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ABSTRACT

This report describes studies that have been made at the
Neval Research Laboratlory aimed at modifying the Sonigage to that
ii can be used to imspect thick materials wiih curved surfaces.
Its application to the messurement of well thickness in diesel
cylinder liners is discussed in detail.

The report includes also a brief description of the Soni-
gage together with its theory of operation, and describeez the re-
sults of messursments on 1% diesel cylinder lipers at the MNorfolk
Naval Shipyard. Evidence of core-shifting was found in rany Cases.
In two instances, core=shifting was so bad that the test indicated
that the castings should be discarded. Tn two other instances, the
wall thnickness had been reduced to the one-quarier ineh pinimum
allowable.

In the hands of a trained operator, the Sonigage can be
successfully applied to the routine testing of dissel cylinder
castings.
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Supersonic Measurement of Wall Thiciness in Diesel Lirers

Refs: (a) BuShips ltr. Lo NRL 569-2(526) of 27 Nov. 1944.
(b) BuShipe ltr. to MRL S69-2(334) of 8 Feb. 1946.

I INTRODUCTIOHN

1. Reference (a) authorized the Neval Research leboratory to
investigate the Sonigage, es developed by the Research Laboratories
Division, General Motors Inc., in order to ascertair its application
to Naval problem:. The Laboratory was further suthorized to modi £y
the device to satisfy specific requirements.

2. The Sonigage is a device for indicating the thickuess of
metal plates Ly setiing them into resonant superconic vibration.

The device, as developed by General hotors, is particularly useful
in testing relatively thin flat plates. However, in many vavel
applications it is necessary io make measurements on thick materials
often with curved surfaces, as wae the case in the measurerents of
wnll thicknesses in diecgel linere.

3. Tuvestigations at NRL have led to the development of a tech-
nique of making relatively accurate reasurements on thick materials
baving curved surfaces. Reference (b) requested NRI. to examine &
number of ¢iesel cylinder liners at the Norfolk Naval Shipyerd prior
to the chrome=-spraying process. Nineleen castings were investigated
and good thickness inGications obtained. There was evidence of core-
shifiing in many cases. In two cases, Lhe tesis indicated that core-
s:ifting was so preat that the units should probably be discarded;

in two other instauces, core-shifting had reduced the wall thickness
to tne minimum allowable amount (1/a").

11 DuSCRIPTION OF SONIGAGE

4. The Sonigage used in these tests is shown in Plate 1, Fig. 1.
It is equipped with two guartz crystal probes shown in Lthe fore-
ground. The larger is for use on steel in the thickness range 080
t0 150 inches while the emeller probe covers the range .045 to 090
jnches. The unit on the lefi contains an electronic oscilletor which
supplies power to the crystal proves in the frugquency bands of 0.833
to 1.56 million cycles per second for the larger probe and 1.388 to
2,777 for the smallsr. A motor-driven condenser sweeps sither band
thirty times a second. The horizontal sweep on the cathode-ray os-
cilloscops, shown on the right, is synchronized with the frequency
sweep. Calibrating marker pips appear at each emd of the hori:ontal
sweep. These pips indicate the all-out end all-in positicn of the
frequency sweeping condenser and are set to calibrating points on
the scele.



S. 1f now the smeller probe with its quartiz erystal, which reso-
nates at s frequency clightly higher than those swepl, is placed r.
contact with a steel plate .062" thick through a filw of oil, a pip
will appear on the scale us chown in Plate 1, Fig. 2.  The plate is
resonant at a frequency of 2.U165 million cycles. The pir on the
sereen is cauged by the resction on tre oscillator as the quarte
crystal changes its irpedance rapicly near tre resonsnt frequency .

6, The frequency at which resonance occurs in the material is
¢etermined by the reletion V = Bﬁi, where V iz the bulk velocity of

sourd which has the value 260,000 in/esec for steel, f is the resonant
frequency, t is the thickness in irches of the meterial, and N an
integer which represents the order oi the harronics. Obviously, tie
wave length (A) is given by ihe relation 2t/H.

