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DUCTION

A. The original requirements for application of a rubber coating to the’integral'.

fuel tanks of reciprocating engine aircraft was for protection of sealant

" materials against the solvent action of high octane type fuels. Buna N coatings

conforming to MlL—S-4383 were developed to fulfill this need and application'of

such coating by the fill and drain, poet assembly method, provided for addi-

tional secondary sealing and corrosion protection benefits.

With the advent of jet type fuels, larger aircraft and higher strength

‘aluminum alloys having poor corrosion resistance, the standard Buna N coating

materials have failed to provide the degree of corrosion protection desired for

high operational usage and reliability. To £1l11 the need for such a high per-

formance_coating material, resistant to all Jet integral fuel tank conditions,

compatible with sealant materialc,'capable of being applied by brush or

.conventional spray methods and requiring less'frequent maintenance and repair,

a development program has resulted in qualification of a new type coating con-

forming to Boeing Material Specification 10-39.

B. The laboratory and flight test data reported herein show that Buna N coating

conforming to MIL-S-4383 is not entirely suitable for corrosion protection or

integral fuel tanks on large, high performance, Jot type aircraft. The

deficienciee of Buna N coating are due in part to the items listed below:

1. Lack of corrosion inhibiting pigmentation within the material,

2. Relatively low adhesion properties,

FORM E-1686 R2
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INTRODUCTION

B. -(continued)' |
3. Susceptibility of the Buna N Coating Material to softening; blistering
| and ultimate deterioration from ebsorption of moisture, . ?
4 Sensitivity to chemical fuel additives, and- | |
5. Inability to protect unsealed faying surface aneas with an& degree of

certainty by normal post assembly application methods.

C. As these shortcomings of.the MIL-S-4383 coating have become evidéﬁtZ-an accentu-
ated search for a better finish system for integral fuel tank areass has been
made. This search has culmingted in release of the Material Specification
BMS 10-39, This is a thiokol modified epoxy resin material which has been
tested and found to be far superior to the MIL—S~4383 Buna N coating in the
following respects: | | |

1. Resistance to moistune

2. Resistance to corrosive atmosphere, and

3. Capability of withstanding extreme environmental conditions, including

some chemical fuel anti-icing additives, '
In addition to its ability to withstand these conditions, the BMS 10-39 material_
exhibite-excellent sealant adhesion compatibility by nature of its thiokol
content. Such compatibility with sealant makes it possible and extremely
desirable to coat parts in detail, aesemble the parts and seal the assembled
- structure againat fuel leakage by applying the sealant directly over. the BMS

10-39 coating.
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| gmonucno (Continued) o |
| D. The ability to finish detail parts with the BVMS 10-39 coating, and then to seal ‘

AE R TR TN H

the assembled structure by applying the sealant directly over the f;niah
coating has distinét functional and economic advantages which may not be
apparent at first. Such advantages are tabulated as follovs:. ’ _
1. Fwctionsl Advantages o 1

a. Detail parts can be cleaned, chemically treated dna painted in
direct process sequence. This system eliminates excessive handling |
and provides optimum reliability of the finish system.

b. Coating of detailed parta provides desired corrosion protection iﬁ
all faying surfaces after assembly.

c¢. The BMS 10-39 coated surface is easi to clean immediately prior to
application of sealants. Anodized or chemical conversion coated
surfaces absorb soils during assembly and are extrémely difficult

- to clean.

d. Touch up of coating after aaéepbly wouid"be restricted to rivét
heads and fasteners. Thé coating can be acépmplished by brush or
spray methods, - |

2. Economic Advantages ' A

a. Elimination of multiple hand cleaning, hénd .chemical treatment and-

possible corrosion removal operations during and after assembly.
| b. Elimination of extensive brush and spray touch up operations during '

and after assembly.
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INTRODUCTIO
f D. (continued)

Ce Elimination of extensive masking of seal plane areas,

4. Elimination of necessity of painting entire major assembly such as

a wing penel in‘areas not ideally suited for painting.

e. Will provide much upsraded gervics 1life of integrael fusl tank metal ;
structure with minimm requirement for inspection and repair.

3. Functicrsl Disedventaze

a. The BIS 10-39 ccating material unlike the MIL-5-4383 materiel is not}
trensparent end thenefore will not ailoylfor visual inspection of -
substrate beneath the coating. AHowe;er, expefienoe dictates that
any corrosicn occurring to the metal snbstrate will manifest itself g
by rupture of the coating film, which‘of course is visually evident E

in any case.

b. The BNS 10-39 coating material is inherently chemically resistant .

| once cured and tends. to resist most solvent stripping materials.
However, it is not impossible to strip the coating with presently.
available materials, and new stripping materials ars constantly

‘being‘GValuated to shorten the effective stripping time.

E. In view of the excellent integral fuel tank coating performance exhibited by thex
| BIS 10-39 coating material, and the advantages to be gained by finish applica-
tion to detail parts, the test programs listed in the addenda to this document

' and those inciudea Qith this report are presented to substantuate its perform-

‘ance characteristics,
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TRAC

The Fuel and Moisture Resistant Finish for Integral Fuel Tanks developed under

Boeing Material Specification 10-39 will.

1.

2.

3.

Withstand extreme environmental conditiona,

Resist all anticipated corrosive agents within the fuel cavity,

Protect the integral fuel tank metal substrate from the effects of these

agents for the normal life of the aircraft, and

Provide excellent compatibility with sealant materials as either a

primer or sealant topcoat.

By virtue of excellent adhesion of sealant material applied over B S 10-39

coating, airceraft uparts can be finished in detail w1th the BE!IS 10-39 coatlng,

assembled, and sealant applied dlrectly to the coating, This-system uill provid

the following.. '

1.
2.
3.
&
5.

Corrosion protection to faying surfaces,'

Exnedite finish application to narts,

Provide adequate protection of the metal throughout assenbly sequence,v
Provide optimum corrosion protection of - assembled wing structures, and

Provide economy of assembly and finish procedures.

C. This economy of assemblyiand finish procedures is gained as follows:

1.

Elimination of multiple hand cleaning operations orior to finish
applicution.‘ '
Provide needed corrosion protection throughout shop assembly sequence.

Elimination of expensive masking of seal plane areas where present

~practice requires sealing directly to uncoated netal.
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| A. Boeing Document, D3-2247, Development of a Fuel Tank‘CoatingiConforming to

BMS 10-39.

B. Boeing Document; 3 D3v-2398, Iéboratory Im're'stiggtio‘_n of Corrosion Protqction in
B-52G Integral Fusl Tank. | "

C. Boeing Document, D3-2434, B-52G Integral Wing Test Gube Bvaluation.

¢ D, Emgiheering Development Program 829,'F1nish Systen, Integral Fuel Tank,

E. Wichita Flight Test 1070: Flight Test of BMS 10-39 Fuel Tank Coating Material.

i F. Wichita Flight Test 1111: ' Evaluation of Fuel Anti-Icing Additives.

t G. Materials and Process Unit Jdb F~2-198: Flight Test Bvaluation of Integral Fuel

Tank Coatings per WFT 1070 and WFT 1111.

t H. Materials and Process UhitiJob S=2-425: 3?523 Iniegral Wihg Iest Cube BEvalua-

tion of Sealant-Finish Sygtem.‘

I. Systems Laboratory Report 330-6; Finish System, Integral Fuel Tank.
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SIMMARY OF TEST REPORTS
| A. Laboratory data as recorded in Document D3-2398 shows conclusive evidence that

an organic protective coating must be applied to integral fuel tank areas for

optimun corroeion control.

Topcoating of all component parts prior to aasembly is recommended for maxdimum
corrosion prctection. The addition of organic finish to faying surfaces is

strongly recommended.

B. Buna type coatings (MIL-S-4383) do not have all ths desired properties for use
in corrosion protection of metal surfaces in the B-52G integral fuel tanks,
This is shown by results of tests reported under D3-2247. Primarily, the Buna
coating is not a corrosion inhibiting type material, its adhesion properties

. .,, - are critioally depemdent on £ilm thickness, and its baaic adhesion 1s not

| adequate to allow overcoating of the finish with sealant materials. Conseq-

uently, the coating of detail parts becomes somewhat impractical due to the

i -necessity for masking of areas whicn will require subsequent sealing.

As a result of these shortcomings;the Buna coating is applied to final
assemblies, making.film thickness control dit‘i‘icult and leaving inadequate

‘protection in faying surfaces and other blind areas,

c. Recognizing the shortcomings of the Buna coatings, efforts were made to develop
a fuel resistant, corrosion protective finish, tailored to meet the requirements
‘of the B-52 Aircraft. These efforts have resulted in a promising coating

material based on a modification of a strontium chromate pigmented epoxy coating,
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SUM{ARY OF TEST PEFORTS (Continued)

D. The basic detalls on test procedure for evaluation of tank
design, and sealing methods and materials is contained in
Document DJ-3-2434., This basic tank and test procedure was used
as a test method for sutsequent evaluation of compatiblity of
B¥S 10-39 and approved sealant materials.

E. The results of compatibility of BIS 10-39 coatlng/BMS 9=l

sealant are repcrted under the Materials and Process Unit Job

S-2-425, The testing proeedure was comparable to thatAreported

under D-3-2434 except that the tanks were finished with BNS 10-39

coating; Under this test the BMS 10-39/BWS 5=l system was

ccrpatible and the BMS 10-39 was considered as suitable for
aprlication to detail parts. The detaillparts were assembled
and the ENS 5-44 sealant applied over the coating. In small
afeas, EMS 10-39 coating was applied over fillets of EMS 5-L4
sealant., This is representative of sealant/topﬂoat repair areas.,

Eoth the sealant over the coating and the coating over sealant

systems were compatible. v , A

' F. 4 E-526 Adrcraft Serial Number 57-6470 has been used in flight

test of the BMS 10-39 coatihg system. Reports of exposure and

results are given in the Materials and Process Unit Job F-2-198,

Addenda G. The BNS 10-39 coating is in excellent condition.

T R e e S R s e T R e T
FORM E-168€ R2




R VISED

| A.

" E,

R e

OOEING AIPPLANE COMPANY | D3 -2780‘
. . WICNITA DIVISION Page 9
§ CONCLUSIONS -

The interior surface of the B-52G integral fuel tank muat be coated with an

organic finish for optimum corrosion control. ‘

Finish coating of detail component parts prior to assombly is ‘suggested for

maximum corrosion protoction.

Buna tyoo coating conforming to MIL-S-4383 does not provide the required

corrosion protection.

Buna type coating conforming to MIL-S-4383 must be masked from the seal plane
area thereby making the application of finish to detail parts highly uneconomi-
cal, |

A satisfactory Boeing Material Specification Coating 10-39 has been developed

for use in the integral fuel tanks and in fuel tight seal areas.

BMS 10-39 coating/BMS 5-44 sealant system is compatible for use in integral fuel
tank and fuel tight seal aress.

BMS 10-39 coating can be apolied to detail parts and the sealant can be applied

over’tho finish on assembled structures.
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RECOMMENDATIONS

A. It is recommended that BMS 10-39 coating be applied to the interior structurai '
parts of the B-52 integral fuel tank and 6théf fuel tight seal areas in place of
the MIL-S~4383 Buna coating. | |

{ B. It is further recommended that every effort be made to coat the structural parts

in detail so that maximum reliability and protection may be afforded faying

surface areas,
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ABSTRACT

Buna N type coatings (MIL-S—LBSj)’do‘th possess all the desired

properties for use in corfo#iop protection application in the
B-52G integral fuel tanks., Efforts to develop a fuel tesistant,
‘corrosion protective coating, tailbred to B-52G requirements have
resulted in a promising coating material based on a thiokol modi-.

fication of a strontium chromate pigmented époxy resin prinmer,
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2.0  DISCUSSION OF PROBLEM
! _ .

