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AUTHORTIZATION ¥FOR TEST

1. This test was avthorized by the following references:

Reference: (a) Navy Dept. ltr. SOSED-4-tR of 7 September 1938.
(b) NRL ltr. P16-4(9) of 9 September 1938.
(¢)

NRL ltr. P16-4(9) of 31 October 1938,

OBJECT OF TEST

b The object of this test was to install at the Philadelphisa
Navy Yard, and to use for a trial period, a lamination detector which
had been developed by the Naval Research Laboratory for the Bureau
of Construction and Repair. The term "lamination™ is here used in its
metallurgical sense to denote a layer of inclusions in rolled metal,
a layer waich if present is a plane of weakness in the materiale.

ABSTRACT

3. The period of the writer's duty at the Philadelphia Navy
Yard extended from 12 September through 25 November 1938, a period
of eleven weeks. The first three weeks of the time were required for
the erection of a temporary building, for installation of equipment,
including the mounting of rollers for a roller bed, and for preliminary
tests. The remaining period of duty was spent in giving the
equipment a thorough test to learn how suitable the installation
was as a means for routine inspection of plates for laminations.
The apparatus will not be described in detail here, being the subject
of a later reporte.

4, The total number of items examined with the lamination
detector was eighty=~eight, and the total number of sepsrate tests
made was more than one hundred six. From the experience gained during
the tests, conclusions can be drawn concerning how lemination detector
indications will be affected by a change in any one of several possible
variables. The effects which were particularly studied were in order
of their importance, the effects of: (1) presence of a true lamination;
(2) 2 certain phenomena which, due perhaps ic bending strain, gave
opposite indication when examined from opposite sides of a plate;
(3) small changes in air gap of a pick=up unit, such as mizht be
caused by rolling over dricd puddles of paint, etc.; (4) differences in
galvanizing over the surface of a2 plato; (5) prescnce of a pit in surface
of metal; (6) prosence of minutc surfaco cracks running in a direction
to obstruct cddy currents in the plate; (7) flexing of a plate during
test because of lack of flatness of the plate, and (8) less imvortant
observations such as wetness of the plate surface, grinding of the
plate for removal of "cold shuts," etcs



ABSTRACT OF CONCLUSIONS

(a) OQut of the total of eighty-eight items tested at the
Philadelphia Navy Yard only ons gave unmistakable evidence of
lamination. The probability is that none of the items which failed
to give strong evidence of lamination really contained severe
lamination.

(b) The one item, a "T" beam, which did give unmistakable
evidence of lamination verified the fact that a true lamination will
give a strong indication at the right location and of proper sign,
when examined from cither side of the metal surface.

(e) The equipment as now installed at the Philadelphia Navy

Yard is sensitive to other defects and conditions in addition to true
laminations.
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ABSTRACT OF RuCOMMENDATIONS

(a) The test work with the lamination detector at the
Philadelphia Navy Yard should be continued.

(p) A length of laminated portion of the "T" beam at the
Philadelphia Navy Yard should be shipped to the Naval Research
Laboratory for further studies.

(e¢) Additional investigative work should be done at the
Naval Research Laboratory, as outlined in paragraph 45.

(d) A new exciting coil, and additional pick=up units for use

inverted uander the plate should be authorized for manufacture by the
Naval Ressarch Laboratory.



DESCRIPTION OF MATERIAL UNDER TZE5T

5e The material which wes tested at the Philadelphia Navy
Yard consisted mostly of ordinary mild steel, pickled and painted
hull pletes. The length of hull plate tested ranged from 96 inches
+0 384 inches; the width from 25 inches to 96 inches, and the weight
from 7 pounds to 20 pounds, per square foot.

6e Most of the plates tested were fairly flat, but some of
the lighter weight plates wersz sufficiently wavy to bang against the
rollers of the roller bed as the plates in turn were drawn through
the lamination detector.