Te A quart: probe - in genersl will cover & 2 1o 1 renge in thick-
pess. To cover effectively the range of tnickresses fror .0256 to
.800 inches, six or seven probes aro reeded if indicutions are to be
1imited to fundamental resonances. Since a directed supersonic beam
is desired, the area of the quariz erystal must te greater for meas-
uring thicker materials. The concentration of the beam is a funection
of the number of wavelengths across ihe crystal; thus for a given
frequency the larger this area the sharper the beam will be.

111 ADAPTATION OF SONIGAGE FOR LINER INSPECTION

8. The foregoing description applies to the Sonigage used for
direct-reading indications (on a plane surface) at the fundamental
resonant frequency. If ihe Sonigage, wnich ie designed to cover
thicknesses in steel of .045 1o .080", is used on a thick sheet (such
as .50") harmonics corresponcing to several hali weves will appear

as rultiple pips on the screen. Only thoce harmonics included in the
band of frequencies swept will appear. A transparent scale has beeu
designed to aid in interpreting these harmonics pips in terms of
thickness. The scale is moved up or dowm until the series of pips
falls on & sequence of the diagonal bleck lines corresponcding to a
series of harmonics.

9. Such & scale ic made possible through the properties of stand-
ing weves. A plate of e given tanicknhesc may be set into resonant

vibration at any integral number of helf wavee, such as %....' T, .%..'

etc. The frequencies where these resonances oceur will likewise be
2, 3, 4, etc. times Lae single helf-wave lrequency. The relatien
between the resonant Irequency, the order of the harmonic, and the
thicknese has been given in paragriph 6.



10. For illugtration, the frequency swept with the Sonigage usirg
the 1.38 to 2.77 meggacycles range corresponds to a single walf-wave
coverasge in steel of .046 to .090%. Now if the probe iz placed on

a steet of steel 250" thick, three pipe will be observead on the
soreen. (See Plzte 111, Fig. 1) From the relation y = ﬁ%ﬁ the hslf-

wave {requency ror .250" stesl is .5 me gecycles, which is below the
sweep range. However, et 1.5, 2.0. and 2.0 muﬁgcgclea, which are in
the sweaping range, the corresponﬂing.g.'.%_' and E_ reconances will
tpke place. These pips will ocour at the scale positions ior single
half-wave thicknesses of .083%, .0825" amd .050" respectively. Iu
like manner points may be determined for other thicknesses.

11, It ie sppurent that the thicker the materiel the more pips
will show on the screen. For a thickness ol 500" tnnlg— io the-ié—
resonancee will appesr. (See Plate IIX, Fig. 2) The aiagonsl dark
lines on ihe transpurent scale indicate the various multigles or
harmonice» The lower diagonal corresponds io the second harmonic.
Plate 111, Figs. 1 end 2 and Plate IV, Fig. 1, show the use of the
scale in ingicating the thickness of sheet eteoel samples .

12. The wamwer of judging thickness by use of this scule is well
51lustrated on Plate 1V, Pig. 1. Here thero appear to be six pips.
Two of thess, the one at i1he exireme left and the one al tLhe extreme
right (both rather small) are not pips caused by resonaacs, hut are
mersly markers. Hence iley are not coneidered. The trunsparent
scrle has already been slipped (up or down) to the proper position
for reading. FPip one (just to the right of the first dottadé verti
cal line) intersects a blsck diagonal line at a point slightly be-
low .40 on the left hand seals; pip twe intersects ithe next lowsr
{agonal et approximately the ceme scale height; pip three the next
lower disgonal; and pip four the diagouul still below. An imaginary
horizontal line drewn through the four points of intersection, and
resd where it crosses the left hand zcale, indicate a thickneus of
.375. From the different ciasgonal intersocts, the harmonics incicated
by the four pips received are the eighth, seventh, sixth, and fifih.

