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ABSTRACT

This report contains test results on Stage II, LGM-30 F and G,
ANB-3066 propellant from unlined cartons and nine lined cartoms.
Data were compared to previous MANCP data to detcrmine the effects

of aging on ANB-3066. Testing was accomplished under MMEMP Project

4MP-054P.
Unlined carton data for a specific parameter was consolidated
into a single linear regression analysis. '"Worst lots" described

in Section ITI, were used in regression analysis of three tests. -

One lot with average tensile properties was subjected to
further testing to determine other properties of the propellant.
Lined carton data are presented in Appendix A.

Statictically significant trends are not of sufficient magni-

tude to caune failure in twenty-four months.
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GLOSSARY OF TERMS AND ABBREVIATIONS

Aging Trend A change in properties or performance result-
ing from aging of material or component

CSA Cross Sectional Area

DB Dogbone

Degradation Gradual deterioration of properties or performance

E Modulus (psi), defined as stress divided by
strain along the initial linear pgrtion of the
curve.

EB End Bonded

EGL Effective Gage Length

em Strain at maximum stress

er Strain at rupture

"F" ratio - 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 signi-
ficant changes in random variation between
succeeding time points

JANNAF Joint Army, Navy, NASA, Air Force Committee

MANCP Propellant Lab Section at Ogden Air Logistics Center

Ogden ALC Ogden Air Logistics Center, Air Force Logistics
Command

r or R The Correlation Coefficient is a measure of the degree
of closeness of the linear relationship between two
variables

Regression The general form of the regression equation

Equation is Y = a + bx

Regression Line representing mean test values with respect

Line to time

Sp Standard error of estimate of the reg-ession
coefficient
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GLOS3ARY OF TERMS AND ABBREVIATIONS (cont)

Se or Sy x

Sm
Sr

Standard
Deviation (SY)

Strain Rate

" tll test

Variance

3 Sigma Band

90-90 Band

Standard deviation of the data about the
regression line

Maximum Stress
Stress at rupture

Square root of variance

Crosshead speed divided by the EGL

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)

The sum of squares of deviations of the test
results from the mean of the series after divi-
sion by one less than the total number of test
results

The area between the upper and lower 3 sigma
limit. It can be expected that 99.73% of the
inventory represented by the test samples would
fall within this range assuming that the popu-
lation is normally distributed.

It can be stated with 90% confidence that 90% of
the inventory represented by the test samples
would fall within this range assuming that the
population is normally distributed

ix




SECTION I
INTRODUCTION

A. PURPOSE:

The purpose of testing LGMf30F Stage II ANV-3066 propellant is

to evaluatc the effects of aging on operational motors containing

this propellant. Propellant data obtained from this test period are
related to previous testing of ANB-3066 beginning with Phase A

(Jan 72 - Dec 73). Testing was performed accordiug to MMEMP Directive
CID-2C, Ameadment 1, MMEMP Project 4MP-054P and MANCP Projects

4185-12-73 and 4186-12-73.

B. BACKCROUND:

Service Jife testing of ANB-3066 block propellant began at 00/ALC
in 1966. This report contains data from Phase A (four test periods)
and Phase B (one period) testing.

Failure criteria for propellant which were developed from struc-
tural analysis are given in Aerojet Report 0162-06AS-F. Inner bore
hoop strain failure is the predicted failure mode. Failure criterion
for allowable strain for storage and ground handling at 60°F is 4.9%.
This value Jecreases to 4.3% for booster flight (First stage burning)
at 60°F and .ncreases to 11.5% for flight (Second stage burning) at

60°F.
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SECTION II

SUMMARY OF TEST RESUL'LS

Regression analyses are shown in Seactions IV through XIV and
are summarized in this section. Unless "worst lots" are referenced,
statements refer to testing of all lots.

L. Low rate tensile shows a statistically significant increase
in ali pairameters except stress at rupture,

For "worst lots" only strain at maximum stress and modulus show
a significant trend.

2. Very low rate tensile shows a significant increase in strains

and stress at maximum as opposed to "worst lots" which were chosen

because of significant decreases in strain,

3. Hardness shows a significant increase.

4. High rate triaxial tensile does not show sigaificant trends,
although "worst lots" show a significant decrease in stresses.

5. High rate hydrostatic tensile shows a significant decrease

in strains.

6. Low rate biaxial tensile shows a significant increase in

strains.

7. Stress; relaxation shows that there is a s:gnificant decrease

In modulus at 1000 sec.

"Worst Lois" show a significant increase at 10 sec and 1000 sec.




Sl St Il et T ¢

<

o

T

8. Gel swell ratio is decrg&nins and cross-link density is
increasing.
9. Orly minimal changes have been noted in thermal properties.
10. Lined carton data are statistically different from unlined
*»

carton data from the same propellant lots. Insufficient data covering

a very short age span have accrued to establish trerds (See Appendix A).
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SECTION III

STATISTICAL APPROACH

The statistical approach presented here applies to the unlined
cartons. Statistics for lined carton data are prescnted in Appendix A.

Linear regression was used as the method of data evaluation. A
least squares trend line was established for the data. This method
was applied to data which included all Phase A and Phase B testing.

All available data was classified by manufacturing lots. In
order to determine what lots, if any, could be pooled, a succession
of linear rejressions was employed to determine those lots which had
statistically significant trends.

Analysis of covariance techniques were applied to each test
parameter to determine if all lots in a statistically similar group
could be pooled for trend analysis. Age at test was the covariant
parameter. This procedure computes a linear regression estimate for
each lot and performs appropriate statistical tests to determine if
regression slopes and intercepts among the lots are asignificantly
different. If the lot-to-lot differences are not significant, the
data from these lots are combined to obtain an estimate of the
population regression line.

Using this technique, seven lots could be pooled to provide a
single estimate for each paramater for the three tests (Very Low Rate

Tensile, Stra2es Relaxation and High Rate Triaxial Tensile) considered




|
1
to be the most important for motor stress analysis. These lots {

encompassed a cross-section of the motor ages in the inventory.

