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AB STR ACT

This report contains test results from testing of Minuteman III,

Stage III propellant manufactured by Aerojet Solid Propulsion Company and

Thiokol Corporation , Wasatch Division. These results are compared

statistically with propellant of similar ages from Minuteman II Stage II.

Regressions are given for only statistically significant parameters

from very low rate tensile, high rate biaxial tensile under pressure,

stress relaxation and thermal coefficient of linear expansion tests.

There are some significant regressions in each of these tests.

Case liner bonds also show significant changes which are potentially

life limiting.

Significant changes in other parameters may be the result of limited

testing, both in numbers and ages.

Ana lysis of covariance for test data from lined and unlined cartons of

Stage II and Stage III propellant and for the four tests listed above

a re given in the statistical appendix.
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b~ CT10\ I
INTRODCCTION

A.  ?ng PO sE :

~‘~ e purpose of testing ANB—3066 propellant , used in MinutEman II

dno >dnuteman III Stage II and Stage III, is to monitor and

cV~ iU~ite aging effects on this propellant which w~I1 contribute to the

operational motor serviceability prediction. Testing was performed

ac~nix-o1ng to General Test Directive GTD—2C , Amendment 1, and ~~WR

Project M83257C.

B. BACKGROUND :

Service life testing of ANB—3066 carton propellant from Aerojet

production began at Ogden ALC in 1966. When production for Minuteman 711

Sz~ ge II was transferred to Thiokol, the propellant samples from both

Aerojet and Thiokol were tested. As lined cartons were producea these

also were tested, adding propellant liner bond specimens to the program .

inn  current report contains data from all these sources for propellant

aged 13 to 72 months.

Failure criteria for ANB 3066 propellant which were developed from

structural stress analysis are reiterated in Aerojet Report 0l62—O6SAA S--_7.

Inner bore hoop strain failure is the predicted failure mode. These

criteria are shown in Table 1—1.

1—1
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SECTI 5N 17
TEST PROGRAN

Cartons representing raw material combinations were subjected to

random selection process designed to test all mntarial lots within u

year—four test periods interval. Wnen propellant cartons have been a~-

one year , they are added to the test program.

Propellant cartons are identified by source of manufacture. Stage Ii

and III propellant manufactured by Aerojet Solic Propulsion Cor~pany is

identified as ANB and MA respectively . Thioko L Company Stage UI

propellant is identified as ANT. All regressions used this nomenclat~:~.

and the aoditional information as to the type of carton, lined or unlined.

Symbols identifying the carton types are given in Table 2—1.

Stage II ANB—3066 propellant has been tested for more than 70 ycaru ,

bu: in this report only propellant up to 72 months has been use~ in

covariance analysis to coincide with the age spar. of Stage III propei7~~.t.

Lined and unlined cartons of MB have been combined in regression a~~7y~.i~

f or comparison purposes and cover tne tine span from 13 through i37 rn~— n :.~~.

The ~hysica1—mechanicai tests wnich rL7 ~~te c. rect ly to s~ r~~~s

analysis are limited. Very low rate tensile test is related to stora~~

conditions , and high rate rails tested uneer pressure relate to igr.Lt~~~..

Stress relaxation modulus also relates to storage conditions . Tnerr5ial

coefficient of linear expansion reflects some of the thermal btresses

to which the motor is exposed.

Low rate uniaxial tensile tests and hardness are routine tests for

all propellant . The data from these tests do not relate to ~.tructural

2—1
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ar.alysen. Poisson ’s ratio and cohesive tear encr~y tests have been

applied to onl y a port ion of the cartons. The data from these tests

have not been subjected to statistical analyses. Test data for all these

tests appear similar to previous test data. All these data will appear

in subsequent reports.

