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,, ABSTRACT

This report contains results of propellant testing of LGM-30
Stage IIT 4issected motors; Testing was accomplished in accordance
with General Test Directive 3 and MME 74NE102.

Data fiom this test period and from previous test periods have
been combined and included in regression analyses. Motors 0031064,
0031134, 0032434, 0033174 and Grain 131 have been combined in
composite regressions. In general, data are in agreement with past
data, Shcre A hardness is an exception,

There are some statistically significant trends which are not

of immediare concern.
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GLOSSARY OF ABBREVIATIONS AND TERMS

A change in properties or performence resulting
from aging of material or component

Attentuated Total Reflectance

Ll

Gradual deterioration of properties or
performance ’

Differential Thermal Analysis

Modulus (psi), defined as ratio of nominal
stress to corresponding nominal strain

Strain at maximum stress (in/in)
Strain at rupture (in/in)
Stress Relaxation Modulus

Defined as meagsureable performance parameter or
material property limit which if exceeded will
cause the motor to fail to perform within model
specification requirements,

The ratio of the variance accounted for by the
regression function to the random unexplained
variance. The regression function having the
most significant "F" ratio is used for plotting
data. The ratio is also used in detecting
significant changes in random variation between
sunceeding time points.

Propellant Laboratory Section, Directorate of
Maintenance, Ogden Air Logistics Center

Propulsion Engineering Section, Mechanical and Aero
Engineering Branch, Directorate of Materiel
Management, (gden ALC

The general form of the regression equation is
Y = a + bx, where x = value of the independent
varlable in months. = 7

Lire representing mean test values with respect
to time

Space and Migssile Systems Organization, Air Force !
Systems Command
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GLOSSARY OF ARBREVIATIONS AND TERMS (Cont)

r

Standard
Deviation (Sy)

"t" test

TCLE
TGA
TRW

Variance

Standard error of estimate of the regression
coefficient

Standard deviation of the data aboucr the
regression line

Maximum stress (psi)

Stress at rupture (psi)

Square root of variance

A statistical test used to detect significant
differences between a measured parameter

and an expected value of the parameter
(Determines if regression slope differs from
zero at the 95% confidence level)

Thermal Coefficient of Linear Expansion
Thermogravimetric Analysis

TRW Systems

The sum of squares of deviations of the test
results from the mean of the series after

division by one less than the total number of
test results
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SECTION I
. INTRODUCTION
: A. PURPOSE:
, The purpose of testing was to determine the effects of aging

on LGM~30 Stage III Dissected Motors in support of service life

estimates by MMEMP. Secondary aging effects, if any, were to be

determined. Work was performed in accordance with General Test

Directive GTD-3C. ]

B. BACKGROUND

Testing of propellant from dissected grains (Grains 131, 216
and 336) was a part of the component program. In 1968 ten dis-

sected motors were secured and a separate testing program was de-

gigned to complement the surveillance testing (ATP) of block pro-
pellant. Additional motors and Grain 70 were added to a revised
program. In 1973 three motors 0031064, 031134 and 0032434 were
further aissected by Hercules,

Current testing of dissected motors is limited to five motors

per year. Motor numbers 0031064, 0031134 and 0032434 will be

tested each year together with Grain 131. Grain 70 will be tested
in even nuwbered years and motcr number 0033174 will be tested in Q
odd numbered years.

The test nrogram is shown in Table 1-1. Motor cast dates and :

powder lot numpers for all motors are shown in Table 1-2.
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Test

Low Rate
Tensile

haiaa od b radb il

e

Failure
Envelope

Very Low
Low Rate
Biaxial

High Rate
Triaxial

High Rate
Tensile

High Rate
Stress
Relaxation
Hardness
DTA

TGA

Burning
Rate

Heat of
Explosion

TCLE

Rate Tensile

Hydrostatic

T4BLE 1-1

THIRD STAGE PROPELLANT PROGRAM

Configuration

1/4" JANNAF Doghone

1/4" JANNAF Dogbones

1/4" JANNAF Dogbone
3/4" GL Rail, 3/16"
3/4" GL Rail, 3/16"
3/4" GL Dogbones

1/2" thick

3/4" GL Dogbones
1/2" thick
1/2" x 1/2" x 4" EB

1/4" JANNAF Dogbone
040" wafers

040" wafers

.156 x .156" x 5"

1/2" x 3/8" x 2"

0.200" wafer

thick

thick

ends

Test Conditions

77°F, 2.0 in/min
-30, -10, 29, 77,
and 130°F

.02, 0.2, 2, and
20 in/min

77°F, 2 x 10~% in/min
50% BH

77°F, 0.2 in/m!n
77°F, 300 psi N,
1000 in/in/min

77°F, 1900 in/in/min
77°F, 1000 in/in/min
300 psi

77°F, 3%

Shore A & C 10 sec
12°C rise/min

9°C rise to ign

12°c rise to I4Q°
hold for 50 min

500 .psig

77°F, No pressure

5°C rise/min
-100°C to + 80°C




TABLE 1-1 (Cont)

- THIRD STAGE PROPELLANT PROGRAM

: Test Configuration Test Conditions i
] Case Bond 1.128" dia milled from CES 0.1 in/min %
E . Tensile 1 1/2" block 3
2 Case Bond 1 block 3" wide cut in CHS 5 in/min ’
] Peel 3 strips é
ATR .118 x .709 x 2.008" E
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TABLE 1~2

MOTOR CAST DATES

Motor Nr Powder Lot Cast Date
Grain 79 SR-47--60" Jun 60
Grain 131 SR-69A-50 21 Jan 61
00 31036 SR-100-51 3 Oct 62
: 00 31057 SR-68-62 23 Oct 62
: 00 31064 SR-56-62 : 21 Oct 62
; 00 31057 SR~68-62 8 Dec 62
3 00 31:34 SR-68-62 28 Jan 63
3 00 31°36 SR-68-62 2 Feb 63
1 00 31258 SR-68-62 20 Feb 63
1 00 32248 SR-58-63 28 Aug 63
: 00 32107 SR-28-63 19 May 63
1 00 32116 SR-28-63 17 May 63
1 00 32133 SR~51-63 10 Jun 63
00 32137 SR-51-63 13 Jun 63
00 32140 SR~28-63 29 Apr 63
00 32434 RAD-1-1-63 21 Jan 64
00 32831 RAD-1-8-65 29 Jun 65
00 33174 RAD-1-10-66 20 Jan 67
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SECTION II

SUMMARY AND EVALUATION OF TEST RESULTS

Test xesults are summarized by the significance of the "t"

test in Table 2-1. 1Using the regression line, the ccefficient

of variation at 10 years has been determined for several tests,
and this data is summarized in Table 2-2. Strain at maximum
has been determined for individual motors.