'T; These seven lots, which have the steepest slope in the direction of

‘ the failurc criteria, have been termed "worst lots". Regression plots
for the "worst lots" are provided for the three tescs referenced.

The symbols representing each lot are shown in Table 3-4.

The data representing all lots were combined tc provide a
composite regression analysis except for Very Low Rate Tensile,
Stress Relaxation and High Rate Triaxial Tensile. Only those para-
meters having a significant aging trend have been reported.

Computad statistics for covariance analysis of strain at maxi-
2 mum stress are given in Tables 3-1 through 3-3. This parameter was

chosen because failure criteria for strain capability are available.
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TABLE 3-4

Plot Symbol Legend

Lot Number 006
Lot Number 015
Lot Number 027
Lot Number 028
Lot Number 035

Lot Number 041

XOX+pPpOD

Lot Number 043
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SECTION IV

TEST PROGRAM

All carton propellant on hand manufactured pricr to 1 May 1972
was subjected to random selection representing approximately six
years of propellant manufacturing. Twenty-six percent of this avail-
able propellant was set aside for testing over a two year interval.
Approximately one-fourth was to be tested each six months. This
propellant was then sub-divided into three groups for determination
of failure properties and characterization tests. This report con-
tains data from the first group of Phase B testing and all Phase A
testing.

One carton was reciilcd for further testing based on the mean of
the low rate tensile strain at maximum stress. Characterization
data (failure envelope, strain dilatation, etc.) ave given in Section
XIV.

Motor serial number, batch number, lot number and date of

manufacture are listed in Table 4-1 for propellant tested from unlined

cartons. T(ests and data evaluations are given in Sections IV through

. Section XIV.

Information on lined cartons is given in Appendix A.

a .




AA20018
20028
20037
20053

; 20098

! 20142

{ 20176

| 20187

20203

20247

20275

20296

20317

20339

20357

20383

20401

20419

20447

20463

20479

L 20505

b 20529

| 20557

s 20569
20577
20583
(! 20585
20633

' 20645

~ 20672

i 20702

‘ 20734

20772
20805
20817,

; 20836

b 20868

' 20872

20888

‘ 20899

‘ 20914

, 20922

20939

20960

20973

d 20982

! 20990

i 20994

AA21001

S SO = R

——

Motor S/N

TABLE 4-1

Motor Serial, Batch and Lot Numbers

Batch

M4709
M4907
M4952
M4931
M4901
M4954
M4946
M4918
M4919
M4949
M4912
M4936
M5101
M4960
M4978
M49 54
M4909
M4972
M4933

Lot
002
005
005
006
004
009
012
010
010
015
014
017
018
016
019
018
020
022
022
024
024
025
027
029
029
028
028
028
032
032
033
035
036
Q39
041
043
043
042
Q42
945
045
047
047
048
048
048
049
050
049
050

Date of Mfg.
65070

65111
65126
65193
65279
66003
66060
66074
656101
66165
66214
66242
66277
€6300
66322
67009
67037
67066
67121
67159
57213
67306
€.8037
68153
68197
68195
68241
68240
69035
69073
69203
69293
70089
70188
70278
70320
71033
71127
71137
71172
71200
71229
71256
71292
71344
72120
712046
72067
72081
72122




SECTION V

LOW RATE TENSILE

This test uses a 1/2" thick JANNAF dogbone. The specimens are
tested at a crosshead speed of 2,0 in/min (strain rate 0.667 in/in/min
based on an EGL of 3.0 determined by use of an electrical strain gage).
Storage tewnperature is 70 + 10°F.

Ph;se A and Phase B propellant aged 14 to 110 months and tested
through 74182 has been used in these regressions.

' Except for maximum stress, all parameters show a statistically
significant increase (Figures 5-1 through 5-4) . "F" ratio, "t" and
correlation coefficient R are all significant. The trend for strains
indicate an ircreased strain capability. No ageout for at least two ;
years past the oldest data point is predicted based on strain

capability.
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SECTION VI

VERY LOW RATE TENSILE

This test used a 1/2" JANNAF dogbone. The specimens were tested

at a crosshead speed of 2 x 10~% {n/min.
Regression analyses of the "worst lots" using a single tailed
4 "t" test show that there is a statistically significant decrease in
strain and statistically significant increase in stress and modulus
| (Figures 6~ through 6-5).
Data from all lot testing shows a statistically significant
increase in strains and maximum stress (Table 2-1) with intercepts
similar to those of the last report [MANCP 298 (74)).
: Very low rate tensile testing is related to strain capability
under storage conditions. The "worst lots" show a much greater
strain capability than the alert limit of 4.9% at 60°F. No ageout

| is predicted for the next two years beyond the olcest data point.
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SECTION VII

HARDNESS

The tab ends of JANNAF dogbones, prior to tensile testing, are
used to obtala hardness readings. Shore A durometer readings for
composite lots are used in regression analysis. There is a signifi-
cant increase in hardness as indicated by the 10 second readings
(Figure 7-1).

Hardnesa is considered to be a measure of continuing cure in
the propellsant during storage. Individual lots may show either an

increase or decrease with decrease more common during the first two

years.
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SECTION VIII

HIGH RATE TRIAXIAL TENSILE

The specimen used for this test is a 3/4" GL rail, end-bonded.
The rail is preasutized'to 600 psi with nitrogen ani pulled at a
crosshead speed of 1750 in/min (strain rate 1000/in/in/min based on
an EGL of 1.75). The purpose of this test is to dctermine the
failure properties of propellant under simulated firing conditions.
The requirenent for inner bore hoop strain during flight is 11.5%
(alert limit).

Stresses show a statistically significant decrease for "worst
lots" (Figures 8-1 and 8-2) while there are no trends for strains
and modulus. The strain at maximum stress ranges trom 16X to 26%.
The vafiability in the data may be partly caused by the number of
specimens tested (usually one rail per cartom).