TML~ 2 — 1
PLOT SY~~OL LEGEND

Symb ol Carton Type

ANA Unlined

MB Lined

AKB Unlined

0 ANT Lined

ANT Unlined

- - 5. .5 - .5 - 
~~~~~ ~~~~~~~~~~~~~~
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SECT7L)~ I~~STATISTI CAL SU~~4AR7 AN L C G L ~~ Un~

Data analyses of all propellant tested by MANC? having the  AN~

3066 formulation are contained in this report. ANB 3066 propellant

is divided into three groups, each group pertain ing to a specific roc~ n L

niotnr ..ppiication. The three propellant groups are designa~~d ~~fl this

report by a three letter code as follows:

Code Manufacturer and System ~~iicatio:~

MA Aerojet: MINUTEMAN Ill, Stage Ill

MB Aerojet :  M1NUTFYAAN II , tt a~ e Il

ANT Thiokol: MIN JT~ ’1AN III, Stage III

PropelL~nt specimens for the MA group were taken from unlined

cartons. Specimens for the ANB and ANT groups we:e taken fr or~ unlinee

cartons and also from cartons having a simulated case liner ~ iou~ one

surface of the carton. Each propellant group is further sub—divide~

into propellant lots.

Laboratory test data were studied to determine if lined cartons

differ from unlined cartons. The data were also examined to determin~

if the propellant groups (MA, ANB and ANT) differ among themselves.

The following comparisons, as directed by the project engineer, were

performed to satisfy periodic service life estimate requirements:

1. Compare lined and unlined cartons of MINUTENAN I I I  State III

propellant manufactured by Thiokol (ANT propellant group).

$ 2. Compare Aerojet Stage II lined cartons (MB propellant group)

with Thiokol Stage III lined cartons (ANT propellant group).

3. Perform joint comparisons for unlined cartons from MA, ANB

and ANT propellant groups.

3—1 
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4. Perform lot—to—lot comparisons for unlined cartons from MA,

MB and ANT propellant groups.

5. Perform lot-to—lot comparisons for lined cartons from MB and

ANT propellant groups. (Lined cartons are not available for ANA

propellant) .

Propellant age is considered a possible source of bias ~~ aboratc5: ’

test data. That is, part of the observed differences in a g~verA test

response might be ascribed to propellant age. because of the possible ._ge

effect it was necessary to provide a means of analysis where the bias, ~r

age effect, could be removed allowing an unbiased evaluation ~f the tr ~~L

parameter response.

Analysis of covariance was chosen as the method to detera.~ne the

or “significance” of propellant age on the rest response. Th. general

linear regression model, Y = a + b (X~~) ,  is modified for the analysis ~1

covariance by introducing a “correction term” irtn the model to adjust

the data for the average effect of the variable X ... Propellant age w~~

assigned to the variable ~~ in this report. The F ratio for determin~,

the significance of the propellant age is shown in Tables A—i thru A—74.

Similarity among carton types and among propellant groups was deter-a~ncd

by comparing regression lines for each of the data sets. The purpose w~~

to examine whether the linear regressions of the test response on

propellant age could be regarded as the same. It is possible for the

regressions to differ in slope, intercept or residual variance. Differences

due to slope could indicate dissimilar aging characteristics among groups

while differences due to intercept could indicate bias among the data ~ets.

3—2
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When t~~c rc~~resbion l i n~m were s t e t i s t ical~ y HLm~ iui (s iu pes .~ac

we re not s1~ n i t i c a n L I y u i f f e c e n t )  the data sets were acce?ted ~ b oc ing

and were combined to provide an expanded data base. A “total’ or compos.t.~

regression line was then used to estimate the aging trene for ~~ comb~~.~ u

data.

Inc results of the analysis of covari~nce Usca in mating ~~~~~~~~~

5raup comparisons (previously u~ scus.~ed on p. 3—1) are su~~~ar~.zeu ir,

Tan e A—A of toe appendix and as follows:

~‘I iined and unlined cartons are si~nificant1y cifferetr f u r  ~~~

un servea LL St parameters.

a . AN~ anu Ai~T lined ca r tons  are sfgn .Lficant ~ y n i f f er e n t  ~~: a~~ ~~~~~~

ters cxc e~~t mocuj u s  un very low rate tens~~~ ~2 x 10~~ _n, ~~n .r —

~CO~~ s~~ec u) .