On smaller aircraft, Buna N coating of integral fuel tanks has -

. been successfully accomplished by fill and drain methods.serving
primarily as sealant protection. However, the large size and
complexity of the B-52G wing makes it impractical to attempt
similar application methods, and it has, therefore, been necessary

| to resolve spray application methoosvforbﬁuna N coating to supple-

ment time_consuming and poorer quality application‘by brushing,

; ‘ - Since the B-52G utilizes new fuel resistant sealants, topcoating
§ - ‘ w:th Buna N material is no longer requlred and the continued need
for such coating reverts primarily to corrosion protection of the

structure,

Buna N material possesses several limitations making it less de-
sirable for the purpose of protecting the structure from corrosion,
Primarily, the Buna N material is not a corrosion inhibiting type
material., Its adhesion properties are critically dependent,on film
thickness,'and its basic adhesion is not‘adequate to allow over—
coating with sealant materials. The above ractors do not permit
coating of detail parts without resorting to impractical masking
requirements for subsequent sealing. As a result; the Buna N

coating is applied to final assemblles, maklng film thickness con-
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DISCUSSION OF PROBLEM (Continued)
and other blind areas. Furthermore, in order to circumvent tedious,
if not wholly impractical, application by brush to large areas, it

has been necessary to develop spray procedures for applying Buna N

'coating which, in turn, does not solve any problems other than im-

prove coating film thickness, unifbrndty, and saving considerable

application time as compared to brushing.

Recognizing the shortcomings of Buna N materlal as a corr051on pro—

tective coatlng, efforts have been made to develop a coating material
tallored to meet all the existing requirements for Buna N type

material with the additional advantages of contalning .ecorrosion in-

hibiting pigment; and having adhesion characteristics suitable to g
enable topcoating with sealant naterials.j;Such'a material would :
allow prefinishing of'detail parts, giving the'desired corrosion

protection to all areas of an 1ntegral fuel tank and providing a

,suitable surface for sealing. These requirements have been used as

a basis for establishing Boeing Haterial Specificatlon 10-39, Fuel
and Foisture Resistant Coating For Integral Fuel Tanks.

' The material development was based on epoxyvtype ccatings because of

their well known toughness and chemical resistance characteristics.

To obtain satisfactory compatlbility between the coating and the

sealant material the epoxy coating was modified with thiokol resin

- , o
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2.0 DISCUSSION OF PROBLEM (Continued)

which has been, and is, the main componént of integral fuel tank

sealants,

Results of this development program show that an epoxy .coating
modified with thiokol resin provides resistance to jet fuel
superior corrosion resistance, and a good base for the integral |
fuel tank sealant. However, the BMS 10-39 specificatlon is not
limited to an epoxy4thiokol type coating; -Iﬁ is antiéiﬁated that
other coating systems such as a polyu}eihane system, ma& be
sufficiently developed in the future to be more deéirable,than

the epoxy-thiokol coating,
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3.0 CONCLUSIONS

A. The Enmar thiokol modified epoxy Froduction qubér,}
54-.36231 4 T530l Catalyst coatihg.is resistant to jet

fuel (JP-4), and provides superior corrosion protection.

B. The Enmar thiokol modified epoxy Production Number
54-36231 + T5301 Catalyst coating does provide a good base

for sealant materials.

C. The Enmar thiokol modified epbxy Production Number
5%-36231 4 T5301 Catalyst coating gives excellent per-

’formance when subjected‘to the tests_outlined in BMS 10-39.
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40 RECOH1ENDATIONS

-~

A. It is r-ecommended that all mterior surfaces of the fuel cell
. be coated with BUS 10-39 fuel tank coat:lng.

B, It is recommended that the BMS 10-39 fuel tank coating be
applied to detailed parts by spray. :
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SCOPE
The information contained in this Document is a summary of the
following three distinct, but related Job reports:
Ae  Job Report No. 330-2; Finish System, Integral Fuel Tank;
issued by the System Laboratory Unit, 330-1, same subject.
B. Job Report NO. F—2-M6° Studies on Integral P\xel Ta.nk
| "Corrosmn, issued by the Finish Group.
C. Job Report No. S-2-346; Sealant Adhesion on Various Primed
Surfaces, issued by the bealant Group. '
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6.0 REFERENCES

| Ao
B.
C.

E.

- F.V

G,

BAC 57,1 - Corr'asion Protection in Integral Fuel Tanks,

D3-1932, The Application of MIL-5-4383 Coating by Spray,

D3-1982, Adapting Buna-N Type Coating Material For Spray
Application PRR 19372,

BMS 10-39, Fuel and Moisture Resistance Coating for Fuel Tanks.
Job Report No. 330-2; Finish System, Integral Fuel Tank; L
issued by the Systems Laboratory; Job Report 330-1 same subj'ect.'
Job Report No, F-2-146; Studies on Integral Fuel Tank Corrosion,

issued by Finish Laboratory.
fJob Report No. 5-2-346; Sealant Adhesmn on Various Primed

Surfaces, 1ssued by Sealant. Laboratory. :
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7.0 MATERIALS
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‘SharwinAWilliams Company, Hollywood, California.

‘1. BMS 10-11, Type I, Eh26P13.

Andrew Brown Company, Irving, Texas.ﬂ

1. Fpoxy Coating TA-862. |

Enmar, Ine., Wichita, Kansas

1. Epoxy-Thiokol Coating, Production-Number '
’su-36231 + T5301 Catalyst

Mlnresota Mining and Nanufacturlng Company, Detroit 2, Fiﬂhig—f

1. EC-776R, Buna-N Coating.

2. Ev-776-SR Buna-N uoating.

3. EC- -1527, Buna-N Coating.

Products Research vompany,»elendale; caliroraia.'

1. Sealant PR~ 1%22.

'uoast Pro- Seal & Manufacturing ,ompany, LOS'Angeles;_Califor-'

nia. .

1. Sealant - Pro-seal 890.

Cleaning Fluids e

i. BMS 11-7:Pre-sealing Cleaning Solvent.j
2.. BMS 3-2, Safety Sbivent, General Cleaning.
Test Fluids I |
1. W83 Jet Reference Fuel

2. MIL-S -3136, Type I Hydroecarbton Standard Test Fluid,

| Thiokol Chemical uorporation, Trenton 7, New Jersey.,

1. Thiokol Resin-LP-8,
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8.0  EQUIPMENT

A. Standard paint spray equipment,
B. Scott téster, number 1510, Nixon Engineering Company,‘
Central Falls, Rhode Island, |
C. Salt Spray Cabinet, Method 6061 per Federal Test Method
St,and-b.zﬂ 141, . |
D. Céndensihg'Humidity Cabinet operated per JAN-H-792.
E. Equipmeht built by Boeing Laboratories.
| 1. ;Cyélic test cabinet.
 2. Constant Temperature Bath.
3.' Vibratioh Test stahd.

L4, Sloshing test machine,
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9.0  TEST PROGRAM

A.  Accelerated Field Conditions Test

A test fuel cell, coated with BMS 10-11, Type I epoxy primer,v
was éubjected to test fluids, physical environment, and
mechanical factors that tend to duplicate, at an accelerated
fate,'actual'field conditions. The detailed account of this
test is contained in Report No. 330-2, Finish System Integral

Fuel Tank, issued by the Systems Laboratory.
B. Corrosion Resistance Test

Test éoatings apblied over aluminﬁm substfates which received
two different'cleaning tréatﬁentsbprior to conyérsion coating
application, were subjected‘t§'5a1£ spréy environment, per
Reference F, for a period of 28 days. Tﬁis test is a part of
Job assignment F-2-146, Studies on Integral Fuel Tank Corrosion,
whichAis still in progréss, ard a detailed accounﬁ of this test

will be issued by the Finish Laboratory upon completion.
C. Compatibility of Epoxy Coating with Integral Fuel Tank Sealant

Compatibility of- epoxy with integral fuel tank sealant was
evaluated using the Peel Strength Test per EMS 5-26. Peel

Strength Tests were conducted on two different integral fuel

i
¢

tank sealants applied over three different epoxy coatings.
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PROGRAM (Continued)

(continued) »

The epoxy coatings were applied at two different film thicknesses,
cured at three different temperaturés, and cleaned, prior to
application of sealant, using three different cleaning methods,

This procedure takes into consideration the factors normally

 influencing the adhesion of the sealant to the coating; namely,

formulation and cure of coating, film thickness of coating,
and the type of cleaning medium used to prepare the surface of

the coéting prior to application of the sealant, The detailed

account of this test is contalned in Report No. S-2-3h6

H

Sealant Adhesion on Various Prlmed Surfaces, issued by the
Sealant Laboratory,

Qualification Tests per BMS 10-39 |

Test coatings that passed the above tests were sub jected to the
qualification tests as outlined per RMS 10-39
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TEST PROCEDURE AND RESULTS

A.

Accelerated Field—Conditions Test

Cleaned and conversion coated»detailed_parts of a test fuel
cell, see Reference E, were spray coated Qith BMS 10411; Type
I epoxy primer per BAC 5736. After a minimum roam temperature
cure of 72 hours, the assembly of the cell was made ln a
sequence duplicating normal shop practices., In this way some
sealants were applied as fillets and some aa faying surface -
seals. The following tests wera performed in the sequence in
which they are listed. The total test time on the coating and

the sealant over the coating is accumulative

1. Sealant Aging and Cycling Téstv
a. Environmental Factors |
(1) Test Fluid BMS 5-26 reference fluid plus a 3%
solution of salt water. |
(2) Temperature - 140°F,
(3) Pressure - 12 to =3 inches of mercury for 1000
| such cycles, | |
(L) Time &.72 hours.
b. Results
Thare waa no detectable change in the coating or the
sealant,
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A.  Accelerated Field Conditions Test (continued)

2. Dry-Hot Air Cycle

a. Environmental Factors

(1) Temperature - 160°F,
(2) Time - 77 hours.
b. Results

There was no detectable change in thevcoating'orithe
sealant,
3. Slosh and Vibration Test

a. Environmental Factors

(1) Fluid - MIL-H-3136, Type I.
(2) Temperature - 65°F, ‘
(3) Slosh Rate - 14 CPM
~(4) Vibration frequency - 1960 cps.,
(5) Time - 25 hours.
b. Results

There was no detectable change in the coating or the

sealant,
B. Corrosion Resistance Tgst

1. Aluminumvpest assemblies prepared in triplicate, were

Cleaned prior to Iridite #14 conversion coating, and

e T e

Spray coated with test coatings as follows:
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E. Corrosion Resistance Test (Continued)
1. (Continued)
a. Cleaning Agent
(1) Alkaline Cleaner - Oakite ¥61.
(2) Alkaline Etch - Diversey #202,
k. Coatihg Materials ' ,
(1) BMS 10-15, Type I epoxy primer, Eh2éP13 '
(2) BMS 10-15, Type I epoxy primer, E42GP13 modifiea

with thiokol LP-8 by mixing 3 parts by volume of @

epoxy base component with 1 part LP-8. (Now réleaSé%
as SW E42AP7 § VE6KP16 Catalyst). B o
- (3) Enmar thlokol modified epoxy 54-36231 3
- T530l Catalyst. )
(4) ES-776-R - Euna-N applied by brush.
(5) EC-776-SR - Buna-i applied by b§qéh andrsbray.
(6) EC-1527 - Buna-N applied by spray.b B |
(7) After 2z minimum cure perlod of 72 hours, the coatedg
_asseﬁblies were placed in the salt fog cabinet per -
Réference F, for a périod of 28 days. °
c. Results o | o

.Results of this test are given in tabular form per

6-9-61 )

Lo Table I and are the- results of observatlon of. panels

after exposure.
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C. Compatibility of Epoxy Coatings with Integral Fuel Tank Sealant

- 1o Each group of aluminum panels per Reference G, (four groups,

216 panels to a group), were divided into two sub=-groups;

one sub-group receiving 0.5 mil (dry film.thickness) of a
test coating, and the second sub-group receiving 2 mils.