There are no trends when all lots are combired (see Table 2-1).
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S8ECTION IX

HIGH RATE HYDROSTATIC TENSILE

This test is performed using a 3/4" GL dogtone. The specimens
are pressurized with 600 psi nitrogen and run at a strain cate of
1000 in/in/min.

There is a statistically significant decrease in strains
(Figures 9-1 and 9-2) . The rate of change is greater than when
last tested [MANCP Report Nr 266(73)]. Other parameters do not
show a trend. Compared to the high rate triaxial data, strains

for the pressurized dogbones are higher.
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SECTION X
LOW RATE BIAXIAL TEST

This test is pertformed on a 3/4" GL rail, end-bonded. The
Instron crosshead speed is 0.2 in/min (strain rate 0.1143 in/in/min
based on an EGL of 1.75).

Strains show a statistically significant increase (Figures 10-
1 and 10-2). These parameters did not show a statistically signifi-
cant trend when last tested (MANCP Report Nr 298(74)). The "F"
ratio and "t" have increased as has the correlation coefficient,
but variances have decreased. Stresses and modulus do not show a
statistical trend.

The iutercept for biaxial strain is lower and the slope greater
than for 2"/min uniaxial data and high rate triaxisl data but higher
than for very low rate uniaxial, showing that strain is highly depen-
dent on rate. Aerojet data, which uses a strain rate of .80 min~!
vs. uniaxial at .74 min'l, also shows a lower strain in the biaxial
specimen., It would appear that the lowered strain in the biaxial
specimen is also related to the type of specimen. A comparison of
high rate triaxial vs. high rate biaxial specimens will be made at

the next testing.

10 - 1
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SECTION XI

STRESS RELAXATION

An end-bonded 1/2" x 1/2" x 4" specimen is used on the RCK
Stress Relaxometer. Seven different temperatures were used in

testing. Strains of 1X for low temperatures and 3% for other

temperatures were used.

"Worst lots" show a statistically significant increase in
relaxation modulus for 3% strain, 77°F data, at 10 sec and 1000 sec
(Figures 11-1 and 11-2). Since lot selection was not a factor in
designing Phase A testing, there is no balanced distribution of
motors by lot and there is a preponderance of data for lots 27 and
28.

Tabla 2-1 shows that there is a statistically significant
decrease for slope at 1000 sec only. In the last report (MANCP Report
Nr 298 (74) . 1000 sec data also showed a statistically significant

decrease in modulus.

11 -1




|
|
|
|

L UEEAPCRURSRAR S PSS S e S

00 JN

-T1 FINOI4

(I8Y1C % € ‘D326 D1 L8 SOTINOOW NDJ iBXH13Y
| VO
(Sd83 L) 34 48 398
po"21 000l UN = D0°¢ 00 #
e e e T > =t | AEEOSIETE TN eI SO TSI e, Senee
L e ==

HY BWs ‘4 920 /¢
£0+30S081£81°+ =25
00+32184696¢L°+ =5
CO+3HLEBORLT *+ =10

Q
%

oy
) 4 v
v Hb\\\\\\\m‘\
— ITI. @ -+
v
& \\Wi\\\
\\\\\\\\\\.\\\\\\ X
o i
S P
= GNDT21T0ONQD 1S31L a3l BWE = SNOTITONZD 326Y0!°
£ = wWwl33ds 4y 53228530 WA -
INGDI4TINI9IS = % 30 uuzaummmzumm 10+269S616S¢ =
LNHDI4INSTS = u 40 30ONB3I14IN2IS D0+3L040800€ "+ =
INSTi4iN9IS = 4 40 mazauﬂmmau,m 10+21CEY9NhSL "+
( 10+362heEhhic "+ ) + ( E0+34L56ic95°s 1) = A

e

00"
I[N

|

00 0n
SHIW 40

C

JH

0008
od
18X8 13y

I

00°0c1

LA e N S|

1091

r
i

U
<

i
|

SOINUEW N




CEO¥FITOLSIBYE ST t0+30000C00G°+

€0+30%e%LEEE°+ €0+4300000C18°+
€0+355%6%£28°+ £0+3000000L8°+
~€OF30COTELTE"F — t0+3000C000¢S*+

€0+4308662218°+ £0+300000¢€%8°+
€0+316661018°+ €O+30CN00C6L "+
- EO0#F3ITYI2LL08*F¥  L0¥3000000SL°+
€I+43CLCONESL®+  £2+3000009.9°+
€0+3966%8GLL*+ 0+30000000G°+
T T EIFILELSSTLLF E0#300C00E99F
€0+3%4%6€809L*+ €0+300000€€9°+
£0+30€6C 226G °+ E0+I0D000979°+

€3+30€L€22CL*+ €0+300000566°+
Co+3ClEY6LTL+ £0+4300000c05°+
E€EI+ICECTLEBOLy €0+3000CCELG "+
£0+308622.04%+ £0+3000009G68°+
£0+3416280504L*+ €0+303C00CT1L "+
T T EO¥IYEE6LCOL Y —£0+300000999°+
€0+4327160636%°+ EO0+3000009%9°+
£€0+3£809E%67°+ £0+300000L6Y°+

€3+355212257°F €£o+309000928%°+

A NDiS5S3Y954

A WNNINIW

€03

T EIH30BLYVELEL Ty €0+300000¢e¢CST ¥

NIvA1S T € %23 CT v SAYUOw

€£2+4302000€65°+
$0+300009€ 1T "+
404300000601+
€0¥300000306 "+
€0+300000768°+
£04300039226°+
. Bl R
€0+3000009TR+
%0+300000€11°+
£0+307000€99°+
€0430000039L°+
€04307NDNFFR "4
€9+309000€95°+
$0+4300009221°+
40430000€50T "+

