix show proposed plant layouts for the Manufacture of flat 
alualnun honeTconb sandwich ooaposlte. ] 

Pgawing PL-l (Figure &i) t 

The design represents a conplete plant-, »anufacturing a high 
▼olune of flat Material of the order of 5000 square feer per shift. The 
proposed continuous-coil processing line and ssMi-ccntinuous cors-priMing 
and drying lines.« designed in this project have been incorporated here. 

The basic «oaumptions used in deraloping lagnout FL-l were 
as followst 

1* A continuous-coil processing line would be inoludeä in 
the plant space. (It «say, in fact, be Mora realistic 
to assuae that the line would be operated in a sepa- 
rate facility by * flra suppljdm processed coil to 
the entire sandwich industry.) 

2. The plant would purchase raw Materials in the font of 
finished (sawed) honoycoicb, coiled and shseted aluai- 
nuMf liquid adhesiTe9 supported-ftl« adhesive, wood 
strip, and extrusion stock« 

(iifotes In order to assure that the core Material is 
not subjected to deterioration frcsi storage it Might 
be technically More desirable to procure it in a 
prlMed condition from  the suppliers.) 

3. The Major portion of the plant's activity would be 
directed toward the fabrication of flat panels having 
few complicated details, other than heavy-density 
(wood or netal) edging rsinforcfnents. The Majority 
of facings in these panels would be under C.OUO inches 
in thickness, allowing utilisation of continuous -«oil 
processing techniques, 

h.    The continuous processing units would have to be 
augaented with batch operations in order to proceas 
edgings and details, sod to handle heavy-gage facings 
which could not be processed continuously. 
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Appendix HI, Ccar.tinuod 

5« A llMlied «nount af extra spao« In the bateh- 
proosssing areas could be devoted to the pro- 
cessing of contoured or speolal aasembllea« 

6. The "shift" oa^eeity of the oontiauouit^ooil 
and oore-prlMng lioee vouUL exceed that of the j 
lAyx«), bonding, end finishing depertaents. The 
followins approxiJMite sqjuexr) footage rates per 
shift (in tens of panel egM^re footage) vould I 
apply: 

Coil Line (assuming 0*016 material, 
36 " wide 12 ft./"in.) 8,000 sq.ft./«hift 

Core Line (assuming U passes)    10,000 sq.ft./shift 

Pressee (assuming 5 presses x S 
openings)} 5,000 sq.ft./shift 

Lejop Linet (Dependent on cora- 
plaxity of part) 

Finishing Linet (Dependent on oon» 
plexitjr of partr) 

The panel area assumed here is approxinateljr 30 
square feet. If a very large demand for panels 
without edgings or detail parts existed^ lajup 
time would impose no limitatioiv and if additional 
presses were procured, the capacity could be e»* 
tended to approximately 9,000 square feet of panel 
per shift, for as many as 18 shifts per week. Where 
relatiTely complex fiat panels were in the majority, 
the layup and finishing departments might hATs to 
woxic three shifts per day, while the oontinuous- 
prooesslng lines would be atilised less than fire 
shifts per week. In this ease, the eavlngs to be 
realised from oontinuous processing would be re* 
dured but would probably still be signifioant. 
Both lines would still provide outstanding tech- 
nical advantages, and it is probable that exoeee 
capacitor oould be utilised in prooessing materials 
for other firms.  (The oontinuous-ooll lins oouM 
be modified to perfoorm other ".hssiiosl procesee« 
and to apply other types of noatlHt» to alwl— 
for both xilitary and ooHMrelal applioatiooa.) 
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APP£»DIZ III, Continued 

The following specific features incorporated in "PL-1" are 
called to the reader's attentiont 

1. The flow of materials used in the hi^h-productlon 
panels takes a "V-shaped flow pattern through the 
plant. It would be equally (or more) desirable to 
orient all the flowJ in straight lines, parallel to 
the continuous-coil line, provided that the config- 
uration of the building and the location of the 
transportation docks permitted. 

2. "Low production" and "batch process" areas hare been 
set aside from the area^ in which materials pass in 
▼olume. 

3« The aqueous cleaning facilities have been isolated 
from other parts of the plant by partitions, to pre- 
rent water rapors end acid fumes from reaching the 
areas in which adhesive is handled or alumimai Is 
stored. 

U. Wherever possible, areas where sdhesives or sol-en is 
ars handled have been consolidated and isolated by 
lira walla. 

5« Core materials are stored on flats, mating lengthwise 
on tiers of shelves. There is no fixed line of demar- 
cation between primed and nnprlmsri core- storage areas« 

6. Panel laynp is performed on a "skate-wheel" conveyor 
line, using the cauls as surfaces. In operation, it 
is proposed that two cauls are first placed «nd-to- 
end on the conveyor. Press pads snd facings are then 
placed on the oauls. The assembled core (with tspes, 
edgings, inserts, etc.) is then placed on one of the 
facings, snd the other facing, caul and pad are folded 
over to make the finished press load. (It msy be de- 
sirable to warm the msterials first and apply soms 
pressure to insure that the components will not be 
shifted during subsequent handling.) 

7. Although the presses shown in the layout are "side- 
loading", "end-loading" presses are equally acceptable. 

Drawing VL-2  (Figure 68) 

A partial plant layout of a line for cleaning, priding, and 
drying cut sheets is shown at the end of this secticu. Essentially, it 
represents an extrapolation of existing batch-procsssing techniques to 
achieve higher production at lower costs. This layout is not a firm 
design and would be subject to refinement by specialists in automatic 
conveying syet« 

The capacity snd square-footage cost saving which could 
ba realised from such a system ars not equivalent to those offered 
by a continuous - coil systssu Since the availability of heat- 
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Appendix 111,  Continued 1 
tre«t«d coile imj  be delayed for aom tlme^ It la felt adrleable to 
present «n "Interim" or "«Itomate" prooeas lagrout« The "continuous 
monorail*' shown in this drawing id the onlx w^Jor departura from ax- 
iating teohniquaa« (The oonTejoriaad apraywpriminc sjstam haa alreadjr 
fotmd anooaaaful applioation in aandwieh marivefaoturing») 

It is proposed that the continuous monorail oyotem include 
four hoists, oontrolled oy two nan» The operator» would actuate an 
alarm timer at each tank aa tha rack waa inaneraadi the timer at each / 
tank would be pre-set at a fixed interval according to tha following 
tentatire aobedulet 

Hot alkaline tankt 10 miautsa 

Hot rinse tankt 2  minutea 

Hot acid tankt 10 minutes 

Cold rinse tankt 1 minute 

>Jarm air dry. 20 minut^as 
(2 timera) 

The long drying time in this cycle suggests that tha wmrm- 
air drying oven should be large enough to hold two racks at one time* 
Allowing for acne transfer time between tanks, tha total Iwnerslon 
cycle would be 50 minutes per rack. A new rack could be started 
every 1$ minutes, (approximately), allowing a as&xlmum of h  hoiate 
in the process tanks at one time« One hoist would ba out of tha 
cycle for 10 minutea out of arrary 15, for unloading and loading. 
Assuming k ft. x 8 ft. sheets, sir to a rack, and that Kaximum 
utilisation is not attained, tha production capacity of this system 
would ba approximately $,000 square fast (2500 square feat of aand- 
wieh) par shift. This figure would satisfy only half of ths nomi- 
nal capacity (5,000 square feet of sandwich per shift) of the plant 
shown in Drawing PL-1. 

It should be noted that savings realised by buying in tha 
coil form (whan wide, light-gaga coils of heat-treated aluminum ba- 
cama  available) can be applied to batch processes aa wall aa to con- 
tinuous web process, since purchased coils can ba rsadily converted 
into sheets. 

The following featuraa of tha batch ayatam' layout are 
worthy of notet 

1. The oonTsying maditsR for aluaAnum ahaeta aftsr ahaarlng 
would be the cleaning racks. The racka would ba trans- 
ported to and from tha monorail loading station oa 
oarta. An empty cart would recalra tha empty rack and 
a loaded rack would ba whaaled in place and coupled to 
the holet. Tha sheets would not leave tha raoka until 
unloaded at tha Infeed end of the priming conTayor. 
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Appendix HI, Continued 

2, The operators at the Infeed end of the conveyor would 
wear clean gloves and would perform no other task than 
transferring the clean sheete from the racks to the 
conreyor, 

3. The conveying syvtem through the spray booth and oven 
would run at a speed of approxiiuately 6 feet per min- 
ute* A continuously moving web of Kraft paper would 
be used to cover the surface of the conveyor, pro- 
tecting the conveyor and the backs of the sheets from 
the spray. 

U. The continuous oven (indirectly fired) would be of 
the same general type as proposed in the continuous, 
coil and continuous-core lines* 

AT 33(600)-23626 2U3 

a' A 



rt*r 

' 

tr )](M0)-i.tu« 

JL 



T5 
T 

hi v 

S| 
MS5C 

-J 
o 

uz v 

UZ     2 

MI 

^ 

I 

8 

I 

a 33(600)-23626 tU5 



ft 

APPEWDU IV 

S«ptamb«r 30, 195h 
SUPPLfiMEMT TO PROPOSED SPECIFICATION S-U, 
CONTINUOUS-COIL CLEANINO AND PRIMINO LINE 

Prepared bj Haxcel Products Co«, a dirlalon of 
California Relnforosd Plastics Co. 
under Contract No. AF 33(600)-23626 

(This Is not a OoTsmment specification) 

IMPORTANT« The information contained in this supplement supersedes 
that in "Proposed Specification S-U", where applicable. The specif- 
ication, itself, was prepared during the performance of the contract 
and was distributed widely among manufacturers of strip-processing 
equipment for comment and criticism. A number of important rerlsions 
were suggested by the manufacturers. Because these firms ha-tre become 
familiar with the original specification and hare retained it in 
their files, it has been republished in substantially unchanged form 
in the final report of Contract No. AF 33(600)-23626. The Important 
revisions hare been published separately in this supplement. A num- 
ber of minor typographical corrections nd improrements in clarity 
have been made in the specification t but changes of this type have 
not been shown in the supplement. 

The revisions contained in this supplement follow the out- 
line of "Proposed Specification S-U". Each revision has been given 
a circled number which is also shown In the margin of the latest 
printing of the specification contained in the Final Report. 

I - INTRODUCTION 

(No important corrections) 

!' 

II - PROCESS REQUIREMENTS 

C - '• Process" 

(p Paragraph 3i 
(Page 2) 

(D Paragraph 8t 
(Page 3) 

I 
(I) Paragraph 9t 

(Page 3) 

(Tabulation of acid immersion times)t Changes 
Times on 0.032 and O.OUO inch-thick material from 
6 minutes to h  minutes and 5 minutes, respectively. 
(Additional data have Indicated that the shorter 
times are adequate.) 

Change sentence: "The web should be subjected to 
an approximately uniform temperature gradient, 
starting at 100°? and ending at lOOPV,  for a min- 
imum period of 1.2 minutes." to the following: 
" to an approximately uniform oven-temperature 
gradient, starting at 100oF and encftng at 350*^..." 

Revise second sentence to reads "A pn tectire web 
of nonreactive material auch as polyethylene is to 
be introduced into the coil as an interleaf when 
coating both sides of the strip with adhesive, other- 
wise no interleaf need be added."  Revise third sen- 
tence to readt  "The finished colls will be remoTed 
and stored in a cool, clean, dry place..." 
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Appendix IV, Continued 

Supplement to Proposed Speolfieatlon S~U, Continued 

III - EQUIPMENT REQUIREMENTS 

D - Spray Washer (page 7) 

(ä)    Deists sentence in last paragrapht "It should not bs 
recirculated" and substitute«  "It may be recirculated", 

C£)     Deists portion of last sentence in parenthesist "...(made 
up of two 6-inch dia. silt rubber rolls).,." and add the fol- 
lowing to the and of the paragraph« (Silt rubber rolls may 
Isave vet strsaks on the strip«) r 

H - Orsn (pags lU) 

(b)    First paragraph« Uhdsrllns the satiro first santane«, and 
changeJ "•..Drawing C-3 ,.," to« "««.Drawing L-U.-."' 

1. Assumptions (pagss lU to 16) 

Q) General Nets« Expsriencsd oven designers haTs pointed 
out that a considerable error was introduced In the cal- 
culStions by neglecting the heat capacity of the aluminum 
and heat of Taporisation of the solvents. 

They have further pointed out that the strip temperature 
will never approaoh the surrounding temperature In the 
oven and that the temperature differential produced here 
is likely to cause condensation of water vapor (a pro- 
duct of combustion) onto the material« The undeslrability 
of this condensation makes It necessary that an Intirect- 
fired heat exchanger be substituted for a direct-fired 
unit, to prevent the products of combustion from snterlng 
the oven chanber« This indirect-fired unit may be either 
gas-fired or oil-fired. An efficiency of the order of 
10% may be expected from an indirect-fired unit. (The 
computations indicated only the estimated output of the 
heat exchanger in BTU/hr.) 

I 

In view of the fact that the temperature of the strip 
may be as much as 50oF below the temperature of the sur- 
rounding air, the nominal oven temperature at the third 
stagv should be changed from 300°? to 350oF, to assure 
that the web reaches 300°?« The temperature of the air 
leaving the heat exchanger would, correspondingly, have 
to bs raised to UOO0? (approx.)« Taking three new factors 
into considsration (increased speed on heavier material, 
heat of solvsnt vaporiaation, and increased operating tem- 
perature), the estimated output from the heat exchanger 
would be revised from 620,000 BTU/hr. to approximately 
750,000 BTU/hr. (This figure Is still very low compared 
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Appvndlx IT, Coatlmacl 
S^ppX—at to Trofommd Spseifleatlon S~ks Contlnvwd 

® 

CD 

with aoM ontald« MtlaHrtM«) In aiainc a tkaat axehang<*r 
of this typ«? It la adrlaablo to provlda a ganarooa aaoxmt 
of axtra capacity. 

