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Development of Nor-destructive Tests for Laminated
Gunstock Blanks. Propsces depart No. 3 for the
Period October 1 %o lNovember 30, 1953.

Introivction

This is the third of a seriez -f crrgress reports on work undertaken
at the Yale School of Foresiiy to devciop a practical method of testing
laminated gunstock blanks. The study is sponsored by the Springfield
Ordnance District of the Department of the Army undecr Contract No. SAR/DA-
19-059-0RD-1329,

This study involves a determination of the integrity of the glue bond
jn laminated gunstock blanks, It anticipates the application of appropriate
non-destructive test methods followed by recognized destructive testing of
the blanks. These blanks are to be fabricated under production conditions
in a commercial laminating plant. Work began on June 1, 1953, with a re-
view of the literature pertaining to this subject. The first progress re-
port of this series included a description of exploratory testing with x-ray
absorption and high-frequency sound transmiseion techniques, in addition to
the literature review mentioned above. The second progress report presented
sound transmission data collected on several laminated blanks assembled in
a manner to simulate gunstock types B and C, Class 1./l These are the two
types to be tested under the contract. In addition, x-ray photographs of

the same blanks were included in the second progress report.
This report include@§ a statistical analysis of the ultrasonic energy \
= Final Report, lLaminated Gunstock Blanks. Gamble Bros., Inc. Louisville,

Kentucky. Ressarch No. G. G, 3728, Order No., L. A. 7220-50, March 14, \
1952.
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transmission dats prcsonted in Progress feport ro. 2 and, in addition, a
continuation of the literature review begun in the initial .roport. This
literaturc roview will be continued throughout all succceding reports when
suitable material is uncovered. This is done to provide a completc hiblio-
grephy at the termination of the project.

Review of lLiterature

Test by Audio Frequengy . cthod

Galgimit.ea/ £ and associates havu prescnted furthcr work with the
testing of wood laminatcs by a vibration methoed. 1In ihis work beams were
assembled from Douglas fir laminates with the plane of the glue lines parale-
lel to threir longth. 4nother type of laminate was prepared by gluibhg short
oak boards on top of each other until an assembly of 25 or 30 laminations
was obtrineds These were then sawed into becmns with a two-inch eross-seetion.
Some of these ler‘nates wera of sound construction, vhilc others contained
defeetive glue lincs, In addition solid boas were uscd in the initial port
of the study, Thec oak specirens, with the glue lines norvial to their long
axes, were vibrated longitudinally., Becas with the glue lincs parallel to
their length werc vibratcd both tronsversely and longitudinelly and the
solid siecimens vere vibrated longitudinally. Both rosonant frequency and
logarithmic decrement were determined for all specimens, Resonant frequercy
was observed as that frequency at which maxdmum amplitude of vibration oc-
curred, as was indicated on the screen of a cathode ray oscilloscope, Log-

arithmic decrement was determined by photographing the decay of vibration

/2 Galginaites, S. V., E. R. Bell, A. M. Fine, and G. Aver. The Non-

Destructive Testing of Wood Lamipnates. Tech., Report No. 1. Office of
Naval Research, University of Louisville, Institute of Industrial Research.
January, 1953,
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on the scrcen of an oscilloscope and computing the logarithnic deercrent

from the couation: . e A
= S e

where A, and A, ore tne anplitudes of o vibrations

" eyveles opart.

Tests on solid spceimens 8  owed thnt logorithivie cecerenents of longi-
tudinal vibration could bc reprocducced to vithin 10 percont. The results
of vibration tcsting of thesc solid speccircns sl owed an cmpiriecal relation-

ship to exist botween -aximum crushing strength -ind tie quotient

D vhere

fd

D = density

f 2 resonant frecucncy

d = lognrith ic duercricnt

Sgecinens asscribled witk tle gluc lincs nuimal Lo thedr length were
vibrated longitudinally and then tosted to desiruciion in torsion. The
rcsulss shoved no enrrclation between vibrational chorecteristics (logorith-
miec dcercment and resonont freaueney;, nd cither the quality of the glue
bonds or the sirsagth of the spceinons.

Laninatcs assewhled with the plone of the lriidnotions parallel to the
length of the hca consisted of three laminations cid nad the final dimen-
sions 2 x 2 x 29 in. Thesc baar s were vibrated boih longitudinelly and
transversely. ‘Uransversc vibrations werce carriced out vith the glue lincs
both normzl and parallcl to the dircction of vibration. 'this sct of speci-
mens consisted of cipt riateled pairs. One sainlc of cach pair was well
bonded, vhilc the other was assembled uith "delainaied" orecs. Longitudineld
vibration of t..csc notehed peirs of beams shoued the log deccrcnents of the

defective bears to bc consistontly hi:char Lhan the log cecroments of the
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well-bonded beams. In no case wre the log decrement of a defective laminate
as low as that of its mate or enyr of the well bonded specimens.