£E0#3CO000¢ELS

€24302020z€6°+
£0+30000001L°+
$9+30300CE0T
€0+300000993°+
€C+30C000091G°+

|

“€N43000IDNRG

A ANATXYA

wxk SITH3IS IWIL 47 SISATIVNY =xx

COFINGHECTGT 4+
£0+43G62E%52¢C91 "+
C0+3GL7LGSLL "+
CI+4BRESHG3LE+
T10+4325CQG0RG"° +
20431 €¢61C2%°+
CO+3G59LE01€E* =+
20+32279.Le 9%+
€0+3G6860€LLC"+

HRFINOC0COI0°+

CO+3165012%9°+
CN4I)HIHCC T4

“CO¥IVLEHHOGT S+

€0+3G60169T€T" +
€0+38206EHET"+
07300000000+
Z0+38IHZROBL" +
¢5+30000002C°+

“EO€IEE9T LSBT

Z0+43500L%CT1T1°+
c0+3618LG€L8"+
I+ IRGOLEERY "+

NJTLvIA3D
GoVINVLS

NIDTIUXY 34 SSIetS 990¢€ wNY

€C+200000%25 %+
£0+306999355°+
EC+352FEcy5°+
€C+3067997253 °+
04306969063 %+
€C+3C00002%3°+
FO0+3I0G999262 °+
cC+300000E9L °+
€C+3C6399912°+
€0+ 300000EC9°4+
€C+30000020L°+
CO+300000z¢L °+

t0+30699G395°+

$0+30000%1D1°+
£C+302000855°+
EC+3C2000C LG+
“C+3G2Cc{RBB"+
£04307CG2221L °+

S€0+30599012R %+

£0+3GZEEESNT
E0+362CEE2H95 %+
FE+4069995E5 "4

A NV3IW

x%%x%x SISATINY WNI1SS32493c¢ HVINT T sexuy

MO AN NN AMAMO Y MEYO MMM

dNPNY 234
SNIHTIIaS

018
0°ce
0o 8L
c°22
004
0°69
0-9°
0°19
Cees
neys — &
0*9y
ez
0°sf
0°8¢
P92
ee22?
0°12
perz
08t
991
0°a1
e vt

(SHINDW)

ok Y
= b




VRSV

o b N
L ~

Ui h 0

Wd Ul e

-~ M N

(VR g

™~ My

~aumn Y
[Wa Xs A RAY

m@es
naeo
OmM “
. K
Wt
. ! ‘ | |
W r
Y n N
w
(o (- <~
u! o :
”".:’:\‘ s
= \f%»»- lf‘
(WES
':’ ---n:k -
el ©
-y \
BT |
—
( mmm Y\
4 )
ol +
e_‘)l‘\
|27
1
4 00
.
Wi 9

J
O b W U W
COOOL 1
b 11’.0
b U U U 3
QYLD ) \
NEEZT I ‘)
£ L CE CE © -
MOV
V) ey et e €O
- RV T VS TN
0»«»u~-LJ¥
A4 ZZZlLZ(.i
QOO
S T | |
(o RTRRCR N i

~ )
pLa
i ©
- X
- YYD =
g -,
RTHETY P
A=
1 e i
Q0 =~ () y
~INW M
2 Seandh il (‘l'
MW XD

al oV '):j‘
N L
i L T
[+ b -
{
gn 1]

~ .-r
0 oe

SRR e one A A S N e

BUSSEERER

0009

[&d

. -
ggsanh

SOI0OW NOTLHXH 134

1 -4

1 40¢

Qe
sHAW 0

HALdWHYH

v |

- &
-

o

b ¥

E

20

4

o
Q

l‘hl ) ‘.j“
LIND

-
<

IGURE 11-2

F




- TE€9*30008IE9Y e
€I+3981H9LGY "+
£€0+38066095%° +

~€0¥3ITBLI9TSSY
€2+3158cio7%+
€E0+352.LE6399°+

“E0*ICTEISIIY Y
€0+3839CGCH% "+
eO+ATI9LZIEY"F

T EOFIVTFECIVET Y

€0+4390LeLdEY "+
EO+3L.TLG6L2%°+

~——€9¥IL7ZEOT T+ —E0+3IDIV00I0E Y-

£0+4309€6%93 1%+
£0+399015%1v°+
T T EO*3SESYLTI .
€0+30195601% °+
€0+39CC29101%°%+

- E£0930000090C°

£0+3000009¢2% °+
£0+30000008%°+
c0+300000Ce7 "+
£0+30000091% "+
c0+300000C5¢ °*+

£0+¢300000€9% " »

c0+300000¢FhKE "+
£0+303000C1TC °+
£0#3030059L¢C"*
£0+4302000099¢€°*+
£0+305C009%¢C *+

€0+300000916°+
t0+3000000¢5°+

€0+300CCO06E" s

£0+30000098% *+
£0+300C009%% °+

T E9 31008680y — €E0+30500050 "+

NIv>*1S 2 € 434S 000% Liv SAIGOwN NITLVXT 13> SS3Ir 1S 990¢

€)+355,6690%°+ E0+30300006€ "+
€0+435290290%°+ £0+300CCOEEL "+
— €336 TYS0Y Y £0+305000962

A 430i1S5S3a%d¢c

L AR

A AliW INTW

e

x5 S3123S InTL 43 SISATVAY ==a

£0+30009039¢cE
€0+4300CH0€19°+
£0+3C0002009G6°+
€U#+200000u9%7°+
£oO+300000DCES 4+
£0+3N0000291%°+
E0*3C00D0095% "+
£0+30N0CN3C0G6°+
EO+300N00029°+
€0+3INI000CIRE S+
£0+300072099%°+
£7+30000005G6°+

2943650582919 €O+IECTETEL T

204391261956+
2043LBY9TLEL"+
2)+438050C€2T"»
1043G6%<6%136°+
2O+4326€E%22%1°+

204365991621 ¢ EC+ICZELELLY "