Aaataiptloa "a" f.paga IS) 

Harlaa taHparator« at «HEAT SXCBMIQER" and at ttH" In 
akatch fro« 350°^ «nd 300^ to UlXPr and 350^.   Chang© 
Wd on alddla dawpar to W^. 

Asatrwptlon "h"  (paga 16) 

Change 300°? to 350*^. 

Aaanaptlon "1*  (paga 16) 

R«nrlaa to apaclfy N lndlr«ot>fIrad haat axchangar". 

■r« 

U, CalcuLatlona 

@ (d) Heat Input (page 17) 

Delete existing manarleal heat input rates t .a subs- 
titute ^ 750,000 BTU/hr. approxlÄatelx." 

@ (a) Air Weight Rates (pagea 17 & 18) 

All weight ratea oaloulated here are subject to error, 
due to revised temperature assumptions, reoognltlon of 
the heating of the alunlnvm web, eto* The «agnltudea 
of most of thejo figures remain substantially the asms, 
howerar« 

IV - TABULATION OF INDIVIDUAL COMPONENTS 

® 

® 

® 

Paga 20t Revlaet NPot.t-alkallne spray rinse unit" to read: 
"Heated poatalkallne spraj rinse unit with reolrculation." 

Page 21t Insertt "1 - Air cooling etAgen betweent "Four-stag« 
»vacuated oven..,* and "Four-roll drive bridle.N 

Page 21s Changat "6-Inch dla. rubber-covered •LCRIG-ALIGNER' 
silt full cylindrical (aqueegee8)N to read« "Squeegee 
rolla'', 

Page 21« Insert« "2 narrow-bodied stoneware, l6--lnch*dla. (.rith 
bearings and mounts )N between "Full cylindrical stone- 
ware and "Vfator-cooled, hard-chrome plated ,,," 
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Appendix. IV, Continued 
Supplement to Proposed Specification S-U, Continued 

® 

® 

® 

DRAWINGS i 

Delete note under 0««of «nd subatltutat "2100 CFM (AT 
70^) HEATED TO hOOPF IN 750,000 BTü/HR. (APPROX) 
INDIRECT-FIRED HEATER." 

Change temperature ahowm In laat oren stage from 300°? 
to 350°?. 

L»U and L-5 

Add leaders to interlearlng spools and "U-INCH-DIA. 
EXPANDING ROLLS", with the following note» "USED ONLT 
WHEN COATING BOTH SIDES OF STRIP". 

@ 

1~$ 

On the four small-dlaneter (6-lnch) rolls designated as 
"B" (silt cylindrical rubber), the "B" designation should 
be crossed out and the word "BQUEBOEES** subs Ituted. 
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APTBHDIX IV, Continued 

PROPOSED SPECIFICATION "S-U" FOR (XWTIMUOUS-COIL CIEAHIWO AND PRDCCNO LINB« 

Prepared by Hexcel Produota Co.,  a dlrision of 
CcLlifomia Itelnforcad FLftfltloa Co. 
under Contract No. AF 33(600)-23626 

(This le not a Qovemnent apeclflcatlon) 

I  - INTRODUCTIOK 
1 

Tbla apeclflcatlon i« to be uaed In conjunction with drawlnga L-h, 
L-5, and L-6. It superaedss "Tentative Specification 8-3' and Drawing 
1-3. Applicable drawlnga referenced herein are Included at the end 
of thla apeclflcatlon. 

The Intent In preparing thla apeclflcatlon la to provide potential 
builders and uaera of the equipment with a useful guide which will permit 
thei to go Into production In the ahorteat tin», with a iwlnlnnm of dervel- 
opnent effort. The apeclflcatlon la not Intended to be rigid or binding, 
but la offered aa one aet of practical conditions which appear to be 
optimum. The contractor and the Air Force cannot aaaume reaponalblllty 
for the aechanlcal perforoance of the line or for aafety hasarda Involved 
In Ita operation. 

nie purpose of the propoaed line la to apply a protective prime 
coating of reslnoua adhesive to one or both aide a of continuous weba of 
heat-treated clad alumlnam, after fir at preparing the surfaces of the 
metal for adhesive bonding. The primary use for the finished material 
will be as "facing»" In aluminum honeyoonib-aandvich ooopoalte* Nominal 
output of the unit la to be approximately 3000 aquare feet per hour. 

The process and the equipment recoonended here are Intended to 
supplant existing batch technlquea, which are not optimum from the 
standpoints of coat, capacity, and consistency of quality. 

The following outline la presented for the convenience of the 
uaera of Propoaed Speclflcatloo 3-k  : 

I - Introduction 
II - Process Requlrementa 

A. Material processed 
B. Speed renge 
0,  Process 

III - Equipment Requlrementa 
A. Rolls and Tracking Device a 
B. Brakes and Drives 
C. Splicer and Accumulator 
D. Spray Washer and Rinse 

« Thla spsciflcatlon has been partially aupereeeded by a supplement. 
Circled numbers and arrows have been placed In the right-hand margins 
to indicate where important changes have been made. 

(1) 
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Appendix IV,  Continued 

E. Acid D* . 
F. Post-AeId Rinse, Drying, and Cooling 
0. Coatera 
R. Oven 
J. Shearing and Stacking Line (Separate Aeceaiiory) 

IV -  Tabulation of Individual Components, with estimated costs. 
V -  Drawings:  L-U, L-5, L-6 

II - Process Requirements 

A. Material Processed .. 
1 

Aluminum coil, 16 to U6 inches wide, 0-008 to O.OUO inches 
thick. Maximum weight of coilst 3000 lbs. Oiled finish. Ho 
stenciled letters. Arbor dia.t 16 inches. 

B. Speed Range 

516 20 Lineal FFM (Motet This range was quoted as "10 to 
35 PPM" In the earlier draft of this specification.) 

C. Process 
■ 

1. Remove oil and other foreign natter to give water- 
break-free surface in tvo-stage inhibited, comerelal 
alkaline spray cleaner at 170* F, approximately. 
Solution must not dry on surface before rinsing. 

2. Spray-rinse at 13Cfto lUO'F. Remove excess rinse 
by squeegee. 

3. Dip in hot {155*  to l&5'r)  solution of 25^ sulfuric 
acid and sodium diohromate, contained in ceramic 
materials. The following tentative iamtersion times 
apply for various thickness of sic lad 2US-T3 mater- 
ial] 

Thickness Time 
(Inches)        (Minutes) 

0.008 1-3A 
0.012 2 
0.016 3 
0.032 6 
O.OUO 6 

(Notes Commercial "room-teanperature ' spot-welding 
solutions eure no longer offered as an alternate.) 

it. Rinse in two spray stages; first stage to be a cool, 
recirculated solution containing acid carry-over, 
second to be hot (l30rto 1U0*F) fresh water. Remove 
excess rinse by squeegee. 

(2) 
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Appendix IV, Continued 

5« Dry thoroughly In warm «Ir (not to exceed 150*P). 

6. Cool to 85T (maxinum). 

7. Coat one or both sides (nornally one side) of 
the web completely and uniformly with dilute 
resinous adhesive, applied St a solids content 
of the order of 7 to 12 pet. Weight of dried, 
cured solids to be 0.001 to 0.003 Ibs/sq. ft. 

8. Immediately after the wet coating is applied, 
forced drying at a moderately elevated tempera- 
ture is to begin. The web should be subjected  «-(D 
to an approximately uniform temperature gradient, 
starting at 100*7 and ending at 300*7, for a 
minimum period of 1.2 minutes, during which time 
the solvents will be removed and the resins will 
receive a partial cure. Care must be taken to 
prevent the wet, cool coating from absorbing 
atmospheric water vapor in the interim between 
coating and entry into the oven. The web must 
not be allowed to come in contact with any rolls, 
walls, or partitions from the instant of coating 
to such a time as it has been dried, cured, and 
air-cooled to a temperature of 120*7, approxi- 
mately. Before coming in contact with any rolls 
which are driven, it should be cooled to a maxi- 
mum temperature of 90*7.  Water-cooled rolls 
nay be used to bring about the reduction from 
120*7 to 90*7. 

9« The finished coated web is to be rewound Into 
colls, at a relatively low tension. A protective v-(2) 
web of nonreactive material such as polyethylene 
in to be Introduced into the coil as an interleaf. 
The finished coils will be removed and stored in a 
clean, dry place until such a time as they are cut 

-■{ into sheets of desired else. The Initial cutting 
operation will be combined with a "breaking" opera- 
tion, which will give the sheets a reasonable degree 
of flatness. 

Ill - EQUIPMENT SEQOIREMENTS 

A. Polls and Tracking Devices 

A minimum diameter of 12 inches will be maintained where the 
veb la  to be wrapped about any roll while under tension. A web 
of alclad 2Us-TU material (minimum yield strength * U2,000 PSI; 
modulus - 10.6 x (I0)°)which is O.OUO Inches thick will not be 
stressed above its elastic limit on a 12-Inch-diameter roll. The 
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Appendix IV, Continued 

calculations are shown as followss 

Stress in outer fibers! 

S - S       x web thickness 
aluminum  roll diameter 

- 10.6 (10)6 x 0j^0 

- 35,000 PSI 

In actuality, clad sheets have been found to show sous 
permanent bending under conditions which should not exceed the 
elastic limit of the outer fibers. This contradiction may be 
explained by the fact that the outer fibers are composed cf 
"cladding" alloys, which are soft, ductile, end low in yield 
strength. In the opinion of the contractor, successive per- 
manent deformations in the outer cladding alone do not bring 
about a work hardening of the sheet as a whole, and can be 
overlooked as a criterion in the selection of mlr.imum roll 
diameters. 

Installations whioh are mechanically comparable to the one 
proposed herein are able to process 0.05I-Inch-thick webs of 
"non-heat-treatable" aluminum without difficulty. These mater- 
ials have substantially the same modulus but ere much lower in 
yield strength. Evidently, some work-hardening of the material 
is tolerated in these processes, but it is believed that the 
aircraft industry would not generally favor work hardening on 
heat-treated alloys. 

The design of the system must avoid conditions which would 
cause scratching of the web, to conform with most existing air- 
craft specifications. 

It is assumed that the coiled aluminum received for pro- 
cess ing will contain camber, flatness Irregularities^, short 
edge fiber«, and other defects common to coiled (and particularly 
heat-treated) strip. 

Although the low lineal speed should favor good tracking, 
it is assumed that special automatic means must be provided to 
keep the web centered. Furthermore, it is mandatory that rela- 
tively low tensions be utilized. The "LORIQ-ALIGNER" system 
(patented by U.S.Steel, Pittsburgh, Pa.) is the only currently 
available system known to the contractor that will fulfill 
these requirements. The drawings attached to thi.»  specification 
have incorporated the " 1X)RI0-AL1QNEKW system, with the general app- 
roval of U. S. Steel. Although the roll layouts are believed to be 

> 
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Appendix IV, Continued 

substantially correct, the builder should review the design 
carefully with U. 8. Steel before purchasing and installing 
any part of the line. The use of rolls designated as "auto- 
matic self-centering" and "slit, rubber covered", as well as 
the use of the accumulator configuration, Is subject to 
royalty fees. (Ordinary full-cylindrical rolls and narrow- 
bodied rolls are not patented.) 

It should be noted that two of the stoneware rolls have 
a narrow-bodied configuration, to reduce tracking error. 

In the event that the finished coils are found to be 
poorly wound, as a result of "camber*error, it nay be advis- 
able to add "ASKANIA" tnekLng systems later to the two rewind 
stands. The "ASKANIA" system is a lateral correction device, 
activated by two air Jets which sense lateral movement of the 
edges of the web. Since the degree of camber error in wide, 
heat-treated coiled aluminum cannot be evaluated at this time. 
It is cot knovnwhether Auch a system is needed. 

In order to introduce the protective interleaf without 
wrinkling, it is recoranended that it be passed over an "ex- 
panding" roll of the type manufactured by the Mount Hope 
l&chinery Company- 

B. Brakes and Drives 

Available information indicates that the horsepower re- 
quired to drive a web through a process of this type is pro- 
portional to speed and brake tension only; bearing friction 
and bending of the web are negligible factors. 

Referring to drawing No. h-k,  a tension of 50 lbs. has 
been introduced to hold the web flush against the accumulator 
rolls. It is necessary to keep this figure low to make it 
equal (nominally) the amount of tension Induced by the dead 
weight of the accumulator when it is in operation. 

The additional tension applied between the accumulator 
and the spray washer must bring the total tension up to a 
value which will prevent excessive sag in the long catenaries 
through the acid tank and oven. Assuming that the catenaries 
are parabolas, that one lineal foot of M3-Inch-wide aluminum, 
0.01*0 Inches thick weighs 2.32 lbs. in air, and that a maximum 
sag of fifteen inches is allowed in the oven, maximum tern»ion 
Is calculated in the following mannen 
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Appendix 17» Ccatlnued 

Tension ■ (length)2 x Ivt, yr lineal ft.) 

Utaeupported length In oven and cooling tunnel«? 38 ft. 

T ov<ön - aa2 (2.32) 
8 C1.25) 

- 33s* lbs. 

This tension vould give the following sag la the acid tank 
(assunlng that fluid is vater and that veh weighs only l.fc4> 
lbs. per lineal foot in this «edltai)! 

33k-ip)2 UM) 
(8) (sag) 

sag m  O.60 ft. 

Since the sag In the acid tank will toe relatively snail, the 
oven is the ruling catenary. Maxiaw tension should he appro». 
laately/ 350 lbs., of which 50 lbs. is supplied as a fixed 
aaount, ahead of the accunulator. 