For transverse vibration the beams were freely supported at two points,
The resonant frequency of the defective specimens showed an average decrease
of 20 percent as compared to their matched specimens when vibrated trans-
versely with the plane of the glue lines normmal to the direction ¢f vibra-
tion. As noted im a previous rcport, modulus of elasticity may be computed
directly from the resonant frequency of a specimen./ 3 The log decrement
of the defective laminates showed an average increase of 130 percent over
that of the well-bonded laminates when freely supported and vibrated trans-—
versely with the plane of the glue lines normal to direction of wvibration,

Transverse vibrations of the same specimens with the plane of the glue
lines parallel to the direction of vibration showed no relationship between
the quality of the laminates and resonant frequency, dynamic modulus of
elasticity, or log decrement, No destructive testing of these laminates

had been carried out to verify the results of the vibrational testing,.

Ex~ pimental Testing
Testing by Ultrasonics
Statistical analysis---Eiy.\. Ylanks with a width of 5 1/4 in., a thick-
ness of 2 1/4 in., and a length .. ving from 10 to 17 in. had been assembled
to simulate the butt of gunstock W3 B and C, Class 1. Four blanks of
each type were assembled. The blanks .are assembled in a manner to deliber-
ately produce glue line defeots which « % the form of void and waxed areas

/2 Progress Report No. 1. Developmant . Nop-destructive Tests for
Laminated Gunstock Blanks. dJune 1 to 1y 31, 1953.
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and areas containing small sheet:s of cellophane, These blanks were tested
by continuous transmission of ultrasoni: energy while under water and later
x-rayed./5 Raw data collected during the transmission of ultrasonic energy
have been analyzed statistically to determine the variation of transmission
of ultrasonic energy existing in individual blanks as well as to establish
whether areas in which abnoimailiy lcw shea- results occurred, coincided
with areas of abnormally lcw transmission, This analysis is presented in
the following paragraphs.

An analysis of transmission data obtained from the blanks was carried
out in the following manner. A standard deviation of transmission readings
taken about the mean reading of the entire blank was computed., Standard
deviations of the transmission readings of each level taken about the mean
of each particular level were also computed. From the sum of the squares
of the deviations about the mean of each level it was possible to compute
a gstandard deviation for the data of the entire blank based on pooled

variance. This was done according to the formula:

sby = L8502

N-7
where SD; = standard deviation based on pooled variance.
x = deviation of an individual reading from the mean,

z ,:Z(X)ZJ"' summation of the sum of the deviations squared
about the mean of each particular level,

N total number of transmission readings taken through

well-bondcd areas.

number of levels.

-3
1]

/4 Details of fabrication and testing of these blanks were presented in
Development of Non-Destructive Tests for Laminated Gunstock Blanks.
Progress Report No. 2, August 1 to September 30, 1953.
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The t-value, used as a measure of significant difference between

groups of data assumed to be of the same population, was computed from the
formulas

t = M -M

ST; { l7n1+ 1/n,)

where Ml and M2

mean values of the two groups
of data to be compared.

Shy standard deviation based on pooled

variance.

n and n, = number of cascs in the two groups
of data to be compared.

For this analysis the groups of data to be compared correspond to
the individual levels of transmission data of each blank. The following

levels were compared in each blank.
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Standard deviations ef shear and wood failure values were computed.
To correspond with these, standard deviations of ultrasonic energy trans-
mission were also computed for each row of shear test results./i This
value was based on a mean transmission value of each row. With standard
deviations by rows it was possible to make comparisons of individual shear

results and transmission values which occurred outside the normal range of

variation./é

/3 Computations of the various standard deviations presented were based
/ only on values of transmission through well-bonded areas.
é

For purposes of this analysis shear or transmission values occurring
outside the limits of 2,58 x SD were considered to be ocutside the
normal range of variation.
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Table 1 shows data computed on Blank No, 1, which consisted of three
3/, x 5 1/4 x 17-in, laminations assembled with an unmodified adhesive. A
comparison of the various levels shows a highly significant difference to
exist between the values of levels 7 and &, 7 and 5, and 7 and 4, at the 1
percent level./z No other t-values computed from the data of this blank
proved to be significant. In row 1 of this blank one transmission value
occurred outside the normal range of variation. This was an extremely low
value, but did not coincide with a low shear strength or wood failure, No
transmission values occurred outside the normal range of variation in
either row 2 or row 3; however, there were three values of shear strength
and wood failure which did occur outside their normal range of variation.
These shear tests contained intentional defects which took the ferm of
waxed areas,