15. For the application of the Scnigage te curved surfuces, General
Motors has reconmendsd the fabricatiosn of exlra probes equipped with
curved quartz crystels. This means that a crystal must be provided
to fit each radius of curveture to be examined. OSuch e procedure is
warranted if the volume of work on a particular curvature justifies
the expense and complications of producing thre required curved crystal.
Since, the excellence of the Sonigage indication is a direct furnction
of the fit betwsen the crystel and the surfaces being examined, if

whe radius of curvature varies slightly between individual samples

or groups of units, a prohibitively lsrge number of crystals may be
required.



14. In order to ovorcome these éifficulties, the MNaval Research
Laboratory has been investigating the poseibility of insertisig u

thin "filler" between the conventional flat face of the crystal ard

the curved surfece of the work., To be penerelly useful, such a filler
must be easy to fabricale, provide intimete contacis with both the
erystal and the work, and give good sound trarsmission over the operating
frequencies of the Sonigage. Following a study of several materiels,
duralumin was sclected for intensive investigation.

15. Ono such filler (shown im Flute IJ, Fig. 2) has one flat surface
for contact with the flst cryslel of ihe probe while the opposite eur-
face is cul to the radiue of the surface Lo be inspectled. A reteining
ring keeps the filler in place ou the probe., 1t is imperative for good
transmission, that its thickness be less than e quarter wave length for
tre highest froyuency in ihe bano used. These fiilers can be readily
turned out or & lathe a.¢ mey bLe lapped to meet slight variations in
curvature, a procedure uot practicsble it & eurved crystal were useg.

16, Plete 1I, Fig. 1 illustirates the use of the probe, with fiiler
attached, applied to the inmer coucave surfuce of a section of a diesel
liner. Plate IV, Fig. 2 and Plate V, Figs. 1 end 2 show the indications
on the screen over varioue regions of this casting. The ohbserver mutet
visuslize the horizontal line through the points of intersection of the
vertical axes of the pips, projected it necessary, to meet the ciagonal
lines. For the indications shown in Plate V, Fig. 1, these intersections
would sceur &t a height indicating (on the left hand scnle) a thickiess
of .486%. Thicker sreas such as over the reinforcing ribs are reacily
discerncd by the imereassd number of harponic indications shown in
Plltﬂ V. Fls-‘. 20

! B N The everage thickness of the filler, ,035", is eccounted for in
the data shown in Plate VII A and B, which show ine actual ectimaled
thickness.

v INSPECTION OF LINEES

18. 1n accordance with Ref. (b), on 14 February 1946 the Sonigage
vas carried to Portemouih, Va., and set up on a maseive steel bed plate
in the center of Machine Shop 31 at the Norfolk Naval Shipyard. The
ligers were mounted on a balanzing stand Lo facilitate revolving them
during inspection. The machined finish of the inner surface of the
liners required buffing of the areas to be inspected. Initially some
trouble was encountered in getting good reflections due to lack of
jntimete contact through the filler with the liuer surface. Llapping
of the flat surface of the filler with a haud tool end lapping of the
filler to the liner improved the immge in proportion to the nicety of
contect. In gemeral, a thickness indication could be obtained witihii
e squere inch area whore inspection was desired., Accurate location of
reinforcing ribs and thicker end boundaries was shown by the increesed,



qumber of pips on the soreen. Owing to experience gained and lo & more
intimate contact of ihe probe with tne liner, il was pozsible io inspect
the lust few livers in fror fitteen Lo twenty mimutes each. Waile a
seperate room free from cust would have facililated ingpection, ine
tests as mado demonslruted the serviceability of the Sonigage operating
under general shop conditione. IL muy be adced that the Sonigage fune-
tioned normally when a cutting hammer vee in use within twenty fest of
the instrucents.

v DATA AMD GRAPHICAIL PRESENTATION

19. The location of points on tne liners which were checked with the
Sonigage are shown in Plate Vi. Five representative points along the
bore were teken al S0=degreo stations on the circumference. The O-degree
station wus chosen at the point where the serial number was stamped on
the limer. A tabulatiorn of the data taken is shown in Plate VII A and B.