The 108 panels of each sub-group were further divided into
three sets, Set I - air cured for a minimum of 72 hours,

Set, IIY-‘heat cured at 250°F. for 30 minutes, and Set III'-"
heat cured at 350°F. for 15 minutes. The 36 panels of each
set were further divided into three sub-sets. Sub-set I -.
no cleaning; Sub-set II - cleaned with BMS 11-7; and Sub-set
III - cleaned with BMS 3-2. Lhe 12 panels of each sub-set
were furthef divided into two diﬁisipﬁs; Division I
receiving Pro-Seal 890 séalant and division II receiving
Products Research 1422 sealant. After a sealant cure period

of 7 days at room temperature, the 6 panels of each division

were further divided into two sub-divisions. Sub-division I
inmersed in H{S 5-26 reference fluid at 140°F. for 7 days,
and sub-division II receiﬁing no immersion in a test fluid

to serve as controls, After 7 days immersion, 3 panels

of sub-division I and the 3 panels of sub-division II were A
subjected to the Peel Strength Tests per BMS 5-26, The

four original groups mentioned above are defined as follows:

o tt P R

PR RO
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Compatlbility of Epoxy voatings with Infegral Fuel Tank

‘Sealant. _

1. (continued) '

- Group I - BMS 10- 11, Type I epoxy primer E#2GP13.
Group II - BMS 10-11, Type I epoxy prircer E42GP13, .
| ’ modified with thiokol LP-8 by mixing 3k

parts bybvolume of epoxy base componentv
with 1 part LP-8. (This is SW E424P7 &
V66KP16 Converter). - | .
Group ITI - Enmar thiokol modifled epoxy Sk- 36231
T5301.
Group IV - Andrew Brown epoxy TA-862

2. Results ‘

A summzary of the results are given in graphlcal form per é
Table II. For detailed results see Reference G. '
qualifications Test

The follow1ng tests per BMS 10-39 were conducted on anar

thickol modified epoxy 54-36231 } T530l coating.

1. Metal anchorage - no failure.

2. Fuel and Water Resis stance - no fallure.‘

‘3. Humidity Resistance - no failure.

L. Low Temperature Flexibility - no failure.

5. Fuel "ontamlnatlon - non—volatlle less than 1 mg per

260 ¢z of test fluid.
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10.0 TEST PROCEDURE AND RESULTS (Continued)
D. Qualification Tests (continued)

6. Distilled Water Resistance - no failure,
7. Jet Reference Fuel - no failure,

8. MIL~0-5606 Fluid Resistance - no failure,
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110 Salt Spray Exposure~2 8 Days
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: Coating |

ALKALINE

CLEANED

ALKALINE ETCHED

Slight surface Corrasivy
avea adjacent to

Coating booudry line

PRIOR TO IR\DITE 4 " PRIOR TO IRIDITE |4
f Material ] Coated after l2 coated before Coated Qf\%\“ Yz Coated before
3 Assembly Assembly Rssembly Assembly
Swall spet of surface} approx. 5% of un- Seme corrcsion
BMSH/ICoveosion at adge  |toatfed area shows | NO FAILURE |avovnd bolts on
wmod fd of 'Faym; boun Jbr Surface Corrcson : uncoated aveas
. - 1000 surface Corrosion : Some Corrosien
Enmar | NO FAILURE  }onuncoatedaves;few] NO FAILURE |avound bolfson
f Shallew prts o coated ares : uncoated aveas
R4 zn22) : :
757 surface Corrosion - 1107 of uncoatcd
L451959) NO FAILURE on uncoated avea. | NO FAILURE |avea shows surface | |
: , o . {corvosion §
U SHERWI WILLIAMS -
» Vevy slijht surface | Severe Covrosion | Very sihht suetace | /090 of uncoated
(EGTIERCorvosion on cdpes | onuncoatedarer; | covrosson on edes |anea shows sorfuce
jsprayed Jof faymp bound»’ 25% surface cCorrosiom : Corrosion; Some Corresiim| 1
: enGoecind grae _ aroend foslhs-goeted |
ECT76-SR 109 of areca Severe covrosion on | Very small spots Shohtcorrosion
broshed shows Surface uncoatrd aree; 5d%of |0 surface Coversimm |@pound bdfson
Corrositn Coated avea Skaws . jover all areec uncoated avea
Surface Corrosion
3 5070 of aven Severe Corrosionon | 207 of Bven Shyht corrosion
ECGTH-R]| shwws savface Uncoatedareesy 9070of | Shows surface avound bolts on
é va"’b&; LY coated qvea SLPM Corveosionand (s UV\CQQ“’CQ arvea
t Sunface Covenging LMMA}@Q‘!
ShyhtCorrosion 9070 of uncoatedarea ' -} Shyht covrvosion
ECG-1527 lavound betés shows surface Corvow NO FAILURE |arsund bolis on

uncoated avea
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ABSTRACT:

Studies of integral fuel tank corrosion protection systems- for aluminum show that

the combination of alkaline etch treatment, Iridite or Alodine chemical finish

and a Buna N topcoating used on the B-52G from Unit 204 and on is satisfactory

for adequate control of corrosion in integral fuel tank environment. These

stﬁdies also conclude that Ifidite or Alodine chemical finish on aluminum is not

adequate to control corrosion in integral fuel tanks without the additional

rrotection of an organic coating such as Buma N.

On early 34526 Airplanes, two types of corrosion have been observed on Iridite

treated aluminum integral tank surfaces having no Buna coating Studies of the

observed corrosion indicate that its progression 15 slow end has not resulted

in any significant loss of the metal properties afte; &s much as one year of

service. PFurther studies show that once corrosion has started, its progression

1s not significantly inhibited by JP-4 and therefore such corrosion may -ultimatel

affect the service life of the airplane,

Since there 1s no guaranteed analytical procedure vhich can predict the signif-

icance of existing corrosion on the ultimate service life of integral tuel tanks,

t eppears desirable that action should be taken to remove or inhibit such

corrosion and provide an adequate corrosion protective system to prevent its

. reoccurrence,
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INTRODUCTION ;

During the summer of 1958, early B-52G Airplanes on the rlight'une were observed

to be subject to incipient white corrosion on altmimn eurraees vithi.n the

integral fusl tanks that ware nct coated vith Buna-N protective coating. The

attack was first noted on the upper wing skins, stiffeners, and fuel vent covers.

After several weeks of exposure to the weather on the flight line, the area

subject to this attack had increased to include all non topcosted areas within

the fuel ta.nk, ;nd vu obeserved on wrought sheet as well as the nilled wing skin,

It should be pointed out that the vhite corrosion was so slight as to be

discernible only with proper illuminstion, and careful examination.

In eddition, dlack corrosion products ware cbserved in isolsted instances oa

illed surfaces that were also unprotected by the Buna-N coating.

Details of these two corrosion typas sre included in the following paragraphs.

FORM E-1686 R2
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BAC Job Report P-2-140, Intergramular Corrosion of 7178-T6 Extrusions.

BAC Job Report F-2-1Lk, Effect of Carrosion on Fatigue Properties of 7178-76.

BAC Job Repart F-2-145, Effect of Corrosion on Tensile Properties of 7178-'1‘6..

BAC Job Report F-2-1L6, Studies of Integral Fuel Tank Corrosiom.,
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CHARACTERISTICS OF CORRSION WITHIN INTEGRAL FUEL TANKS s
From numerous observations of integral fuel tanks both before and after flight
operations, it has been established that two distinct types of corrosion e:d.at.
The first type, consisting of white tube“cules, has been observed on all types
of aluminum materials within the integral fuel tank, This white corrosion was
observed first on the upper surfaces of wing tanks of planes exposed to weather
on the flight line, but prior tc the first fusling, The attack apparently
starts by the fomation of very minute puffs of white corrosion producta which
are a few thousandths of an inch in diameter, Each puff or tubercule consists
of a roughly spherical deposit of corroaion products, The puff contains a
very minute amount of white powder lightly held together in a sponge-like masa.
The puffs may be seen only when suitably illuminated by a beam of light. directed
almost parallel to the metal surface, The puff may be wiped off by the
slightest touch., Because of the extremsly small quantity of corrosion producta
‘ present, attempts to secure a sample for analysis have been unsuccessful,
After extonded exposure periods, puffs have been noted which have developed
.to a diameter of approxdimately 1/16 inch, |

To illustrate the appearance of the white comdion products, a laboratory

sample, exposed to the atmosphere until a similar attack had developed, was
| photographed, FAIthough thi§ is not actual wing tank corrosion, it is quite
representative of that observed in the tanks examined,
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Met. Lab. 3105

FIGURE 1. Photograph of white corrosion products on

aluminum similar to that observed in integral

fuel tanks.
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CHARACTERISTICS OF CORROSION WITHIN INTEGRAL FUEL TANKS: (Continued)
Observations of this corrosion phenomenon have indicated the following proposed-
mechanismt Minute pores probably exist in the chemical finish, Droplets of
water condense on the surface, and dissolved substances such as carbon dioxide,
oxygen, and surface salts render the water mildly corrosive. The water aoiﬁt:lo'n
penetrates through the pores, and dissolves very small quantities of aluniunn
As the water droplets ovaporate as a result of the warming of the mtal.
sponge-like deposit of the corrosion doposits remains Repeated condensation
cycling increases the quantity of white corrosion deposit present in the pufta.

It iz obvious that such a corrosion . mechanism would eventually result 1n pitting
of the aluminum surface. In isolated ingtances, detectable shallow pits have
“been observed under white corrosion sites, but 1n most cases the attack haa not

progressed to a point where pitting is evident, EE

Re~-finighing of white t':orrdded areas has been accomplished by the removal .o;fvtfw“--
corrozion products, thérough cleaning, and re-application of the chemical
treatment, This treatment ha-s bszn observed to be only partially effective and
supporting laboratory data showa conclusive evidence that an organic protective
coating mst be applied for adequate corrosion control,

A second, or black typs, of corrbsion ocours more commonly on milled surfaces
‘which have not been etch cleaned, It 'appoara to be the result of surface ;
contamination, principally perspiration, Where a milled and chemically treated
surface is conteminated, corrosion dévolopa in the milling grooves, giving an
effect eimiler to finger print.:l.ng. Dafinite finger prints and hand pr:lnts
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CHARACTERISTICS OF CORROSION WITHIN INTEGRAL FUEL TANKS: (Contimued)

have been observed, and in mziny instances significant areas have been corroded

by contact with a moist forearm. The black corrosion attack starts in the mill-

ing cutter marks and has a tendency to progress longitudinally along the

grooves,

Black corrosion can develop within a few hours after contamination, especially

in hot summer weather,

Black corrosion products have been removed by the use of fine abrasive paper,

after which the surface is cleaned and chemical treated,

In order to determine the significance of the corrosion observed in integral

fuel tanks, a program involving several phases of study was initiated by

the Protective Finish Group of the Materials and Process Unit, The individual

reports of these laboratory studies are presented in the Addenda, The results

of all study phases are summarized in the following conclusions,
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CONCLUSIONSs

MIL~C-5541, chemical finish on aluminum surfaces :ls insu!ﬁcient to pronm
corrosion within intogral fuel tanks,

Alkaline etch cleaning of aluminum surfaces prior to ghemical finishing
significently improves the corrosion resistance in integral fuel tank
environment, |

Orgznie protective coating aignificantly improves the eorroaion reaistanco of
existing tanxo.

Alkaline etch cleMg of milled surfaces is esaen’cia.l in securing the maximum
protection from chemical finish and organic protective coating,

Existing integrel fuel tank corrosion is not inhibited by the pmenéo of fusl,

Effort should be directed towards securing the most effective organic protective
coating, particularly with regard to water rosiatanco. | '

The T178-T6 extruded wing skin material used in integral fuel tanks is not
abnormally auaceptiblo to intergramilar oomaion.

The tensile propertiu or 7178-'1'6 extrusion are not meaaurably changod by
surface comaion in excess of that noted in B-520 integral fuel tanka.