23+3181115T1c"+
£E0431€E8G291°+

TO+3TL2H¢EC82"+

20+4381G6%14%0%°+
£04329TTESTIT+

€0 +3I00CO3CEE"F  Z0+366uTT0OHT "+

£0+3000009%9°+ 20+439326G62859°+
£04300000929°+ <¢0+306228€19°+
€0+3000CCOGE+ N9+309000020"+
€0+43000000%5°+ ZD0+4321G609¢€52°+
€0+3C000039%°+ 26430C0000CC*+
€0+3C000099*+ — ZO+3LEE66T0E"
ZC+300CI2J20%°*+ 20+550CCESD1°+
£0+300000€8C°*+ 2043659188e%°+

E0¥3I0V0DOEEE"Y TO+3I6S56TSETIT

A ACHIXYA

sTSATUNY

NZISSdmu3z

NITLNVIAZD

CowaRY IS — — -

g3kl

Fx=y

E0+3G2EcELZ5°+
E0+36C2fEEE 05 °+
b7 G i | U I b Rk
€0+430599212% °+
€0+302¢E€30% °+

CC+31H555268% 4+
€0+30G9995¢ey°+
t0C+3000003 Lt °+
t0+362FCE50 4
CO+362¢E7 €919 %4
TC+43C669791Ce *+
£0+3000006GLC "+
€C+3000008L5 "+
£0+ 30000035 ¢
€C+362¢8€G05°+
£C+360(225%7°+
£0+3POPO0HEY "+
£€04300000C5¢E °+
e0+30000C002E "+
E€C*30599902¢ °+

MOMMeM NN O™ 00

|

A NV3IK

dNO%2
SN3r!D3cs

jre

ote it

n*o8 :

0°8L

¥ ¥

0°0i

059

699 -

0°19

0°* €S ' :

0*1¢ i§

0° 94 A

0°2%

o6t

0°82

0°92

022 :

n*12 :

n*02

0*¢1

C*91

0° g1

o.“# -
43d {(SHINIW)

3w

e e




SECTLON XII
60L GEL
This test uses a 1/2" cube of propellant. Density is measured
using cyclohexane as the reference. Extraction is made with chloro-
form as the solvent. .
There is a statistically significant increasing trend in cross-
link density (Figure 12-1) and percent extractables (Figure 12-2).
There is a statistically significant decreasing trend in gel swell
ratio (Figure 12-3). There is no trend for propellant density.
The increasing cross-link deusity is an indication of hardening
within the propellant, (See Fig 7-1). As the cross-link density
increases the swell ratio decreases because o! the reduction in size

of spaces for the chloroform molecules to react.
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SECTION XIII

THERMAL ANALYSIS

Several different tests were run to determine thermal proper-
ties. Most did not show any statistically significant trends with
age.

a. Thermal Coefficient of Linear Expansion was run on the
DuPont 990, TMA attachment 942. TCLE below the g'ass point shows a
statistically significant decrease (Figure 13-1). However, it is
the TCLE above glass point which is used in stress analysis and
there is nc trend in this parameter. There is nc trend in glass
points.

b. Differential Scanning Cajorimetry was run on the Perkin-
Elmer DSC-1. A change from manual to computer caiculations reveals
changes in the total A Early testing (Phase A, Series I and
I1I) shows marked differences from each other. Further refinements
in data acquisition and interpretation will b¢ required to determine
if these are significant trends.

c. Ignitability is done using a .050" wafer in the Arc Image
Furnace at a flux density of 168 + 5 cal/cm? sec. There is no
statistically significant trend over three years of testing.

d. anning rate data are obtained from burning strands with
500 psi nitrogen pressure. There is no statistically significant

trend over three years of testing.




e. Pressure Time is run on a 5 gram specimen using a high

pressure Parr Bomb (500 psi initial nitrogen preassure). There are
no significant changes.

Minimal changes in thermal stability are preaent, but correla-
tion of these changes with structural integrity has not been

determined.
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SECTION XIV
CHAPACTERIZATION TESTING

One carton was chosen for further testing based on the mean

values of Low Rate Tensile data. This so-called characterization

testing relates some properties not studied in depth in regular

testing. Failure envelope, relating strain rates and temperatire
to tensile parameters, is one test. Poisson's ratin, a measure of
dilatation is another. Characteristic Tear Energy is a fairly new
measure of cohesive energy. The carton chosen was from Lot 27,
AA20546. Data are presented in tabular form in Table 1l4-1 through
14-4.

1. Thermal Coefficient of Linear Expansion data are shown
below and above the glass point. These data are similar to other
TCLE data for this lot (Table 14-2).

2. voisson's ratio was determined using the RCK gas dilatometer.
Dilatation is small below 10X strain (Table 14-2).

3. The temperature corrected failure envelcpe as drawn by the
computer does not show the characteristic shape observed in other
propellants. Another carton from the same lot was selected and a
second failure envelope run which was also unchnnctcrﬁtlc. The

variability in the data from the two cartons at a given temperature

and crosshead speed is sufficient to explain the differences in the

curves of the two failure envelopes (Figures 1l4-1 and 14-2 and

Table 14-3).




4., Two types of specimens were used for Characteristic Tear
Energy. One type developed by Thiokol, uses a 5" x 1.68" x 3/8"
rectangle bonded to wooden tabs with a centrally located slit. The
equation used to calculate tear energy is c¢ = xd"’nk where:

¢ » Characteristic tear energy

k = Constant for specimen configuration = ,222

1 12 o Crosshead displacement at initial cracking

E, = Relaxation Modulus taken from master stress relaxation
curve where ER vs log t/aT is computed for each temperature and t is
time in seconds for crosshead travel.

i The second type, developed by Lockheed, uses a smaller propell-

ant sample, 3" x 1" x 0.1" with a 0.50" slit at the edge and bonded to

wooden end tabs. The equation used to calculate tcar energy for this

| type of specimen is ¢ = ,187 h/100
Fc
where: c = Critical stress = (W-R)t

Critical Strain

¥c = Critical load

=
|

Sample width

~
]

Cut length

(a4
i

Sample thickness

L = Sample gage length

Data from both types of specimens are given for 77°F testing

14 - 2




(Table 14-4). It is obvious from these limited data that character-
istic tear energy is dependent upon crosshead speed and type of
specimen, |

This limIted testing does not show trends, since the carton
tested was an average one. In the future "worst lots" will be used

to evaluate propellant characteristics for aging trends.