20. Two graphical preeceniations for each limer inspected are shorn

in Plute VIII A to I. The ordinate, which reprecents the thickness of
the liner in inches, is common 1o each set of graphs. Tre minimum allow-
able thickness (.250") is inéicated by a broken line druwn at this value.
fach graph on the left is & circumferential presentation, the abscicea
depicting the stations on ihe circumference. For a perfect liner, the
five lines should be horizontel with ihe spacing between lines determined
by the taper from A to B.

2l. The grephs on the right are longitudinal presentations, the points
along tue abscissa corrogponding to the longitudinal inzpeclion poiuts
A, M, B, C, and D, 1In this precentation, a perfect lirier should hsve

all points felling on a straight diagonal line, the slope of which would
indicate thu emwouni of teper from A to L.

VI DISCUSSION OF RESULTS

22, An inspection of the graphs suggests ihe following classifica~
tions for the linmers inspected:

Condition Liner Serial Numbsr
Good 3969
- S8TP
w 3912
. 6025
- 3029
” 5024
L 763J
i 5011
M 3939



Condition Liner Serial Number

Appreciable core shift 3977

» . » 4036

Pronownced core shift 3947

" = » 7584

- . » 1513

n " n 6939

" . - 5020

Minimum allowable wall thickuees (1/4") 4035
w n n " " 3926
Legs than minimum allowable wall thickness 3047
" n " n L1 n 6%9

23. #ith tho exception of liner 1bl%, sufficient energy was reflecten
from the water-jacket surface to oblain {hickness measurements at the
desired inspection points. This indicated a relatively homogeneous
surface free from pronounceé pitting or included sund areas which, if
presont, would have scattered the beun &nd resulted in weak or no re-
flocted energy. Considerable difficulily was experienced in inspecting
liner 5024 because a carbon doposit became mixed with the oil used as

e contact medium. Thit was the omly liner to give trouble of' this
nature. The accuracy of the data presented is approximately 106 o

Vil CORCLUSIONS

24, As & result of the tests at the Norfolk Naval Shipyard, the
following conclusions may be made:

a) The Sonigege, using a filler to edapt tho stendard
probe to a curved surface, can jndicate the thick-
ness of a diesel liner wall.

b) An indication of Lhe concentricity of bore, or
degree of core shift, may be shown by & proper
choice of inepection points.

¢) The Sonigage is electrically and mechenically
reliable, performirg faithfully urder general
shop cfmditions .

d) The water-jacket surtace of the diesel engine
liner is sufficiently smootn to give reliable
roflections of m supersonic beam in the fre-
quency range l.5 to 2.7 meggacycles.



FIG. | SONIGAGE

FIG. 2  SONIGAGE MEASURING .062"- SHEET STEEL

PLATE |



FIG. |  SONIGAGE ADAPTED TO LINER INSPECTION

FIG. 2 DURALUMIN FILLER = ATTACHED TO PROBE

PLATE 2



.250". STEEL PLATE

INDICATION ON

FiG. |

INDICATION ON .500" STEEL PLATE

FiIG. 2

PLATE 3



F1G. |  INDICATION ON .375" STEEL PLATE

FIG. 2 INDICATION OVER.365" SECTION OF LINER
(WITH FILLER THICKNESS -.400")

PLATE 4



F1G. |  INDICATION OVER 450" SECTION OF LINER
(WITH FILLER THICKNESS -.485"%)

F16. 2 * INDICATION OVER RIB OF SECTION OF LINER
PLATE 5



END VIEW OF LINER

LOCATION OF POINTS CHECKED WITH SONIGAGE

-+ 2228 >
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e

LONGITUDINAL SECTION VIEW OF LINER

PLATE VI



LINER |lg || DEGREES LONGITUDINAL INSPECTION POINTS
SER = ON THICKNESS IN INGHES
1AL =8 -
S 8| FERENCE A M B c D

7234 1 CHECKEL] AT A ZI 30° 0.4475" TO Q.400"

CHECKEI] AT B 60° 0J375" TO Q.300"