Tests indicate that the fatigue Properties of 7178-T$ extrusion may be afreqted
to 3 small degree by corrosion in excess of that noted in B-52G integral
fuol tanke,

B S o AR VYT = 2 iy

FORM E-1686 R2

ety o=y




REVISED

™ o O L o e e R L s TR I T
- n.—-lmm-h—tqﬂ_ A.,‘_‘_M« M_M-«.' el e 2 "..m T el S Y . et

CEOFIRG LED ("Zaﬁ'/ﬁ"? ECELRPINYy
) WISLITA  CIvVSION

:’l

RECOMMENDATIONS

From the sum of the results of. these studies, it is recommended that the
following minimum finish be applied to integral fuel tanks:

Alkaline etch clean per BAC 3-6002 all machined alumimu parts,

Apply MI1-C-55.1 chemical finish (BAC 5719 or BAC 3-6000), or chromie
acid anodize per MIL-A-8625 (BAC 5019, to all aluminum parts,

Apply orgenic corrosion protective coating to all surfaces exposed
within the intagra.l fuel tank, including faying surfaces,
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§ SUMMARY

§ in ordgr to evaluaté the structural design and the sealing methods and materiéis
H in the B—52G1advance'd (integral) wing, a ‘t.est program was initiated early in
1956. 'I_‘his program consisted of the design, fabrication, sealiﬂg, ad environ-

i mental tesﬁing of two small identical test cubicles representing a corner of the
[ integral wing fuel tanks. One cube was sealed with the presen_t.lj used integral_

| fuel tank sealant (BMS 5-19) and the other cube was sealed with a new fuel

. resistant BMS 5-26 sealant (Pit 1422,;. The cubes were subjected to identical
cyclic, slosh and vibration, and load testing under realistic environmental
‘conditiqhs. Exaxr_dnation of the two cubes after testing revealed no appax'ent.' ‘
leakage or damage to the sealant or struc;cure. The two cubes appeared to 'be’t

equal in ability to withstand the test conditions to which théy were ex'po'sed.'

g aen v g

" BMS 5-26 (PR 1422) Sealant has subsequently been used to seal the integral fuel

. tanks of the BQ-BZ}‘\dng, with very satisfactory performance to date. The

| excessive slump (flow) and short work-life of EMS 5-26 Sealant (first observed '
! herein) later caused serious production problems which led to the use of a differenf} |
" type mixer (Semco Rotary) to reduce slump and cbtain a satisfaétory vork-life.
1 As indicated ﬁy the four fastener leaks found after sealing the cubes, tﬁe greatesy |

poteniial leakage source in the integral wing would appear to be leaking fasteners,

Experience to date has shown that this is true--NACA rivet leaks have led to the

REVISED
e

extensive use of faying surface seals and the sealing of many festeners which

were supposedly self-sealing.
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INTRODUCTION

The two majof objeciives of this test cube program were: (1) the evaluation
and comparison of sealing compounds and methods, and (2) the evaluation of the
structural design of the test cubes - in particular the proposed tank end‘rib '
construction (wing station 492). 1In addition to the above, a test was conducted
to investigate the hot air blower method to accelerate the curing of sealant in

one of the test cubes.

The test cube program was a joint undertaking of the B-52G Project Structures

Group, Engineeriné kexperimental Shop, Process Staff Seélants Group, Power Plant .
Staff, and the Structural Test Unit. The program was conducted in the following

phases:

Phase I - Design and_Fabrication-of the Test Cubes (B-52 Project Structures
Group and kngineering Experimental Shop)

fPhase II - Testing and Evaluation of New Sealing Compounds (Process Staff
Sealants Group)

Phase IIIV- Sealing the Cubes (Process Staff Sealants Group)

Phase IV = Accelerated Cure Investigation (Process Staff Sealants Group)

Phase V - Leak Testing of the Séaled Cubes (Power Plant Staff and Process

| Staff Sealants Group) |
Phase V1 - Env1ronmental Testing of the Lubes (waer Plant btaff and

Structural Test Unlt)
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A. BAC Drawing 35-1717 "Wing Station 492 Rib Cubical-Test".

B. BAC Drawing 35-1840, "Sealing Application Wing Station 492 Rib Cubical-Test",

C. MIL-S-8802, "Sealing Compound; High Temperature Resistant For Integral Fuel

Tanks and Fuel Cell Cavities".

D. Wichita Process Staff Lab Report No. S2-206, "Evaluation of Various Haterials

‘to MIL-5-8802",

E. Power Plant Staff Test Reports No. 213-1, -2, -3, "Wing Station 492 Tank &nd

Rib Evaluation®,

F. Structural Test Unit Test Report No. ST-357-21, "B-52 Tank End Rib Test Cube",

dated 17 October 1957.
G. ‘BAC 5504, "Integral Fuel Tank Structure Sealing“.
H. BMS 5-19, "Integral Fuel Tank Sealant",

I. 5-2-253, "Leak Detection In Integral Fuel Tanks",
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PROCEDURE o | Page 4

Phase I: Design and Fabrication of Test Cubes

REVISED

Drawings for the fabnicatién and sealing of the test cubes (references A and B)
were prepared by B-52 Project Structures Group. Two identical cubes were fas—
ricated by Engineering EXperimental Shop. The‘cubes represented the upper and
lower wing surfaces, spaf construction, and the proposed tank end rib construc-
£ion, Wing Station 492. Seven photographs, listed in Téble‘of vonients, show

several views of the cubes during various stages of completion.

Phase I1: Testing for new Sealants

New sealants have been developed which may exceed the pnysical prOperﬁies_of

BMS 5-19; consequently, a screening program was initiated by the Process Staff

Sealants Group to determine which of these new sealants would be most suitable

for sealing the integral wing. Nine new sealants were tested to thexqualifica;—
tion tests of MIL-5-8802 (reference C). Complete results of these tests were

reported in reference D. No compound tested passed all the tests under MIL~S-

8802; however, Products kesearch Company'PR~lh22 appeared to be the most promis-

ing and was subsequently used to seal one of the test cubes.

Phase 1II: Sealing the Cubes

In order that a comparison of the two sealing methods and compounds could be
made, one cube (No. 1) was sealed per BAC 5504 using BMS 5-19 sealants, and

the second cube (No. 2) was sealed with the new PR-1422 compound, using no

s S e R i)
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Phase III: Sealing the Cubes (Continued)

precoat or topcoat. Photograpns of the applied sealant are listed in the

Table'of Contents.

Sub-Assembly sealing was done during fabrication of the cubes by Process Staff
personnel who were responsible for all sealing of the two cubes. Sealant
materials ﬁere applied per reference B. All mating surfaces were coated with
&CT76R for corrosion protection, except for areas where faying surface isolation

seals were called out

Cube Ne. 1 was sealed per BAC 5504 with‘BMS 5-19, Types A-2 and B-2 sealants‘
(PR-9021). The cube was topcoated wiih EC-1527 (sprayed) and‘a small amount
of EC776R (brushed). Type A-2 sealant was hahq mixed in small quantities
(1.5 ounces) and applied immediately. It was found that.epproximately

1.5 ounces was the maximum amount thatAcould be applied by one person before
the material became too viscous to apply properly. Type b-2 sealant was
mixed on a Semco Modes SP-1350 Mixer at 6V cycles and approximately 80 psi
air pressure. Mixed eealant was stored at -40°F. (not over 10 days).
Cartridges were thawed to near room temperature in warm water at 130°r.

It was found that approx1mately 5 ounces of this material was the maximum
that could be applied before the application time expired. The sealant

.was cured at room temperature for approx;mately 7 days before oeing tested

for leaks.

‘Cube No. 2 was sealed with Products Research company PR-1422, except for a

small amount of Churchill 3C-3007. In general, these sealants were applied

H
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| Phase III: Sealing the Cubes (Continued)

Ll . per BAC 5504, except no precoat or topcoat was required. On most vertical
] : or overhead applications it was necessary to apply the PR-1422 in several
applications due to the excessive flow or slump of this material. Sealant

‘was allowed to partially cure before the next application was made. It was

' iéitially intended that PR-1422 would be machine mixed but it was found that
2 . E N machineimixed PR-1422 flowed or slumped more than hand mixed PR-1422;
- conseQuéntly, all PR-1422 was hand mixed in émall amouhts of approximately
2 ounces and used irzmediavely. This material had an extremely short work

life (about 30 minutes) and it was iound that no more than 2 ounces gduldg
be appliéd by one person before the naterial Became stiff and unworkable.
Metal seél caps were not available at the time this cube was sealed; therefore
plastic caps kere used on fasteners requiring sealing and were removed after
sealant has cured. éealaht wﬁs cured at room temperature for aﬁproximafely

7 days before being tested for leaks.

During the sealing of cube No. 1, considerable information on the application

-times and quantities of each compound used was recorded. This information is

tabulated in Table I. From this table it can be seen that 87 man-hours were

| i required for the application of 13.7 pdunds of material.

In general,'the sealing of these cubes was very difficult. The close quarters

’

REVISED

and structural designs rade some of the normal application techniques impossible.

Lighting was frequently inadequate and in many areas it was necessary to use

2 : mlrrors to see where tu apply and work the sealant. The follow1ng comments were
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Phase III: Sealins the Cubes'(Continued)

made by personnel who sealed the cubes and are of interest as they present some

of the problems that will need to be resolved to insure proper sealant applica=-

tion:

"a. Great difficulty was'encountered in applying fillets between the upper
fuel daws anu rib cnords as tiis area is oﬁt of direct line of vision
and mirrofs must be used. Allow1ng the upper fuel dams to extenad out
beyond rlb cnords would ellmlnate this problem.

b. Fillets around fuel dams must be faired by holding the fairing tool at
right angles to the fillet rather than parallei to the fillet due to
close quarters.

c. Some injection holes were too smAll to allow passage of sealant. Some
were of such diéenéionsb(long and narrow) as to allow eXcessive sealant_
baéxflow. Injection holes should be large enough to receive nozzle,
but small enough to prevent excessive backflow of sealant,

d. Fillet dimensions are such that some fillets overlap rivets making
fairing of fillets difficult. Should any of these rivets leak and |
require re-striking, damage to the adjacent fillet may result,

e. JSome method should be provided for attaching mirrors and portable
lights to structure, thus leavznp both hands free for sealing. buctlon

cups could possibiy be used.

REVISED

f. Semco nozzles with greater angles in them (90°) were needed for applica=-

tions to some areas.
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T 1309F. Air was then fed in at approximately 160°F, and an éttempt was made to
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Phase III: BSealing the Cubes (Continued)

8. Some AN bolts in fuel dams were too close together and too close to the
radius of structure to allow proper application of seal caps to these
bolts. Some of these bolts were out of line of vision anu properly
fairing sealant around bottom of seal caps on these bolts was very
difficult, |

h. Application of PR-1422 to vertical orvoverhead areas was difficult due

to excessive flow or slump of this compound. It was necessary to build

- up the full bodied fillets in these areas in several applications,
allowing time between eacn appli#ation for the sealant to become

‘tack-free,"

Phase IV: Acéelerated Cure Test

Tests were conducted to deterﬁine if hot air blowers could be used for acceler-
ating the cufing rate of sealant in structure similar to the integral wing.

This test was performed in one of the test cubes, the main purpose being to
measure the temperature.variations throughout the cube when hot air was fed into.

one opening.

Air at approXimately lh0°F. was fed in through a flexible duct and the tempera~
ture at various surfaces was méasured by taping thermocouples to these surfaces

within the cube. The stabilized'temperatures in this case varied from 102 -

baffle the air into the cubn to obtain 1cre unlform c1rculat10n. Temperatures

. o e S v . - . - -
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were found to range from 110 ~ 129°F. These large temperatnre variations would
not allow uniform curing; consequently, it was concluded that some type of
insulation on the exterlor surfaces would probably be necessary to minimize

heat loss if thls metnod of accelerated curlng was used,

Phase V: Leak Testing of Sealed Cubes

Upon the completion of sealing and curing, each cube was lcak tesﬁed by Power
Flant and Process Sealants personnel. The .following leak detection methods
were used: 1, Ammonla - Boeing Leak Detection Palnt Type F
o 2. Ammonla = Phenolphthalein

»3. Gener.l Electric Halogen Leak Detector -

L. Dyed fuel

5. Differential pressure
It is not intended that this section should evaluate or compare the.advsntages
of the above methods of leak detection. A repor@ on leak detection has neen

written evaluating each method (Reference I.).