All of the driving torque is applied In one unit, a four- 
roll bridle. The umximm design horsepower required here Is 
determined as follows 3 

Power - tension x speed 
3i,ööö ^ 

350 lbs. x 20I* 

m  0.2 H.P. 

A one-horsepower motor, in combination with a variable-speed 
drive and a speed reducer, is recoanended for driving the bridle. 

The tension applied by the rewind drives should be low 
and should be transmitted through adjustable clutches. 

C - Splicer and Accumulator r 

The accumulating device is of the "dead-weiaht** type. The 
total weight of the rolls and carriags should be four time« the 
50 lb. tension, or 200 lbs. A mechanical pull-down device should 
be included to positively reposition the earrlags after the 
splice has been made. 

(6) 
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Appendix IV,  Ccntir.ued 
.» 

It Is reooamended "h».t the splicing be accomplished by 
tiro stitchers, having throat depths of approxlnately 23 Inches. 
These should be mounted opposed, across the centerllne of the 
wsb, on rack-driven carriages. In operation, the stitchers would 
■ax« two rows of stitches across the splice, at four-Inch Inter- 
vals. The first pass would be nade inward, frcs> the edges to 
the center} the second pass would begin at the center sod move 
outward to the edges. The aovement of the stitcher es^rxiages 
would be intemlttent, allowing a short dwell for each stitch. 
The stitching wire should be of #i8 (O.OfcTS-inch dia.) stain- 
less steel, at a tensile strength of 230,000 PSI« A relatively 
flat "clinch" should be given to each stitch. 

While the stitchers ware In action the two overlapped ends 
of the web would be positioned end held by clanp'^d pressure 
fron the two pairs of rubber-covered "nip" rolls, which would 
nonsally be fr»e~tur»ing, and spaced apart. As the trailing 
edga of ch« web was stopped in position for splicing by the 
olawping action of the outfeed rolls, the gravity-loaded SQCU- 
milator carriage would begin to rise. The operator(s) would 
then feed the leading edge of the new web through first set of 
rolls, lap It over the trailing edge of the first coil, clamp 
the two infeed rolls, and actuate the dual stitchers for their 
first pass. At the end of the first psss, the front set of 
clsap rolls would be loosened sad ths rear set would, be allowed 
to roll so that the splice would stove about one inch with res- 
pect to the splicing heads. On completion of the second stitching 
pass, the remaining set of clamped rolls would be released and 
the accumulator pull-down mechanism would be actuated. 

D - Spray Washer 

The spray washer shown in drawing L-«* is a more or less 
stendard  straight-pass unit, used for applying hot, InhiMted, 
non-foaming alkaline cleaners at high Telocltiea. The pressure 
capacity, number of spray heeds, e%c. should be adjustable. The 
unit should be built with two sumps having Independent suction 
lines, so that the solution can be replaced without stopping the 
process. Since it is expected that the solution will have a 
relatively short life on oiled material, the sumps should have 
a generous capacity. 

The material should not be allowed to dry on the web surface 
between the alkaline wnsh and rinse. The post-alkaline spray 
rinse should be hot (l30-lUo*F) end variable in amount. It 
should not be recirculated. A squeegee (made up of two 6-inch- 
dla. slit rubber rolls) should be provided to prevent alkaline 
"drag-out" from reaching the acid solution. 

S - Acid Dip 

The acid solution should be maintained at en average tem- 
perature between 153 snd l65*F., with the  least poaBible amount 
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of temperature gradient throughout the tank. 

A careful selection of materials must be made in the design 
of the tank and it* associated fittings and accessories. The 
solution In question is composed of a strong acid sad a strong 
oxidising agent at elevated teaqperature. Surveys of the industry 
have indicated that batch tanks of stainless and plastic-lined 
tanks have not held up well,, while ceramic constructions have 
appeared to be adequate. The following Is an Itemised listing 
of a number of possible tank, trim, and accessory materials, 
with comments? 

Ferrous metalsi 

The corrosion resistance of the ferrous metals (with 
the known exception of "CARPENTERS STAINLESS l0.20Cb?) is 
improved by the presence of sodium dlchromate. Stainless 
steels which ar« exposed to temperature, however, are subject 
to attack, particularly at weMs, and are not suitable as a 
tank material. Ferric ion in solution is believed to be a 
Cohtsminant detrimental to the process and the use of ferrous 
metals as trim should be avoided where possible. Exceptions 
would be where a stainless steel pumping system is used to 
drain an expended solution, where en expended solution might 
be stored (cold) before dumping, end where a cold rinse con- 
taining drag-out would be circulated. In no case should 
ordinary carbon steels be used, hot or cold« 

Organic Materials t 

Most plastics (Including polyvlnyl chloride) are subject 
to oxidation attack by the dlchromate, at the temperatures in 
question. Polyvlnyl chloride is believed to be acceptable for 
use as a membrane where temperet ares do not exceed 120*F, and 
ae a hooding Material, where temperaturee and concentrations are 
reduced. "TEFLON" shows no apparent ill effects from immersion 
in the solution. Polyethylene fate not been evaluated. All 
applications of organics (Including those where plastics may 
serve as a binder for compressed carbon) should be reviewed 
with caution. 

Ceramics and Stoneware: 

These materials are believed to be entirely dependable. 
It is possible that some types of fillers or mortars ur-'l with 
acid-proof brick are  susceptible to oxidation. 

Lead: 

The presence of lead in the tank may be detrimental to 
the v-rocess. (Ceramic is believed to be a more suitable tank 
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Appondlx IV, Continued 

material than lead for various other reaaone.) 

Aluminuai 

Low-alloy aluminum (28, 38, eto.) im  subject to slow at- 
tack, but has a distinct advantage in that it introduces no 
directly harmful contaminants. It is desirable as a material 
for "trim" pieces, provided that frequent replacement can be 
tolerated. Alloyed aluminums are not suitable. 

Olass and Pyrext 

Believed to be entirely suitable for imersion. 

Moneli 

Unsuitable. 

Copper /lloyst 

Rot evaluated. 

I 

The buyer should assure himself that the supplier is aware 
of both the acidic and the oxidising characteristics of the solu- 
tion, at the temperatures in «lueetion. Where any doubt as to acid 
resistance or oxidation resistance exists, the supplier should 
test his materials in the laboratory* A solution of one part 
sodium diohromate, ten parts concentrated sulfurio aold^and thirty 
parts water may be used as a test medium. The temperature and 
other conditions of the test should be chosen to simulate actual 
conditions. 

Steam is believed to be the best medium for heating the 
acid solution. As far as is known,there le no objection to the 
direct introduction of the stesm through nossles. Pressed carbon 
is preferred to ferrous materials for submerged heat-exchanger 
parts, from the standpoint of solution contamination. 

It la not known whether stesm will be available at the 
eventual location of the unit. For this reason, a 15 H.P. steam 
generator is Included In the tabulation of Individual components 
required for the line. 

The only other known means of heating this solution in a 
ceramic tank Is by electricity, with Pyrex immersion heaters. 

The acid tank must be provided with a temperature control 
and a recording device. (Optimum web speed for a given gage is 
a function, of acid temperature.) 

(9) 

A7 33(600)-23626 259 



1 
Appendix IV« Ccntlnued 

The tank proponed her« is relatively Ion« and some atten- 
tion muat, be given to thermal expansion. There are a number 
of methods of compensating for expansion, and no one method is 
being specified here. 

In order to protect workmen and surrounding equipment from 
the acid fumes, the tank should be thoroughly covered, and 
evacu&^ed to a degree wlilch vill provide a sligL* negative pres> 
sure at the openings. Portions of the hood muet. be easily re- 
movable to allow access to the web. It is believed that poly- 
vinyl chloride is a satisfactory material for use in the hooding 
and ventilating eiulpment« 

The contractor has not experimented with stoneware rolls, 
but it Is known that they have been used successfully In the 
strip-pickling of steel. The rolls proposed here are relatively 
large in diameter, and are mounted on an axis above the top of 
the tank* to allow the bearings to be Isolated from the aoll 
atmosphere. 

The disposal of deteriorated acid solutions represents a 
problem which must be anticipated by both the equipment suppliers 
and users. The method chosen for disposition would depend on the 
locality. In the opinion of the contractor, a separate storage 
vessel for Old solutions would be desirable. Here, the acid 
could be cooled to a temperature low enough to permit it to be 
hauled away, or it could be neutralised and dumped in a sewer. 
The vessel should have a capacity somewhat greater than that of 
the main tank, and may  ba of stainless steel construction. 
A corrosion-resistant pumping system should be provided to 
transfer the deteriorated solution from the main tank to the 
storage tank.  The suction line for tills system would be re- 
moved from the active solution in the main tank under normal 
operating conditions. 

F " Post Acid Rinse and Dryings 

The yost-acid rinse has been shown in two stages. The first 
rinse Is recirculated cold with the "drag-out" contained in the 
water. No experimental data are available to aupport the use of 
a recirculated acid rinse, but it Is considered desirable on 
other comparable processes. A fiial warm rinse is not optimum 
for obtaining good adheaion,but la Included aa a concession to 
eaae of drying. The temperature of the wazm »pray should be no 
higher than that needed to assure good drying. In no case should 
it exceed lU03F. The vapors from the rinses should be vented 
off, and stainless steel or other corrosion-resistant materials 
should be uned throughout. 

Local ordinances nay require that acidic rinse wafers be 
neutralised before dumping. This Is sometimes accomplished In 
automatic systems, in which given «mounts of caustic soda are 
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Appendix IV« Continued 

0 - Cotvter« 

1 

dumped into the rinse in a sump. A recording controller senses 
the neutrality and maintains a record of the actual pE tf the 
waste passing Into the sever, for inspection by city officials. 

A vertical, counter-flow, gas-fired heater Is used to dry 
the veb after the last rinse. After passing over the two narrow- 
bodied steel rolls at the top, the web is air cooled, prior to 
coating. It is absolutely essential that the web be dry as it 
reaches the coater(s). 

i ■ 

i 
The system should be capable of coating either the bottom 

side alone, or both sides. Nomally only the bottom side is 
coated, and the top side must be kept absolutely clean and free 
from adhesive. 

Research conducted by the contrvctor has indicated that j, 
there is no "one -aide-only" coating system which would be 
capable of handling all thicknesses from O.OOB to 0.0^0 Inches. 
It has been concluded that two types of coaters are required. 
These coaters are shown in soma detail in drawing No. L-6, at 
the end of this specification. 

Most systems for coating one side utilise some type of dry 
back-up roll« In experiments with the adhesive In question, 
the contractor has never been able to keep back-up rolls from 
becoming wet, when coating webs thinner than about 0.020 inches. 
Excellent coatings have been applied to webs as thin as 0.006 
Inches however, from a * reverse-roll" system having no back-up 
roll. Here, the web, under tension, takes a »light bend about 
the applicator roll to maintain even contact. It is doubtful 
that this system would be dependable on heavy gagss unless ex- 
tremely high tensions were used to smooth out flatness errors 
from heat treating and/or rolling. 

I 
Since the reverse coating roll is not to be used on the 

heavier gages (0.025 inches upward, approximately).,the roll 
diameter has been shown as 8 inches. This roll may be of steel, 
hard-chrome plated. Both it, and the hard-chrome-plated doctor 
roll, should be ground smooth and true. The doctoring gap be- 
tween the two rolls should be adjustable from 0.002 to 0.010 
Inches by a calibrated mechanism. The rolls and pan should be 
enclosed, except for a portion of the applicator rolltwhlch 
will protrude. The entire enclosed unit should be mounted on 
an adjustable elevating mechanism, which could be lowered 
rapidly to permit splices to be passed. (Splices carry en- 
trspped liquids from the aqueous cleaning operations which 
would otherwise contaminate the adhesive.) 
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The reveree-roll coater should be driven through a variable- 
speed mechanism. (The optimum peripheral speed of the roll in 
the reverse direction is nominally equal to the forward web 
speed.) The electrical equipment must be explos ion-proof. The 
doctor and applicator rolls should be geared together to run at 
the sane peripheral speed. 

The best configuration for coating either one or, both sides 
of webs greater than 0.020 Inches or 0,025 inches in thickness 
has appeared to be a plain set of doctored, smooth, resilient ttf 
"squeeze rolls". This configuration is similar to that used 
In standard veneer ooaters. Here, the metering of the adhesive 
onto the web is primarily a function of squeeze pressure. Al- 
though higher pressures give more consistent coatings, tracking 
may become a problem when very high pressures are used. Smoothly 
ground roils give much better results than do grooved rolls with 
the adhesive in question. (Grooved rubber rolls are also unde- 
sirable because the grooving causes the roll surf «tee to become 
very susceptible to solvent attack.) 

The squeeze-roll coater should be made with a high degree 
of durability and precision, so that ^t may be counted upon to 
compete with the reverse-roll system on web thicknesses of the 

order of 0.0l6 or 0.020 inches£ It will be found the solvent 
attack on the rolls of this machine will impair its ability to 
coat lighter gages, b,-cause of localised swelling. Experience 
has indicated that a h'eoprene of 70 Durometer will give a rea- 
sonable service life with the solvent system In question. (Other 
types of rubber may give better results, but neoprene is gener- 1 
ally considered to be as good as any.) It should be possible i 
to re-grind the rolls several times before re-covering them with 
new rubber. ' 

The depth of rubber on the applicator rolls, AM well as 
its hardness and degree of local swelling, will determine the 
lower limit of gage which can be successfully coated on one 
side. A shallower depth should reduce the lower limit on web 
thickness, but would also tend to make the coating less consis- 
tent at a given squeeze pressure. As a compromise, a depth 
of 3/8 Inches is proposed. 

The following details are recommended for the squeeze- 
roll machine s 

1. Applicator rolls 1 
Length:    $2 inches 
Diameten  8 Inches (min.) 
Covered with 70 Durometer neoprene to a depth of 
3/8 laches, ground smooth and true. 