There 2re noticeable discrepancies when the significance

of the slope is examined particularly for uniaxial tensile at
2 in/win. Although the combined data shows a significant increase
in strain, motors 00310564 and 0033174 show a significant decrease.
Other tensile tests (very low rate biaxial and high rate triaxial)
show an Increase in strain for the composite regression.

Decreases

for individual motors are not significant,

Table 2-2 shows clearly the differences in the powder lots,
Strain at maximum stress is higher for Sunflower lots than for
Radford, and in general Gr 131 falls between the average of the
other values.

Relasation modulus shows a significant increase not only for
the composite regression but for individual motors as well.

Shore A bardness composite regression shows a significant

decrease. The shift in trend has resulted from the 1973 values
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which are lower than for any previous teat period. Shkore C
hardness shows a significant increase.

Storage shear modulus continues to show a decrease while
loss tangent shows a significant increase.

Case bond tensile shows a significant increase in strength.
Although the average peel strength of the compogsite shows s
significant decrease only motor 0032434 shows this trend.

Despite some inconsistencies in the data in some tests,

there does .ot appear to be any trend of immediate concern.
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SECTION III

STATISTICAL APPROACH

Data frum testing of mctors 0031064, 0031134, 1032434, 0033174
and Grair 131 are used in composite vegressions in this report.
Although Sunflower ar.d Radford powder lots are combined in these
3 statistical aunalyses, covariance analysis Indicates that the lots

é are dissimilar and technically should not be combined (Sre Tables

3-1 and 3-2), However, based on Service Engineerings' request
compositc regressions were made. These tables represent stored
test dat. including 1973 testing where this was available (i.e. ;
low rate tensile).

A linear trend analysis has been used throughout. Variation

in some test data is very large. "Significant' in this report

refers to the statistical significance of "t" or siope.

Motors have not been identified on the data plots sinie the
composite ragressions represent the average of test data for that £
age. The limits alout regression change the scale of values so
that it is difficult to make direct comparisons between motors

and between parameters.

e K o e
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SECTION IV
LOW RATE TENSILE

The specimens used were modified JANNAF dogbones 1/4" thick in
a Class B grip and tested in tension. The Instroa crosshead speed
was 2 in/min (strain rate 0.667 in/in min).

Regression analyses of the 5 motor composite (motors 31064,
31104, 32434, 33174 and Grain 131) are shown in Figures 4-1 thru
4-5, Only strain at rupture does not show a significant increase.

Individual motors do not show the same trend for strain at
maximum stress. Motors 31064 (Figure 4-6) and 33174 (Figure 4-9)
show a significant decrease; motors 31134 (Figure 4-7) and Grain 131
(Figure 4-1C) show a significant increase; and motor 32434
(Figure 4-8) does not exhibit a significant change.

When these analyses are examined for the relationship between
1968 and 1973, it is evident that the dats are quite dissimilar.
In no instance did the 1973 data show equivalence with the 1968
data.

Failure envelopes were plotted by the computer (Figures 4-11
thru 4~15). All motors showed a point of coincidence at approxi-
mately 16% strain, but diverge on either side of the small area

of agreement.
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SECTION V

VERY LOW RA1E TENSILE

The snecimens used used were modified JANNAF dogbones 1/4" thick.
Specimens were tested at a crcsshead speed of 2 X 10-4 in/min (strain
rate of .i67 X 10~% in/in/min) at a relative humidity of 50 + 5%.
Equipment failure reduced the humidity which affected the data as
shown in Table 5-1.

Regressions for the five motor composite are given in Figure
5~1 thru 3~5. Stresses show a significant decrease but modulus
shows a slignificant increase. There is no significant change in
strain,

There are differences between the data from low rate tensile
and very low rate tensile data. Strain at maximum stress shows a
gignificant increase at 2 in/min compared to an insignificant
increase at 2 X 10~4 in/min. Maximum stress shows a significant
increase at 2 in/w’n with no significant change at the lower rate.
Both sets of data show a significant increase in modulus.

Motor 0031064 shows a significant increase in strain at max-

imum stress (Figure 5-6) . Other motors do nct show a significant

change (Figures 5~7 thru 5-10).
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TABLE 5-1

EFFECT OF HUMIDITY ON TEST DATA

Motor Nr Humidity em Sm er Sr G
0031064 50 .377 67.00 .381 57.56 518
50 .384 69.59 .411  55.98 480
20 .286 69.50 .294  66.30 501
20 .360 69.90 .376 66.30 511
20 .326 71.00 .330 68.60 490

0031134 50 .343 65.66 .363 54.78 532
50 .304 63.03 .353 53.06 490
20 .336 70.20 .344 65.10 540
20 .300 70.60 .308 67.80C 555
20 .308 72.50 .320 68.70 523

0032434 50 <246  65.70 .300 53.90 604
50 244 64.26 .292  53.27 630
20 .268 72.30 .278  68.90 672
20 244 74.00 .260 60.60 655
20 .270 72.50 .280 56.50 693

0033174 50 .252 56.68 .327  47.70 531
50 .256  58.25 .318  48.49 560
20 .300 65.00 .306 62.70 544

20 .292  63.10 .298 61.60 490
20 .316 62.70 .322  58.20 512

Gr 131 50 .268 63.25 .302  52.70 595
50 .276  67.37 .292  57.61 613
20 .254 71.20 .266  69.50 608
20 .228 67.40 .230  61.20 608
20 .250 70.60 .258  67.60 554
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SECTION VI

LOW RATE BIAXIAL

A 3/4" GL rail specimen, 3/16" thick is used for this test.

The specimens are tested on the Instron Tensile Tester at a cross-
head speed of 0.2 in/min (strain rate of .1143 in/in/min).