~~~~~~~ conpur i sons  of ANA , A~~ , and ANT un1~~rie e e ar t u h ~ . 5 O~~.-~Le

~~~~5t toe cnree groups are significantly ~1iffe renr for 5i~ obu .rved L e u .

parameters.

a. The individual propellant lo ts are signi1~.cantly different (wit.~

re spec t  to the observed test data)  for  unlined c.~r~ ons from ~~~~~~~ A\a ,

ANT propel lant  groups.

e . Individual propellant lots are significantly dif~erer~r tar

cartons from MB and ANT propellant groups.

Anal ysis of covariance tables inc luded in the appendix nay un cohs~~~5.ca

f or information relating to specific F tests used in the above comp~ ri...u~u~.

ANb 3066 propellant exhibits incomplete curing and incor~ istent ~~~~~

results if aged ices than 13 months . All data aged leas than i3 montns

was excluded from analysis in this report.

— . —&~~~~
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In those cases where test data f r uin v ar iou s  c a r to n  types : prcpc~~~~:.~

groups could be combined , Plots of the combined ciaca and regression i i r~~.~

are provided . Carton types or propellant  groups are d i f f e r e nt i a t e d  on

these plots with  d i f f e rent p lo t t ing  symbols .  These are shown in the

appl icable test sections. In addition to t~ ic comb ined regres~~ om p lo:s,

p lots of individual group regression liaes nave been provided :~ r eaco

test pa rameter where the regression slope is s t a t ist i c ai l y si~ n~ f i c u n : .

The results of the linear regression :lnaLysi s  ure  summar~ eeu ~~1

Table 3— 1. From this table , several conclus ions can be drawn .

1. Very low ra te  tensile:

a.  There is a singi f icant  increase in maximum stress for ~l1

types of AN~ 3066.

b. There is a si g n i f i c an t  decrease in sLr.~~ r. at rupr~~re for

lined cartons but a singificant increase in unlined c . cLcns

except for  A~NA which showed no change .

c .  Toere is .~ signif icant 1nc:e~, ~~ mocu~ us for A.’..~. 1~~ea a~a

AN’; l ined  and unl ined car tons .

2. ~kgh rate triaxial ( ra i l s  under 600 psi N - ) :

a. There is a significant l O C F e d Se  in maximum stress for all

types of cartons except MA.

b. There is a s ignif icant  decrease in s train at rup ture  for  ANT

lined cartons.

c. The re is a s igni f icant  decrease in modulus for AN~ and MB

unlined cartons .

3. Stress Relaxation Modulus:

There is a significant increase in stress relaxation modulus

3—4
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for .-\~A and AN L~ unlined eartuas and ANT lj~~eo ca :ton~,, ~neic. t.,

i a c r e~~sed hardness in the  p r o p e l l a n t .

4. ‘rci.ci:

a. There is a s ign i f i can t  increase in TCLi above gla.~~ po int

exc ept fur lined cartons of MB.

b. Inere is a significant uccre~~~ in glass point ~~ a1~. Pu’~?

ca rt o n s  ama an increase for  ANB un~~ineu cartons .

5. Case L ine r  Bond Specimens:

~.n~ ccfnce tensi le  and shear specimens show signs of e.~r ly  ~ia:l. .

~r. some ~~~~~~ These lots stiil must he more f u l l y  cha ract e ri cco.

6. Test. .~ng Conclusions:

‘.~~~c .e~ :ing shows changes which are potentially iife—1irc~.:im~

th e  C~~sC o~ l ine r  DOnes. Other significant parameters may no , preacar 

~~~~~~~~ ~~nce tnere is the possibility that tne ananges ~re sigr.i~~ . .~ n:

of .~~ni:eu testing in numbers and ages.