P R

e
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T

g’
-78

-74

=77

TABLE 14-1

TCLE

Glass Point

ant Before Tg
°¢ X10~2 °c-1

5.41

TABLE 14-2

Poissons Ratio

b 5%
L448 .388
447
L4847

14 - 4

18.75

.386

.378




TABLE 14-3

Failure Envelope

Crosshead Strain Stress
Temperature Speed @ Rupture @ Rupture
20546 -40°F 0.02 .170 232
.187 237
.199 229
0.2 .237 289
.231 301
.206 289
0.2 . 256 555
.272 546
.271 561
2.0 .282 361
.239 387
211 384
2.0 .265 367
. 314 362
.276 360
20°F 0.2 .208 163
.233 160
.208 160
0.2 .249 126
.256 156
.247 160
2.0 .241 198
.209 203
.205 207
2.0 .252 192
.297 181
.280 186
20.0 .334 235
215 266
.216 265
20.0 .261 241
.311 230
.285 236
77°F 0.02 215 104
.204 104
214 104
0.2 .242 112
. 241 112
.238 112
0.2 274 138
.234 115 .
.288 112 !
;
14 - 5




TABLE 14-3 (Cont.)

Failure Envelope

Crosshead Strain Stress
Temperature Speed @ Rupture @ Rupture

2.0 .271 133
.282 124
.253 132

2.0 . 328 132
<313 134
.306 133
.295 167
.288 155
-300 150
313 165
.254 166
339 159
- 186 104
.190 105
.260 96
.265 97
.270 93
.270 89
<252 124
.275 124
.252 125
.303 110
.314 111
.274 111
.258 149
.259 150
-309 147
.299 136
.273 132
<291 138
«223 92
. 204 86
. 194 91
.247 73
. 247 72
.248 72
.246 76
<249
.236 113
.209
.252 87
.263 87
.288 84
. 267 B8
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AA 20546

AA 20545

TABLE 14-3 (Cont.)

Failure Envelope

Crosshead
Temperature Speed

Strain
@ Rupture

20.0

<244
.255
.218
.288
.308
.286
311

Stress

@ Rupture

129
129
124
110
108
111
109
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i TABLE 14-4

! Characteristic Tear Energy

Thiokol Type Specimen

Crosshead Speed

1 _in/min s1/min .02/min

.8512 .8521 7816

.8218 .5729 +5850
1.374 4798

Lockheed Type Specimen

Crosshead Speed

L in/min +1/min .01/min
| 2,140 1.393 .8524
fi 2,279 1.227 .9102
| 1.975 1.231 .8232

14 -~ 10




APPENDIX A
LINED CARTONS
A. STATISTICAL APPROACH,
Lined propellant cartons prepared by Aerojet were tcsted for
the first time in 1974. Propellant used in these 9" x 9" x 9"
cartons rvepresented five different lots, only two of which were
represented in the unlined cartons. The data tor lired and unlined
cartons were stratified into two groups and st tiscically analyzed
to define any significant within-group and amoig-group differences.
The following procedures were followed in thesc analyses:

1. Bartlett's Chi-square test was u ed to test for homo-
geneity of variance within cach group. The computed X2 for the lined
and unlined groups were 2.2297 and 2,.6422 resp ctively, These values
tested at &= .05 were not significant, indica'ing homogeneous vari-
ance within each group.

2, A standard F test at®< = .05 was used to determine it
there was any significant difference of variance between groups.

Data from lots 49 and 59 covering the age spa' of 21-23 months were
uged in thie test. The computed F value of 2.9855 was greater than
the critical value of 2.45 (oX= .05), and indicated a significant
difference between the variances of the two groups.

3. Because there were significant group=-to-group variances,

a modified "t" test was performed to determine whether the group means

m—




were similar, This test makes use of a computed critical value

of "™

2 2
terttical =61(8) /n)) + t2(512J“2)

S|2/°1 * 522/“2
where t, and tz are the tabular t values for each group respectively
and determined at an appropriate confidence level and degrees of
tieedom:

tL = €(1- ®¢/2) (n-1)

t) = t(]- &/2) (nz-l)

513 and 822 are the respective group variinces. The computed t
statistic of 3.443 excceds the critical value f 2,279 which indicates
a signitlecant differenc-c¢ between group means.

Lined carton data is significantly differcnt from the unlined
carton data as shown in Table A-1.

The brief age span (six months) precludes regression analysis.
The data ara tabulated in this report for refe -ence.

B. TEST METHODS.

[est methods are the same as those used fur unlined cartons
except for tests related to the liner bonds. !iner bond tests are
hvdrostatic bond shear and constant load tensile and shear.
¢ EST DATA.

Moror serial numbers, lot numbers and dates of manufacture are




shown in Table A-2. Other data are shown In Tables A-3 through A-10.
D. DISCUSSION OF TEST RESULIS.
1. Low Rate Tenslile.

There are both within-lot and lot-to-!ot differences with
lot 54 showirg the lowest strains and the highost stresses and
moduli. The strain values of this lot are coniistent with all lots,
but the values for lots 50, 52 and 53 are much higher. See Table
A-3 and compare with summary sheets in Section 1V,

2. Very Low Rate Temslle.

For this test as for low rate tensile lot 54 shows the

lowest average strains and highest average str :sses. See Table A-4.

3. Low Rate Biaxial Tensile.

Lot 54 holds the same relative position for all parameters.