7e Besides the plates mentioned above, tests also werc made
on: (1) five plates which wore moroly pickled, having been rejected
on account of surfeco imperfections rovealed by the pickling; (2) two
SeT.S. straps; (3) onc large S.T.Ss platc; (4) four galvanized plates,
and (5) one "T" boams :

8o Of the total items tested seventeen wers judged to be
interesting enough to warrant examination of the items from both
sides. Thus, while the total number of items tested was sighty-eight,
the total number of inspsctions for lamination was one hundred five.
In addition to the tests described above, one test was made with
cardboard squares to determine the effect of change of sir gep, upon
pick-up voltages. Soveral tosts also were made 0 determine variations
of permeability, as revealed by in-phase componcnt of pick-up voltage.

METHOD OF TEST

9. The equipment ussd for the tosts is showm in Figurss 1, 2,
3, 13, 14, 15 and 16. Figurc 1 is a view of tho building and roller
bed foundstion, both of which werc ospccially constructed for the
tosts. Figure 2 is a closc-up viecw showing a platc in position for
tost. Figure 3 is an interior view showing squipment shipped up from
the Navel Research Leboratorye. Figure 13 is a shop view of the
exciting coil and assembly of pick-up units. Figure 14 is a close-up
view of = single pick=-up unit. Figure 15 is a view of the recorder.
Figure 16 is a view of the illuminated scresn of the csthode-ray
oscillograph, with an indication of dafect by pick=-up unit number 6.

10. The test procsdure divided itself into the following
steps:
11. A plate, upon being selected for test, was picked up by

the overhead cranss

12. The use of loading timbers alongside the roller bed made
only one operation necessary during laying down or taking off plates.
The plates upon being laid down were fastened to the winch cable by
o clamp, as shown in Figure 2.



13, The plates were laid down so that the center line of the
plate was directly under the center line of anumber 6 pick=up unit.
Thus any location on a plate could be referred to its corrssponding
location on the record for that plate.

14, The necessity of rapid alignment of pick-up voltages
made inconvenient the use of more pick-up units then were showm at one
time on the viewing screen of the cathods-ray oscillogrephe Thus the
pick-up units wers limited to ones in the center, namsly, units 4, 5,
6, 7 and 8.

15. All tests made at Philadelphia were rede with tho same
variac setting for obtaining voltage apvlicd To the exciting coil.
Hence, 2ll tests were made witn the samo gensitivitye. Tho reason
for using only onc scnsitivity for all tocsts was to allow direct
comparison of any rocord with any and cvory other record. The rocords
wore obtaincd from the rocorder shown in Figurc 15.

16 Best results were obtained by aligning the pick-up voltages
anew for each new plate. The zlignment was necessary because of
differences in width, thickness, and composition from plate to plate.
The pick=up voltages were aligned while tae plate was run through a
fair distence, forward and back. If the record obtained during the
trial run for alignment was considersd to be setisfactory, an entirs
record was tcken as the permsnent onc for examination of the plate.
A1l records were started and stoppcd a foot from end of the plate,
to avoid distortion of indications due to nearncss of end of the
plate.

17. Zach record upon being tora off was immediately stemped
with a rubber stampe. The spaces printed by the stamp were filled
in with all required information before the next record was taken.
The information included number of the plate, date, observer, size,
other plate identification, detector settings, and remarks, if anye.
The location of psinted numbers on the plate also was shown, for
jdentification of top and bottom and right and left for the platce.

18. If a particular record was judged to e of especial
interest, the plate was turned ovsr, and & rocord wag taken for

exarrination of this other side, as a check upon tho first record.

DATA RECORDED DURING TEST

19. The data recorded during the test consisted almost entirely
of autometic records, and was much too veluminous t0 be includsd in
full in this report. A few of the more interesting records have

beer selected to serve as exsmples to prove certain points. The

smount and varicty of record included is that showm in Figures 4 to 10
inclusive. The photostat copies are full-scale and have been held

+o letter size, which limitetion means that only a portion of sach
record as originally taken could be iancluded. What points the rccords
prove will be considered under discussion of rcsults, later in this
repord .