2. Doctor rollst 

Diametert  7 inches (approx.) 
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May be geared directly to applicator rolls or 
may run at reduced speed, through over-running 
clutch. Accurately calibrated adjusting screvs 
to be provided for controlling doctor gap« 

3«  Babbitted seal plates to be furnished for top 
rolls. 

h.      Height of lover roll and pan assembly to be 
quickly adjustable, vertically- from one side 
of machine, so that web splices may be passed 
without danger of squeezing out entrapped liquid 
contaminants. 

5. Top applicator roll to be provided with adjust- 
able relief springs at either end, to prevent 
mechanical damage when splices are passed un- 
attended. (Normal position of springs to be 
against a stop, with all resill»nt deflection 
taking place in the rubber roll coverings.) 

6. Means should be provided fox supplying torque 
to each set of rolls. Individually, to substan- 
tially overcome frictlonal and tractive drag on 
the web. The magnitudes of th^L-e torques should 
be variable, but suocessfiu. operation of the 
machine must not depend on synchronisation of 
the coater drive speed with the web speed. 

7«  The coating machine, except for its electrical 
components.,must be enclosed to prevent excess- 
ive solvent evaporation. Parts of the covering 
should be hinged and "blowout" panels must be 
provided to minimise «xplosion hasard« 

8.  All rolls should turn on ball bearings and 
should be mounted so as to be replaceable in 
a reasonably short time. 

9>  Adhesive circulating systems should be provided 
for maintaining the level and conalstency of the 
charges in the reservoirs of both coaters. 

f 

Although the use of the two coating machines described here 
appears to be the only practical means of coating all of the re- 
quired gages. It is recoftnlzed that specialists in the coating 
field may wish to propose alternative methods. The contractor 
wishes to emphasize that there is no reason why other methods 
should not be applied if there is reasonable assurance that they 
will work. The following are basic criteria for proposed designs: 

1.  The system must not depend on perfect 
straight-lino tracking of the web. 

L AP 33(600)-23626 
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Appendix IV» Ccntlnued 

The system must be capable of coating one 
side only of vebs as thin as 0.008 inches 
(the majority of work will be on O.OI6- 
Inch stock.) 

The system must be capable of coating one 
side only of wide aluminum webs, as thiuk 
as O.OiiO inches, which msy contain marked 
▼mriations in flatness» 

All rolls which are to be wet must be In 
contact with the stock solution; "transfer- 
roll" systems will dry up. 

The design of the oven shewn In Drawing C-3 !• tentative H^) 
only, and Is subject to improvement or modification by the ac- 
tual buysr and/or fabricator. The contractor wishes to em- 
phasise that a careful selection of safety equipment is re- 
quired for such an oven, but has not attempted to list or 
specify these devices. Safety equipment should be proposed 
by the oven manufacturer, and reviewed by the cognizant Insur- 
ance companies. 

The ten^peratures shown on the drawing are arbitrarily 
selected. It will undoubtedly be necessary to modify the tem- 
perature conditions, after the unit Is in operation, to bring 
about optimum results. To this end, the entire heating system 
should have enough flexibility to permit wide adjustments. The 
objective of the builder should be a uniform temperature grad- 
ient with an adjustable slope, rather than the achievement of 
the actual stage temperatures shown on the drawing. 

The magnitudes and directions of the air velocities within 
the oven should be designed to avoid distortion of the web 
catenary. The openings at the input and exhaust ducts should te. 
large. The inside width of the oven should be approximately si" 
feet, to allow free circulation around the edges of the ^6-inch 
web. 

The following design computations are intended to support 
the choice of air-flow rates and heat rates shown in the pro- 
posed design on Drawing No. L-ht 

1.- Assumptions: <-<2) 
a) The general configuration and temperature locations 
are those shown in the following sketch» 

(11*) 
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Appendix IV, Continued 

STACK 
ArfBIEyf TEMP,  « 70"F 

COOLINÖ ZONE T 

NO FlCM-t» =-»     •   ^- 
nocn 

'AHTI-BUISHINO" 
CHAMBER 

DIRECTION OF WORK. 
SPEED « 35 FEM 

«in/ 

HEAT EXCHANGER-^ 

* 

i 

b) Maximum weight of dried adhesive coating 
applied In each pass - 0,003 Iba./aquRre foot 
on each side. 

c) Solvents Toluol (most critical solvent 
in assumed mixture). (Other solvents may be 
ethyl alcohol, MEK, dloxane, ethylene dl- 
chlorlde, and secondary butaool). 

d) Solids content of mixt 7 pet. (min.). 

e) All solvent is removed in the oven. 
(Some solvent may be evaporated in the open 
area between the coating rolls and the oven 
entrance.) 

f) The wet adhesive will be subject to "blush- 
ing" (pickup of condensed water vapor) unless 
special measures are taken to prevent it from 
reaching a low temperature. 

g) The coating will "boil" excessively unless 
care is taken to prevent abrupt rises in tem- 
perature. 

* 

I 

(15) 
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Appendix IV, Contlnuad 

h) A 1.2-ml nut« exposure to a nearly uni- 
form tenperature gradient Increaalng fron 
lOO'P to 300'r will give adequate drying, «—(f) 
without blushing or excessive boiling. 

1) A direct, gas-fired heat exchanger may *-—&} 
be used, provided that all pertinent safety 
devices recognised by Insurance coopanies 
and responsible oven manufacturers are In- 
corporated to preclude the possibility of 
explosion of either the solvent or the fuel. 

i)   Insulation loss (QinsulstAon ) i9  «Woxl- 
mately 3000 ETFU/mln. 

2 - Nonenclaturet 

Tt    teoperature, deg. F. 
Wt    weight rate, air,lbs./11111 

Q:    constant-flow Internal energy, 
available at 70*F (ambient), 
mu/mln. 

V:    volumetric air flow rate, CUM 

Cpt    specific heat (0.?U BXU/lb/'F for air) 

3 - Design Valuest 

(1) Air evacuation to remove one gallon of Toluol 
at "Lower Explosive Limit* ("L.K.L.*) » 2360 
cubic feet (at 70'F) 

(2) Evacuation safety factor - h. 

(3) Wt. of Toluol m  7.22 lbs./gal. 

(1») Air density at 70*F - 0.075 Ibs/cUblo foot. 

k -  Calculations: 

Bate of solvent Introduction: 

a) Width x Speed x Solids Deposited x (l - solids content) 
( solids content ) 

- (U) ft. (20) ft/mln (.003) Ibs/sq.ft. (1-^07) 

• 3.19 Ibs/mln/slde 

Total solvent Introduction (both sides) >> 2 x 3 = 19 

■ 6.38 lb/min 

(16) 
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Appendix IV, Continued 

t 

i 

b) Total evacuation required* 

(l) Volunatrlc 

Vy - (cubic ft. of air per gallon at L.E.L) x (Tenq?.correction) 

x (    1 )x  (rate of »olvent Introduction) 
(lb«, per gallon) x (safetor factor) 

- (2360 ft3)(U6O^120)xj 1 ) ml x 6.38 lb«/mln x k 
(USSTTS) 

Vy - 9130 C1M air at 120"F 

( 2 )    Oiavlmetr 1c t 

Vy ■ (Volumetric rate) x {Temp, correction) x (density) 

- 9130 ft3/«in (U60V[0 )x(.075) lb« 

Wy - 627 lb»/i»ln 

c)    Stack Heat Lemmi 

^etack - WyCp (120-70) - 627 (0.2U)(50) 

^■tack m 7320 BIU 

d) Heat Input: 

^in - Qetack    -»QlnsulAtlon - 7520 ♦ 3000 

^ln ■ 10f$00 Blü/aln ixiv 
(or 630,000 HttJ/Vir)   "** 

e) Air Weight Ratest 

(1)    Through heat exchanger! 

^ln -10^0 

Wx - 137 lbs/alii 

(2)   Through cooling stage (Wd)j 

Qa • Ola 

(Wd ♦ Wx) Cp (300-70) - 10,520 HTO/aln 

*--® 

Wd - 10,520 -157 
(ö.2U)(53^r 

- - 191.3 - 157 

(17) 
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Appendix IV« Continued 

(3) Flow through last damper (Wc)t 

(One half of insulation Iocs aaBumed to occur in 300* stage) 

^1 - Qln - V2 ^insulation 

(wc + wd + wx) cp (SSS-TO) - 10,520 - 1500 

wc - 9060      -.(Wd * Wx) 

- 2k3  - (3^.3 + 156.5) 

W0 . 51.7 Ibs/min    <—© 

(h)    Flow through middle denper, (wb): 

(One fourth of heat loss assumed to occur in 825* F stage) 

Q - Qin - 3A insulation 

(V^ ♦ Wd + Wx) Cp (150-70) - 10,520 - 3 x 3000 

wb - 6270     - (51.7 + 3^.3 + 156.5) 

Wa - 188 Ibs/min    i (& 

(5) Flow through blower, into "anti-blushing" chamber (Wa): 

(One fourth of insulation loss assumed to occur in 
150*F stage) 

Sitnck ' ^in " in»ulAtion loss 

(Wa + Wc + Wd + Wx)(Cp)(l20-70) - 10,520 - 3000 

(188 + 51.7 ♦ 3^.3 + 156.5) 
wa - 196 Ibs/min <~@ 

f 

W- -  7520 
(01210(50) 

(6) Air Volumetric & Oravlmetric Rates and. Temperatures, 
Tabulated  (Volumetric flows are shown on Drawing L-U): 

w 
Ibs/min 

T V 
CFM(at temp) Throughi      ♦- 

a 196 70 2610 blower 
b I06 70 2510 damper 
c 51.7 70 &A damper 
d SM 70 U57 cooling tunnel 
X 157 70 2090 blower 
y     627 [120" 913Ö hlbwer 

Note: Air veloclti SB, dv ct diameters, 1 und damper openings 
have not been computed, 
oven are negative. 

PrQBfeures throughout the 

k 
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J - Shearing and Stacking Line: 

The shearing and stacking line Is a separate accessory to 
the continuous line Itself, and should preferably be purchased as 
a "package". Since these units are more or less standard, no 
drawing Is Included« 

A line of this type normally consists of an unwind stand 
(a "spool" type Is preferable to a "cradle" type), a "breaker" 
which drives and flattens the web, a "hump-table" or other 
device to accumulate a small amount, of slack during the shearing 
period, a sheaf, and a sheet stacker. Most units operate at a 
apeed of the order of 100 to 200 feet per ninute, which would be 
very generous for this application. The breaker In this case 
need have no more than five rolls. (The last two rolls are "nip" 
rolls which serve to drive the web while the other rolls are 
staggered ir order to flex the web and remove the curvature in- 
duced from the previous operation.) 

The shear should be capable of cutting 75S-T6 alumimm, 
O.ObO Inches thick and k6  inches wide. The stacker should be 
able to accomodate widths from 1& inches to U3 inches and should 
be capable of controlling the length of cut sheets within 1/32 
inches from 12 inches to lUh  inches. 

The entire unit must be able to process the web without 
danger of contaminating it with lubricants, etc.. The material 
muBt not be scratched in the process. 

It is suggested that the purchaser determine if the protec- 
tive interleaf, introduced in the final coiling operation,can be 
successfully passed through the shearing and atacking operation. 
If not. iseans should be provided to collect it on a separate spool, 
as the coils are sheeted. 

The stacked sheets must be handled with care and should be 
stored in a dry, cool place until bonded into sandwich assemblies. 

».     ;^ 

(19) 
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Appsndlx IV, Continued 

IV - mBULATION OF INDIVHXJäL COMPONENTS t 
(Rolls, mnd sepant« •cc«asorl«s ara listed at end) 

i QUANTITY 

2 

1 

£ 

1 

1 

1 

2 

1 

1 

1 

1 

ITEM 

Uncoilara, 900C# oapaclty 
16" Arbor (no brakes required) 

Wir« Stltohara, with 2$" throat 

Raok-drlven sount for wir« •titohere 

Mounting« for 6i!-dle. olaaqp rolls on 
slthar side of stltohsrs (lass rolls) 

Bridle for 9C#' drag brake (lass rolls) 

Aocunulator assenlbly with provision 
for 3 fixed and 8 movable rolls (lass 
rolls) sObJaet to U.S.8. Royalty 

Bridle for 0-300# drag brake (less 
rolls) 

Alkaline spray unit (with reservoir, 
pungp, sprays, etc.) 

Post-alkaline spray rinse unit 

Sets ol mount* for 6"-dl«. squeagse 
rolls, with bearings, l«ss rolls 

38-ft. ceramic acid tank with hood«, 
«tack, heaters, and «teaa-tangparatura- 
eontrolling device- 

Fo«t-aold, two-«tage spray rinse with 
reolroulatlon, spray heada, «te. 

Vertical drying tunnel, direct 
gu-firad- 

Vertical air-cooling tunnel 

Enclosed reverse-roll coatar with 
rolls, elevating assembly, recircu- 
lating system, and drive 

(continued) 

* Assuming inatallatlon 1« within 500 miles of supplier. 

KQUIPMDfT 
COST 

INSTAUATIOW« 
00R 

1—O 
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Appendix IV» Continued 

qUANTITy 

8 

IT1M 

Enclosed squeeze'roll coater 
(modified veneer coater) with 
rolls, motor, reoiroulatlng 
system, and drive 

Forced exhaust-hood system 
(over coatsrs) 

Pour-stage evacuatbd even with 
direct gas-fired heat exchanger, 
and interlocking safety control 
system 

Four-roll drive hridle with motor, 
speed reducer, variable-speed 
drive (less rolls) 

Coilers, 500C# capacity, 16" 
arbor with motors, clutches' 

Sets of mounts and bearings for 
miscellaneous rolls 

COST 

R0I1S (12" dla., 52" long, unless otherwise notei) 

k 6"-dia. rubber-covered (c-w^ rolls 
at stitchers). 