Strains for the five motor composite show a significant in-
crease while the stresses do not show a significant change (Figure
6~1 throvgh 6-4). Modulus shows a significant decrease (Figure 6-5).
However, there was only one data point availabie for each motor for
1972 end 1973. The regression analyses was conducted using this
limited data base inorder to satisfy Service Engineerings' require-
ments to establish an aging trend for this test, recognizing that
the validity was compromised by the limited sampling.

The cignificant increase in strain is probably due to long
storage after cutting. For the three motors first tested in 1968,
the strains are now approximately 117 higher than in 1968. The
strese data do not show a cousistent increase,

Strain at maximum stress for Motors 0031064 and 0031434 shows
a significant increase (Figures 6-6 and 6-8). There is no signifi-

cant change fer the other motors (Figures 6-7, 6-9 and 6-10).
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SEGTION VII
HIGH RATE TRIAXTAL

A 3/h" GL rail specimen, 3/16" thick is used for this test.
The specimens are tested on the Plastechon at a crosshead speed
of 1750 in/min under 300 psi N,.

Strains for the five motor composite show a significant increase
(Figures 7-1 and 7-3). Maximum stress does not shew a sigrificant
increase (Figure 7-2) but stress at rupture does show a significant
increase (Figure 7-L). Modulus does nol show a significant decrease
(Figure 7-5).

Three of the five motors do not show a significant increase
in strain a% maximum stress (Figures 7-6, 7-7 and 7-10), Both motors
32L3L and 33174 do show a significant increase in this parameter
(Figures 7-8 and 7-9).
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SECTION VIIL

STRESS RELAXATION

End bonded 1/2" x 1/2" x 4" specimens are tested on the RCK
Stress Relaxometer. Specimens are strained initially to 3% and
tren percitted to relax up to 1000 seconds. The sztrain rate is
0.5 in/iu/min. )

Stress relaxation modulus for the five motors composite shows
a significant increase (Figure 8-1 thru 8-4).

A comparison with 1948 data shows that Motor 0031064 has a
slightly higher modulus now {1066 psi vs 1197), ! .,1134 remains
the same (1123 psi vs 1153), and 0032434 is higher (1176 psi vs
1457).

When 10 sec and 1000 sec relaxation modulus is examined for
individual motors the trend is significant for motors 0031064,
0031134 and 0032434. There is no trend for 0033174. The modulus
at 1000 sec is less than 50% of the 10 sec value. Motor 0031064
shows approximately 50% redustion but motors 0032434 has a 1000

sec modulus which is more thaa 60X of the 10 sec value.
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HIGH RATE TENSITE

SECTION IX

In an effort to bring the MANCP program closer to the proposed

LRSLA program, limited dogbones were tested under high rate condi-

tiomns.

below.

Motor

Data with and without pressure are given in the table

High Rate Dogbones ~ EGL 1.75 CSA 0.1875

Without Pressure

Test Date

31134

32434

3317¢4

31134

32434

33174

74028

74165

e 5n
.329 1552
.339 1543
.361 1351
.312 1461
.304 1486
.297 1465
.294 1459
.310 1487
300 psi
.324 1343
.301 1379
.301 1290
.329 1261
.343 1277
.306 1474
.290 1281
.311 1334
.324 1413

er

.334
.348

«364
.323
311

.304
.299
.321

335
.308
.305

<347
.347
309

.300
.320
.329

Sr
1546
1532

1345
1456
1477

1455
1454
1476

1334
1369
1286

1247
1270
1464

1270
1325
14C8

E

7547
7289

5028
6870
6645

7032
7717
6902

5483
6058
5550

5684
5409
8375

6155
6020
6494

From this data, there does not seem to be an appreciable

difference between specimens tested with and without pressure.

The expected increase in strain capability is absent,

a result of the longer storage after specimen preparation,

3 A58 ok 78 gt gt

Senr it e inkd

2 s i A K 5

This may be
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SECTION X

HARINESS

Shore A and Shore C durometer readings are taken on JANNAF

dogbone eads prior to tensile testing.

There is a significant decrease in Shore A 10 second readings
(Figure 1C-1). This trend is undoubtedly the result of the lower
values for 1973 testing.

There is a significant increase 1n.Shore C 10 second readings
(Figure 10-2). There is no consistency of readings between Shore A

and Shore C, that is, the lows and highs do not show up in both

gets of data at the same test period,

10-1
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SECTION XI

THERMAL ANALYSIS

Thermo-snalytical). testing was limited during this test period.
The new TGA was not ivailable and testing of TCLE was delayed so
long that the data are not comparatbic to previous data. The Tg of
the recent tests is lower and the TCLE after tramsition is also
lower.,

A. Heat of Explosio.

This test is run on a 5 gram sample in the Parr Adiabatic Cel~-
orimeter under 25 atm of nitrogen.

The five motor composite shows a significant increase
(Figure 11-1). This change from lowest to highest values represents
a2 spread of iess than 2% of the caloric value.

B. Burning Rate

This test is performed on surfa.>-inhibited strands of pro-
pellant (.156" x .156" x 5") at 500 psi Ny in the Strand Burrer
Teat Apparatus.

The five motor composite has nct shown a significant change

(Figure 11-7).
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SECTION XXII

CASE BONDS

The case~liner bond system has been tested for tensile strength

and peel strength.

A. The case bond tensile specimens were tested on the Instron at a

crosshead speed of u.l in/min. The specimens usually failed cohe~ ?:
sively in the propellant with fome failures in the embedment grain.
The composite regression shws a significant increase in ten-
sile bond strength (Figure 12-~1). Individually *he motors show a
significant increase (Figures 12-2 thru 12-6) except 0033174
(Figure 12-5).
The 1968 and 1973 data for 0031064 are very close. Both sets
of data are lower than for any other years (Figure 12-2). The
same is true of 0031134 and 0032434 (Figure 12-3 and 4). Grain 131
has a higher value than in 1968 and, in fact, is greater than for
any other test period (Figure 12-6).
B. The case bond peel specimens were tested on the Instron at a
crosshead speed of 5 in/min in the 90° peel fixture. Motors 0031064
and 0031134 showed embedment grain to vesin faflure. Motor 0032434
rubber to resin failure and motor 0033174 showed cohesive failure
In embedment grains, resin to grain failure and cohesive failure in
resin, One peel strip for Grain 131 showed excellent embedment

with cohesive failure in the granules. The other two showed

R e 5

approximately 40% exposure of rubber.

