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ADETIACT

This report covers the results of Jdesel iiner il vhicknose
inspections with the Jounigage rade subsequent to the initial
ingpoctions described in I Report 3-2850., Twelve model 248
Diesel linors were inspected at New York Haval Shipyard and
minsteen at iorfolle Iaval Shipyard.

improved filler design and inspection tochniques sxpedited
thege tests and enabled morc comprehensive data to be talen.
Desides such factors as minisum thickness, and the presence of
core shifting, an ostimate of the general hoiogeneity of the
core, and the existance of suspected porous areas are noted.
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Supersonic Measurepent of .21l Thickness in Dissel Lincrs

Refs: (a) NRL Report (5-2€50) of June 1946,
(b) BuShips 1tr. to NRL c69-2(334) of i3 Iay 1946.

I. INTRODUCTION

Xa Reference (a) describes the Sonigage dovelogpod by the
noscarch Laboratorios Division, Ceneral lotors Inc., and cerbain
foatures originating at IRL te adapt it for measuring the all
thiclmoss of Diesel liners. The results of inspection of nineteen
liners at the Horfolk Haval Stdpyards were shoum, with a briof
discussion.

2. - The experience cbtained in the inspecticn of these
nineteen liners suggested geversl desirable improvements,
particularly in maintaining contact botiwen the erystal probe
and the liner surface and in the preparation of inspectlon areas.
The inspection of thirty-cne additional liners 2t the low Yoxk
and lorfolk Navel Shipyards demonstrated that real progress

had been made in efiecting thesc improverents.

3. Tho inspection surfaces of all liners wers uniforn,
and contirmuous contact could be raintained between the probe

and the liner nurface for a sariss of longitudinal points of
inspection. Under these conditions it was possible to estimate
the relative homogencity existing betweon the cores of the lincrs
inspected. The difference baeticen the indications, dus to re-
flections from rough bacldng surface and to porosity or other
inhorogeneity in the cord, bocomos ore apparent to an operator
as oxparience is gained in the usc of the gondgage-

IT. TRROVED HoASURIRG TaCHNIQUES
L Following tho initial imspections at the lorfolk

flaval Shipyard, an exhausive etudy was made of the £illers
vhich adapt the flat crystal probe to tho ecurved liner surface.
The first inspocticns showed definitcly that a duralumin or
aluwrdrum filler was more efficient than one made of stesl.

The s;ﬂcificéac'oustic impedance (density x vglocity) of steel
35 L5k % 10°, that,of aluwwinum is 1.68 x 107, and that of
quarts is 1.52 # . It i3 thus seen that a truer impodance
rateh oxlots between quarbs and aluminum, providing a betior
trensmission medium for the latter and less refraction of the
supersonic beam. :



S For overall ¢larity of oscilloscope ind coiiony, 3
f4ller whose masdrun thickneas wos L0500 wms chosen. Although
somewhat less attenuation was rusiized vith thinner {iliors,
the clarity of the indieations tas impaired.

o Duralumin was conoidered superior o alunimm for 1ts
vearing properby and showed loss frictional drag on the iirer
surface in operabion.

T During the first inspection tests, contach s lost 55 4
the probe was nob maintained in a nearly verbical position, a
position which wee difficult to maintain in practice. Hedueinz

the height of the rctaining rim overcame thls trouble, permitting
tho probe to be held at slight angles with the normal to the
surface, and thus incrcasing ease of inspection without losing
cortact. This retention of eonbact over a sorics of inspection
arcas wes vital to a ready comparison of their relative hompgoneity.

8. If a comparison of the relative homogen2ity of cores
between a group of iiners is 1o be attempted, it is desirable w0
have a unifomm inspeebing surface. Jmphasis vas rmade on this
factor in the preparation of the surface of the liners dealt

with in this report. Buifing ws confined to strips approximately
five inches in width spaced every 9P, each strip covoring the
£ive longitudinal inspection pointe.

LG 5 As an aid and check on oscilloscope thickness indications,
four stesl standards 062", 0.2507, 0.375", and 0.500" thiclk were
occasionally refarred to during the inspection.

10.  The New York laval Shipyard provided IRL with two Diceol
liners, one similar to those covered in liRL Report S-2650 and a
lodel-248, tho type tested in low York. Thess vere discarded
liners, the Model-2/8 having a visibly porcus reglon in the high
pressure end. Practice on tids 1iner proved of mich valuc latoer
in the lorfollc tests, especially in judging the lomegencity of
the liners inspechted there. ;

III. DEPECTION OF LINEES
1. In accordance with ief. (b), on 3 June 1946 the Sordmge

vas carried to the low York Haval Shipyard and sst up in a room
in the Metellurgy Loboratory. Twelve Lodel-2i8 Diesgl linors
were on hand awvaiting inspection prior to metal spraying by the
Sehord process. Since this rodel wns soneuint different from
that first tosted at lorfolk, having 1o longitudinal reinforeing
ribs, come time vms dovoted to a grelininary suevey to chioose
the mpst suitable thiclkmess of filler to be used.