6"-dia. rubber-covered"L0BIO- 
AUGWE3R"slit fi-U-cylindrical 
(squeegees) 

Auto, self-centering (snubber 
type ) "LORIO-ALXONEEtf 

6     Slit, rubber-coveredl,LORIO-ALIGNER" 
full-cylindrical 

Slit, rubber-covered"MraO-AUaNER',' 
narrow-bodied - 

6    Narrow-bodied steel 

Full cylindrical stoneware, 16" 
dia.(with bearings and mounts) 

Vater-cooled, hard-chrome plated, 
full cylindrical (with fittings, 
bearings, and mo\mts) 1 

(continued) 

* AsBuralng Installation is within 500 miles of supplier 

(21) 
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Appendix IV,  Continued 1 
QUAJJTITY ITEM 

ECMIPMBMT    INSmLLATION« 
COST coerp 

"Mount Hope" type expanding rolls, 
U" di*. 

ACCESSORIES TO COWTINUOUS LINE« 

Breaking, shearing and stacking 
line, UQ"  wide, 12'*to lUh"  long. 
Five-roll breaker. Capable of 
shearing 75S-16, O.OUO thick at 
at least 50 ft./min. 

Stainless steel storage tank, 
hooo gal. capacity 

Acid-resistant (metallic) pump- 
ing system, capable of punrplng 
50 GFM of hot acid at 10 ft. head 

Automatic sewage neutralizing 
system, with recording pH meter, 
capable of continuously neutra- 
lizing 20 gallons of 25 pet. 
sulfurle acid per hr. in stain- 
less steel sump 

Monorail hand-operated chain hoist 
system; 1 ton capacity (e entered 
over line, for assembly and maln- 
tainanoe) 

1 

1 

Fork-lift truck, 3-ton capacity 

15-H.P. Bteam-generating unit for 
acid-tank heaters 

Continuous hot water supply for 
maintaining 5 OFM at IkO'W. 

* Assuming installation is within 500 miles of supplier. 

>V 
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APPENDIX 7 

Septambar 30, 195^ 
SUPPLEMENT TO PROPOSED SPECIFICATION 3-5, 
MECHANIZED CORE-PRIMING AND DRTINO LINE 

Preparad by Haxnal Products Co., a division of 
California Rainforoad Piasties Co. 
undar Contrast No. AP 33(600)-23626 

(This is not a aorammant specification) 

IMPORTANTt The Information is this supplement suparsadas that in 
KProposed Spaoifioation 3-S*t  where applicable. The specifioation, 
itsslf, was preaarad during the parformanoe of the contract and was 
distributed widely &m'>n« sHinufactorera of orans and coating aquipnent. 
for ccansnt »aid eritielsm. A number of important rsrrisions ware oug- 
gastad by the manufacturers. Because these firms hare become familiar        ^ <. 
with the original specification and have retained it in their files, 
it has bean raferublished in substantially unchanged form in the final 
report of Contract No. AF 33(600)-2>626. The important rarisions 
have been published separately in this supplement. A number of minor 
typographical corrections and improremants in clarity haTs been made 
in the specification, but changes of this type have not been shown 
in the supplansnt. 

The rsrrislons containad in this supplement follow the out- 
line of "Proposed Spaoifioation S-t»*1. Each revision has been given 
a circled number which is also ahvwn in the margin of the latest print- 
ing of the specification contained in the Final Report. 

nrraoiwroRT MATERIAL OH FIRST PAOE . 

(l)   Second Paragraph - Change: "from 0.01 to O.Oif lbs/square foot .." 
to read "from 0.002 to O.Oh lbs/square foot .." 

(D Changs: "..from 0.01$ to 0.020 laches." to 
read "..approximately .025 inches.'* 

® it Change: "Fron two to eight double passes, 
to read "From one to eight double paasea..." 

Listing of componeate et bottom of first pegs: 

(5) Item (2): Change "Oven housing and direct, 
gas-fired heat exchanger..." to read. "Oven 
bousing and indirect-fired heat exchanger.." 

I. OOATBR. 

Add the following sentence to end of the first paragraph: 

(5) "A standard coating system using a roll-metering 
system is not suitable for the coating of houay- 
comb core material vitb viscous mstal-adbasivea 
having low-boiling solvents." 

(6) Add sentence to sixth paragraph, uodar "I", starting with 
"Experimental results suggest...", as follows: 
"The depth of the rubber should be from l/h 
to 3/8 inches." 
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Appendix V, Continued 

t to Proposed Specification S-5, Continued 

(y  Slghth peu-mgraph, «tartlng with "The lineal speed of the roller 
coater...." Delete the second sentence, vhlch 
reads, "It should not be necessary to use 
variable-speed drives" and substitute the 
following two sentences: "A variable-speed 
drive must be used to permit relatively 
thick, dense slices of core material to b« 
processed at reduced speeds, In order to pro- 
vide additional oven tine to bring them to 
tttoperature. The speed range should be ad- 
justable between 20 and 35 ITM. 

(§) Ttfttlfth paragraph, starting with "The doctor gap settings 
under consideration " Change "0.030 
Inches" to "0.020 Inches". 

II. OVMf 

® Add the following two sentences to the end of the first paragraph: 
"One source of explosion hazard which shculd be 
anticipated is the possible stoppage of the 
coater, which night cause the honeycomb cells 
to become flooded with an excessive amount of 
adhesive from the top reservoir. Ir order to 
prevent this condition from becoming hazardous, 
it might be necessary to provide for an extra 
long, automatically controlled Interval before 
the burners may be -relighted, to allow the 
flooded material to pass through the oven at a 
reduced temperature. 

Design Computations: 

A. Assumptions 

Sketch: (Note: The oven temperatures 
shown on this drawing are now considered 
inadequate, since the cooling effect of 
the material will cause the wet surface 
to be at a temperature which is far below 
the temperature of the surrounding oven 
atmosphere.) 

Change: the temperatures at "K", "L", "M", 
and "HEAT ESCHANOER" from "150,w, "ÄOO"', 
'230' 
"2oo9", "aso* 

and "JOO'F", respectively, to 
•300f" and "SJO'F" 

Change: the temperature at the exhaust 
duct from "120*F" to "150*1". 

Change: "SPEED - 35 FFM" to "MAX. SPEED * 
35 FPU". 
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Appendix V,  Continued 
t ti/ Proposed Speelfie«tlon S-S,  Continued 

(j)     Sli.th  peregraph, «tnrting with "The lineal speed of th»» roller 
coater...." Delel the second sentence, which 
rends, "It should i*. c he necessary to use 
variables-speed drives" arid substitute the 
following two sentences i  "A variable-speed 
drive must be used to pernlt relatively 
thick, dense slices of core material to be 
processed at reduced speeds, In order to pro- 
vide additional ovwn time to bring them to 
temperature. The speed range should be ad- 
justable tetween 20 and 35 FPM. 

(D    Twelfth paragraph, starting with "The doctor gap settings 
under consideration*..<.•/' Change "0.030 
inches" to "O.0B0 Inches". 

•* 

II. OVESt 

® 

© 

o 

Add the following two sentences to the end of the first paragraph: 
"One source of explosion hazard which should be 
anticipated Is the possible stoppage of the 
coater, which might cause the honeycomb cells 
to becoma flooded with an excessive amount of 
adhesive from the top reservoir. In order to 
prevent this condition from becoming hazardous, 
It might be necessary to provide for an extra 
long, automatically controlled Interval before 
the burners may be -relighted, to allow the 
flooded material to pass through the oven at a 
reduced temperature. 

Desl&i Computations: 

A. Assunqptlons; 

(l) Sketch:  (Note: The oven temperatures 
shown on this drawing are now considered 
Inadequate, since the cooling effect of 
the material will cause the wet surface 
to be at a temperature which Is far below 
the temperature of the surrounding oven 
atmosphere.) 

Ch&nge: the temperatures at "K", "L", "M", 
and "HEAT EXCHAHOER" from "150*", "aOO-", 
"250*",  and "300*P", respectively, to 
"200*",  "«SO*", "aOO*" and "350-Ffi. 

Change: the temperature at the exhaust 
duct from "120SF" to "IJOT". 

Change: "SPEES - 35 FFM" to "MAX. SPEED - 
15 FPU". 
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Appendix T, Contlnuad 
SttpplMMlt to Propo««d Spaelflcatlon S-5^  Continued 

© (9) 

o (10) 

© (n) 

Change aaaumptlon reading "Thirty-second 
expoEure to a nearly uniform temperature 
gradient Increasing from 70#F to SJO'F...." 
to read, "A forty-second exposure (corres- 
ponding to a maximum speed of 3$ TM 
through a 2^~ft. oven) to a nearly uniform 
temperature gradient, Increasing from 70'F 
to 300#F " 

Delete the entire sentence reading, "A 
direct, gas fired heat exchanger " and 
substitute the following; 

"An Indirect-fired heat exchanger must 
he used to prevent the condensation of 
water (a product of combustion) In the 
coating. All pertinent safety devices 
recognised by Insurance companies sad 
responsible oven manufacturers must be 
incorporated to preclude the possibility 
of explosion of either solvent or fuel." 

Change insulation loss from 2000 BTU/min. 
to 3000 BTU/min. 

■ 

■ ■ 

D. Calculations t 

© Note: The calculations dealing with heat and air 
capacities in Specification "S-5" did not take 
into account the amount of heat requited to warm 
the mass of the honeycomb core material. Experienced 
oven manufacturers have pointed out that this amount 
of heat becomes excessive where thick and/or heavy- 
density slices are processed. The most pessimistic 
condition would be where four-inch-thick slices of 
honeycomb having a density of 6 Ibs./cu.ft. were 
processed, but this condition would be encountered 
so infrequently that it would not be economical to 
provide sufficient heat capacity to anticipate it. 
When slices having moderately high heat capacities 
are processed, the lineal speed should be reduced 
to approximately 20 FPM to provide additional dryl.ig 
time. Unusually heavy slices which were incompletely 
dried at a speed of 20 FPM could be given an addi- 
tional "dry" pass through the continuous oven, or 
could be placed in a batch oven, to supplement the 
original drying operation. 

In general, the calculated heat input of 
520,000 BFJ/hr. would be inadequate, in view of 
the higher oven temperatures which have "been found 
necessary, and in view of the significant amount 
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Suppl«m«nt to Proposed Speeifloation 3-?, Contlnuod 

of heat required to warm the honeycomb. The 
nominal figure Bhould be increased to approxi- 
mately 800,000 MW/hr. (The heat exchanger 
should have a nominal capacity of one million 
HFU/hr.) The input air would be at a temperature 
of 350*?, requiring that a flow of approximately 
200 lbs./minute (8700 cfm at 70*F) be passed 
through the heat exchanger to Introduce this 
smount of heat into the oven tunnel. 

The weight rates of cooling air, introduced 
through the tunnel; and through the dampers and 
the blower,would differ from the calculated values, 
but these changes are not Important enough to be 
considered in this supplement. 

There appears to be no need for automatic 
controls which would insure that the temperature 
at the exhaust duct stays at 120*f. So far as 
the requirements of the process are concerned, 
this temperature nay vary from 100*F to 150*F. 
The conditions within the oven, when no work is 
parsing through, should be set to provide an 
exhaust (stack) temperature of 1$0*F» The 
exhaust air capacity »houM be increaae^TTrom 
BOCO CFM to t^ÖO CFM. to provide sufficient 
evacuation of volatlles at this Increased tem- 
perature. The other equilibrium conditions in 
the oven should be set as follows; 

1. 300"F at "H". 
2. No flow through "infeed" opening. 
3. 200#F approximately at "K". 

It should, be noted that it is not necessary 
to maintain a fixed temperature gradient through- 
out the oven at aU times. As slices of honeycomb 
are introduced, the temperature conditions within 
the oven can be eiqpecteC to change, and there is 
no Justifisble reason to attempt to automatically 
compenaat» for this ohanfle. 

o 

Q 

Changes In calculations: due to increase in temperatures t 

(2) Total evacuation required) 
(a) Volunetrici Change Vy from 8000 CSH 

to 8500 cm. 
(b) Oravlmetriot (Unchanged). 

(3) Stack Heat Loss: 
Change Q stack from 6650 VCO   to 10,500 PfTU 

min. min. 
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Appendix V, Continued 
L SupploHMnt to Proposed Spoolfloatlon 3-5, Continued 'A ■ 

8- - 

(Q (U)    Heat Input: 
Change "Q In" from 865O MV/min.  (or $20,000 
BTU/hr.) to 13,500 FTU/raln»  (or 800,000 FTü/hr.) 

@ (5) Air Weight Rate«; 
(a.)    Change Wsc from 157 lbs/rain to 200 Ibe/mln. 
(b), (c), (d), (e): Cross out existing numer- 

ical flow rates (Wd, We, Wb, an*l Wa). 
(f) Delete entire tabulation. I 

DRAWUKISI 

@)  C-3>  Change length 01 heated portion of oven from "id* MINIMUM" 
to "24' MIRIMUM". (Add six feet to other dimensions affected 
by change.) 

£j&        Change note under oven to read aa follows: 
"2700 CIM (at 70*?) HEATE» TO 350#F IK IMDIRBCT- 
FIHED HEATER". 

£^        Change temperatures in oven, from left to right, from "ISO'F",     t ,,^00•r^ and "250*FM to "^00•r^ ,,250•r,, and '^OO'r', 
respectively. 

@        Delete all air flow (CIM) rates other than those at exhaust 
and heat exchanger. 