Seec Table A-5.
4. High Rate Hydrostatic Tensile,
Although the modulus for lot 50 is hijher than for lot 54,
the other parameters show that the relative po: ition for this lot is
the same. See Table A-6.

5. Stress Relaxation.

Th2 master stress relaxation curve fo: all lots is shown in

Figure A-1. Lot 54 shows the highest relaxaticn modulus, although

eor

AA21015 has the highest modulus at 77°F. The rankings of individual




blocks varies at different temperatures.
6. Hardness.
Lot 54 has the highest hardncss and lot 52 the lowest
(Table A-7).
7. Tecar Energy.
The data for Lockheed type specimens are given in Table
A-8., It is obvious from these data that the pottern for an increase
in tear energy with higher rates is present, but it is not wholly
consistent, Changes with temperature are neither apparent nor as
consistent.
8. DSC.
These data are similar to data for thc unlined cartons and
arc shown 1n Table A-9. (See Section XIIIb.)
9. TCLE.
The TCLE both above and below Tg appeirs to be higher than
for unlined cartons (Table A-10). Lots 50 and 53 appear to be more
consistent than Lots 52 and 54.

10, Case Lincr Bonds

o many cartons the liner is so irregular that there 1is dcep
penetration irto the propellant, Figures A-2 and A-3 show the irreg-
ularities in the bond line. The worst case is AA21082 where the
1f1er extended 0.2 in into the propellant. For these specimens

propeltlant was cut 0.3 in.

R —— T SR T A TR




a, llydrostatic Shear,
Specimens were tested on the MTS at 100 in/min with
600 psi nitrogen pressure. Several adhesive-to-ead tab failures
occurred, and there were sevcral other instances of secondary ad-
hesive failure. Data are given in Table A-11.
b. Constant Load Shear and Tensile
These specimens were stored at 20°F for four months,
then at 0°F for four months before bonding. Several weeks elapsed
before all specimens were tested.
(1) Shecar
Only eight specimens were t sted at 20 psi. Of
these, three were discontinued before break. Table A-12 shows the
actual stress and time to failure. Those sp.cimens which had pink
lincrs showea varying degrees of tackiness. This means that when
the halves were placed together with slight oressure, a greater
force to separate them was required than was used in rejoining them.
(2) Tensile.
Data are shown in Table A-13. As with the shear
specimens, many showed some tackiness.
Those specimens which had buff-colored liner did
not exhibit tackiness between liner and propellarnt although there

was a slight stickiness in the liner itself i) the liner was thick.




E. CONCLUS10NS

Unti]l more data has accrued, no definite ‘onclusions can be
drawn concerning the case liner bonds.

The fact that some lincrs show more tackiness than others is a

matter of concern.

The test results are not conclusive of early failure for two
reasons: (1) adhesive failures and (2) insufficient data.

At a later date, it may be possible to reconcile the apparent

differences between lined and unlined cartons by comparing data on

an age basis rather than lot basis.
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TABLE A-2

Test Motors

Serial Nr and Batch Nr Lot Date »f Manufacture
AA21008 M5003000L 052 72159
AA21010 M4965000L 050 72143
AA2101°S M4965000L 050 72172
AA21018 15009000L 049 72199
AA21032 M4936000L 052 2231
AA21053 M4908000L 054 72278
AA21056 M4918000L 053 2285
AA21072 M4966000L 053 ‘2311
AA21082 M4926000L 054 '2326
A-8
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TARLE A-8

TEAR ENERCY

tor N chs 40

AA21008 .01/.2 1.096
' . 7862
. 7382

.1 . 7068
.6513
1.016

1.0 1.675
1.484
1.536

AA21010 .01/.2 .3801
.7158
.4118

.1/2 694 1
.9163
.4768

1.0/20 1.244
« 7390
«7674

AA21015 .01/.2 . 5074
.4908
«3737

.1/2 .8340
1.027
1.024

1/20 1.131
1.307
1.403

AA21018 .01/.2 .6171
+5563
« 7152

A= 17

i

. 7281
.5470
.S51le

. 568
. 5580
.685"

.9330
.8330
1.124

L4410
6210
. 511!

. 590¢
. 5984
.495%

7199
1.043
77306

L4060
. 5002
. 549

.602¢
.836!
.388

1.073
. 8860
. 9948

.3786
.3579
«J158

120

. 3429
+4002
.3282

.2730
4922
4716

8443
.6972
. 7195

<3599
«3167
<3232

.6935
.6732
«5233

.8856
. 7767
. 6691
7674

.3471
. 2042
. 3066

. 5207
4319

. 8454
. 7361
.8684

.2573
.2868
.3369

160

4146
«5392
.7410

.4990
. 6490
.680

.6355
.8210
1.070

«2956
.2212
.3250

.3123
.3675

.3878
L4521
.7330

.3130
.5280

.5116
1.289
. 5292

1.397
.9118
1.352

2154
« 120
. 1528




TABLE A-8 (cont)
Temp

Motor No CHS 40 17 120 160
.1/2 .8072 . 5340 .5696 L2019

9664 L7117 L4749 .3637

.9436 .5591 .4507 . 3496

1.0 1.555 L6417 L7647 .9868

1.184 1.263 .5505 .9813

1.283 1.049 L9441 1.030
AA21032 .01/.2 L4085 L4040 .2962 L4440
.5610 <2513 .2003 .2920
.3994 L4418 .2378 .3220

.1/2 .638 L5731 .5098 L4334

L7321 L7061 L4607 L4903
.6724 L5183 .2378 .6576

1/20 1.621 .9256 .3795 L8011

1.474 . 6880 L7246 .8796

1.237 .6917 . 5892 7207

AA21053 .01/.2 L3212 L9544 L4851 2188
L4085 .8078 . 5076 L3199

Lot 4279 .2928

1/2 1.832  1.014 .7278 .6639

.3669 1.159 .5998 L4306
L9961 .5314 4256

1/20 1.899 1.975 1.058 1.057
2.523 1.983 . 8437 .7306

2.017 1.076 1.359

AA21056 .01 . 7505 .8057 L4048 2159
.9617 .3291 .5624 L1974

.5797 .7043 .2226

| 1.429 .2821 .9888 L2441

1.795 1.249 L6612 .3204

1.370 .6161 .3029

1.0 2,138 L3366 1.50 . 5982

2.132 L7439 . 7802 L4584

1.221 1.024 L4850




Motor No

AA21072

AA21082

1.0

.ol

o1

TABLE A-8 (cont)