Table II tabulates the leaks found in each cube, location, method of detection,
cause of leak, and steps taken to stOp the leax. Of the 8 lesks,found, 7 were

due to fasteners and 1 was due to a cracked fuel dam.

Phase VI: Environmental Testing of Sealed Cubes

A. Aglrg of bealant (reference r, 213-2, page 3)

e
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gnvironmental Testing of Jealed vubes

psig
side

1000

Both cubes were filled with noiified JP-4 test fluia (AiTC W-83, Type L)

of the followingicomposifion:

The cubes were heated to 130°F. for 24 hours at 3.5 psig. Pressure was then

Page 10

Toluene | 30 volumes

Cyclohexane 60 M
Iso~octane 10 "

Tertiary butyl disulfide 1 ®
Tertiary butyl mercaptan 0,015 weight percent

raised to 6.0 psig for 30 minutes. Lo loss in pressure was observed during
this period. The cubes were tnen drainel and heated to 160°f, for 48 hours
‘at atmospheric pressure. lhen 6 psi, pressure was applied for 30 minutes
and the cube was again founu to be leak-free.

B. Cyclic Test (reference r, 213-2; page 3)
The cubes were filled with.modified JP-4 test fluid ahd.the temperature was
reduced to -65%¢, for 24 hours at atmospheric pressdre. The cubes weré
exémined and no leaks were ouserved; The cubes were then sub jected- to 1000

pressure cycles at -65%,, a pressure cycle being frou ¢ 6 psig to - 1.5

to ¢+ 6 psig.' Actual pressures varied from 6 to S'psig on the positive

and to 1.5 to “.5 psig on the nepgative side. Time required for the

cycles was approximately 14 hours. No fuel leakage was found on com-

pletion of these teéts.

C, Slosh and Vibration Testé (reference F;,215-3, ﬁage 1) -
.The slosh and vibration tests were conducted with the two cubes filled two-
thirds full of modified JP-4 test fluid circuléting at -659F, The vibra-
tion test was conducted simultaneously with the slosh test for the first 25

hours. The slosh test was then continued for an additional 15 hours.
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Phase VI:  Environmental Testing of Sealed vubes (Continued)

D.

‘Load Test (reference G) : ;

The two cubes were mounted in rigid steel support structures and fastened
to the frame of the slosh and vibration table in such a manner that the
representative épars were rotated 36 degrees to the-axis of rotation. The
cubes were vibrated for about three hours before ithe load distributichs
werebadjusted te give the desired displaCemuuté. Pﬁ° averasge JlSpla«e ment
for the 25 hours of vibration, taken four points on eacn cube, was_u;0353

inches at a frequency of 200 CPl. The slosh test was conducted for 40

" hours under conditions of 10 to 16 CPii through a.total angle of 30 degrees,

15 degrees each side of tne horizontal. On completion of the test, the
cubes were pressure tested at 6 psig for 20 minutes. There was no leakage.

The cubes were opened and examination of the sealant revealed no darage.

" The btructural Test Unit designed, fabrlcated and 1nstalled the loading

Jlg for the load cyg,lm0 test, and assisted in completlon of the tests.
The test cubes were mounted in the loading jig in such a manner that the
loading of 130,000 pounds was applied to botn cubes simultaneously. The

load on .the lower surface was applied diagonallyfacféss the cube at 43°
off the:rib centerline. The load at the upper s;ffage was applied at
right angles to the load at the lower surface. Au;z strain gauge rosettes
for measuring panel stress were appliea vo cube No., 2. Thé gauges were
applied back to back on the panels in pairs, iﬂﬁnd'2; 3 and 4, etc. Loads

were applied to the cubes by means of hydraulic rams. Tension load cells were |

used in conJunctlon with load cell indicators to indicate applied loads.
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Phase VI: knvironmental Testing of Sealed Cubes (Continued) agg

Another indicator was used to indicate induced stresses as measured by the

strain guages on cube No. 2.

Three static téstS were made on the cubes prior to the cycling test. Cubes
were empty and at room temperature. In each case, the load was applied to
100% in 104 increments. In the first two tests, the load was decreased from
100% to 504 and then to U%. In the third test, after 1004 was resched, the

load was decreased to 04 in 205 increments.

The cubes were then filled with modified JP-4 test fluid and cooled to'-65°F.
at 6 psig pressure by circulating the fluid through a tank containing dry
ice. The cubes were then subjected to 1000 cycles, a cycle belng from 0%

to lOOp to 04 (1005 = 130,000 pound load) At the completion of the 1000

cycles, the cubes were warmed to a fluid temperature of 70°F. and a final
static test at 6 psiy was performed. The load was applied to 100% in 10%

increments, then decreased to 504 and finally to O%.

No leakage was observed during the load tests. Strain gauge readings were
taken throuéhout the test, Thé maximum shear measured -occurred on the top
skin and reached a value of 8,500 psi. Stress results were negligible; -
consequently, no data is included in tﬁis reoort, althougn this data is

available through the Structufal Test Unit.

E. Final Pressure Testing

Upon completion of all tests the cubes were pressurized to & 9.5 psig for

REVISED
R RN R

30 minutes. There was no loss of pressure. A negative pressure of -2,5 psig

was applled to both cubes for 30 minutes. There was no pressure change,

r g o s s e, e
S S AT ) R st 1 e il

bhce LR

T

FORM E- 1686 R2




B T T S Tty et orwp R P T T e A e A TR Rt suone g

ELREIE RBITFLLANE LDy
WICHKITR LOIvISIow

Phase VI: Environmental Testing of Sealed Cubes (Continued)

F. Performance Test Results

All of the above tests were succéssfully completed without any evidence of

leakage in either cube.
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RisSULTS
A. New Sealants (Phase II)

Of the nine new sealing compounds tested under reference C, Products research
Company PR-1422 was found the most satisfactory.. This se&lant-w&s used to
seal test cube No. 2.

Sealing the Cubes (Phase III) _

Application of Pr-1422 was much more difficult than the application of

BMS 5-19 due to excessive flow (or slump) and short work-life.

General sealing of the two cubes was difficult due to the close quarters and
new structural design (tank end ribs). Some areas out of direct line of
vision were extremely difficult to seal properly. Problems encountered are
listed in Phase III. |

Accelerated.Cure Test (Phase IV) _

Use of hot air blowers to accelerate the cure of sealant in the integfal
wing will_probably require the use of some type of in;ulation on the exterior
surfaces to obtain even temperature distribution, otherwise cold spots will
result in uneven curing of sealant (see Phase v). ‘

Leak Testing of Sealed Cubes (Phase V) 7

Upon leak testing the sealed cubes, eight leaks Wefe found (four in each
cube). Leaxs were due to four leaking fasteners and a crack in a fuel dam
(see Table 1I).

Environmental Testing (Phase VI)

Upon completion of all environmental testing of the two éubes, they were
pressure tested at + 9.5 psig and ~-2.5 psig. There was no leakage

(reference E; 213-3, page 2).

The cubes were opened and examination revealed no damage to the sealant or
structure. The two test cubes appeared to be equal in ability to withstand

the environmental test conditions tec which they were exposed.
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TYPE OF
APPLICATION

CLEANING
UPPER 2/3
LOWER 1/3

INJECTIONS
TOP
BOTTOM

BUSHCOATS -

FILLETS
PRIMARY
SECUNDARY
FAOTENERS

TOTALS

TOPCOAT

TOTALS

MATERIAL
USED

HMIL-5-7502
SOLVENT

PR9021
TYPE B

PR9021
TYPE A

 Pi9021

TP B

EC1527
wC776-1

TABLE I

QUANTITY
REQUIRzD
LB.

£

.CFE
oo
FIiC

ww
SF

K3
s e
el (9]
C O

P
&

NLCE:
L] L]
38

13.66 LE.

MATERIAL APPLIED

MATERIAL AND TIME REQUIRED

D3-2u34
Page 15

 APPLICATION
TIME

2.67

14.75

87.02 HRS.

TOTAL TIle REQ'D

TO SiEAL CUBE #1
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CRACK Ii FUEL DAM

ILLUSTRATION NO. 3
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ADDENDA D

ENGINEERING DEVELOPMENT PROGRAM 829 FINISH SYSTEM,
INTEGRAL FUEL TANK

I. To qualify a corrosive protective ccating_for application to integral fﬁslj
tanks and components. This is to be applied to detail parts, shall provide

adequate corrosion protection and shall be compatible with sealant material,
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F-52 ENGINEERING DEVELOPMENT PROGRAM . 829

Pagesr 2
Date: 10.15-58

ev. ;1‘1 -
R 5‘59 th

11, STATEUEIT OF WORK:

A, Background and Objectives

1. Basic Requirement for Application of MIL-5-4383 Topcoat
Material to Interior of Integral Fuel Tanks.

The original requirement for topcoating of integral fuel
tanks was for the protection of sezlant material from the
solvating action of the fuel, Fuel resistant sezlants have
now been developed which no longer require this protective
topcoat, However, higher strength aluminum alloys are )
being used more and more extensively and such alloys are more
susceptible to corrosion unless adequately protected. Since
this topcoat material was fuel and moisture resistznt it was
natural that it should be used 2s a barrier material for
corrosion protection of the metal structure.

2, .Application and Service Experience.

On small tanks, protection of sealant by fill and drain or
brush application of the topcoat material is-readily accom=
plished. JService experience has shown, however, that for
effective application the surfaces must be thorourhly-clean,
film thickness closely controlled and the applied film rmst
be completely cured before being subjected to service. - The
MIl-5-4383 topcoat materials have relatively low adhesion
and any change from optimwr surface preparation or cure
cycle adversely affects even this marginsl adhesion,

On complex structures, such as integral wing tanks of large
aireraft, such as B-52G, fill and drain coazting applicztion
is all but impossible. Brush application can be accomplished
in most instances;however, the quality of such application

is questionable and the time element for application is
staggering,

‘Paragraph deleted - ey,
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II, STATETXT OF WORK

fe 7 Loy

B-52 ENGINEERING DEVELOPMENT PROGRAM 829

Paget 3
Dote: 10‘15"58

3.

 of finisgh and afford mexIimus corresien protection to integral Vﬂh

Rov.: 1.15-59"8
Bealing State of the Art VR, b

Use of & fuel resistant sealant which requires no topcoat

has been adequate for sealant purposes, However, metal surfaces
which have not been coated or scaled have showm evidence of
insufficient corrosion protection, It is irteresting to note
here that panels prepared in the laboratory and those from the
factory do not correlate as far as corrosion resistance is
concerned, This has been shown, by laboratory tests, to be

the result of shop "soil" and machining stress which has not
been removed by normal metal cleaning procedures,

It has also become appurent that faying surfaces must be
protected to eliminate the possibility of corrosion therein
and to prevent abrasion of chemical conversion coating and
corrosion of high strength alloys subjected to shop soils
and corrosive atmosphere,

Observation of parts Foing throuch fabrication and acsenbly,
point to a definite need for finish of detzil parts as soon
after fabrication as possible, Tnis would minimize abrasion
of chemical finish, zllow optimm cleaning before erplication

fuel tank parts. ) -

Since MIL-S-4383 material wop designed aaz & scalsnt overscating Vﬂh ’
to protecttank geszlonts from the lerching effects of Jet fuel A
and since zczlent technslogy hes edvenced beycnd the need for
overceating, ccrrocien prutection shosuld be afforded by a fuel
reeictant finish epplicd to detanll prrts. This vould afford
meodmum protection proviéed the pever fuel resicient corrosion
protective materiele are entirely compatible sihegpicn-vise with
sealant materiel. . , -
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Date:s 10—15-58

Rov. 1-15-59 th
II. 3. Continued.