23        Cbiange speed (shown at left of coater) fron "35 FFM" to 
"20 to 35 FFM". 

@        Change note number 10 to read: 
"IHDIRBCT-FIIflED HEAT EXCHANGER SHOUID BE " 

@ C-kt      Change "Note 2" from "SPEED - 35 PPM" to reads 
"SPEED ADJUSTABLE FROM 20 TO 35 FFM.' 

@        Change "Note 6" to readt " .0.020 INCHES.. 
rather than " 0.030 INCHES " 
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APPENDIX y.  Continued 

PROPOagD SBSCIFIC^TION 8-5 FOR MBCHAKI^D CORB-PRIMXHG & DRYIJ« LINE ♦ 

Prepared by Hsxcel Products Co., a division of 
California Reinforced Plastics Co. 
under Contract No. AF 33(600)-23626 

(ihls Is not a Oovemnent specification) 

This specification Is to be used in conjunction with attached Drawings 
C-3 amd C-lf. 

The puirpose of the proposed line is to apply prine coats of 
resinous mstal adhesive to the surfaces of flat aluminum honeycoab core 
material, and to dry them in place. The coat log should be consistent in 
unit velgfat, and in depth of penetration down the sides of the cell walls. 
Tho unit weight of the coating desired here is from 0.01 to O.Oh lbs/square«QP 
foot (both sides), depending on the strength required in the finished sand- 
wich oasqposite> Optimum depth of penetration is from 0.015 to 0.020 Inches Kg/ 
From two to eight double passes are generally required to place a given  t-'Q) 
«nountof adhesive prime on the core smterial. 

Aluminum honeycomb core material Is supplied in a number of 
densities, ranging from 1.6 to 8.1 pounds per cubic foot, depending on 
the gauge of the foil and the size of the cells. Thickness is typically 
of the order of 1/2 inch, but flat slabs may renge from 3/l6 to \ inches 
in thlckoess. Maximum standard "blanket" dimensions are currently 30 
inches by 108 inches, but are expected to reach 1»8 inches by iW* inches 
within a year. 

When flexed, a flat slab of honeybonfc assumes a "saddle" shape 
rather than a uniform, singly curved bend. For this reason large, thin 
slabs cannot be supported locally, or at their edges only, in a continuous 
processing cycle. Low-density honeycomb is very susceptible to damage 
from handling. 

Medium-production priming of honeyconib core is currently pep- 
formed in ordinary, unhooded venter coaters without conveyorisatlon or 
special drying techniques. This current method lacks consistency of qua! 
ity and large production capacity, wastes solvent, and create« fire 
hazards and unhealthy working conditions. Furthermore, the wet adhesive 
coat is likely to be smudged or removed locally in handling, nils speci- 
fication proposes requirements for the various components in an improved 
system, for the convenience of potential buyers and suppliers of the 
equipment. It is not Intended to be a rigid specification, but a use- 
ful guide In the selection or design of equipment. The contractor and 
the Air Force cannot assume responsibility for the correct functioning 
of the equlpnent or for its safe operation. 

The following ccnponents are considered necessary to the process: 

Special roller-coater (sultebls for use either individually, 
or as a component in the complete line)| 
Oven housing and direct, gas-fired heat exchanger, with   ♦—Cu) 
interlocking safety equlfment for both) 
Special driven conveyor system,, Incorporated in oven housing) 
Non-driven cylindrical-roll conveyor tebles) 
Room sir evaouators. 

* This specification has been partially superseded by a supplement. Circled 
numbers and arrows here been placed in the right-hand margins to indicate 
where important changes have been made* 
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Appen 'ix V, Continued 

Proposed Specification S-5, Crntinued 

These components are described in detail, as follows: 

I - COATBfl (See Drmiflng C-U) 

The contractor has conducted extensive research on core coating 
variables, with astJil adheslves. Excessive solvent loss from the nix 
and poor doctoring are the two most troublesome factors encountered when 
vising a s^adard roller coater. The design of the coater vlth the special 
hooding and doctoring arrangemants shown should nearly eliMnate these 

j  difficulties. <~(D 

It is believed that the aechauical arrangemsnt shown in Qraving 
C~k can be incorporated in most staMard veneer coster». Notice that 
although the doctor rolls have been removed, the doctor-adjustamnt. 
mechanleas have been retained. The locations of the blade asseoblies 
are determined by plain  noirotating shafts 4 carried in the existing 
"doctor-roll" bearings. 

Sxparisasnte have indicated that the use of a blade in preference 
to a roll completely eliminates the tendency of the mix to form ridges 
or "stripes" on the applicator roll. Furthemore, the agitation and 
aeration of the mix, which nomally accelerate solvent loss, are reduced 
to a BrtnliMum when a blade is used. Doctor-blade msterisg on the top roll 
has not been tried by the contractor. It is believed that the blade can 
be made to form the bottom of a "side-plate" reservoir without difficulty. 
The drawing illustrates one possible arrangemsnt for. this reservoir system. 

Although no specific evaluations of hooding were performed, the 
contractor feels that the use of a hooded aaehlne is clearly Justified. 
Farts of the hood must be easily detachable for cleaning, and "blowout" 
panels should be provided to mLniBiEe explosion hasards. 

Means must be provided for continuously observing the height 
of adhesive in both pane, lb» following alternative feeding eyeteas are 
recomeended; 

(1) Gravity feed through 3/k-inch, pipe regulated by accessible 
valve. 

(2) External, lips covered with hinged trapdoors for convenient 
hand pouring. 

(3) Other systems, adapted to easy cleaning, and not subject 
to malfunction due to high viscosity, tackiness' , or 
low solvent boiling point. (It is believed that a 
pimping system may be difficult to clean). 

The meena for observing and controlling reservoir content Ghould be 
clearly stated in the proposal. 
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Appendix V,  Continued 

Proposed Specification S-5, Continued 

Experimental reaulte euggest that aoootbly ground rubber- 
covered applicator roll« are superior to other types. No tests were per- 
formtd on the resistance to «veiling of various types of rubber, but It 
is felt that a aeoprena of 70 Durometer may give the best results. The 
user should sctlclpate swelling and should have extra rolls on hand to  ^^ 
allow regrlndlng without excessive down tiste» <""\S/ 

Electrical equipment, used In conjunction vlth the coater should 
be explosion-proof, and oust not be enclosed within the hood. 

The lineal speed of the roller coater should be synchronised ^~ 
with that of the coove-'or discs. It should not be necessary to use <—\D 
variable-speed drives. 

Provision for rapid and accurate adjustmsnt of gap heights with 
one control should be nads. The proposal should state whether this con- 
trol is calibrated or not. To afford coBpatlbillty with the conveyor 
paaa line, only the upper roll should be adjustable vertically. 

One of the two spreader rolls should be provided with adjust- 
able relief aprlnga to prevent dsoags fron off-thickness aaterlals. 

The general degrees of durability, power, and preciaion in- 
corporated in the coating machine should be of the sane order aa in 
& standard coostarcial veneer ocawr, in tbs Bsdlua-duty class. 
Machine a in the low-price olaas, having light franlng and snail roll 
dlansters,have been found to be generally inadequate. The power and 
durability requirements are not so high as to Justify the modification 
of an ordinary Machine to give "heavy-duty" aervioe, however. 

The doctor-gap settings under consideration here are of the 
order of 0.030 inchea. In the ppinion of the contractor, these settings *~(8) 
will not dictate exceptionally high preciaion in the contruotion of the 
doctor-blade assemblies. 

The requirements given here are intended to apply to machines 
used individually with manual feed and take-off, as wall as to those 
used in combination with a mechanized drying system. 

Most ooupetitive coating machines have individual features 
which affect their utility and price. Thoae featurea not covered in 
this specification must be given consideration by the prospective buyer 
in the final selection of a machine. 

II - OVEN (See Drawing 0-3) 1 
The design of the oven shon in Drawing C-3 is tentative only, 

and is subject to ingprovement or modification by the actual buyer and/or 
fabricator. The contractor wishes to emphasize that a careful selection 
of safety equipment is required for such an oven, .but boa not attempted 
to list or specify these devices. Safety equipnent ahouLd be proposed 
by the oven vanufactMrer, and reviewad by the cognisant inaurance 
compenleii. *~\2) 
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Appendix Vf Continued 

Proposed Speciflcetion S-5, ConUnued 

In geoeml, It is neeeasaxy to avoid abrupt Increases in dryin« 
teiapoxmture with vhe solvent system shown« in order to avoid exoessiva 
"boiling" or "frothing" of the ooating. Low teoperature in ooefeinatiaa 
with high relative humidity will cause a condition called "blushing",  in 
•which aoisture condenses in the coating itself.  Blushing shows up as 
a mllkiness or cloudiness of the coating, and is dstrioental to bond 
strength in the finished product. It can be reduced or eliminated by 
warming the wet coating« reducing relative humidity« or raiaing the boil- 
ing point of the solvents. The contractor feels that the incorporation 
of a wara-air« low-velocity stage at the inlet end of the oven will pre- 
clude blushing. 

1%« proposed minimum length of the oven is beUered to be ade- 
quate« but it is not supported by accurate experimental data or computation. 
UM user would undoubtedly find that a lon^sr oven would requir» less criti- 
cal conditions of use. 

The tenperatures shown on the drawing are arbitrarily selected. 
It will undoubtedly be necessary to aodify the tenverature conditions 
to bring about desired results. To this end« the entire system should 
be built with enough flexibility to allow a wide range of ad^ustaent. 
The goal of the final design should be a uniform increasing temperature 
gradient with an adjustable slope, rather than the achievement of the 
actual stags teai>eratures shown on ths drawing. 

The magnitude and directions of the air velocities in the oven 
should be adjusted to avoid blowing the material off the oonveyor. Areas 
forned by tunnels« baffles« and exhaust ducts should be made as large as 
possible. 

de oven housing should be equipped with blowout panels which 
are easily removable for access to the conveyor system. (Prospective 
bidders should note that the conveyor system is closely integrated with 
the oven.) 

The following are design calculations« Intended to support the 
choice of air flow rates and heat rates shown in Drawing C-3t 

Design Computations 

Hotel These computations are intended only to eerve as a 
guide in estimating the cost and feasibility of ths 
proposed oven unit. Ultimate responsibility tot the 
safety« practicability« and configuration of any 
actual unit is to be divided between the buyer and 
the builder according to their own agreemsnt. 

r 
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Appendix V, Continued 

Proposed Specification 3-5, Continued 

A - AMmxapttaim 

(1)       The genersü configuration and temperature locatlow* are 
those shown In the figure belows 

zofz: 

(NO FLCW)   '  J 

1 100? 1 

DIRECTION OF WORK. 
SPEED = 3$ FPK 

HEAT EXCHANOER- 
4_4| 

(2) Maximum weight of dried adhesive ooatlng, applied In eauh 
pass (both sides) . 0.010 lbs./square foot. 

Note; In coating expsrlnents conducted In the contract, 
this figure has never exceeded 0.005 lbs./square 
foot. A factor of two has beec applied to sJJLow 
for errors in doctor adjustaent, etc. 

(3) Solvent: Toluol (other solvents nay be ethyl alcohol, 
MEK, ethylene dlohloride, and secondary butanol). 

(It)   Solids content of mix:    20 pet. (mln.) 

(5)   AH solvent is rsnoved in the oven.  (Son« solvent nay 
be evacuated in the open area between the coating rolls and the oven 
entrance.) 
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Appendix T, Continusd 

Proposad Sp«oifloatlon 9-5» Continued 

i 
(6) Tbm vet adhaslve will be «ifbjeot to bluehlng (pickup 

of condensed water vapor) unless special neasures are taken to prevent It 
from reaching a low tesqpesature. 

(7) The coating will "boil" excessively wvless care is taken 
to prevent abrupt rises in temperature. 

(6) It will not be necessary to reraove all traces of solvent. 
' final solids content of about 90 pet. would probably be optimum. (Over- 
night air dry will usually give approximately 85 pet. solids.) 

(9) Thirty-second exposure to a nearly uniform temperature HQ k 
gradient increasing from 70*** to 23CPF will give adequate drying, with- 
out blushing or excessive boiling . 

(10) A direct, gas-fired heat exnhanger may be used, pro- <—@ 
vided that all pertinent safety devices recognised by insurance ccapanies 
and responsible oven oanufacturers are incorporated, to preclude the pos- 
sibility of explosion of either the solvent or the fuel. 

(11) Insulation loss (^ insulation) is approximately 2000 BTU/min 

T: tstaperature, deg. F. 
W: weight rate, air, lbs./min. ^^ 
Q: constant-flow internal energy, available at 70^F 

(ambient), BfEU/min. 
V: volumetric air flow rate, GFM 

Cp: specific heat (0.2k BTü/lb/«* for air) 

C - Design Values 

(1) Air evacuation to ramove one gallon of toluol at "Jxnmr 
Explosive Limit ("L.B.L.") - 2360 cubic feet (at 70«*) 

(2) Svacuation safety factor ■ k. 

(3) Wt. of toluol - 7-22 lbs/gal. 

(U)   Air density at 1QPF  - 0075 lbs./cubic foot. 

D - Calculations ♦—^ 
(l)   Bate of solvent introduction: 

Width x Speed x Solids Deposited x Cl ~ gg^jflg content) 
{    solids content ) 

- (»0 ft.  (35) ft/min (O.Ol) Ibs/sq.ft.  (0.8) 

s 5.6 Ibs/min. 
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Appmadix Vf ContimMd 

Propoesd Specification 3~$t ContintMd 

(2)    Total eYAcuatioa requirod« MO 
a) VoluoBtria 

Vy • (cubic ft. of air par gpHoa   at L.I.L.) x (trap, oorrectios) 
■ x (      1      ) x (rate of aolvent introduotioa) x (safety factor) 

(IWcal) 
| . (2360) ft3 |^a«j x ^ j^ x 5-6 iW^n x i. 

yy ■ 6000 CFM air at 120^ 

o) Oravjuggetriot 
Wy - (Volumetric rate) x (temo. correction) x (density) 
' . 8000 ft3/mln (U60 ± 70) x (.0T5) lb«. 