40

L71h8
4522
1.694

1.153
1,427
1.433

2.944
2.440
1.873

.8925
.6074
lost

1.8“
2,206
1.514

2.173
2,268
2.768

Temp
L2059 . 5494
.336Y . 6086
L4948
.2950 .6032
1.071 .8611
1.223 .4602
1.271 1.141
.3620 1.108
.558) 1.158
.6917 .4680
966" . 5640
1.437 4770
1.238 8456
.966 : 5796
.6917 1.027
4675
1.995 .7611
2.021 . 7413
2.097 .8718

100

L2729
.2560
L2775

. 6452
.4383
.3489

. 7267
. 7594
.6026

.1945
.1333
. 2403

.5614
L4219
4073

.8142
. 5493
.4509

S
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fop shows liner 0.2 in from bond line after milling

) 1
ond Line peror« nmiiling

imens show irregular

FIGURE A-2




All specimens show irregular bond line

All specimens show irregular bond 1ine

FIGUPE A-7




TABLE A-11
dYDROSTATIC SHEAR

- Time-To Type of Failure %
Motor Nr. © Stress Failure Pl B2 CPP CPR

—

AA21008 o ¢ .223 sec 25
: 144

.209
.221
.159

.09
.135

AAZIOL8 .135

AA21032 ' .169
: .09

AA21053 - LX60
A
.243

AA21056 -208
it .208
.167

AA21072 3 ; .157
.215

AA21082 i 142
.179
.186




TABLE A-i2

CONSTANT LOAD SHEAR

Carton Nr Actual Time-To Type of Failure % 1
Lot Nr Stress psi  Failure, Min | SR | or o L r ‘
AA21008 60.89 .35 50 50
i Lot 052 60 .64 15 95 5
i 41.57 5.7 5 5
i 41.76 3.2 2 98
1 19.99 20190 2 98 i
1 20.09 900 109 |
i |
1 AA21010 60.64 .075 25 75 ?
g Lot 050 60.89 .067 20 80 ;
1 41.74 4.45 10 90 |
41.57 3.28 1 15 84 ‘
AA21015 60.64 i 25 75 |
Lot 050 60.99 .44 15 1 84
42.19 .32 50 1 49
41.73 3.75 20 3 79 |
AA21018 60.45 .07 80 20 i
i Lot 049 60.16 ¥ (00
41.83 .13 95
41.92 % 90 10
19.89 2490 20 80
19.96 627 50 50
1 AA21032 60.64 .12 40 60
: Lot 052 60.89 .13 60 40
’_ 41.76 1.87 3 35 62 |
! 42.14 1.6 2 40 53
{
| AA21053 60.64 .05 30 70 '
Lot 054 60.89 .08 10 20 |
i 42.19 " | 20 80 B |
{ 41.73 .5 10 90 m |
| {
AA21056 60.89 .23 80 26 | 4
Lot 050 60.64 .06 90 10 |
41.57 1.4 70 30 f
41.76 0.03 30 0 !
18.65 2189 20 80 J‘
. 18.69 2949 30 70 ;
AA21072 60.89 0.1 95 5 i
Lot 053 60.64 .25 98 2 {
41.57 2.88 95 5 1 |
41.76 5.07 80 20 I 1
19.99 2430 60 40 i |
20.09 18600 Discontinued | |
A-27 1 4
1
|




TABLE A-=12 (cont)

8

i CONSTANT LOAD SHEAR
Carvtum Nr Actual Time-To Type of Fallure % !
Lot N Stress psi Failure, Min Pl B crp CPR v
AA21082 60.64 .14 1 80 L9
Lot 054 60.89 .11 90 L ; 7

41.76 .14 1 95 1 )

41.57 2.1 1 85 L |
|
|
|
|
|
|

T AT BT Nt (- B D B



T —
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‘ TABLE A-13

CONSTANT LOAD TENSILE
’ Type of Failure %

Carton Nr Actual Time~To
Lot Nr Stress, psi Failure, Min ) 3% R2 CcpP CPR L T
’
AA21010 59.73 56 15 85
Lot 050 59.91 94 5 50 45
! 41.11 4613 20 80
. 41.19 1759 25 75
: AA21015 59.73 1.4 100
f Lot 050 59.91 2.7 45 55
a4 41.16 1349 80 20
} 41.19 72.4 95 5
‘; AA21018 59.73 .68 2 78 20
, Lot 049 59.91 .22 75 3 2
: 41.28 6.1 80 20
41.54 12.8 30 70
AA21032 59.73 217 5 40 55
13 Lot 052 59.91 1.4 60 40
| 41.25 19.7 2 58 40
4 41.35 10.5 75 25
¢ AA21053 59.73 .05 20 20 60
} Lot 054 59.91 .08 10 40 50
| 41.25 4ok 20 10 70
HE 41.35 13.7 10 20 70
b AA21056 60.45 7.8 95 5
Lot 053 60.16 1.75 95 -
: 41.83 207 60 40
41.92 1 S Y
i AA21072 60.45 18 99 1
i Lot 053 60.16 .03 100
4 41.83 906 95 5
] 41.92 972 29 30
; 19.89 10254 Discontinued
a7 19.96 10254 Discontinued
i |
: AA21082 59.73 1.6 60 40
Lot 054 59.91 4.8 40 60
43 41.28 169 5 40 55
e ° 41.54 81 5 70 25
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