A
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Average peel strength shows a significant decrease for the

five motor composite (Figure 12-7). The change in peel strength

is not gignificant for motors 0031064, 0031134 and 0033174 (Figure
12-8, 9 and 11).

Motor 0032434 shows a significant decrease

(Figure 12-10) and Grain 131 shows a significant increase
(Figure 12-12).

I 3 LE RtV WAL LB AP TT

oAy

S¥PTAS bRy

12-2

IS D at

v a S s e o
‘i o ot S s ) D - soc ettt o e g g = P . adis AR
. .- AN Sy £ gl s ot > - AL v e A TR AL SHS S




THIS PAGE LEFT BLANK INTENTIONALLY

el giant Gt g e e S SRR R el R U S i

o r NS, ~ gl S L Ly b L Bt ek i



JLISOdW0OD YOULOW S  40°T VSO 4T1°0 SHD *SS3YLS WNRIXVW ITISNIL ANIE 3SVD
- - ) ST T s s TTTT T s T 1 C*9sT - - T T
9 0°2v1
€ o*sel
e e m e e = - € 0°TET -
9 ceoel
6 oeet
B i R LR — - e e - —gp Tt - O’Hﬂiﬂ., —_———— e ——re
] c°v11
9 0°631
- e e sk e @ e & A W mmmsmwaAnce W N e me e @ wme— . o - !Nﬁ 008 dl - - - e v oo —
9 0°€01 o
9 0°96 &
——— w——— - cm— o e W w o . g e BN .k e——— - mag NS ot & e S S e W A S i—— 'loli — - O'Q@!.- — - JRUPNEpRety " SE——
9 0*tb6
Z 0°06
e - m R - cv—re————— w7 . - - e aaaa s o ———— e+ ——— 7~ i e 1 o R Y ———a dﬁ ----- —_— OQQVQ - - e —
91 0°18
11 0°9024
—- —— - - B . mmeimn e e e e s vee v - e rm————— &Nﬂ O.’@AV« - .- — m——————
21 neL9
9 ¢*8g
e htael St .- i bttt 4 0SS T T et —ee—
S3TdNVYS  (SHINIW)
s s o T o - - - A 11 S Y o e e
- - - : © o AYYRRNS TZIS FTINYS wax - -

B A A i

DI e one

e

ol ST ki

LGl DD g o L e 21

Cecorian

s

Py

L bt

PETIAY



0o~

T-2T TNHLA

3LISOdWOT HOLOW S ‘0°1 ©SJI ‘1°0 SHD ’'SS34LS WNWIXHBW 3TISN3IL ONDS 3ISHD
SYB3L NI 16§31 1B 39H

913 00" h! o2l VIV vu 8 009 00" h 0D 2 00°qQ,
[ 1 1 [ | 1 1} | B S
o
e —— — o
e ———— <
e — — — —_—— N
X lmul
lI\lllIl\\l\\ll\l\m =Y
OJ._
o
P— <
m
X )
x —
X (N
X X X oC
X Y
L x s
X
X H
X X XX X o
X IUJU
owm
XX X Orl
=
\\\\‘l‘l e
l\\\l\\l\l\l\\l\ll\ -0
o
o
" o
-_——— w
-
MY/ aW3l W = SNOILIONDD 1S3 HY/aW31l 8WH = SNDILIONDD 39bLDBLS e
L81 = WDD3I3Nd 40 ©33493C B3 = N ©
C0+32LhSLShE "+ =3¢ LNUDIJINDIS = Vv dJO 3INBIILINQIS T0+3IETEEDLT "+ = 1 3
00+30LLLEED) "+ = 'S INBIOI4INITS LON = g 40 3IINBITJINDIG DO+3D19490E1 "+ = Y
20+369S04LhE "+ =% INGIJTJINIIS LON = 4 40 3IINGIILINGIS 10+385L21062°+ = 4
X X [ 00+30890714L471°+ ) + { EQ+39189£0N971 "+ ) = 1

‘. - A, - 2poste oty
" = T I e AR " ST T £ A s N s A G gRAT o RIS AT sk
PPN, oo A NG D Gy e o s b Ab eyl p A NP VL, BhS AU e X " Laa i o

d31lIkbHbd

SCIHLS WNWIXHW

5.

IS WL

N b

Aeaylhabds

Faang o

12-4

Terdati

Tared s, S

“
;
3
4

A




arioes 18 o s i S e S A

\ e A e ok erhen . S e g et < Ry }whﬂh&!n, S ch by e Koy s . o~ - S meaAr cemb e & g - C e A e aa -y m
LI‘ K L —_— o . - - N M ll.lul..ll . . . nw.m& m
_,

:

. .

N .s& P

;

. . — ~ &

- ;

¥90T€00 # YOLOW *0°T Vsu *L1°0Q SHD °*S33YLS WOMIXWW 3IISNdL ONDS 3SVI . . M . ;

) N -l ;

¢ oeel =

—_— . 9 0°021 - ;
- = —— — 9 60T

9 0°956 4

ot 0°%»8 ’

R L 5 —o%or—————— :

SIrdWYS (SHININWY. - ]

- e —gN— —— -Foy— - - = :

. 7

e meons - s e e e A VRN S T 2SS TR Y S . —— - k
g
} o . : 3

3

PP o ke g a2 Dl b s Pl o




TS YA ST

¢~21 quntrd

y Pt

HODTE00 =* HUDLIOW ‘0°1 HBSD “1°0 SHI °‘SSIHLS WNWIXUW 3ITISNIL ONO8 3S83 m
SYB3IAL NI 1S3L 1B 39H :
0o -9t 00" Hh! 0021 00°Q1 00°¢ 00" 9 00" % po-2 Co Gy 4
t H [] N 1 1 i L _0 ,
e _ O
R wilibe o 3
— i = E
e =
== LS ™ ]
oo — 3
3 o 3
— S 3
- = A
X M 3
= 3
s W4 3
X 2c b ;
T X ~
_0—1_.._1 ! w
=2 3
— TR =
\ll\\\\X\\\\l\\ X _CION
X Sv w»
7 3
X »y
e mMm
m (@
_ w
\\\\\\\\\\I\\\\I\l n
\\\. .l%
— - | o ;
|I\.|.I\|||.I| ks
e T M
—_— | :
P i
HY/dW3L 8WHB = SNQILIONGD 1631 HY/aoW3L 8WH = SNOTLIONQD 39bdHO1S b »
0h = WO03343 40 S33HO30 ch = N © )
20+30889L8S82 '+ =3¢ INHBIIJINDIS 10N =1 40 3JONBIIdINIIS DO+3HLLHhISSE "+ = 1) © 4
00+36H0SB9161 "+ ='§ LINHBDI4IN9IS LON = Y 4D 3INUIILINDIS 00+36.482€06H1 "+ = H 3
20+ 3€2SBhSSS "+ =19 INHIIJINDIS LON = 4 40 3IONBIIJINIIS 00+312L0E216 "+ = 4