20a Some explanation of how to read the records of Figures 4
to 10 inclusive needs to be made. Let us consider Figure 4. Notice
that four of the lines of marking of the figure were retouched in
the original record, in order that the photostat copy would show
the record more distinctly. These four lines of marking which show up
distinctly constitute the record for pick=-up unit number 4 alone. The
next similar four lines of marking is the record for pick=-up unit number
5 alone, and s0 on across width of the record. The reason for having
several linss of marking for each pick-up unit is in order to have
an abundance of steps of indicetion for showing degrces of change
in passing from a region of sound material to a region of defective
matoriale. The four lines of marking for a givon pick-up differ zmong
thomselves in the voltage at which they start giving indication. The
two outside lincs (of the four) start marking first; onc of the
insido lines starts marking noxt, and tho other inside linc starts
marking last. The number of stops of indication is further increased
by tho fact that cach linc of marking shows dots first, dashcs noxt,
and full linc only for meximum indication. Thus in passing from the
minimum indication of no mark in all four linecs to the maximum
indication of full mark in all four linecs, the rccordor will pass
through ninec steps of indication - if the change in voltago is gradual
snough to allow the rccording of all the stops of iandication. An
instance of maximum indicetion is shown by the rogion cencloscd by
heavy circle in Figurcs 4 and 5.

21. Besides regular records, the data taken during the stay
at the Philsdelphia Navy Yard included: (1) a daily log for period
of the first three weeks, as a work-and-progress report on construc-
tion of the laminstion detector building, and (2) a visitors' register
which was for the purpose of ziding in memorizing names and titles.
Teble 1 of this ravort summarizes results of examination cf the 88
platess

DISCUSSION OF PROBABLE HRRORS

22+ Inspection of Figures 4 and 5 will show conclusively, as
numerous similar records likewise have shown, that there are no sources
of error in thc zutometic recorder. As long as the setiings of the
lemination detsctor ars left unchanged, the rccorder will give the
same rocord for z given plate almost as faithfully as a mimeograph
machine duplicates conicese.

23 Saying that tho rocorder comsidered by itsolf is an

entiroly dopendable instrument is not quite the same as saying that

the laminstion dotcctor considercd as & whilc is an cquelly rcliablo
instrument. As a metter of fact, the evidence of Figures & 1o 10
inclusive 2s considered at length later in this report shows conclusive=
ly that the lemination detector in its present stage of development
detects not only laminations but sometimes other conditions as well.

In the latter case o re-examination from the other side of the plate
enables the question to be decided. Fortunately, no inherent rcason

wlia



has as yet appeared why with further development the lomination
detector could not be made at least much more selective then it is
at present, in regard to detection of laminstions and laminations
alonee

RESULTS OF TEST

244 From the results of the tests at the Philadelphia Ravy
Yard, nine results stand out as constituting the chisf value gained
from the work. HEight of the results apply %o reliabpility of
performance of the equipment, and the ninth applies to rate of
testinge

25. The cight results which apply to relicbility of pserformance
arc, in order of importance, the following:

26 Additionsl proof was gained thet a sorious degree of
lemination cen be detcctoed by the equipmente. The fact that fow strong
indications of laminstion were found during the tests at Philadelphia
may simply be evidence that extensive, severe laminations in mild
steel hull plate are rare. The adjacent sound material in plates has
the known effect of diminishing the strength of indication which
otherwise would bs given by a lamination of small extent, and
hence for a lamination to give the strongest possible indication the
lamination must not only be severs, but must cover a slzeable areas
Thus, objects of narrow widith, such as structural shapes, should
give somewhat mors unmistakable indicetion vhen laminetion is presont
than will wide plates. Tho one lamination which with cortainiy was
dotectod at Philadelshia was in the “"T" beam shown in Figure 1ll.
Portions of two records for examinetion of the beam are shown in
Figurss 9 and 10. Figure 12 is included to show portions from the
other half of the original "I" beam from which the beam of Figure 11
was torch cut. Notice that in Figure 12 the lamination extended the
whole length of one piece, and more then nslf the lengihr of the other
piece. Figure 12 shows thet lsminations in structurzl shapes not only
may bs severs, but may be guite oxtensive. If the original "I" beam
had not been torch cut into two "T" beams, the existence of a dangerous
degree of lamination in the beam could not have been known by ordinary
inspection methods, prior %o feilure during construction or in
S8rvice.