Blank No, 2 (Table 2) consisted of three 3/4 x 5 1/4 x 17-in, lamina-
tions containing edge jcints. This blank was asscmbled with an unmodified
adhesive and included glue line defects as described previously,

Values of t computed to compare the various levels of ultrasonic
energy transmission showed a highly significant difference to exist between
the means of levels 1 and 2, 1 and 3, 1 and 4, 7 and 5, 7 and h,,";nd 4,
3 and 4, and 4 and 6,

An analysis of transmission results of the thrce rows showed six values
to occur outside the normal range of variation (five values below and one
value above the range). In no case did these abnormal transmission values

correspond to shear strength or wood failure vaiues occurring outside their \

/1

A t-value of 2,58 or larger indicates a highly significant difference
to exist between two groups of data, A t-value of 1,95 to 2,58
indicates a significant difference,

T ——— et A & e



feble 1, itatistical Results of Lominated
Mack . alnmut Blenx o, 1.

Larincted blank consisting of threc laminations
3/4=in. thick and 5 3/2--in, widc without cdge joints
Crscophen IT-67 (Uniodificd)

irons dssion data

ican = ,76
SD = ,293 (st -d-rd deviation boased on 2 - cenn of tie readings of
the cnidre blank)
Trcnerission Data by Levals/i
1 35 116 70
2 34 RS o0
3 RE <342 ¥
4 23 <318 ol
5 26 . 306 o)}
6 34 197 093
7 35 A7 .36
Corpnrison of (ronsrission
: at Different Levels (t-values)
icvels t-valucs
1 aﬂd 2 1.>2
} 1l and 3 1539
1 and l‘ 1.92
7 and 6 8.6C
7 and 5 7.0
73!1() L 6057
2 and 4 0.54
3 cnd 4 051
6 and 4 1.22
5 and 4 0.£9
Trong—ission and shear Data by lous
Tronsmission shear strongth, (p.5.1,) .'cod_kailurce, ()
Bow T 3b ieen Doy 5 40 Lsan .ou F 5D Lean
1 69 .186 .75 1 18 507 2252 1 16 11,1 95.1
2 U 403 85 2 16 667 1984 2 16 27.3 86.3
% 3 69 316 L,65 3 16 512 1624 3 16 23,3 7¢.7
|
i /1

Transmission vrlues (means and standerd devintions expressed in inchcs)
in this and the following tables arec a necsurc of amplitude of the
ultrasonic cnerpgy ‘ransnitted.
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Table 2, Statistical Results of Laminated
Black Walnut Blank No, 2,

Laminated blank consisting of three laminations
3/L-in. thick and 5 3/6-in. wide with edge joints
Cascophen LT-67 (Urmodified)

Transrizsien Data

Mean = .58
SD = .224 (standard deviation based on a mean of the readings of the
entire blank)
Transmission Data by Levels
Level N SD Mean
1 30 «202 «29
2 32 192 .56
3 33 «167 062
4 30 «204 «82
5 33 122 .59
6 34 172 «70
7 26 227 .50
Comparison of Transmission
at Diflerent Levels (t-values)

Levels t-values

1 and 2 5078

1l and 4 11.81

7 and 6 4.18

7 and § 1.87

7 and 4 6.51

2 and 4 1.71

3 and 4 4.32

6 and 4 2,61

§ and 4 4.97
Transmission and Shear Data by Rows

Transmission Shear Strength,(ﬁ]s.i.z Wood Failurelgzz

Row N 5D hean Row
5} 62 234, W42 1
2 96 .,187 .68 2
3 60 .243 60 3

SD Mean Row N 5D Neen
673 1802 1 16 30.8 7.1
4,62 1842 2 16 22,8 82,5
357 1807 3 16 24,1 77.8
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normal range of variation., Four values of wood failure occurred below the
normal range of variation, Three of the four also had abnormally low
shear strengths and occurred in intentionally produced defective areas.
None of these four shear values coincided with abnormally low ultrasonic
energy transmission.