X % [ O0+31S.60€E81 '+ J + ([ EO+3L9SB00L17°+ ) 4

o v opady L

Ll 24




v = o he kmt—— S -

YETTC00 # YOLOW

1°0 LY NIS *C°1 V¥S3J3 °*SSIYLS WNWIXVIW 3TISN3IL GNUS 3SV)D

tS0°L9 ) -

S3TdAVS (SHINIHW)

w4 AAVWNAS JZ2ES I TINVS b -

e v o ———— e mbeiy ma

———— - —— e it ———— o ——

LA, Sd Wit o

A tis,

3% s

oy

2ty ten AT g 1

S et i

a2

soang ot

sl S A TR

ea bVaT 3 frE i

BT o N - AL N



UTTTROTS, W R B T TN

£-2T NAOI4

hE11E00 * YOUIOW ‘1°0 LY NIS ‘0Q°I H52 ‘SS3IHIS WNWIXEGW 37ISN31 ONQE 358D M
SHY3JL N1 1S31 1Y 396 &
00°91 00" hi go'ct 00°01 008 00°9 00" h gD 2 00°qQ, ]
| ] i i i 3 . 1 —_— i i K
e K
'S 3
S D .
= 5 ;
. — —_ “U K
— — .1|I_ N
\\\\\\\ s i ,u
—— ok —i g
o 0 ;
= 5
M h s
x o) :
eals X :
X 8C 1 ;
D x
3m = 7

x = u f
X x U v 3
o “
.TWS o m
e B | 3
© 0 3
[ i M
e & “
&
\I\I\\ on pr
—_— - 3
- o .
—_— o 3
— w L

=
HY/dW31l BWH = SWNDTLIONQD 1631 HH/aW3l 8WE = SNQTIIONDD 39840 ILS e m

Th = WOD33L2 20 §33Y93Q €Eh = N ©
c0+30hS29s82 "+ =3¢ INBITLINAIS = 1 40 JDIMBITLINQIG 10+3689408L4L1T°+ =1 & 3

00+391680212 "+ ="'g INBITSAINDIC LON = & 40 IONYITLINQIC 00+32chh9S8Lse "+ = g

20: 2L00G8BSBS '+ =10 ANGITJINIIS 10N = J 40 3IJINBIILINQIS 10+39.85181€ "+ = 4 ¥
% { 00+30ESLBLLE "+ 3 + [ €EG+3919209R1°+ 3 = 4 ;

’




orsineng il AR B G 3

R I

.- e e - [, e rmema o amm e ve e e e a— - . - I — - . ;
2
e e R e e q
]
5
]
. e e e - . . - - . - M
.t e v kA atm— . - A exw - . . e ke e m e e ————— ex - = e ww a -~ - — . - - - . A - = —— _—— . vme = — - e r— E
~
i ;
! 3
. o~
- - e - - . - e E—— wmew - - x - - T B ———————— . - Wy -8 e wm e - - - L - ———r———— —— -y - - - - - me- - - - wmnn = — - l )
YEY2E00 # JOLOW *T°0 1Y NIS *0°1 VSD 4SS3%LS WNWIXVW 3I73ISN3L aNOS 3SV)D 3
$
- . - - . e e mam r e = e o eme - . . - e — 4
€ G021 :
9 0°9C1 ;
[ . . . e meen e mmm—— e e e ewme e e e - - - Qe - O HE -~ e o ,
G (Gl 821 m
100§ n*69 E
R . - . BRI R - - .- s2t{- - (S0*8959-~}- - ~-memee - . 3
SITdAVS  (SHLNIW)
— —a- - . - - e - . ag - 3ay - .. - .
e R ks A = ek AUVRANS-3ZFS 3TidWVS ok - - - - - — m




y-ZT TENOLL ;
hehe€00 = uaiauw “1°0 LY NLS ‘0°1 b53 ‘SS3”LIS WAWIXbW 3TISNI3L ONQEB 236Uy 3
SHH3A NI 1631 1B 39Y
po-91 00°hi 00-¢e 00°01 00°8 00" 9 00" 002 00" P
[} ) I 1 ) ) i i N i
Q E
. o ) 4
= D 3
=z D 3
52 |
= 1
S ™ 3
muﬂo — 3
mom
[on] - g
=
M E
o 3
ac o ;
© D < ,
mg Yomamg »
= b
o & k
4 — b
) du ) E
o W\ L
o 3 :
o ™ .
w 3
-l\.w m
w g
ﬁmw 3
(ap]
< B
]
i
B3 ,
HY/dW2L WY = SNOiLlIONQD 1S3L HY/dW3L 8WH = SNOTLIANGD 39840LS s A
Th = WPO33ud JO $33Y93Q Eh = N © 1
20+2€9€hnS1h + =3¢ INGITAINDIS = v 40 IONBITJINAIG 10+320Lh960h "+ = 1 © :
00+36c2LLED0E "+ ="C INHJTJINDIS = 4 40 3FINBITLAINQIS 00+392h.2EE5 '+ = H :
20+36861<238h "+ =0 INBJTJINSIS = J4 40 FINUITJINOIS S0+3IC60EBE9T "+ = 4 g
X * [ 10+302619221°+ ) + ( 20+320210108°+ } = 4 E
3




r g CREA) A

— e

Lyl

-4

1

- - - - - - - - 2
. - - - e - . - -— - —— -—— - .- ——— .- - - - c - e —— e

T T o ¥ AT AT

YLTECO0O # ¥OIOW *T°0 1 NIS *0°T VSJ *SS3rlS WPWIXVW 3TTISNIL GNNE ISV

£ C*%8
Y 0°69
...... S - - - $9 (SC*88 + - - - - ..
SITIAVS (SHINIW?
e e - - - N ERLS
S - *xk AYVAWDS 3ZIS ITdRYS k% - ——