Wy - 552 Ibe/Mia 

(3) Stack Boat Lose* 
9etaek - Wy   C- (120-70) . 552 (.21»)    (50) Ä 

«^tack .   6650BTÜ/1H *-Q3 

Heat Xnputs 
%n . ^ataak-«- %nsiaation . 66e04> 2000 

^1»   ■ §6g0 BTU/ain 4-^ 
(or 520,000 BTU/hr) 

(5)   Air Vfeight Hatesi 
(a) Surougjh beat excbangsri M^ 

^e • 5*2    « 8650 
Wx s IgT l^s/.in 

(b) IhrousSi cooling stag« (W4): 4—^ 
On . Qln 
(Wd+VQ   Co (250-70) - 8650 BTü/min Ha • ^wSffl(iao) 

Wd ■ >»3.5 Ibs/Mn 

(e) Flow throxigh last daaaQper, W0 
(One-half of insulaticn loss assumsd to occur in 250°? stage) 

^ « ^in - 1/2 Qtiu jOation 
(W0+ Wd+ Wx) Cp (200-70) • 8650 - 1000 

50 : ^T^y'*0 (ly? 
Wc ■ k5  Ibs/mlB 
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Appendix V, Continued 

Proposod Spaolflcatlon 5-5» Continued 

(d) Flow through aiddle aaapttr, w^,: 
(One-fourth ot InmÜAtlon loes assuned to oecur In 200PW ateff») 
% ■ %tt - 3A ^Ineulatlon 
(«t+ Wc* Wtf wx)   Cp (150-70) » 8650 - 1500 

«b s 12? Ibe/adn 

(0) Flow through blower, into Nantlbluehlng" chaatoer, Waj 
(One-fourth of insulation loss assumed to occur in ISOOF stage) 
Qstaok • Qin ♦ insulation losa 
(«a ♦ Wb ♦ Wc ♦ Wd ♦ Wx) (Cp) (120 - 70) - 66$0 - 2000 

(«zu; i 50) 

W» - 181 Iba/ain 

(f) Air Volumetric 81 Orarlnetrlo Rates and Ifeaperaturea« IMiulatadt (~@ 
(Volumetric flows are shown on nrmwing C-3) 

w 
Iba/min 

T V 
cm (at temp) 

riow 
ühroueä».: 

a iai 70P 2i»00 blower 

b 127 7cr 1700 damper 

c ^5 7CP 600 i-juper 

d U3.$ lOf 580 cooling tunnel 

X 157 7(F 2100 blower 

y 552 12GP 6000 bloweir 

Rote: Air »eiocities, duet diaaeterai and damper ofpenlngs 
have not been computed. Rreaeursa throughout the 
oven are negative. 

Ill - ERXVEK OQSVBmR 

It ia neeeaaary to convey the wet material through the oven with a 
mtnlimim c£ actual contact, and with no aide interference. It ia probable 
that the width of eome slabs may run aa low aa 10", while others will 
approach 48". For this reason, a "four-and-five-wfeel" eaoveyor a j> a tern, 
with the inboard wheels cloaely apaoed, la reeosMendad. 
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Appendix ?# Continued 

Proposed SfMolfleAtion 3-5, Oontinuad 

The oontraotor Im» tasted sbArp^edfisd roUUini as a eonwylng 
fflpdium for wBt eors. Ths results Indicated that, although there vas no 
sl^olfieaat loss of adhesive fron the core to the dlses locally, the 
dlsos did tead to aoounulate sosa aOhaslve on their edges, «hen In con- 
tact irlth vary fresh aatariAl > For this reason, it is raccnnsnded that 
a systea of adjustabls knives he JUwtallad for oontlmwcaly cleaning 
th« dLses on the first five or six shafts. The contractor suggests that 
these knives consist of individual plat»s having a V notch ground to 
ths saaw angle as the discs. 

The possihility of heat distortion should he anticipated in the 
design of the roller and cleaning-knife asseirfblies. 

In order to reduce vet adhesion and to prevent »parking,, the 
discs should he of hrass. 

In the event that ths cocveyor is contracted separately from 
the CTTSSL, s. close liaison should we upheld to assux« that the two are 
ocnpatible. It is essential that all of the discs be accessible for 
inspeotloa, and vire brushing at periodic Intervals. The oooveyor 
drive and bearings should be outboard to escape heat effects. 

IV MOHDRIVHI COHVT5YDR TAB1ÄS 

The conveyor tables should be designed with brass or steel 
tifbular rollers, pitched six Inches apart. The run-out conveyor is 
Inclined so as to tip the slices off the driven dlsos before and abrading 
action cm take place. 

It is suggssted that the potential buyer eventually give 
consideration to ths substitution of a coansrcial sheet stacker for the 
run-out conveyor. This additional nschanlzatlon would permit operation 
with a three-man (or possibly a two-man) crew Instead of a four-nan 
crew. Before inviting bids, the potential buyer of a stacker should 
determine by actual tesb if honeycomb can be handled In various types 
of units, and if dMnage from the "drop" is likely. A return conveyor 
systea would be another desirable refineasnt. 

In the actual operation of the unit, the slabs should be 
Inverted between each pass to eqiualise uneven doctoring conditions in 
the top and bottom coating asseaiblies. 

V - ROOM VENTIIATION 

The air evacuation rates shown at the overhead hooda, in 
Drawing C-3, are arbitrarily aelected, and ahould ue checked by a 
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AppsndUc v,  ConUauwl 

Proposad SpMlflcatlon S-5, ConUnu«! 

qualified veotilAtloo •*&*.. »r.   A «ignlfleant amount off volatllM oaa b« 
expeotad to «VApo^wt« ia tha opaa spac« batwtaa tha colter «ad tbs ovaa« 
It ia sKpectad thftt aaaa racldual aolvaat «ay ba earrled vith tha oora 
aatarlal out of tha ovad* 

Baoauaa of tha toxic affaota of tha aolvaat nixtura (aaavna 
attayleoe diehiorida) vaatUatioa «uat ba aaglaaarad for «aoaptabla 
health ataadarda. High labor turaovar, loat tlaa froa Jilneaa. high 
accident ratea, aad loog raat parioda viU ba iaouxTad if tha toxic 
and narootio affaota of the aolvaata are net fully asoogaisad and 
controlled. 

It ia probable th&t aolvent concentration« nay ba found ia 
the regloa of tha floor, dictating additional Tantilatloa hare. 

; 

A aaadatory portable aoeaeatny to the oora-prladag lias ia 
a »oivwnt-öoncen trat ion ma tar, hariag aaaaitiYitiaa capable of 
maauriag concentration« ia both the "axploaion" and tha "health" 
rangea. 
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EXPLORATORT TUVSSYTrMTTOS OF SlfflAft-TEHSILE CORRELATION 

Although a eosMlderabl« »mount of dmta was coll«cted in this 
projoct relating flatvlsc tenstl« strsogth and ttml  straogth to rarlous 
material axtfi procaac paramterai. It bacans apparent that these data in 
theneelirea «art not of lamadlata ▼alua to the Aaalgner. Surrey Information 
reTeal«9d that eany f 1ms engaged in the tmnufaeture of aluminum honeycomb 
sandvleh did not directly relate the service properties of the bond, such 
as flaxural nhear atrength, to bond-strength values. Although there was 
a general agreement that bond strength had to be above a certain level of 
quality to assure that shear strengths were upheld, no attempt bad ap- 
parently been made to quantitatively relate bond strength to flexural 
•hear strength. 

Some manufacturers considered that the inherent strength of 
the adhesire fomulation determined whether or not the core sheer strength 
was developed by an adheeive bond. The quantitative atudles conducted in 
this project definitely Indicated that bond properties stich, as flatwise 
tensile strength were influenced by bond weight and a number of other factors. 
It seemed probable that the shear strength at the Interface between the core 
end facings should follow the same general trends as flatwise tensile strength 
snd that the tensile strengths and shear strengths in this plane might be 
in themselves very closely related. 

• 5 
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It was decided to conduct an exploratory program, using one 
adheslvs «nly, but introducing several other variables, to determine if 
a correlation between shear strength in the bond and bond flatwise tensile 
strength existed. This work was performed with "FK-**7" using relatively 
light adhesive lines. In order to avoid failure in the core Itself. The 
control cure in the project (5 minuterf'preheat at contact pressure; 60 
minutes at 3^50F| 35 P8i)was used on all these panels.   It should be 
noted that the cure in Itself may be a significant parameter in the cor- 
relation.  Feeing thickness on most of the panels was O.05I Inches; some 
panels were made with 0.064-inch and 0.0^0-inch facings. Except in the 
case of the 0.0^0 HLneh faclngM, which were aided 75S-T6, all facinga were 
alclad 24S-T3. Two core densities In the l/4-lnch cell sice ware used. 
In the l/8-lnch cell else, only the 8-pound (nominal) denelty was used. 
Core thickneee was varied in two instance«, but the balance of the cores 
were all 0.623 Inches thick. 

Sixteen panel» incorporating these peremeters were febricated 
and teated. Flexure1 shear and flatwise tensile tests were performed at 
room temperature and ISOOF. Edgewise campresslve tnsts were performed st 
roan temperature only. 

For the flexural tests, two specimens from each panel ware 
cut three inches by eight inches, with the ribbon directlor parallel to 
the eight-inch dimension. All of the flexural specimens were simply 
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Appsadtx VZ - Cootlnutd 

■upportea ov«r * »ix-iissl» spun,    Ttm  load *«• «ppllvd at Bidap«a tt a 
unJifona rate otT approxiaataly- 1,000 lb&/nlnutof rtataltlng In a total 
loadiag tlae of approxlmtaly two to thraa «tu««*», lb« tvo aupport 
p«ds and the slagl» loadloa pad mmmred aam  lash Vjr three Incbi»« and 
1-1/2 luohea bjr three Inobes; respectively. 

The testing aethoda used on the flatvise tensile speelmns 
are detailed in Appendix II of thle Report. Frooi two to five one-inch- 
square speciaMos fron esch panel ware pulled at eaehtest temperature. 

One three-Inch by 2-1/2-inch edgewise compreeaiva spectawn 
was cut fron each panels nilled aotiare, and tested at room temperature. 
The load was spplied over the 2-1/2 4nch>wide surface». In a direction f 
parallel to the core ribbons. The clanps used to restrain the ends were 
7/6 Indies in height. 

Tests at elevated toaperatures vere performsu vith the 
seme fixtures used in the room temperature testa. The fixtures were 
enclosed vlthln an electrically heated, thermostatically controlled 
oven having farced air circulation. The load was applied as soon aa 
the specimens reached teat temperature, as determined by thermocouples 
located in the tenalle specimen blocks and in the unstressed portions 
of ths flexural «hear apecimena. '■ 

The values of flexural shear strength, shown in Table 30 
at the end of this appendix, were obtained from the simplified formula» 
Ss s  F , where 

bTKcT 

8s = shearing stress, psi 
P - load, Iba. 
b s specimen width, ihoiws 
h *  total panel thickness, inches 
c - h - 2f. where f • facing thickness in inches. 

(In this evaluation,c was assumed to equal cere 
thickness before bonding.) 

It wee assumsd that the ahearlng stresses developed in the horisontal 
Interface were equal In magnitude to the ahearlng atresses developed within 
the core. Theoretically, the flexural »hearing atresses in the bond, in a 
sandwich structure having a low-denaity core, tend to approach but do not 
equal the etreaaes developed in the neutral axis of the panel. In a homo- 
geneoua rectangular beam, ahearlng atresses would be at a maximum at the 
neutral axis, and would vary parabolically through ths section until they 
reeehed sero at the outer fiber».  In a aandwich structure which is loaded 
In flexure,a portion of the shearing stress is'sustained by the faclnga. 
Shear atreaa is at a relatively high level in the plane between the core 
and the facings, and rises parabolically to a somewhat higher level in the 
neutral axis of the penel. The relative difference between the stress in 
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the boDd -öd the «trau« ID th« nautral axl« is Influsaead t/ thm  thickii«ss*a 
of the core and facing«, end by the density of the core. As enpirtcel 
relationship hetveen the flezural sheer and the fletwiee teneile strengths 
of the bond, of the ty?*  «ought In this exploratory investigation, would 
undoubtedly be influenced uy the dinensions of the panel. 

The tabular results of the Investigation are shown in Table 
30 at the end of this sppendix. Graphical results. In which flexural 
shear strength was plotted against tensile strength at the temperature 
in question, are shown in Figures 69, 90, 91, and 92- Figures 89 and 90 
represent an 8-pound-per-cubic-foot (nominal) core density, in both the 
i/o-inch and 1/4-inch cell sizes. Figures 91 and 98 represent a six- 
pound-per-cubic-f oat density in the i/Vlncn cell sice only. 

The graphical result» in figures 69 through 98 were adjusted 
to compensate for known core-density Tsrlatlous about each nominal density. 
The uncorrected "shear vs* tensileM point« hkd not shown a correlation when 
plotted together. It appeared likely «however, that BODS of the flexural 
shear spsolnens had failed in the core material, rather than in the bond. 
Since the objective of the study was to determine If a relationship existed 
between1 the flexural shear strength of the bond and the flatvlse tensile 
strength of the bond, and since flexural shaar data representing core 
failures vere rot pertinent to such a determination. It was necessary to 
seperate these cats in sons way fron the data representing pure bond 
failures. 