27« Tndication of lamination for exeminstion of one side of
a plate must correlete positively with indication from the other side
of the plate if either indicetion is to be significent as indiceting
- laminatione Figures 6 and 7 show a case of decided
negetive corrclation between jemination detector indications from top
and bottom of 2 platc. The fact that examplos of doeidsd negotive
correlation not only do occur, but are fairly ofton obsorved is proof
that tho lamination detector is not yot cntirely outside a laboratory
stage of development. As mentioned earlier in this report, pick-up
units mounted both zbove snd below a plate would serve to eliminate




indications which signify a detection only of negative correlation
effects. Incidentally, not all examples of negative correlation
are at regularly spaced regions as in Figures 6 and 7. The more
common form of such example is where the indication occurs singly,
end at random, in the plate.

28 . A test was made to determine how insensitive the pick-up
units are to change of eir gap between plate and iron cores The test
was made by building up various thicknssses of spacer by one or more
squares of cardboard. By use of such spacers tae zir gep uander pick-up
units was changed by incremsnts up to a maximum of 0.143 inch. The
changss of air gap had hardly any observable sffect upon the indication
given by the recorder of the lamination detector. Tho conclusion is
that any changes of air gap to be expected in practice (such as due
to driocd puddles of paint) will have no obsorvablc effoct upon lamina=-
tion dotector rocords. This fact hed alroady boon establishod at the
Naval Roscarch Laboratory.

29. Figures 4 and 5 are included as & representetive record
for examination of galvanized plate. For galvanized plate, the
indications ere consistently strong and quite irregular. The evidence
is that either the gelvanized coat itself or the process of galvenizing
introduces some factor of marked effect upon laminciion detector
readings.

30. Figure 8 is included to show that the effect of & pit is
opposite to effect of a lamination. The indication is one of rise in
voltage (blank space on the record) instsad of a fall in voltage
(rarked space on the rccord). The obscrvation is what one should
expect. Tho increase in voliage duc to a pit is simply ovideonce that
hocause of the discontinuity of surfacc condition, morc magnctic flux
ig forced out into the air, to bc detocted by the pick-up ¢ %3 THY
detoction of surface imperfections by the Megnaflux method dspends
upon this same principle of thers being a concentration of megnetic
flux wherever the normally smooth surface of a :mgnotized body is
broken by a crack.

31. One plate was tested which gave & moderate amount of
indication of laminstion when the plate was examined from both sides.
A punching was teken from the plate at an interceting locztion.
Btching of the punching did nct reveal a lamination proper, but only
fine streaks of banding along center of the pisce. The conclusion

is that moderate indications of laminstion must be nassoed over as
insignificant whon testing platss for sovero lamination.

32. A plate was exemined which showed rogions of nuUmMErous,
short, longitudinal, surfacc crackse. The cracks wers prosumably
quitc shallow, but werc in = dircciion to obstruct oddy currcnts
zlong top of ths plato. Observations obtaincd for sxemination of the
platc with tho lamination dstoctor did corrclete well wi i

+h the rogions



of crack, but the strength of indication was not nearly snough to cause
confusion with a irue laminatione.

33. Some pletes were tested which were badly warped. The
plates upon being pulled through the lamination detector flexed
occasionally to bang against rollers of the roller bed. The
interesting observation was mede thet the flexing of the plates
scarcely affectsd indications of the lemination detsctor. The effect
of flexing was observed by watching the viewing screen of thes cethode-
ray oscillographe

34. The chicf result from studics on rate of tosting will
now be considersed, in the two paragrephs i nodiately followinge

35. Tho studics on ratc of tosting showed that the equipment
a5 now installod et Pniladclphia has not near the capacity to
cxamine all plates coming into tho Navy Yard. No inhcront roason
wes discoverod why cquipment could not in time bc developzd for
cxemining all plates of the Yard, but boforc such guantity tosting
of platos could bo accomplished the oxponsc of installstion would
have to bo quitc considerably incroaseds

36. One of the present quite important limitations upon ratce
of testing is the time required for getting crane service. The time
required for actual hendling of a plate was only zbout ten minutes on
the average (for the operation of laying down and 1ifting off), but
sometimes the time required for waiting to get use of the crzne was
s serious handicap. The present rete of actual tgsting is somewhat
slower then necessary, owing to slowness of the winch for pulling
plates through. The time consumed at present for just pulling =
long plate all the way through and back agein runs up 0 around ten
minutes. Approximately ten minutes wes rogquired for stamping and
otherwisc preparing a rocord, including study of record for writing
of remarks. If the plate was to be examined from both gides, the
testing time was doubled 21l around. A1l in all, o testing of six
to eight plates a day was a good day's output of records, for
experimental studies. Later, when the whole suphasis was 10 be upon
quantity testing of plates, the time for actual testing (all operstions
other than crane service) might be raduced o around five minutes per
plate, say - but only after installation of s much foster winch and
after certain simplifications of test procedurc. Perheps the time
for actual testing could, if important snough, be reducod sven 10
as littlc as threc minutcs.