e

Ak

it AR NERO 1 ox e ssma,

ey

A

2,

Lz B

s R,

Luh i b

PTIEIR I W i




AP FVITIRT PRIV AGE IR W LAY ORI LR T TP NI
AR T TR

D e e cm o

¢-ZT MNOIA
RLIEE00 = HOLOW ‘170 LW NIS '0°1 HSD ‘SSIHLS WAWIXUW 3ITISNIL ONOS 3SHD
Sgd3n NI LS3IL 1Y 39y

0091 GO h1 00°2l 00°01 pc-*8 0G°8 CC°h 062 Oo.o.uo
. [ 1 ] 1 } H } { P
S _ P
[
=Z
— T b
“ro ™ ;
fom G R ;
o
8 =
=
M
D ;
N X 3
2 M
- H X E
/ I r\MI. u b
N M = ]
N N\ Rre) L
N S 3
N s 3
N = g
S ™ ,
) ,mL
U H
)
-
o
=
< ]
E
p!
ra ]
o }
HY/ a3, Bwg = SNDILIGNGD .S3. HY/dWIL Gwg = SNETLICNGDS 3ScHL.S e y
vy = ASG339s 30 §33HSIC m“ =N o 3
..\.f.um&mmﬂmmm + H”W .r/.QUu.uH./me = v 40 30 ZQ(;uM./.OHmw .C...uomow 88+ = - bt ks
CU+32L9C2282 '~ =1'¢ ANITT4INSYIS = w40 SONII14INSIS Oo.ruwwmhwumw = Y ,
c¢0+3609L40487 4+ =% tanumuzwum = 3 36 3ONG314INATIS c0+303i€6E8HS "+ = 4 E
¥ [ I0+3L1HRSIOET - ) + { E0+32hS9T1HG2°+ ) = 4 %




vy
-
]
o~
- — ——— . - . . - —_ - [ E
TETYO00 # YOLO0W *1°0 1 NIS *0°1 VSO *SSIYLS WAWIXVW 3TISN3IL GNOS 35V)
€ 0°961
9 0°2v1
c—— e C e - R - SR - SRpp S X3/ Y3 S0 U
S C*H11
9 cocoT
. %4 (56°06 F -~ - - .o
SITcAVS  (SHINIW)
- .- -- . na -39V -
— R - - ek ABTWROS FZES ITAWVS wwk- - - - - - - ——

e

SIS

i R S

s et e a2




B ke oAt Mt L rac D LA A

G-21 NOHIA
1E1HO00 » YOLOW *1°0 1Y NI1S ‘0°1 HSD ‘SS3HIS WAWIXYW ITISNIL ANQY 3SHI w
SHH3L NI Ls31 1B 398 :
oo.wL oo.ﬂ oo.mL oo.E oo._m oo..w oo._: oo..m 09 0, 3
- a .
8 :
= I
-~ D
e 4 3
— n )
@ —i :
oM 2
2 :
— p
m E
)
By ¥ W 4
mauuu >
. ><
03 o e b
© = i 3
I ot N
N =
2» w»n
o 3
< ™
w 1
w k
oD T
Bex b
[om] E
3 M
w ;
=y ]
Hd/aW3s 8wH = SNE1LIGNGS .S3. MY/ dWT. BAZ = SMOTLICNGS 3S0dW0.S .o ;
92 = WEGIINs 26 S33YCIEC 82 = N 2 :
2C+309LECCHe "+ uwm NI21410S1S = v 40 3IT0NOTIIINSIS 0+3691¢824Le T+ = v ;
C0+352eLinEe "+ =°§ ANOZISINSIS = o 40 35NISIIINGIS CO+3ERKRQL LR+ = o K
Sh+3LECLEEYS "+ =D INGZIHINSIS = J 40 3IJNBIT 4718 10+3hiQ1EhHe "+ = 4 E
X % [ 00+3h.18388€3°+ ) + ([ 20+381h( ) = A
E



m,
i
- o |
3LISOdW0D 40L10W § *NIR/NT 0°5 SHD *133d (b8 3SvD 39vvriAv :
e h e e e e e e s . - € -*9c - R :
€ (A k
€ (*Ge1 3
e e e e e —————— .. - I - - e < (I R - w
i Lo E
9 (*C2t L
S ———— e o — —— . < S LN R & S ,
c C*yll ;
£ c*ert
— i - ———— . . - S U I B XY 1.5 S ———
9 AR | ~
9 s n
et e - B, R C s . ? . RN V.. N
9 (G 3 Y
g 0°eo6
- — e e e e e e e e e - Y L &
ST t°4e
81 cere
U ————— - . - - - S - - 08 -~ -l
11 0L
11 ©°69
e e e e e e e e e e e SIS o § SR -k 7 -1
€ (*729
1 c*8¢
—— s - - R ST R 3 S~ < T
SalcaAvsS (St L NIW)
— mrr s mm—— B . £ Sa% . - mm e e e
— e ——— - . - e XX AGVAANGS 3Z1S aTdeVS

——— v a3 e e amtr——t s S————— ———— e — e =




16.00

143383E+01
G2u4713F-02
SGUQQ8E+DNI

3

i

t
14.00

2
.7
2
AME TIMP. 8H

}

12.00

MDD TIONS
X

10.00

IN YEARS

AVERAGE CASE BOND PEEL, CHS 5.0 IN/MIM. 5 MOTOR COMPOSITE

—
1

. 36UBH9S57E -0t

il
4 o l
=
T ol 5 ]
_ A ;
[T Oy TR Y H
OO0 /

8.00

X X
AGE AT TEST

FIGURE 12-7

6.00

~—
1

79384384728 +01

PRl !
VNN O i
- N f X

4.00

“<
(98]
~eum - T
5% 3
Z
14 1t wd ©
b= Y BT E] o
~ )y
apm oy
G-
-1 3 -
) e M
0re — 'l"
At~

2.00

L R S ]

o
uem <z D

[
Y
G

l 009 002 TEE 00°9-
[
HIONIYGLS T194d 9AH

‘ i
o M NI/87 = JHNSHIW 40 LINN

HiLldWbHEd

é
K
3
!
3
:

12-18

o R bt o S e e s T S ek R e ok s e s it b ST e i ahpake et R Bl




. . : i L Q.
&
i
YOOTEQD # ~¢ 1w SNIW/NT QG SHD *733d ONUE JSVYD 49V AY
. - - : . ¢ LOGET e
€ (S AP |
< 0°6(1
retvmnm e mam % s mwa— - R, . - S (.* Q& - -
T 7 t *Cr,
T C*He
e e e - i N g (S¢°21 ) -
N FUELL SR (S 1oeav)
e . ~i a0 e e

e e e - R N A R I/ O I Y 2 .