5025 2 1 0 .450 . 380 L300 . 300

2 90 . 500 .425 .300 .280

3 | 180 . 400 .380 . 500 .285

4 | 270 .450 .400 . 300 .270

3929 3 1 0 .450 .400 350 .325

2 30 . 500 . 350 .350 .350

3 | 180 .450 .400 .250 325

“ a4 | 270 .475 .400 .350 .325

4026 r 4 1 ol = .350 .300 .285 .325

2 90 .400 .350 .400 .285 .325

3 | 180 .500 .450 .400 .325 .300

4 | 270 .500 .475 .400 375 .85

4035 5 1 o) . 400 .385 . 350 .285 .300

2 90 .400 .325 +3E5 +300 .300

3 | 180 585 .400 .425 . 285 .250

4 | 270 .450 . 400 .350 .375 . 350

6989 6 1 0 .450 .425 . 385 .375 .350

2 90 .400 .350 .325 .275 .340

3 | 180 .450 .385 .425 .275 .240

4 | 270 .550 .425 .425 .280 .300

1513 7 1 0 400 . 380 .400 .275 .280
2 30 .500 .475 .425 No Ifdication

5 | 180 .480 .450 375 .260 .270

4 | 270 .450 .400 . 350 +300 .300

763-J 8 1 0 .525 .480 .480 .380 . 380

2 90 . 500 .480 .400 .380 .370

3 |180 .480 . 480 .450 . 380 .380

a |z270 . 580 555 .450 .400 .400

5011 9 1 0 . 500 .450 .400 .300 .340

2 90 +450 .475 .425 . 340 .370

3 | 180 .470 . 400 . 400 .350 .370

4 | 270 . 500 470 . 400 340 .360

PLATE VIIA



LINER & § DEOGSEEB LONGITUDINAL INSPECTION POINTS
FERENCE A M B c D
3969 10 1 0 450 400 « 380 «280 «270
2 30 «475 +425 » 400 «300 R it
3 180 +400 ) D » 280 «290
4 270 <450 425 400 « 300 « 320
3947 11 1 0 . 400 « 380 590 « 200 + 225
e 90 475 485 <425 . 290 . 280
3 180 + D25 «475 .425 +«325 + 585
& 270 .485 465 .475 s IED s OTD
987-P 12 1 (6] . 400 410 . 390 - 200 " CED
- g0y .380 . 380 . 370 2520 « 200
3 180 . 500 425 . 400 «320 b
z £70 425 400 .400 « 300 325
758-J 13 ik 0 » 080 «o70 . 340 « 360 « 380
2 90 | +480 . 500 . 450 » 380 « 280
3 180 «DED -490 440 . 400 « 380
B 270 + 520D «450 480 e OED » 380
977 14 1 0 - B0 - 080 .70 « 300 - 330
& 90 480 200 . 480 300 - S
3 180 | 480 .470 . 450 400 . 380
4 270 450 .425 .420 « 260 « 380
3912 15 1 0 .470 .450 -425 300 sueD
2 90 . 500 « 500 . 480 » 500 « 300
3 180 .470 . 440 .420 « 380 « 270
& £70 450 . 400 » 400 « 350 « 380
5024 16 1 0 . 440 . 380 . 280 « 200
2 90 450 » 440 . 440 .270 « 280
3 180 480 . 460 . 480 .360 aST0
4 270 . 480 460 .470 « 320 « 320
5020 17 1 0-" . 9500 . 480 . 430 #0720 « 280
2 90 «450 - 440 « 400 « 330 e 20
3 180 . 040 « 300 . 280 - 080 . 240
L3 270 . 480 450 . 440 . 010 « 230
2939 18 1 0 400 <370 . 080 . 280 » 300
2 90 . 380 « 360 0 280 - 280
3 180 . 380 «370 « 390 - 280 . 280
4 270 «425 .420 . 400 320 320
3926 19 2 0 « 380 2D « 300 =20 « 280
2 90 . 400 « A0 « 370 « 200 s 02D
3 180 400 « 390 . 400 +250 . 260
4 £70 425 . 400 » SB80 35 « 200

PLATE VIIB
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