An analysis of thc data obtained on Blank No., 3 is presented in
Table 3. Values of ¢ computed to compare thc various levels showed a
highly signific-nt differencze to exist between levels 1 and 2, 1 and 3, and
1 and 4. A significant difference was indicated between the means of levels
7 and 6, 7 and 5, and 3 and 4. The ultrasonic transmission results of each
row showed only a small cluster of three values in row 2 to occur outside
the normal limits of variation. This group of low transmission values was
associated with a shear strength and wood failure below the normal limit
of variation. This shear area was a void, intentionally left in the glue
line. An abnormally low shear value in row 2 proved to be a waxed area,
but dia not result in an ultrasonic *ransmission value below the normal
limit of variation.

Data of Blank No, 4 arc prescnted in Table 4. A highly significant
difference e¢xisted between the means of levels 1 and 4, 7 and 6, 7 and 4,

3 and 4, 2nd 6 and 4, as was observed from t values. A significant dif-
ference existed bctween levels 7 and 5.

Transmission data by rows showed only two valucs to occur outside the
normal limits of variation. Thesc did not coincide with abnormally low
shear results. Two abnormally low shear results did oceur in this blank,
but in neither case did these Soincide with low transmission values as was

indicatad above. Both low-strength shear blocks proved to include portions

o it e _ Sk A T ee—— —




Table 3, Statiatical Results of Laminated
Black Walnut Blank No. 3.

Laminated blank consisting of threc laminations
3/4=in, thick and 5 3,/4-in. wid:s without cdge joints
Cascophen LT-67 (Modified)

ransmicsion Data

Mean = ,56
SD = ,1964 (standard deviation based on a mean of the readings of the
entire blank)

Transmission Data by Levels

Level N SD Kean
1 37 o126 40
2 39 .181 7N
3 2 /A 67
4 23 «257 54
5 27 o247 62
é 37 174 o B4
7 36 152 52
‘ Comparison of Transmission
: at Different Levels (t-values)
Levels t-vaiues
1l and 2 3.30
ir.' 1l and 3 50 57
1l and 4 2.8,
7 and 6 2,06
7 and 5 2.13
7 and 4 0.41
2 and 4 0.00
] 3 and 1‘ 20141
‘ 6 and 4 1.42
5 and 4 1,52

Tronsmission and Shear Data by Rows

Transmission Shear Strength,(p.s.i.)  Wood Failure,(%)
Row N SD

Row N SD Mean Row SD Mean  Row N SD Mean
1 76 169 .47 1 16 295 2058 1 16 12.2 95,0
2 Ty 223 L6 2 16 697 1902 2 16 28.9 0.9
3 73 .59 .8 3 16 528 2020 3 16 5.1 97.5

TP = e e,



Table 4, Statistical Results of Laminated
Black Walnut Blank No. 4.

Laminated blank consisting of three laminations
3/4-in. thick and 5 1/4-in. wide with edge joints.
Cascophen LT-67 (Modified)

Tran=niysion Data

Mean = ,36
SD = ,2381 (standard deviation based on a mean of the readings of
the entire blank)
Transwaanion dute by Levels
Level N SD Mean
1l 32 0121 o43
2 30 2115 «50
3 39 <187 oy
4L 37 »148 029
5 39 142 23
6 36 o145 47
7 36 «186 .16
Comparison of Transmission
at Different Levels (t—values) \
Levels t-values ¥
1l and 2 1.80
1l and 3 0.28
1l and 4 3.79
7 and & 8.7 L
7 and 5 2,00 A,
7 and 4 3.65
2 and 4 1.21
3 and 4 3.93 ‘
6 and 4 5.06 H
5 and 4 1.57 t
Transmission and Shear Data by Rows }
Transmission Shear Strength ,(p.8.i.) Wood Failure ,(%) f
Row N SD MNean Row SD  Mcan Row N SD  Mean
1 62 127 .46 1 525 1948 1 18 32,0 7.1
2 115 .178 .32 2 486 1739 2 16 22.9 82.5°
3 72 .222 L, 3 620 1462 3 16 23.3 77.8
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of intentionclly produced defcets. JInc was n woxed 1rca and the other con-
t=incd 2 sm1ll shuct cf cellophanc.