4=
2

o EAT 2 S e AT LR E 2

e B A B,

s

PRPRAS 1

1

ity X

St

2EE5K,

s o S 4 B

o4

<

e et

ot N




PRSI SRE LTI RLAT S i e YEFATT PRI

8-71 TNOIA
hI01£00 = HOLOW "NIW/NT 0°S SHDY ‘1334 ONOBS 3ISHJ 398Y3IAH
SHE3IL NI 1S3L LB 394 ,
oo.m__ oo.:._ oo.m__ OD.DL oo._w OD._m. oo.br oo._m 00 "2, p
o ‘
2 _ T §
(S 2
=z 3
— U 3
e o7 S ]
—— e L oD —
I..Ill/ H W..
—— = b
R — m 1
X VYo
oC <<
S/ D
X ) o
o 3
[} ,‘JJ 2
—_— X ai ~
———— e e
X =D
SN W
x P -y l
x =z I
X |
= =
lgr o
. - - - - e e L == =
o— I
-
o M
HY, JdW3Ll JKWH - SNOQILIAONQD 1G3L MY/ AW BWH = SNQTLIIGNDDY 39RYELS W m
ch = WOO33ud 4@ 2334234 hth = N m
10+ 3120929121 &+ —13g INBDIIINDIS LON = VvV J0 2JINBIIJIINDIE QU+ 3€ah1QCEDh + T 13 E
10 3N9hBHhED! "+ =°C INBATIINDIS LON = 4 20 3ONBDTZINAQIC I-22REAEGEE - = H 4
10+3€EBILhQS) "+ = LNBDIZTNDIS 10N = 4 30 FINU2TAINCIS CC+3088cEc8BT "+ = 4

X % { 20-3h9119€hh "= ) + | 10+3E9Be0SSh + 3 = |




— e memees v . -

® - e e et m oeme e s a—ease T

— s . S ———————  * e —

Yellnond «

200w SN /N

Sk AV iteon

oy

RS

Sid

P A7 da- GewH 386D

Ploavs @

Bl ok

ool Aol o

R AR SAEYE IANS

171
Cetl
C*3(C1
e
R A
IO
7 AR

53 {564 . )

S OGN

Now
—

{5y anl, )

¢ -
- v

S3leanVS

via

At =

12-21

el R e
&
£
oc
o
)
- lwh - ——
33
o
o™
r‘l
Q.5
Lol - - -
.0

ek LR Ve Y 22

il

e Ll

Bk




6-¢T TNOId

hET1E00 » HOLOW "NIW/NI 0°S SHI ‘1334 ONOB 3SHD 3J0BYIAB
SYB3L NI 1LS31L 1B 308

00° 9l 00" hi pN*cl ov.ﬁW, ur_m oouw o: 7 ooum 0870,
L 1 ] — — — - - —— e me e - .
-
f”lll-\l-
—_—— =
e — — _—
-
-
X
=z
ea!
I'é aI,HU
-
x mwm
g
\\\\Jﬁ\\\\\.\kl.\.&xa
x 1
S
i
o
fn )
x o
s
e T —~—
..\\\n.\.\.\\\ IUU
- e
T =
— e~ 1
— —— i
— — ——— - - mlnlv
HY. eW3L 2WH = GNOILIQNGD LS3L My CaW3L BWH = SNDTLCONDD 29vw0iS 2
Eh = ?uuuuxm 20 ©323¥9372 =h =
10+31E15C38E1 + =3¢ LHE T AINQIS LQN = 1 49 2ITINPDT 3INDE ro A¢icchsy + =)
10 219g€15S1il "+ ='¢ LNB2TJINQIS LON = ¥ 2@ uuzaJ_m_“ (g Q+30cB&0EDY T+ = Y
10+30EL18BSET "+ =D INH2TJINDIS LN = Jd 40 muzwxamu_ﬂ«m J3+ur::_w_w: + = 4

X » [ 20-389b0BLSe "+ ) -~ | 10+3JL%EQRE

s
\l

= 4

dWBHE

—i

d4

JAY

1Y
A

1334

HIONJHILE

12~22

o SRR e ok

i Ve e sk

S b g gt et

g 1

e

.

e

K

=,

-
f
b
w“
:
B
9
i
3
%
{
i



[ e

7e 2800

n

X L2846y

ol S Y

E e

A

e‘p. /43

ve

12-23

(G SEDY ® 14 Ut sy Y A

< (VRPN
N\ s .A -“
‘y . Oﬂm
S (O PR W."
<1 AR 9
’ (. ¢
‘ < -—a
w1 (S, ) o8
u'E
3>
- . . - I's LIPS d_d
" HEPRT] , m PR U Y ~ [¢3
-
3 Y aw
[ L]
oZ.0
fr.ll..l

BECLAE

Sa il T iatiaciaed

oy

[T

i s Toatlte et

gt e e e .