CONCLUSIONS

37 Out of the total of eighty-eight items testsd at the
Philadelphia Navy Yard only one gave unmistakable evidence of
laminstion. The probability is that none of the items which failed
to give strong evidence of lamination really contained severe
laminatione.

38, The one item, a "T" beam, which did give unmistakable
evidence of lamination verified the fact that a true lamination
will give & strong indication at the right location and of proper
sign, when examined from either side of the metal surface.

39. The equipment as now installed at the Philadelphiz Navy

Yard is sensitive to other defects and con itions in addition to true
laminationse

==



RECOMMENDATTIONS

40, The recommendations which follow from experience gained
ot Philadelphia are listed below. Each recommendation is followsd
by a brief explanation of reason or reasons for the recormendations

41 . The equipment, which is now installed at Philadelphia,
should for the time being be kept thers. It is recommended that the
Burcau authorize the Philedelphia Yard to continue with the routine
examination of tho reminder of the original 200 items, using
personnel of tho Yard who have alrcady beon instructed in the method
of using the instrumont. It is also rocommended that rosults of all
those tests bo comparcd with subscquont history of the platos as they
go into fabrication, so far as this is possible.

42. It is recommended that the Naval Ressarch Laboratory be
authorized to construct the additional pick-up units for use underneath
the plate, as wentioned in paragraph 27; likewise, to build an exciting
coil to replace the present one, having an opening about 6 inches
deeper than the latter. This new coil would sccomaodate the inverted
pick-up units and also mske possible the exeminetion of shapes such
as "I" beams and channels, the importance of which has alrsady been
alluded to.

43, The cause of negztive correlation effects observed in
lamination detector records should be investigated at the Naval
Research Laboratory. Negative correlation effects as observed
from records taken at Philadelphia are much too consistent and much
too pronounced to be explainable as due solely to accident. Some
gs yet unknown condition of stsel causes a2 lamination detector
indication to be positive when the plate is exemined from one side,
but negetive when the plate is examincd at the oxactly opposite
location on the othor side of tho platce. What the condition is which
can give lamination dotoctor indicelions which correlate ncgatively
is a property of motal which ought to warrent at loast somc
investigation as a metter of interest in its owm right. For instance,
if the phenomens could be explained es due to residual bending strains,
important applications of the discovery perhaps could be made.

44, The laminatsed "T" beam which was tested at Philadslphia
should be cut to & convenient length and shipped to the Haval Research
Laboratory for further studies. One of the purposes served would he
that of investigating eoffect of width of lamination upon strength of
lamination detsctor indication. No exact data are as yot available
on how deep the laminstion of the "T" bean extended into web of the
beam, and hence little basis exists as yet for estimating how much
stronger the indication of defect would have been if the lamination
had besn wider. The depth of lamination would be determined by
cutting and etching the beam at appropriate locations. The cuiting
and etehing would 2lso serve o show whether or not certain regions
which gave moderate indication of defoct rsslly were partially
laminated. The other purpose scrved by having a longth of laminated "T®
beam at the Laboratory is that a specimon would have been provided for
use in devcloping a laminztion dotoctor designed cxpressly for examining
structural shapcse

—9-



APFENDIX

Below is given a complete list of items tested at the Philadelphia
Navy Yard during the period covered by the present report.

Colurm (1) below gives the number of plate as marked on a record
or rscords for that plate. In columm (3) the letter "A" means that
the indication for that plate was at one or more locations strong;
the letter "B" means that the indicetion wes only msdium sirong;
while the letter "C" means that tho indication was weak. In column (4)
the number "2" means that the plate was oxemined on both sides, by
turning the plate over aftsr examining from one side.