It is proposed herein that:

1. The newer fuel resistant, corrosion protective finishes
be investigated for possible cualification as a finish - B
for integral fuel tank detail parts, g

2, Tests are to be conducted teo deternine optirum finish
to seslant compzt Hility, This will establish not only
fuel resistant, corrosion protective coating for the
tank, but will also select 2 finish which is compatible
with the sealant, i,e., a coating to which seslant will
adhere equal to or Letter than to bape or conversion
coated metal, ‘

3. After the initial selections have been made, the more
optirmm systems (finish/sealant) shall be applied to a
test tank, This test shall corsist of heat~cold c¢yeling,
and fuel soak to provide finzl preproduction d-ta. ‘

~ B. Description of Work LT-820.1

1., New modified Epoxylan& Polyursthene Coatingé 8hall be Tested as NRh
Follows: _ :

a. lMetal Anchorage
b, Fluid Resistance

(1) Distilied water ~ 7 days.
(2) Jet reference fuel - 7 days,
(3) VMIL-C-5606 fiuid = 7 days.
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II. ST.TEMERT OF iuaK: -
1. New Epoxy and Polyurethane Coatings Shall be tested as :
Follows: (continued) i :
¢. Corrosion Resistance - 500 hrs,
d. Cycling Humidity Resistance - 500 hrs,
€. Low Temperature Flexibility.
f. Fuel Contamination, :
2. Those coatihgs which show superior qualities in the -above
testing shall be selected for LT-2 test procedure.
@ Description of Work LT-§ag.2 ,
1. The Adhesion of Integral Fuel Tank Sealants to Finishes
- which show definite promise under LT-1l shall be tested cs
follows:
a. Variation in sealant adhesion due to finish thickness,
b. Variation in sezlant adhesion due to finish cure time.
¢. Variation in sealant adhesion due to action of pre-
sealant ‘clezner. ‘
d, Variation in sealant adhesion due to sealant cure.
€. Variation in sealant adhesion under optimum conditions
due to-environmental exposure,
f. Variation in sealant adhesion due to possible sealant/
Tinish incompatability, . ’
2. Adhesion testing shall be done as outlined under "Pgel Test"
per BhS 5-26, o
Y Description of Work LT-839.3 -
Materials tested under LT-2 and which show acceptable
Finish/Sealant corpatibility shall be further tested as
follows:
The material shall be applied to detail parts of fuel
_ cell cubes, The cubes shall be assembled and sealant .
n’ fillets applied.
i
g | These test cubes shall be filled with reference fuel*
xf to 2/3 total capacity and plugged,
*  MIL-F-562LC Crade J Pl
cl'.v R T R A S T TR
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B-52 ENGINEERING DEVELOPMENT PROGRAM 829

02-2400

Poge: 6
Dote: 10-15-58

Rev.: 12-15-58 “RS
7- 6~59 WK

ll

2.

TII. STATEMENT OF WORK (Continued) o d

D. Description of Work LT-3.

E. Assignmenta.

LT 829-1. Materials end Process Unit Protective Finish Group

a.

b

L& 829-2. Materisls and Process Unit Sealant Group

The test cubes so filled sghall be subjected to heat-
cold ecycling. Test cubes shall be cpened at the end
of 30 days end exanulned for evidence of corrosion
and/or seslent finisk breskdown. This test cycle shall
be repeated on a 30 day basgis until three months of
cycling shall be completed.

Coordinate developrent of new finish materisl with leading
palnt manufacturers.

Conduct screen*ng tests of best submissions from paint vendors
using BMS 10-1% Type I as control (SW EL2gP13 + V66KP11 Converter)

Conduct finel qualification tests on materials vhich pasa
screening tests.

Submit costed panels of best finishes to Sealant Group for
sealant adhesion studies.

Asserble and coat test tanks as heceasary to assist
System-}aterials Group in conducting static tank testing.

Evaluate finisghes at 30 day intervels during tank test
progran (LT 829-3).

Write specification for integral tank coating materisl
and release final report to include all phases of ladboratory
testing.

Conduct sealarz sdhesion tests on all paint finishes
subnitted by Protective Pinish Group &s a result of

LT 82%-1. Aduesion testing to be done as outlined under
peel test per BMS 5-26.
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b. Apply sealant material to test tanks as necessary to assist Systems
MaterZals Group in conducting static tank testing phase LT 82¢-3,

c. Evaluate sealant properties at 20 day intervals during tank test
program LT 829-3.

d. Write sumary report on sealant adhesion to finish materials and
submit to Protective Finish Group.

LT 829-3-1 - Materials and Process Unit, System Materials Group WR

a. Fuel the test tanks and conduct hot and cold cycling tests at 30 day
intervals. Slosh tanks, once daily, to wet all surfaces.

b. Open tanks every 30 days for finish and sealant inspection.

c. Seample fuel each'30 days and determine properties changes resulting
from finish or sealant.

4. Submit suUrmary report on tank testing to Protective Finishes Group at
the end of 12 months. .

LT 829-3-2 = Materials and Process Unit Protective Finishes Group, WR3
Sealants Group and Systems Materials Group : v

a. Disassemble ald b £t. x 4 £t. x 4 £t. test tank: into detail components
and rerove old.sealant and top coating (Sealants Sroup).

b. Apply Sherwin Williams E42GP13 primer to detail parts of test tanks
after cleaning and Iridite 14 treatment. This material has been
selected as & result of test in fusl call study and conclusion: of
d month exposure. (Protective Finish Group)

c. Re-asgsemble tank and seal with coast pro-gaal 890. Note: Repair leaks
after sealing check for leakage.

d. Conduct Qunlification Test Based on Requirements of D2-1057 "Pre-production
Test IFT Model B-52G" (Pover Plant Laboratory)

(1) Dyed JP-4 Leakage Test
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(8) Positive internal ﬁiessure of 11 psig. ' VR3

(b) Hold pressure 24 hours

(¢) . Check for leakage

(d) Repair any sealant le&s (Process Sealants)
| (2) B8ealant Aging Test

(a) Fil1 tank 2/3 full of R 5-26 reference fluid and 1/3
- full salt water (3%).

‘(b) Maintain £illed tank at 140°F for seven days

(3) Cyclie Pressure Tests

| (a) 1,006 :éressure cycles while at condition in paragreph 4. (2).
e (b) Cycle to consist of 3 mimutes duration from 6peig to -l.5psig.
;-(!;_) D;"&in"t;.nk, dry at 160 £10°F for 72 hours, refill with JP-b.

. e oy | s b 1+ e —

(s) 'élqsh and vibration (Secfion V of D3-1136) except pressure test
- for 24 hours. . :

e. Slosh and vibration, hot and cold cycle, and sealant ageing tests per
D2-16057 are to be performed on additional test finishes on small
12x12x6 inch tenk (Systems Materials Group). :

f—— - Smons

f. Submit report to Protective Finishes Group by 15 July 1959. WR,
5. Bystems Lab - H. Holmes |
a. Dyed JP-i Leakage Test.

b, Combination séalant ageing and cyclic pressure test.
e Dry soak at 160°.

d. Blosh and vibretion test

et —
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6. LT 329-3-3. Materials and Process Unit Protective PFinishes Group,
. Bealants Group, Systems Materials Group, and Systema
Laboratory

a. Strip and inhibit corrosion on 0old 4 ft.xh ft.x b ft. test tank
(Protective Pinishes Group). ,

b. Replace abraded sealant fillets (Sealants Group).
c. Apply BMS 10-39 to interior of tank (Protective Finishbes Group).
d. Cure finish for 72 hours. _
' NOTE: Repair leaks after sealing check for leakage.
e. Conduct qualificatloh test bases.on requirements of D2-1657
"Pre-production Test IFT Model B-52G (Syatema Laboratory -
H. Holmes).
(1) Dyed JP-4 Leakege Test
(a) Positive internal) pressure of 1l psig.
(v) Hold pressure 24 hours. S
(é) Check for leakage.
(d) Repair any sezlant leaks (Process Sealants).
(2) Sealant Aging Test | -

(a) Fill tank 2/3 full of BMS 5-25 reference fluid and
1/3 full salt vater (33).

(b) Maintain filled tank at 140°F for seven days.
(3) Cyclic Pressure Tests

(a) 100? ressure cycles while at condition in paragraph
6.e(2).

(b) Cycle to consist of three minutes duration from +6
psig to -1.5 psig.

REVISED

(h) Draio tank dry at 1@0':10PF ror 72 houru, refill vdth JP- h
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Slosh and vibration (Section V of D3-1136) except
pressure test for 24 hours.

Submit report to Protective Pinishes Group by 1 Decerber
1959-

ey
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B-52 FLIGHT TEST CHANGE MRMD

YFT 1070

MODEL B-52
DATE: 11-2-59R,
TITLE: FLIGHT TEST OF BlS 10-30 FUEL TAIK COATING MATERTAL
AUTHORIZED BY: Contract AF33(500)-3011k CCK W-L43 (ON-1223) Ry
REFEREICES: (a) Document D3-2247, "Development of & Fuel Tank

Coatinz Confcrming to EMS 10-39" '

(v) Document D3-2393, "Leboratory Investigation of
Corrosicn Prctection in B-52G Integral Fuel Tank"

(c) "Integral Fuel Tenk Finish System", EDP 829

(d) Boeing laterial Specification 10-39, "Fuel and
Moisture Resistent Finish for Fuel Tanks"

BACKGROULD AND PURPOSE OF TEST .

The criginal requirement for topcostins intepgrel fuel tanks wes for the
rurzcse cf protectins the sealmnt meterial frér the sclvent action of the
fuel. Fuel resistant seelents have now been developed which no longer :
reqgulire this protective tcyiccet. Iowever, high strensth aluminum alloys o
ere rere susceptidle to cerresicn uniess they are given adcquate protec- Rl
ticn. Since 1JL-S-4383 Bune Cceting wes the raterial used to overcoat

seelant. it wus natural thst it sheculd be chesen es e berrier material

for cocrrosion prectection of the metal structure.

Leboratory data, References (&) end (b), indicate that the present top-

- coat raterial, 1J1-5-4383, is nct entirely satisfactory as en integral

:
%

FORM E-1686 R2

fuel terl coating: This is due in part to a leck of corrosion inhibite
ing nigrentaticn within this nateriel, end tc the necessity for rasking
the mzterial from the seal plane srea., This rasiiing is recessitated by
lack of edhesion tetween the 1JL-S-4%333 costing end the sealent raterial.

These shortcomings of the MIL-S-4323 material have accentuated search for

a better finish syster for intesral fuel tank areas. This seerch for a

new raterial has been the rein wcrk eccowplished by Reference (c¢) testing. ...
The report cf this work is contaired in Reference (a) document. Reference

(d) specificaticn has been written to cortrol procuresent of material

rmeeting the requirements set forth for an integral fuel tank coating.
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The study and testing, reported in Reference {a) document, show that
under ccnditions of salt fog, condersing huriidity, end fuel soak. the
rev BIS 10-32 naterial, Reference (d), is superior in perfermance to
the presently used MIL-S-4333 Buna topcoet. This superiority can dbe
attributed to the very resistant resin of the Bi'S 10-3% raterial, and
to the inclusion of corrosion inhibiting pigmentetion. It is - pointed
cut tnat sezlent cen be applied over the RIS 10-39 coating material
without loss ¢f sealant adhesicn; however, BUS 10-39 should not be
applied over sealant materials. Further testing is in progress: which
ray eliminate need to mask sealsnt before epplication of gogting;t‘

The purpose cf tiis test is to epply the MBS 10-39 r:ia’c.eri_!a:iwq the":
interior of a B-52C integral wing tank to further substantiate laboratory

and sirulated tenk data as to the superiority of this coating system, .- - -

iously used ca this airplene to conduct WFP 1111.
GENERAL NATURE OF TEST . '

At least four bays of each main tenk 1, 2, 3, end 4 of a B-52G aireraft
will te stripred of the present Bune I Ccziing, end finished with an
approved EIS 10-35 Ceating. <Jlcaning, cerresicn control, and finishing
snall be unier lirect surveillewnce of the Prctective Finishes Group.