- 5 -



12, In the moantine the inspcction surfagss of the other
liners was being smpothed with omery clotih. The liner while
being inspected was' mpunted on an improved fomm of balaneings
stand facilitating access with the probe-to all inspection Grvis.

13. The 0507 duralunin and aluminum fillers wore uscd
exclusively throughout the inspection. In general thssc lincrs
sloved a marrover rance of thickness variations and decidedly
clearer thickness indicabticons on the oscilloscopa, bims
facilitating inspection.

;. On 17 June 1946, in accordance with Ref. (b), the
Sonigage was talen to the lorfolk laval Shipyard for inspectlon
of nincteen rodel 278 liners. The loeation and conditions of
test, with the exception of tcmperature, worc the same as
cdsted for the first inspections covered in IIRL Report 3-2650.
The Lodel-278 liner vas similar to that inspected at the New
York HNaval Shipyard. Fortunately the buffing of the inspecting
arcas was in the eare of those familiar with the carlier in~
spections, and the inspoction surfaces of all liners were uniform.
The £iller, a .050" duralumin, had been improved so bhat conbact
could be readily maintained throughout each five longitudinal
specting points. Cne filler was used cxclusively on oll

5  dloven lincrs were inspected June 16th vhilc the
‘terperature in the shop was above 90° and tho humidity near
saturation. This deronstrated the reliability of the Soninge
operating under ebnormal conditions.

IV, DISCUSSION OF RiSULTS
16.  The liners inspected and covercd in this report stowed

in pgeneral rore unifornity of thickness, lsss ovidence of core
shift and thin arcas than did those examined during the provious
inspection.

17. Tmproved inspection techuicue discloses certain areas
appearing to be porous, gonfined largely to the low pressurc
end opposite or near the weber cutlet copening.  These vere
mted in the 1'odel-278 liners #4767, 185A,X~L, 226A, and G36V.
Slight core shifting was sugeested in eleven liners of this
rodel, but was mot significant in the romaining oight.

18. Five of tho lodel-248 liners shoved ro cvidence of
core shifting; ceven suggested varying degress of shift.

il AE



© 19, The expericnce gained in the inspochbion of 50 liners
lcads to the conclusjon that, with training, an inspecter can
differentiate betusen significant varictions in iae oscillescops
indications due to uneven baeking surface, and tlpse caused by
inhomogeneitics in the core. As in the interpretution of radio-
graphs in X-rey inspection, much depends on the judguent and
training of the cbssrver in supersenic inspoclion.

20. The Sonmigage offers a varicty of methods of amalysis,
forcmoat of which is the possibility of progressively narrowing
the searching beanm by going to higher frequencics. This feature
enables tho obscrver to determine the maturc and extent or an
inhomogeneity. A crack will register on the oscilloscope as

a definite shift in phase of the indication, mot to be confused
with indication amplitude variations caused by gencral poreaity.

21. An inspection of the graphs and obscrvations made
during the tests suggests the following classificaticns for the
liners inspoeted.

todel-248 Diesel Liners Inspected at ths
Lew York Naval Shipyard ;

Aligroent Homogeneity Liner 3erial Remarks
of bere of core Iumber
- Good Vory good 5131
n ft fn 17
i ) 1 : 181
L Cood 200
" Good 156
appreciable Yory pood 18,
core shift :
" Good 17
n " 2086
i n 16
[ e n 178
1 " 157
Fair 200 Indications
ot clear

4 positions




liodel~27€ Dlescl ldncrs Inspected ak the
lorfolk laval Shipyard

e

ligment torogeneity iiner sorial {snaris
of core of core nurber
Geod Very good iz
n " H 63213‘
i it i LETT AR
. Good 4767 p-000%%
n n i 3224
" M 510R
" Fair 1e64 D=000"¢
» " 2 g less clear
: indications
Appreciable Very good 513V
corc shift
1 L Good LE3R
i ] fi 95&:
" 1 i L654
it n 1] ]_]_25
iy ! 6387 D-000°%
.'_' Bl 5" l&?&i
SN Tair 1139
L LA X-1 D-0007%
nooon a 655F losg clear
indications
" n n 226A D-00Px

x area sppears to be inhomppsncous

Ve COICLUSIONS

22,

‘As a result of the recont tests at tho licw York and

lorfolk lavai Shipyards the following conclusions may be nade:

(a)

The conclusions set forth in Il ieport
3~-2850 are borne out by these more rocont
tosts. (Driefly these wore that ihe
sonigage, by use of a filler, could
measure the thickness concentricity,

and degree of core shift in a Diesel
lincr wall; that the Sonigage 1s
electrically and mechanieally roliable;
and that the back surface of 2 liner

-8‘



VI,
3+

(®)

(e)

(d)

wall is sufficisntly smooth to give
peliable reflections at the frequencies
uged.)