The shear specumne vere first graded vlsuslly to determine 
if the core failures would be discerned from the bond failures. It vas 
found that soms of the failed speclmsns showed obvious and pronounced 
core damage in the form of diagonal "ahear lines". A nusiber of speei- 
msns showed no damage to the core whatsoever. A. third group exhibited 
buckled cell walls, but the damage was not so obvious as in the case of 
the spsclmsns containing ."Shear lines". Since the flexural sheer strength» 
exhibited by the latter group of specimens vere scattered. It wae not ap- 
parent whether they repressnted core failure» or bond failures. Visual 
inspection did not aipear to be a reallable mean» of determining whether 
flexural shesr specimans had failed in the core or In the bond. 

^ 

. Beoause the flexural shear strength of aluminuu houeyoodb 
is strongly affected by density, it seemed that aoam of the dispersion 
of the shear strength regdlngs could be removed by adjusting the mag- 
nitudes of the readings to oempansat« for known variations In density. 
When this was dons, SOBS of the plotted points showed a tendency to 
level off at definite Mad— shear strengths, corresponding to ths 
Inherent strsngtha of ths cores at each nominal denalty. These points 
vere then Identifiable as core failures and vere, therefore, not ap- 
plicable to the detezmlnatloa of a correlation between the sbbar and 
tensile strsngtha of the bond. One obvious fault vith thia procedure 
vas that oors density correction» had to be made on all of tba data, 
Vhereaa ths flexural shear strengths of the spedmeeirwhloh had failed 
In the bond vere not Influenced by core density, nor vere the flatwise 
tensile results from ths entire group. In order to malse the neceeeary 
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density «dJustMnt without wlmrmptmmätiae * NibMr-tn«U«M oorr*l»tioe 
In UM bond. It w»s astMSMnr to Multiply tfat fUtwlaa tM»il« straasth« 
by **>• **«» <ä*xM»ity-«dju»t»nt r*otor» M wm ua»d «a ti» porr»«pcodijo« 
■bfBM' slr«»^»!«.   Altco«gjj «til« pntotle« »PPMMI unorthodox, it o«n be 
JuatifieA on tbs roXlovlac fppoualat 

(1)    'IhilA the sheer and tenail« «trmigthB of the boaSs sus 
not lnfl«eiic«d lay eor« deasity, tha d«ta fro« «hit «valuatloa Includad nn 
unlniowi inariwr of thMr falluroa In th« COM, «hteb Aid roqulv« dMwlty 
«ajuotawots^   OitorlalMtloi« Mions «tarleua •pMiatoroouId not b« UMd 
In applying thA «id^uetmamt. 

» ■ ■ 

12)   tha tat to of ahaar atraosth to tanaila atrancth ob- 
aer^rad In atteh panaX bafore an ad^vistmwst factor vaa applied was not 
clian«ad by «akiae tha "djuatwnt. alne« tha tao quantitie» vara multi- 
plied by tha ssas© auafcer;  l.a. ■^m-r 

f 
UM aAJuataant faotora uaad on the pathta in Figoroa 89 

through 92 *ara tha ratloa of *t*mis»X/k6*»»X*  danaltta». It «houlA 
ba noted that ihift oorraotloa vm* not entirely accurate, since the 
sheav ntremgth of hcnajcasih la not Alraotly proportional to ite danaity. 

Before attanptlng to interpret, the tUpaifleanca of tha 
curves, It ahottld ba noted that tha tensile valuta represented by the 
circled polnta on Figures 69 and 90 (panels 68fc and 68d) were balieved 
to have beta waakenad la aawlng. A vaakaalng of the typt haa often been 
observed on panala having aneh low tet^alle strangtha. 

A atralgfat dotted Una haa baan drawn at a ^-degree slope 
on Figures 69 enA 91 rapreaentlng a condition in «hleh flaxural ahear 
strength «quala flatwise «ensile strength. This alope, draan arbitrarily« 
appears to reptreaeat the approxlnata relatloashlp bet*«*»» flexural shear 
strength in the bond and flatwise tensile strength for one particular ad- 
healve and curing schedule, when ahear failure does not occur la tha core. 
Although there «ra Insufficient data to uceurataly define a correlation, 
there la evidence that the ability of tha bend to develop tha full flaxural 
shear strength of the honeycomb core Material la related to tha tensile 
strength of the bond,, In the bonding systen under evaluation. 

Figures 90 end 92, which represent the values of »hear and 
tensile strength at 180°*, do not give evidence of asy core fsllures at 
thla temperature. The nostlnal 1:1 ratio, which waa observed to ba gaaerally 
applicable between the two properties at roosi tanperatura, Is obviously not 
In effect In the 18QPF curv««. It should be noted that the vide' dispersion 
of points on these curvee waa at laast partly attributable to the fact that 
temperature was adjiiisted a^ "i test condition, separately on each type of 
speclann. It appeared that a line drawn to rapreaent the eooditioa in 
which "ahear »0.7 tenalleM depicted ar approxlaate correlation between tha 
two propertlea at a temperatur« of 18CPF. The fact that tha propartiea are 
not related by tha sane factor at both temperature» aahea It unlihely that 

: 
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tli«r« 1« • fl3«»d imtlo b«tinwn ihm äbmmr maA teMlI* «trangtlifl äf the 
Ixnd for «11 formalMtloaa, »11 curing tl»« «ad te^p«rmtur»«, •na »11 
1»«t t«^p«r»tux«a. Ttmrm iu «rldwao«, b0N«v«r, th»t »t «ay ßlvwi ■•* 
of tboM condition», SOM eorr«l»tioo botwMn fimmrrmJ. obMr •*«?pl1 

and flAtwl«« teasll« mtrmrngth «sdatt. fh» rwognttloo of tim probabi.i 
•xlstone« of auch » correlAtlon by daaicaara and prooaaa anelaMra  
should »aalot tha» tn relatln« loollng-proeaaa v»nabl«B to th« aarvlc« 
r«(|ulr«Binta of tha atruoturea. 

Aastanins that tha shear atrangth of an «dhealTa aueh a« 
"FMkUT" la approxliMtalT aqtttl to its tanaila strength,, it would be dif- 
ficult to eonaiatantly develop tha full ahaar strength of al lA-.OOU 
core Material with thia adhesive, Figur« 3 in Section I, Part A,of this       { 
report, indicataa that to deveicp a flatwiae tanaila strength of approxi- 
mately 700 pel (equal to tha nominal level of"core shear strength avail- 
able in «1 l/U-.oeU cor«), a relatively heavy bond is required. It would 
be almoat impossible to darolop the full core shear strength of either 
«1 lA-.OOb or al 1/&..002 core at ISQOF with auch an adhesive. It should 
be reoanphasised that the data presented here are exploratory only, and 
are repreaentative of only one formulation, and one curing achedule* 
There is no evidence to indicate that the ratios determined her« would 
apply to other conditions. 

One "rule of thumb" which has been used as a criterion for 
bond strength, is that the flatvlse tensile strength of the bond should 
equal or exceed the flatvlse compreaaive atrecgth of the cor« natarlal. 
Thia rule haa ita basis in the theory that a facing under edgawlae com- 
preaaive loading is equally inilined to "wrinkle" inward or outward, and 
that the atabilising forces in either direction should be of the same 
magnitude. (The rule haa lately been ccmaidered invalid by thoae who 
had originally proposed it.) The edgewise corapreaaive data shown in 
Table 30 Indicated that flatwise tensile strength, in the normal range 
of value», did not appear to effect the level of edgewiae compreaaive 
atress developed in the fsclaga, and that these atreacea normally exceeded 
the yield strength of the mstal. In the case of Panel No. 668, ta which 
tha flatwiae tenail« strength waa very low, the facing stress developed 
in the edgewise compreaaive teat eqjwOed but did not exceed the yield 
etrength of the metal, suggesting that BOB» minimum bond atrength wee re- 
quired to impart full atabllisatlon to the facing. The etaaracteriatiea 
of the failure» (sketched in Table 30} showed no discernible trend «• 
flatwiae tanaila strength waa Increased. 

The reattlta of the edgewise compresslve taata cannot be con- 
strued to prove or disprove the rule that the fljatwia« tensile strength of 
the bond should equal or exceed the flatwise compress Ive atrength of the 
cor^ for the following reasons: 

j 
1.  In all of the penele in the evatl«iatlon, core compreaaive 

strength was of a high order, and in no esae did the 
flatwiae tenaile atrength in the bonds equal tha core 
coidpresslve strength, aa the rule require». 
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2.  The degree of flatneea of the epectiaen» ovtlueted here 
va« optijBlttlc In view of th« flatnesn idtxleh t« nonMilly 
tolsrated in th« facing» of flat poMls mAm  In pro- 
duction. Although the core we» »lleed by product ton 
mtho^« »1th no apeeial tolvrmnco«, there were no cor« 
•pile«« or InMrt« «rhlch might oaus« thlcknaa« lrr«gu- 
lerttl««. It Is possible that facings vhlch contain 
normal flatnass Irregularities restating treat cor« - 
thickness differences, splices, etc., aay require bonds 
having flatvise tensile streegth« of th« sana order 
ss the flatvise conpressiv« strengths of the core», 
to achieve optinum «tabiliaatlon« 

Th« theory of the «Tinkling of th« facings of sandwich 
construction indicetas that the strength of a sandwich part loadad in 
«dgevise compress ion is s function of the shear modulus of the cor«) not 
its strength in compression or shear. The mathematleal analysis required 
to determine the adequacy of a given cor« material la relatively complex, 
even when the effects of flatnsaa irregularities ar« ignorod. Th«s« 
analyses do not in thamaelv«« indicate the abaolute level of bond strength 
or the relatlonanip of bond strength to core coapreaaive strength whloh are 
required to impart full stabilization to the facings. 

In general, the rule that the flatwise tensile strength of 
the bond should equal the compresaive strength of the core appears eonaerva- 
tive, but reasonable, on the basis of moat available criteria. 

It can be generally concluded from these exploratory evaluation« 
that there should be sons attempt to correlate shear strengths developed 
in the bond with flatwise tensile strengths in individual adheaive system«. 
The fact that paransters auch as cell site, bond weight, and bond config- 
uration have proven to hav« a definite effect upon flatwise tensile strength 
makea it obvious that discretion is required In choosing a bond which will. 
develop the full shear properties of a given cor« material. 

On« fact which came to light in discussions with dasignsra 
and process engineers should b« mentioned here. There 1« a growing b«ll«f 
in th« industry that th« simplifi«d flexural shear formula, 8a ■  P   , 

b(h+c) 
does not aooumtely depict the influence of facing thlokncas on the 
apparent abear atxength of the core material. It baa often been ob- 
served that cores develop lower shear strengths When lighter faelnga 
are used. (The relatively low values of apparent eore ahear strength 
in evidence on the ourvea tend to substactlate this belief.) There has 
been some crltloinfi of the use of heavy-gags faelnga in the qualification 
of honeyoosi} cores. It has appeared likely that the variety of spaa 
lengtha and loading aystema uaed by varloua laboratories end manufanturera 
has contributed to dlaorepaneiea in flexural shear results. In genezml, 
longer »pans appear to give sore peaslxistio values of eore ahear strength« 
Ths apparent ahear strength of core materiala, aa deteradned in varloua 

n 
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t«at«# is »cMsiti»» domcmdad by praafttve« oom&mtmt** tmlXvaem» uodsr 
tb» IcAdlng paa«| pnrtieulArly *liar« aliislit-^olnt loaJiag la UMd. Tb» 
•ffaofca at trMias g*a» «ad laaitog s^oesdura on ^jpar<$at eoora «haar 
atraacthf ualac tha f oraul* la quaatloH, hawt aot baan Invaatigatad la 
thia vrojaot. 

It la generally bellavaA that the plata ahaer' teat devel- 
oped by Forest Products Laboratory la a more reliable and definitive teet 
of the itreneth of core aaiterial thas la the flexural «hear teet. One 
reason for this belief Is that the effects of facing thickness are not 
present in the plate shear test. Most designers prefer to use flexural 
«hear data^howeveri since flexural loading of the sandvich is prevalent 
la actual practice, and the flexural »hear teat requires no epeclel 
bonds to be nsde on the spec inane. 

Although it is oaaarally «all krom tbreu^tout the induatry, 
it is psrtinaat to note here that oore thieknaaa haa mmm  influaaoa oo 
the apparent level of cor« shear strength. TkdJOt core allows dsvalop 
higher apparent core ahear atraagtha. Tha extant to «kLeh this obarao- 
teriatie ia cbaerved in any one evaluation prcfbably depend« on tha 
nartlcular loading ayatent and IMUMI dinenaloDa uactd. 

'$. 
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* ° 0 R * e M ' « 0 * B M » MKU STKCNOTK} AND BOND 
• Ww*IM STKKMGfHS IN BONDSD HONS?? TMB SANDWICH PANELS 

CondiM«», ? V - ( t h l o i ^ a w i a b l * > olaanad tar control ^ Ihods, prlaad, and bono-d wliii 
- . - . s l ra l j r l -»ht »'-^*»lra Up# sod/ r l iquid) to various corea (oa l l 

®srf thlolMM /arlabl«# prtmici and npria»d)* 

Cura; ;?ahaat at aontaot pr««»ur»j ona h jar at 3k$°Fti J$ pal . 

*«Mll> >fe roe» ta«paretera# and W . Slx-lnr.h-apan flaxural taat 
In rl.bon dif**tlcm on thraa-lnch-irlda apaolaan a< Mm taaiparaturs MX! 180°r, Met-
•aok ^ °° # 3-lnoh all ied„ olmpa »paoiaan, ela«p rvilght 7/8 inohaa, 

Notaat 1. Saa Flguraa 89 to 91 for graphical praaantati of vhaar - tanalla raaulta. 
Z. W i t casta run M apaclaana raachad teat tamp «tura. 

ABHESIYK LTJS "LEXURAL SHEAH •DOEfc'iaS CCMPRE5SICS 
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