“c eccelerated cr gbnorral IlIgit test is required. Menitoring and
“nspecticn ¢ the interior of the finisied tenks is desired cpn & con-
venient bosis. It is enticipated that an e:aainztion arrroximately

every 60 da;'s will be sufficient. It is requested that this test be .
continved fer a minirum of cne year. Visval cbservation vill be made -
by rerscnnel fron the Protective Finishes Group. ‘ A

'GLIESSING GROUPS AFFECTED | SRS .

Protective Finishes Group
Flight Test Sectlcn '

COCRPINATIN RESPONSTBILITY: Protective Finishes Group

ABZOCIATED CHANLGIS: Tene
TEST AIRPLANE: : JB-52G AF57-6470
SUPPORT AIRCRAFT: - None

LIST OF GOVERWET PROPERTY: Kone .
LIST OF CCITRACTCR FURNISHED EUIPMERT : .

Normal spray equipment’
EMS 10-3G coating

The application of the BMS 10-39 raterial will not be required if prev-,,.:'-‘:.,»'l,l‘i‘

N s
NI
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WORK CUTLIKE
I. Product Design Section

II.

III.

A. Protective Finished Group - R. A. Balbiers

1. Shall monitor stripping, cleaning, corrosion control and
finishing of area, _ '

2. ©Shall make visual observation on effectiveness of coating
at intervals of approximately 60 days.

Flight Test Section

A. Flight Test Operations Unit - E. J. Sullivan

This unit shall be responsidle for Preparation of the test
airplane to the desired configuration; Planning, scheduling,
conducting, obtaining and reducing the test data required by
the Test Cutline; and reporting the test progress and results
to the Air Force as contractually required. ’

B. Flight Operations Unit - J. H. Goodell
This unit shall be resronsible for over-all conductance of
the flight test to satisfy the requirements of the Test
Outline. |

Test Outline

A. Alrplane Configuration

1. A standard B-52 airplane in which the four bays of the
main tanks 1, 2, 3 and 4 have been stripped of the Buna
N coating and finished with an approved BMS 10-39 coating.

B. Test Procedure

1. Accorplish flight testing concurrent with other tests. Xo
flights shall be conducted specifically for this test.
Testing to continue for approximately one year, with in-
spections approxirately every 60 days.

R R e A

FORM E-1686 R2
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C. Data Required

1. BMS 10-39 fuel tenk coating material will be evaluated
to determine:

a. Corrosicn protection qualities

b. Film integrity '

c. Resistance to wvibration

d. Resistance to solvent action of fuel -
e. Repairability

D. - Instrumentation
None

R R e A S S AT ST 557 o 7 O AP s Pl O A e e e e T e M’N&hwwﬂ&'ﬂﬁwﬁm*ﬁ*ﬂiiw“%
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ADDENDA P

WICHITA FLIGHT TEST 1111: PRH.IHMKY EVALUATION
FLIGHT TESTS OF FUEL ANTI-ICING ADDITIVES
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DATE: NoV 2 = 1959

TITLE: PRELIV INARY EVALUATION FLIGHT TESTS
' OF FUEL ANTI-ICING ADDITIVES

AUTHORIZED Bi: Contract AF33(600)-3911% coN W-44 (oN-1290)

REFERENCE: (a) Auc Twx, IMSE-12-77-E to AFPR, BAC, dated
23 Decenber 1958 ‘ ,

(b)  ECP 93L, "Evaluation of Fuel Additives and
Fuel Screen Coatings to Improve Low
Temperature Operations

(c) EpP 871, "Fuel Icing Investigation®
(d) Document D3-2135, "Fuel Tcing Investigation®

(e) WADC Letter, WCLPPFF to Distribution, dated

2 July 1959, Subject: Anti-Icing Additives
for Jet Fuel

(f) Boéing Document D3-2092-1, "Instrumentation
Specification for Flight Testing JB-520 Air-
plane AFS7-&,70% vt :

BACKGROUND AND PURPOSE OF TEST

Water in aircraft fuels, either dissolved or free water,
item due to the potential of ice formation within the fuel system,
Reference (a). Component malfunctions_with resultant . fuel starvation
to the engines can be the direct result of this phenomena. Long

i ] t temperatures re-
sult in reduced bulk fuel temperatures. The solubility of water in
fuel is such that reduction of bulk fuel temperatures results in the
formation of free water. Tris cendition i3 more severe in integral
tanks than bladder cells. Presently the fael heaters are used W
eliminate engine fuel system iocin;. An anti-icing fuel additive could
be an alternate for engine fuel system icing and could provide addi-
tional protection to the airplane fuel system and provide better fuel

is a problem

tank suap drainage.
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To counteract this phencmena, ECP 93l, Reference (b), and EDP 871, Ref-
erence (c) have been established to search for fuel anti-icing additives.
Promising additives have resulted from these investizations, Reference (d),
and should be further proven by flight tests to establish their effective-
ness and system compatibility characteristics. If an effective anti-icing
additive could be:'developed which is compatible with the aircraft fuel
system, it is anticipated that it would be utilized by the next winter
season by the Air Force, Reference (e).

GENERAL NATURE OF TEST

Four integral wing tanks of a B-520 aircraft will have three topcoat-
ings, EC-1527, EC-776SR and BMS 10-39, in each tank. The application
of the B/S 10-39 topcoating will not be required if previously applied
to this airplane to conduct WFT 1070. Three anti-icing additives will
be flight tested, one in each fuel tank, with one tank used as a control
containing the same fuel as the fuel-additive tanks with the exception
that no anti-icing additive will be present., From these flight tests,
the most promising -additive or additives, indicated by efficiency in
preventing icing conditions and system compatibility characteristics,
shall be further flight tested on a plane wide basis, including bladder
type fuel tanks. The blending of the additive and fuel, fueling of the
airplane and inspection of the sealant and topcoating . will be under the
direct surveillance of the Engineering Materials and Process Unit, System-
Materials Group, supported by the Materials and Process Unit, Protective
Finishes and Sealants Groups., It is anticipated that the sealant and
topcoating will be inspected every ten calendar days. Inspection of the
low pressure strainérs will be required after each test flight. It is
anticipated that avproximately 20 flights consisting of 200 flight hours

will be required to accomplish the test outline of this flight test change
memo. : ’

This flight test is an evaluation program for fuel anti-icing additives .
and not -a qualification test.

ENG INEERING GROUPS AFFECTED:

System-¥aterials Group
Protective Finishes Group
Sealant Qroup

Flight Test Section
Systems Laboratories

Fuel Systems C

REVISED
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COORDINATING RESPONSIBILITY: Fuel Systems Group |
ASSOCIATED CHANGES: None
TEST AIRPLANE: B-52G AF57-6470
SUPPORT AIRCRAFT KC-135

WORK OUTLINE

LIST OF GOVERNMENT PROPERTY:
Three (3) Fueling Trailers
LIST OF CONTRAGTOR FURNISHED EQUIPHENT:’

Analytical laboratory equipment necessary to analyze additive and water
concentrations. :

'Pumps and plumbing required for blending of additive into the fuel, and
saturating fuel with water

1.

2.

5.

1.

REVISED

I. Product Design Group . T

A. Systém-Materials Group - C.R. Sponsler

. ° , ,
Monitor the entire test program pertaining to Materials
and Process S o o

SAmple and analyze blends of fuel and additive for additive
and water content-of the fuel at (1) blending trailers,
(2) airplane tanks before flight, and (3) airplane tanks
after flight.

Monitor the topcoating and sealing inspections conductéd
after every ten calendar days,

Responsible for inspection of bladder cells and other
elastomeric materials in all fuel tanks in the airplane.

Write formal report on material compatability. Furnish -
to Fuel Systems Group for attachment to final report.

B. Finishes Group - R.A. Balbierz

Responsible for monitoringbthe application 6f,topcoating
material in each integral test fuel tank.

W et

T T
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2. Responsidle for inspection of the topcoating (1) before
flight testing, and (2) after every 10 calendar days.

3. Job outline shall be submitted to the System-Materials
Group for coordination prior to flight tests.

C. Bealant Grouwp -Acv. E. Johnson
1. Responsible for inspection of sealant in the telt'tankl
(1) before flight testing and (2) after every ten calendar
d-.y’. . .

2. Job outline shall be gubmitted to the System-Materials
Group for coordination prior to flight test.

D. Bystem Leboratories Group - H. A. Holmes

1. Responsible for the blending of the fuel edditives,
saturation of the fuel with water end fueling of the
airplane. : ‘ - v

2. Coordination with System-Kiterials Group will be required
for the sampling and analysis of samples and preparation
of test fuels throughout the progxram. L

E. Fuel 8ystems - R. L. Williame _

1. Responsible for overallflight test coord:lnhti’on.

2. Responsible for flight mission requirements and instrumen-
- tation requirements. ' .

3. Respons:lble for surveillence, evaluation and report of
the fuel system performance other than Materials and
Process responsibility.

k., Pinal report including fuel system performance.

ORM E-1686 R2
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ir. Flight Test Section

A.

c.

Flight Test Operations Unit -« E. J. Sullivan

This unit shall be responsible for preparation of the test
airplane to the desired configuration; planning, scheduling,
conducting, obtaining and reducing the test data required
by the Flight Test Outline; and reporting the test progress
and results to the Air Force as contractually required.

Flight Test Instrumentation Unit - B. J. Bigley

This unit shall be responasible for the design, procurement,
calibration, operation, and maintenance of all instrumentation
installed to obtain the required dats specified in the

Flight Test Outline.

Flight Operations Unit - J. H. Goodell
This unit shall be responsible for over-all conductance of the

flight test to satisfy the requirements of the Flight Test
Outline.

III. Test Outline

A.

Airplane Configuration
Standard B-52G configuration.
Test Procedure

l. Nos. 11, 2, 3, and Lk fuel tanks (Integral), shall be
topco&ted with EC-1527, EC-T76SR and .BMS 10-39 (in
ecach tank)

2. Thermocouples shall be installed in FNos. 1 and 2 fuel
tanks, each low pressure strainer fed by these tanks, and
at the inlet of the Hamilton Standard Hydro-Mechanical
fuel control unit. A record of the temperatures obtained
shall be given to the System-Materials Group after each
flight test. (Use the same thermocouple configuration
as installed for WFT 1020 and 1028).

FORM E-1686 R2
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3. Install necessary instrumentation to determine the DPressure
differential across the low pressure strainer screens during
flight testing. A record of the differential pressure o
shall be given the System-Materials Group after each flight
test. (Use the same instrumentation for differential pressure
as installed for WFT 1028). _ , N

4. Puel heaters shall be removed from engines 2, 5, and 7 and
replaced vwith tube installation per BAC draving 35-768%.

Test Fuel Preparation

Three additives shall be blended with MIL-J-5624D, Grade JP-k, .
for flight testing. Blends will be prepared in fueling -
trailers, one trziler for each sdditive. The same trailer

will be used for the game edditive throughout the test Pprogram,
to avoid contaminstion with other edditives. The concentration
of edditives uced in all pheses of the flight test shall be

the minimum effective concentration for wvater saturated fuel
plus 2 cc. water per gallon of fuel.

Phase I of the test program will be conducted with fuel cone-
taining 100 ¢ 10 ppm veter and minimm effective concentrations of
edditive for water caturated fuel plus 2 cec. water per galion of
fuel. . T
Phoge II of the tect program will be conducted with fuel con- - .
taining 2 cc. of excess water per gallon of fuel. The fuel o

used for blending with edditive for Phase II will contain 100 %
10 ppm water. The excess water will be edded during the fueling -
of the airplane. Tha cdditive concentration shall be the mine

imum concentration required for water saturated fuel plus 2 cec.

vater per gallon of fuel.