The Sonigage developed by General Lotors
lesearch Division with additional features
vorked out by NRL con be used satisfactorily
to measure the wall thickness of Dicsel
lincrs and to determine if core shift is
present. .ith axperience the trained
operator can evaluste as to the general
lonogensiby of the liner corc.

The Sonigage will function satisfactory ab
higher than average conditions of tenmperature
and humidity. sleven liners were ingpocetod
June 18th vith temperatures akove 90° and
the relative humidity near saturation.

Inspcehbors should be given preliminery
training to acguire o faeility in the
interoretation of oseillescope thicikiwes
indicotions. Samples illustrative of
various types of inhomogsneiiies should
be studied.

3 It is recomcended that lbwvy Yards purchase Sonijage
‘units and arrange for a representative to receive instruction
in its uses at NRL.

%. Gide
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LINER ||6RAPH||DEGREE LaN GITwDIN AL FNSPECTIa m FO/ATS
seritac ||PLATE oN THICKNESS <4 racHhH &3
CiRcur~ i
HumBER| ¥9 \lrepence|l” A 2 o o =
o 440 438 , 3648 .316% B31d
g0 ‘20 | 438 | .38 | .36 .310
/156 m Al ,eo ',4_30 460 g0 |.310 |.260
270 ‘4¢0 | 440 |.e38 | 3790 |,290
o 4¢o | 460 | 19 | 360 [.310 |
ga 4to a%o 930 ,3¢0 |.329
206 |lIn A 150 ||’ 35¢ [.390 | .40 | 420 |.390
270 || 4¢0 | #60 | F50 | 38 |L.3F9
o 410 | 350 | 388 | 360 | .35
90 4c0 | 440 | . 385 |, 340 |, 290
200 WIBY s30 ||'gca | ‘4¢o0 | 400 | 280 |, 338
270 450 | 43¢ | 420 |.,3¢0 |. 33¢
o 429 | &io 350 |,340 |.290
| G0 4490 | 428 | 9499 |. 380 |. 3850
SIS R P Bl 10 || '3as 1350 | 360 | 390 | 320
274 Gso | 435 G419 1369 | 320
o | 2% ) 2¥S 1.3590 -3;':0 )
| 9o 440 | 440 | . 430 | 3509 },350
re el jen Il 330 | 1350 |l3¢0 |.360 |i370
270 | . 450 | 440 | g3& |.370 |.370
(o) Feo 14 |.,39¢ ] . 3Lo }|.250
Go || .¢435 | 438 [. 410 | 360 | ,344¢
'F1 i el ygo | I3gs | 316|360 | (350 340
270 || 960 | 470 | 438 | 362 |,3¢0
o 450 | 940 | #9909 |.388 |.,240
Go 455 | 435 |. 420 | 349 33y
'n ] L - 1)
gy g 150 | . 935 | .40 388 . 3499 |, 30
270 §.3885 |.38¢ |.3¢60 |.339 |',300
o | F60 | #lo | 438 |.38% | 340
17- Qo g 79 .#to | .#35" | 438 |.370 |, 320
/&0 450 | 420 | g20 |, 335 | 340
279 488 | 450 |,420 | 350 ] .320
S-2932
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LINER