LS g g g Bl

e o,

2




16.00

oo F
¢ 1+
(TS N TH TS
QIS 0
mvn:rs_)
N\ Qo
ontn o
T wnin O
HI T u\ .
oo r L | o
f\.l—d\c vy —
+ e
¢ %
= [ T | = g X
o W a ) ,
x Vv O -
Y D f};
—~ O\ (w}
- 2 / — o
C;’ © / P
w -
Hel ‘e / «
[ o
BEZZ O Sy E
oTaaT g / o o
GUoVw 5 L =
oo, / X =y
wIZT n ! —_ =
MCICIOT ! £
=t e o ~
— NN / X Z = i
. Wt O,._.‘ — ~
4 | T I} 5 / S . i
TI sag] . .
- [ o] / w(f, [V} g
(\‘lhl‘.l& WL / 8
oo wW w 5
e © / / -5 =
w w &
muuu Q /
MZZZw 3 / X .
0T T T Oaq -
QU TS RWIN ; o wl
m:: EREE i) ; . e Lt
e el W g / Ol o
n--.'a.-uJ
Zzzzok 3 o
LIIJIW / X T =4
o g ©
[ it
NN p 0
o O _‘_'? g._’
o Q
“ao-
o= I 5 R w
+ 4+ z (]
Wi g © a.
mipar 8 o<
w0 wi
AR O NI] wt o >
oz Y o a
TR g .
OMmMG i Ql
SO - g
e XM - k
. . .3‘({ ?
LT 4
P
N AT | o g
ww o= (o) 5
A
0u ¢ 0001 0g°¢ 00°0 00°g - po'pl- ?
. : P
HLOIM NI/Z81 AHNSHIW 46 LIND :
(~ y s - — - . . . ¥
HLINJHLIS 193d 9AH = HILIWHHHG
12-24
Ln it b R a Geaitcinse ool PPN Ly, ,n.ﬁ‘\ Ertebeaiaidad e T : ok o TERVRIR RN ISR S W SV g DS Y . Pt At




S g "hAdo o and st oAU AEat e A8 S I RS e dis a2 T N KT TIPS T I, TR T

. b
. . !
e e e e+ - e e e ——— ,
. e e = w
g
By
7
|
2
. A
i e - ;
e e e e an e “
. - %
e e ;
%
.
;
o1
K
§
;
¥
kN
— e+ . . - . y
:
S - b
. - ,
o~
& f
) ) — ¢
- —— 4
Es

BLTCEOD it L %e SLFr /0T 0°g Sed $733¢ cinT ISV N TIAY E

fre mkm e e wea v e . . a

e e e e ‘ e .
[ { : .

: @ 4 Y p,

14 . > 7 m%. 1

- k.

51 (S0 ) -

—— e w = " we - - - - - M 2 £

- O

tsy
LY
- -d
-
>,
B
o
—
o
~
—
[
~

produced
est availab)

Re
b

- . - i ATV 1 O L..V..A JTow vy e

X

o

L e e e —

| en m— —

»

.

V
T

35t g o wor abu® sa R ST 95 PN 07




Rt A S etk

2oy 4 Lhosi e S G L N R

Lo iaANs G

TT-2T T9NOIL M
2
hLTEE00 = YOLOW "NIW/NI 0°S SHY “71334 OMQS 3582 33bY3Ad i
SHH3IAL NI 1531 L8 334 W
Qo et 0001 po'g 0N-Y pn b on-e 3279, M
1 1 ] i 1 i wr w
2 T ;
= w
=
;// o < M
o )
» -
o0 — K
//l ! e Bl o w
el T L ! .
| = :
. M p »“
D z
0 :
X ol < . .
2D O & 3
L & :
X s - E
J 1 T} ]
Ry k
el 3
X oo 2
o™ W k
T — ,
= I 3
M :
= = :
— - - B e mama Ill. A\. .hi —— — Yy .(IllJ - b
v / T.MlJU — W
L o— T )
= 5
[~ M
=
HE . alWdl 8w = SNDILIOwWuD LG3L LY/ dW3L B - SNQILIONDD 3a8-01S o
S = \Eouwr: 4Q S 3dya3d { = N = :
1O 13RIBNY0C + - 3E INWMIATIINDIGS LON = 40 2ANBITLINDQIE CO-2IROTEELTE + = 1) E
10 2ELSESOCE + =°S INBITLINQIC LQN = .u 43 FIANBDIIINDTS £0-2EhcQcNLE "+ = Y
1N+3229£1881 "+ = INGDT4AINQIS LON = 4 JdQ muzauu..:z.u_m 90-322h1LhSE8S "+ = d y
X % [ hQ-3IS2BLNEBLY + )} + | 10+393ERLENET = X b
|
‘ ek P~
: I o R WP T LTS Vo tas Tt ey e Ak 1 Satital ot el T YRS i el =l —

TRV oV 0%



1C1

2900

]

Lo N

/

LY

MWNGAY

R R O R X I R T TR S I Y

12-27

-
1

ATl

10T - . -
R 4

2SS

SR

v

t v

AR |

bzid

PR




Lirvar 2o o g 07 A A R N

o RAC e S Lt

[w X R}
o
e b
N
Py T
Rl ip i -
U‘)lD.J. - =
Qaf T
~ao .
RO
I9T =
. i
F s
[{4]
x:Li" =
xo(:‘l'f‘ I
'Y
[(a]
— =
[y [0}
] —
[{U] —
O .
oCbErt o
=222 -
:rCICI"' <
~ =)
ooz O

or
a
Q
£
—i

V2]
(I

CANCE
CANCE
CHNCE
arF
£

T

1622081 0E+01

1312150
S bt 2t 1, |
NnNNnino !
b 3
z
il [

Sy

Y

1427534 8E+02

ol

[

«
.

+00

ns
J .
g+
G

28874
3778312¢
GRUIC

~ =
+ ¥ + Cu

u. T "z

0o

l
g1

()
s}
_0
o
()
ey
o
[ —
o o«
. O
L C o
— o
]
o«
o o
[
[} 03 [vs]
T =
L O T
J =
—
b
~
Z =
o r—_ —-— ::_'
o o
- 2 9
x© i) un
s ¢ %9
— T
Rl ~
o~
-
() CI oJ
- . ]
Oy o
D 5
a =z
O
fis
o 1sd
o n
L (ot
2 (3}
, 1w
[
a
o
1
o >
o <
oy
3

6021 009 60 R 000 00" h-
HLOIM NIT/Z871 - Jd40583W 40 LINN
g

HIONJHLIS 13dd JAH = HIilJIWbYbEd

12-28




SECTION XIIXL

DYNAMIC RESPONSE

This test uses a Gottenberg disc 3.3" in diameter with a
125 gm center weight. An Unholtz-Dickie apparatus is used and
the specimen tested at 0.5 g through a range of frequencies.
Reduced data from 200 and 600 Hz are showa in regression.

Storage shear modulus at 200 Hz does not show a significant
change (Figure 13-1). At 600 Hz there is a significant decrease
(Figure 13-2).

Loss tangent increases significantly at 200 and 600 Hz

(Figure 13-3 and 13-4).

13-1
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