Teble 1
(1) (2) (3) (4 (5)
Number
of Size of Plate  Indication Sides Romarks
Plate
 § 226 x 76 x 15# C - -
2 264 x 60 x 15# c - Surface cracks
detected.
3 228 x 76 x 10:# A - Good duplicate records.
4 264 x 60 x 15# c - -
5 264 x 96 x 10&# B - Indicetion at end.
6 204 x 69 x 20# B - Surface defects
ground out.
7 264 x 96 x 102 c - Plete badly warped.
8 240 x 84 x % c - Plate badly warped.
9 192 % 72 x 204 B - Indication at end.
10 195 x 54 x 15% c - ~
11 186 x 54 x 15# c - Large areas of no
marking.
12 175 x 54 x 15§ B - Better support of
plate needed.
13 224 x 72 x 15§ c - Plats unusually long.
14 87 x 62 x =~ G - "Cold shuts" not

detected.

Page A of Appendix.



Table 1 (Continued)

(1) (2) (3) (5)
Number
of Size of Plate Indication Remerks
Plate

15 324 x 60 x 15# AR Decided negative
correlztion.

16 192 x 72 x 20# C -

17 183 x 65 x 157 ¢ Unusually sound plate.

18 186 x 54 x 15# B Positive correlation.

19 210 x 62 x 17-1/2# c Plate better
supported.

20 170 x 53 x 15# C Zero correlation.

21 264 x 48 x 15# C -

22 264 x 90 x 9# C Unusually sound plate.

23 186 x 54 x 153 B Indication at end.

24 141 x 92 x 84§ B @

25 186 x 54 x 15§ c Unusually sound plate.

26 183 x 65 x 15# B Positive correlationa

27 186 x 54 x 15# c -

28 184 x 54 x 15 c -

29 254 x 70 x 20# C -

30 231 x 61 x 20# B Positive correlation.

31 300 x 72 x 15# c -

32 384 x 60 x 15# C Sound plates

33 180 x 62 x 17-1/2# C -

34 212 x 62 x 17-1/2# A Bvenly spaced nega-
tive correlation.

35 212 x 62 x 17-1/2# C -

Page B of Appendix.



Teble 1 (Continued)

L) (2) (3) (4) (5)
Number
of Size of Plate Indication  Sides Remarks
Flate

36 288 x 96 x 25# C - SeT«Se plate; very
sound .

37 300 x 54 x 7.65# B 2 Correlation various.

38 300 x 48 x 17# c - -

39 188 x 46 x 10# c - -

40 300 x 48 x 17# C - -

4 218 x 39 x 15# BB 2 Similar to Plate 34.

42 360 x 66 x 7.65# B 2 Plate rejected; "cold
shuts."

43 324 x 72 x 10# C - -

a4 324 x 72 x 10# c - Surface badly pitted.

45 300 x 72 x 15# C - Pit gave blank space
on record.

46 115 x 76 x 20# c - -

47 300 x 96 x 10# C - -

48 324 x 72 x 20# C - Very sound plate.

49 324 x 72 x 10# A 2 Negative correlation.

50 264 x 60 x 15# C 2 Record blank
towards end.

51 264 x 60 x 15# B 2 Indefinite correla-
tione

52 153 x 58 x 17.85# C - -

53 264 x 41 x 12§ A 2 Negative correlation.

54 324 x 72 x 20 c - Unusually sound plate.

55 300 x 72 x 9% c - -

56 324 x 72 x 10# A 5 Plate extensively

surface grounde.

Page C of AppendiXe



Table 1 (Continued)

(1) (2) (3) (4) (s)
Number
of . Size of Plate Indication  Sides Remarks
Plate
78 348 x 81 x 15# C - -
79 384 x 60 x 15§ o - -
80 264 x 72 x 20# BB 2 Good positive correla=
tiona
8L 324 x 60 x 157 B B ' -
82 300 x 60 x L5# B - Light record towards
ende
83 - C - -
84 124 x 44 x 1724 B - -
85 108 x 50 x 15 ce - -
86 97 x 87 x T# c - -
87 97 x 87 x T# C - -
88 96 x 86 x 20# cC - Single indication.
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Figure 11



Figure 12












Figure 106