S'ER"‘}L PLATE

GRAPH D%G‘E‘ES

IRCUM~-

LONCITUDINAL INSPECTIOn 74T S

THICANESS ¢tdy IWHCHE T

WuhneR) Mo ||FEReacEll A R c n =

e .350 2848 | 28B4 | .29 |.286

174 Vi el 7° 43¢ | 38¢ | .350 |.235 | .32
/180 ‘360 | .360 | .,35a0 | .339 |.310

270 Q90 | .344"| .36a |.310 |.309

Q 350 | .80 |.350 |.,3/0 |,3/0

20% el 9 455" |.420 | #/0 |.340 |.320
1940 @0 3646 | 380 |, 3348 |1 34990

'8 27¢ || 4¢o | @88 | #3585 |.350 |.35¢
o 460 | 440 | #1a |, 385 | 3347

o S el 2% ll.536 | WET | e8s | $14 | 20d
| /%0 430 |.3%5 |- 359 |.800 |.309

270 470 | ¢bo | FoO |.350 310

e} 4§y | Flo_| 430 |.388 |, 340

178 Wi E 90 || 488 | #3838 |\ &g |,350 |,300
/180 410 434 |.900 | 350 , 340

27a ¢50 | .F38 |.F20 | 288 |.310

!
t
5-2932 PLATE 2B
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IH(EQ GrRaPH|| D EGREES LONGITUDINAL [WSPECTION Po/#TS
SERIAL || PLATE CN i THICKNESS /N /UCHES
WamBER yumperl| <R ™M |
FERENCE A B c e E
o G50 | +30 .370 |.3&Lo .320
46 V{va || 9o 4606 | 420 | 410 |,320 |,310
3 Igo g9t | 3¢ |.38% |.340 |.328
I 270 440 |.490 | 430 350 | .340
| ffo 398 | 330 | .310 .320 | .320
430 420 . 350 ,320 | . 304a
+83RF‘ s 1 %a .3%0 360 ,a3590 | ,320 | .310
270 , 290 |.3¢0 . 369 1,324 [ .329
o .390 {,340 |.350 | .310 |.,310
/2 v B g0 260 |,39% | .350 | .320| .82
180 .39¢ | ,3%0 . 369 , 830}, 33§
ll 270 qlo | 410 .380 | .330,8320
o Gtg | 359 , 340 | , 300 .”éuo_
‘3 g0 '4-34 .3?0 1375' ¢ BoE ’ 335
i L L 180 . 430 |. 430 Gla 380 |, 6330
I 270 420 |.350 |.350 |.28% |, 3009
o S2ps] 3%o | .250 | .3235|,339
/1125 iV ¢ 70 4to | 420 |, 430 |, 220 |,329
/150 4t0 | ,900 | 350 | 6320 |.308
270 ,388 |+.370 | .3850 ]| .320],320
T
o 435 |, 384 | 350 |.33¢ |, 320
3224V g0 435 | 430 | .358 |.33% | 33¢
i /&0 .390 | 419 | .370 | ,350 |, 6340
270 438 1.3%0 | .380 |.310 |,320
o 3% | ,360 |.335 |,350 |,33%
1s6Aallvoll 72 || 432 | g20 | ,3¢0 |, 320 ;,31d
150 490 | 410 |,380 |,3335 },319
270 460 | . 420 |.420 |.350 |, 335{" )
(4] . $50 1,390 . 320 |,260 | ,329
X=LUyaoj] 9o 440 | 440 | .3¢0 |.310 |, 3830
186 ,388 |, 380 | .320 |, 290 |.,299
o 460 |, &l0 , 385 | .3/0|,857¢
2¢sAally £l 99 435 | .390 | ,320 |.,330| .,330
/80 430 1|,370 ., 2380 B26].329
270 || 960 | . 435| . 440 | . 330 .330
93 450 | 440 | 350 | ,340|.339
460 | ,#35| .385 | ,320| .329 .
i V E 180 . 438 | . 420 | .380 | .320 | -390
274 4343 . 420 420 | ,330 |,3/9
$-2932 PLATE Y4A
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[INER .(;R,anJI)EG-REES -va&:ru“:mua; INSP:;;;a_;u Pc_u_ﬂrsl il
SERIAL | PLATE| ON : THICKNESS (0 suvckES
NUMBER \vurper) e i T
_ _ __FEm:mc::i A 8 ._j_.*S__.___.__. =] E
| I s i 285 1 3%0 1 , 350 . Bug ,270
gsgn|ly = 79 3%8 | 360 | ,360 | .350 | 320
i i1 || 420,385 ! , 344 | .350 |.350
e 270 370 | . 330 310 | .320 |.310
, i | 440 | #3¢ | .3%¢ |, 33% [.338
‘ © || 450 | 438 | .40 |,369 |. 3485
CR2VIV £l 150 || 430 | 400 |.350 | 340 | 340
270 | 449 Ji,q—z&" |, 410 |, 340 |,320
_ \ 2 385 [ 38y |. 350 | 335 [.310 |
513vijlvel T° #S0 | 920 |.3%0 |.33% |.3/0
/g0 435 | 400  .340 |.350 | 330
274 460 449 | .3950 |. 348 |-328
o || 4to | 435 | 350 |.320 |, 3/0
Storlly el 7o . | 93¢ | 920 ! 4o | .350 |.350
156 | 4—20 2 2FY | 389 |, 325 ) 238
2720 | .94%0 | 4285 |,37% | .3§0 |,359
o || 438 | 420 |,380 |, 310 | 3¢9
2¢7viv B 7° 460 | 38 1,360 |.3/0 | 2887
/& &80 | 438 [, 3F0 |,329 320
270 | 438 920 ', 350 | .33> ,33%
6 | #20 1,930 |,350 |, 340 | 388
LSSPiv H 90 Aed | 380 .33 | .300 |, 290
5 1§0 ‘460 94949 .3%8 ! .340 |.350
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