Phase III of the test program will be conducted using the most
promising additive or sdditives from Phases I and II, previous
leboratory tests, end JP-4 fuel containing 100 ¢ 10 ppm water.
The test will be plone-wide, utilizing the body tanks (bladder
type) as well as the integral tanks. Phase IV of the test pro-
gram will be the same as Phase III, except 2 cc. of water per
gallon of fuel will be used. . -

Phase V of the test program shall utilige & satisfactory ad-
ditive, from the previous Phases, in an integral tank and a
bladder cell. The fuel shall be as recelved containing usage
concentration of the edditive. Tiis will be a 60 day test to
maintain sufficient lezad time for &ny concurrent Air Force flight
test program.

. N LT T e o G e g e e —— . - e eeras
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In all phases of the flight test program, the control fuel
tanks will contain the same conditioned JP-k fuel as in the
additive/fuel test tanks except no anti-icing additives will

be present, in both integral and bladder control ‘tanks.

The additives will be added to the fuel as follows:

Circulate the fuel in the trailer at 150 G.P.M.

Introduce the additive into the systenm, immedistely ad-
Jacent to the suction side of the pump. The additive will
be added continuously at a rate such that the required
amount of additive is added as goon as the fuel has been
circulated one complete cycle. Continue circulation until
the fuel is required for fueling in the aircraft. Cir-
culation should be for at leest one hour, then an analysis
mede of additive concentration. Corrections, if any, should
then be mede. The System-Katerials Group personnel shall

be present during the blending operation.

Additive analysis of the fuel/sdditive blends and of the
fuel shall be made after the edditive is thoroughly mixed

into the fuel (after one hour circulation) and prior to
fueling of aircraft.

D. Flight Test Outline

Phage I

1. Topcoating and Sealent in Test Puel tanks will be inspected

I 0 2

prior to Flight Test Progrem. Pencil hardness and adhesion
tests (tape) shall be conducted on each of the topcoatings.
Herdness tests (Rex) shall be conducted upon the sealant.
Visual inspection and whenever possible, hardness tests (Rex)
vill be conducted upon elastomeric materials in the integral
tanks. This data shall be recorded and reported to the
¥aterials and Process Unit, System-Materials Group.

FOR
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Additive/fuel blends, blended for Phase I, shall be pumped
into the test fuel tanks, one additive/fuel blend in each
tank. The control tank shall contain fuel, conditioned the
same as the fuel/additive blends without additive. Tae
control tank, No. 2 Main, shall be a control throughout
the entire test program. . : . .

Samples for additive and water analysis will be taken
after fueling of the airplane and after flight.

A complete record of temperatures at fuel strainers, fuel
tanks and fuel control units, and differential pressure across
the low pressure strainers will be kept during flight and the

data submitted to the System-Materials Group at the end of each
flight test. -

The low pressure strainers will be checked for .ice formation
after cach flight and photographs taken.

Topcoating, scalant, and elastomeric materials in the test ,
fuel tanks will be inspected after the tanks have been ex-
pos.d to fuel/additive for 10 calendar days. Pencil hard-
ness and adhesion (tape) tests shall be conducted on the
topcoat. Hardness tests (Rex) shall be conducted on the
sealant and clastomers where possible. The data will be re-
ported to the Materials and Process Unit, System-Materials
Group. 1Inspection of the topcoating sealant and elastomers
shall be made inmediately on opening the fuel cells and again
after 24 hours of drying. Cells can be sealed up again after
checking topcoat and sealant with Engineering Inspection only.
The time the fuel cells have been exposed to fuel additive
shall be recorded with each inspection.

This phase shall consist of three flights and total time
exposure of the fucl tanks to the fuel/additive for 10
calendar days. A flight time of approximately 10 hours
each flight will be required, or sufficient time to reduce
the bulk fuel and strainer temperature to known icing con-
ditions. If known icing conditions cannot be reached, the
fuzl will have to be cooled below these conditions prior to

This will be determined after the first flight
test.

il D3-1278JO“. PRV RS
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8. Materials and Process Unit, System-Materials Group, Fin-
ishes Group, and Sealants Group shall be present during
all inepections of the test fuel tanks and low pressure
strainers, and shall be notified prior to opening of fuel
tanks and the removing of the strut strainers.

The following fuel loading and usage sequence will de
required for the flights in this phase:

el
L]

Loading

Externals _ Full 9,100.#

Outboard Wings Full 14,924 .4

Mains 1 and 4 M1l ’ 63,596.

Mains 2 and 3 32,000# ea. 64,000,

Center Wing M 21,015.

Forward Body 2,000# 2,000 (min.)

' Mid Body 2, 000# 2,000 (min.)

- -~ Aft Body - 21,000# 21,000.

T - 157,635.#

NOTZ: The first fuel loading of mains 1, 2, 3, and &

after application of top-coating materials will
2 with 110°F fuel plus 2cc. excess water/gal.

Additives as specified in parazraph III.C. for
Phase I will be in the fuel for mains 1, 3, and
4. No additive in Mein #2 fuel. The hot fuel may
be loaded at any time prior to the first flight.
Sump draining should be accomplished prior to
flight. v '

~ Usage Sequence

1. Aft Body to 1 and 2 )
Main 2 to 3 and & - Take-off
Main 3 to 5 and 6

Center Wing to 7 and 8

2, Aft Body to l, 2, 3, and 4. )_ Climb and use fuel until it
Center Wing to 5, 6, 7, and 8 ) is depleted from these
tanks

T TR
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3. Main 1 to 1l and 2
Main 2to3and h
in 3 to 5 and 6
Main 4 to 7 and 8

After starting step 3 above, do not change sequence.
Complete the flight with this setting and acccmplish
landing with & minimum of 4,000# in each main. Ed-
ternal and outboard wing fuel will not be used during
this phase of the flight test program.

Phase II

1. This phas: of the flight test program shall be conducted the
same as Phase I with the following exceptions:

a. Fuel/additive blends shall be those blended for Phase 11
in 8Bection C, Test Fuel Preparation. -

b. The control main fuel tank, tank No. 2, shall have fuel
conditioned the same as the fuel/edditive blends except
no additive will be present. The fuel shall contain
100 t 10 ppm water plus 2 cc of excess vater/gallon of
fuel.

c. Two éc of excess vatér/gallon of fuel shall be added
to all test tanks during rueling of the airplane.

d.. This phase shall consist of four flights and
total time exposure of the fuel tanks to the fuel/
additive for 10 calendar days. Three of these flights
are to be 10 hours duration. The fourth flight is
to be approximately 24 hours durstion with in-flight
refueling. Only the one sdditive which is to be recom-
mended to the Air Force for their flight test will
be used throughout the sirplane. Fuel received dur-
ing air refueling will also contain this additiva but
without excess water.

NOTE: Tie first fuel loading of. mains 1, 2, 3, and &
at the beginning of phase II will be with 110°
fuel plus 2 cc. of water/gal of fuel. Additives
as specified in section C for Phase II will be in
the fuel for mains 1, 3, and 4. No additive in
main No. 2, the hot fuel may be loaded at any
time prior to the first flight in Phase II after
Phase I.

REVISED
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additive blend, selected from Phase I,

Plus 2 cc excess water/gallon of fuel.

Air Force by 1-1-60.

Phiase III

I and II shall remzin &8 a control tank.
through Phases III and IV. These control

except no additive will be present.

tests (Rex) conducted where possible,
System-Materials Group.

body tanks (bladder type), except the

in Phases I and II. - )
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e. Ti: forward body tank (bladder) shall have a fuel/

edded for

test. The fuel shall contain 100 % 10 ppm water

Hardness

tests (Rex) ehall be conducted on the forward body bladder
cell prior to this phase and at each inspection period.

f. All groups shall submit a report to the System Materials
Group to facilitate a possible recommendation to the

1. This phase of flight test program will be plan-wide
usage of an additive or additives determined from Phases
I and II. The same tank used as a control tank in Phases

In addition a

body tank (bladder) shall be used as a control tank

tanks shall

contain the same conditionad fuel 83 the other tanks

a. Topcoating, sealant, elastomers and bladder cells shall
be inspected prior to this phase of tae Flight Test
program. Pencil Hardness and adhesion tests (tape)
shall be conducted on each of the topcoatings. Hard-
ness tests (Rex) shall be conducted upon the sealant.
Tae elastoners and bledder cells shall have Hardness

and visual in-

spection cn remaining perts. This data shall be re-
corded and reported to the Materials and Process Unit,

b. Fuel/additive blends shall be in all tanks, including

control main tank,

Fo. 2 main and the mid body tank (bladder type).

c. The concentration of the additive in JP-4 fuel shall be
the same as the concentration of the additivg vhen used
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‘d. All tanks shall contain the pame conditioned JP-4 fuel
and additive, containing 100 ¢ 10 ppm water. The control
main fuel tank (integral) and control body tank (bladder)
shall contain the same conditioned JP-4 fuel containing
100 t 10 ppm water with no additive present. '

e. The bladder cells shall be inspected after every 10
calendar days the cells have been exposed to fuel
additive, by the Katerials and Process Unit, System-
Materials Group. ,

f. This phase shall consist of six flight tests and 20
celendar days of total exposure time of the cells to
the fuel/edditive. A flight time of approximately
10 hours each flight will be required or sufficient
time to reduce the bulk fuel temperaturs to known
icing conditioms., - -~ :

8. The remaining inspections end tliéht test conditions
shall be the same as Phases I and I1I.

Phase IV

1. This phese of the £light test will be conducted the same
&s Phese III, using the same additive or additives as
Phase III with the following exceptions:

a. The additive concentration shall be the minimum ef-
fective concentration required for saturated fuel plus
2 cc excess water/gallon of fusl.

b. 2 cc of excess water/gallon of fuel/additive blends
shall be added to all tanks during fueling of the air-
.Plane, A - : :

c. The control main fuel tank (integral) and the control
body tank (bladder) shall contain the same conditioned
JP-k fuel with the 2 cc excess water/gallon of fuel,
hovever, mo additive will be present. .

FORM E-1686 R2
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d. An inspection shall be made of the sealant, top-
coating, and elastomeric materials after the last flight
test. Information required is as specified in Phase III.
1. adove. , » . '

e. All groups will submit & report to tae Fuel Systems Group.

Phase V

This phase of the flight test shall utilize a satisfactory
additive from Phases I, 1I, I1II, and IV, in an integral
wing tank and the forward body tank. The fuel will be

as rec:ived from the tank farm containing usage concen-
tration of the additive.

Inspactione shall be as In the previcus phases and will
be corducted every 10 calendar days.

Tais rhase shall consist of Plight tasts for a 60.cal§ndar
da;’ period to maintain sufficient lecad time for any con-
current Air Force flight test program.

All groups shall submit & final report to the System Katerials
Group. v

E. Data Required

Zach engine fuel flov rate vs. time (all eight engines).

Each 200 mesh strainer fuel differential pressure vs.
time (all eight engines) (use the came ianstrumentation
for differential pressure as installed for WFT 1028).

™) pmperature in Mains 1 and 2 (use the same thermo-
couple configuration as installed for WFT 1026).

Jach fuel temperaturs at the 200 mesh strainer vs. time on
enzines 2, 4, 5, and 7 (use same thermocouple configuration
for heater inlet and outlet temperatures as installed for
WFT 1028).

FORM E-1686 R2
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Fuel temperature at inlet of the Hamilton standard Hydroe
Mechanical fuel control unit on engines 2 and 4. Thig
temperature willbe taken downstream of engine driven

puzp (use same thermocouple configuration as installed
for WFT 1026). v . .

Each heater inlet and outlet fuel temperature vs. time

FORM
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Beverly W. Hodges - Manager - Product Design

Approved by

R. L. McPi.crson - Manager - Plight Test Section

Approved by

Rienard W. Taylor - Enzineering Manager - B-52 Weapon System
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ADDENDA G

FLIGHT TEST EVALUATION OF INTEGRAL FUEL TANK

COATINGS WFT 1070 AND WFT 1111
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