From the drni~ obtained it ~ppears that gencrally a highly sipnificont
differcnce cxisted between the ':eans of the outeriicst levels of transmission

velues and the inncr levels, Due to the largc aount of senttering of the

ultrasonic encrgy it is thourht th-t tris may bc a rusult of reflection of

the energy by the odges of tie larinates. Gonerally no significant dif-
/eve/S

fcrence existed between the means of the leveis next to the edregand the

inner levels of irarsrission ©ad ~s a rulc no significant difference cxistcd

betveen the thrce inner levels of ultrasonic encryy tronsrission., Generclly

thecre eppeared to bc no relationship between trans ission wvaluces outside

tke norral renge of voriation and sherr results outside thiir normal ronge
of variation sincc in only one easc did nbnor—:c1lly lov vclues of both siear
and ultrasonic cner-y trans—dssion coincide. “his prrticulsr area proved

to bc 2 void in i1 zluc linc, while ~11 othcr non-dcicctable defrctive
areas were waxed. This obviously points towtrd 2 Lossible usc of the :nethod

at least as a2 cctoctor of actunl void areas in gluc lines. .n attempt to

plot shcar strength and wood feilure ~gainst trnosiission valucs resulted
in no corr:clation.

/n analysis of the cata obtained fror: Slank tos. 5 and 6 (Table 5), boih
of vhich consistzcd of seven 3/4 x 2 (/4 x 12-in, 1z nations, s-owed the suic
general trend of n higkly sipnifie~nt diffcerence between the  can values
of tre outer levels and thosc of the inncr lcvels, Fowever, these values
werc morc errctic thzn tiosce of tiic construction sinilar to gunscock type B.

This may be a rcsult of rcflection of ultrasonic encrgy from the principel

o

¥
glue lincs. 3incc no shear tcsts were made of the cdge joints in these ‘

two blanks, no comporison with shear results will be i.ade. This difference



Table 5, Statistical Results of Laminated
Black Walnut Blank Nos, 5 and A.

Laminated blanks consisting of seven laminations
3/L4=in. thick and 2 1/4-in. wide with edge jointa.

Blank No, Blank No. 6
Cascophen LT-67 (Unmodified) Cascophen LT-67 (Modified)
Transmission Data
Mean = ,72 Mean = 47
SD ™ ,387 (standard deviation SD = .277 (standard deviation
based on a mean of based on a mean of
the readings of the the readings of the
entire blank) entire blank)
Transmission Data by Levels Transmission Data by Levels
Level N SD Mean Level N SD Mean
1l 29 .18 33 1 28 26 29
. 2 30 26 1.12 2 18 .08 73
, 3 18 .19 .86 3 19 v20 43
4 27 27 1.19 I 24 17 <84
5 29 21 <59 5 27 21 «30
4 6 22 26 .52 6 23 .16 .23
' 7 23 .21 45 7 20 BTA A

Comparison of Transmission at Different Levels (t-—values)

Levels t--values Levels t-values
1l and 2 11.6Y 1l and 2 7.80
1l and 3 7.83 1l and 3 2.53
1l and 4 14.29 1l and 4 10.59
7 and 6 1.04 7 and 6 3.66
7 and 5 2,23 7 and 5 2.53
7 and 4 11.51 7 and 4 7.05
2 and 4 1.04 2 and 4 1.79
3 and 4 1.81 3 and 4 T.15
6 and 4 10,31 6 and 4 11,19
5 and 4 1.91 5 and 4 10.30
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of means obviously limits the applicability of such a test method, How-

ever, with a different transducer design and frequency it may be possible

to minimize this factor of variation.

Plans for Future Work

Plans for the immediate future call for the evaluation of a vibra-

timnal method of detecting glue line defects in laminated blanks. This

will involve the determination of resonant frequency, dynamic modulus of

elasticity, and log decrement of both sound and defective blanks, These

blanks will have the approximate dimensions of the gunstocks to be in-

spected. Additional transducers of larger dimensions and higher resonant

frequency have been obtained.

It is planned to make a comparison of the

original and the new pair of transducers by transmission of ultrasonic

energy through the same blanks to determine which pair is the more ef-

ficient in locating defective areas in laminates.

An order has been placed for 250 gunstock blanks (125 of type B and

125 of type C, Class 1),

These blanks will be tested by whatever non-

destructive methods are deemed feasible. Later, one hundred of each type

will be tested in shear and delamination to determine the correlation be-

tween non-destructive and destructive test results. The remaining 25 of .

each type will be forwarded to Springfield Armory for machining and ser-

vice trials,

By:

Approved by:

Ben A, Jayne
Technical Assistant

Frederick F. Wangaard
Research Supervisor
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Department of the Army

Washington 25, D.C.

Attention: ORDTS (1)

District Chief
Springfield Ordnance District

Springfield 1, Massachusetts

Attention: Contracting Officer (1)
Central Air Documents Office
U . B. Building
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