3—5
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vi-.~.’: nu~ 1~ATL ‘n-, ~~~

m i s  tes t  uses a L/2 inch thick (1.27 cm) JLN .~AF oog~ uoc . I ae s . c_ n c ns

.,rc tCst~~ r~ ssoead speed of 2 x i o m in/.~in (8.3 x i U C ~~ / , CC)

Ye rv ~ow rate tensile testing is relatea to strain p~~) i t .5 ~or

- - 0 - .
c~ t 00

L~~rieu c~.:runs show a statistically signific~~n c decrease r~ s : racn

as shown ~n Fi~ ure~ 4—1 , 4—2, anci 4—3. The slope for m e  c zm.~~c

I ~~~~~ ser p~~~ s is less tn,in ior ~~~~ ~ioca carceoL. .,~1oue. Ln~~~:~ u cC- .

of A’ .L-
~ nod ANT show a si~ m~~iican t increase in strain at ruprur~ wltn ~~~

s l a p e  ~~ e.t1or for ANT than for ANB while MA does not show a si~nir ’~c. .~ .

c,’e. n~ e (r ’i gures 4—4 and 4—5) . Stra in  at rup tur e fo r  coaair ~~ linen an~.

uni~~neu cur:oas of ANB up to 137 months .-~.ows a s ignif icant  ~~ O~~SC ~~~~~~~~~~~

~4 ) u h  tne preponaer~ nce of unlined over l i n e c i  cartons (~~~~urn 4 — u ) .

.- , .xir .  stress shows a significant increase (i~i~ urcs 4—7 cLrou~ i . ~~
-

S~ o e s  f o r  ANf~ and ANT unlined cartons are stee)er than for .d~.-. ~.‘LZ ~

scCCpCst. S.opes for Alço and ANT lined cartons arc sir..tmar. Then ~~~~~ ..

non -uh,,iOeG cartons are combined th e  slope ~s ke~~. . tOa..  ~or •-u.h

~~ l:ncu ~~~ dreace: m an for A~d3 ii,~ed.

‘;~
-.~ re are three combinable groups for modulus, two or w~~ cn a~~Vc

si~ o.ficant increase. ANb unlined cartons and ~ “A unlined t.,CLUOS “~hL

combined do not show a significant trend Figure 4—13). Lir.~ c carter5.-, el

MB and ANT show a significant increase (Figure 4—14) as do unlined an,.

lined car tons of ANT (Figure 4—15). In tnis combined regres..iun th e

• and the standard deviation are larger than for dissimilar sources of ~~~~

4—1
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propei leon certons . T~~-re i- . a Si  , ,.o.~ mcnnt ~r~c:e5 - , i n  m-,uu1u: i0: ~~~~

cartons and A.\’I un i t h e c i  and I i:i.’Q cdrt ,.ns ~i
- .~~~urL-~~ 4—16 L..ru 4 lu)

‘
~Iie~ A4\IS lined cartons are com bined w~.th u~~ l ,,neu c~~i L O f l S , there Is nO

s i g n i f i c a n t  change (Fi gure 4— 19) .

From the unca cited , the similarity between Iin~ d cartons from dif.’e:, .m

source~, is greater than between unlined cartons frau cbe ~-m.rne a.~cn..act .r-.

A t least for very L O W  rate tensi i t-  test lr.g, ton concius4on m:.~..

?reparacion r~as a grea ter  in f luence  on dare than tdc sourac Of ale

is inescapable.

I
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SECTION V

~HIGH RATE TRIAXIAL

Thie ~est uses a 3/4 inch (1.9ca) CL rail, 5 inches (12.lca) long. The

specimens are tested on the MTS at a erosshea~ speed of 1750 in/n~in (74.OBcmJ

sec) with 600 psi (42]. 860 kg/sq m) nitrogen pressure. Strain rate is 1000

in/in/mm . This test ai~~1atea the condition of the motor at stage ignition.

Only lined car tons of ANT show a significant decrea8e in strain at rupture

(Figure 5—1) , No other types of cartons show a significant change , although

AN:3 lined and ANT unlined cartons have negative slopes and AM and ,ANB

unlined cartons have positive slopes.

Lined car tons of A~~ and A~T ah~ , a significant increase in ~~xiinum

stress (Figures 5—2 and 5—3). Unlined cartons of AN~ and ANT alBo show

S si&nificant increase (Figure. 5—4 and 5-5) . M~A, does not show a significant

change. Co~~o.Lte lined and u~ltnad carto~a of AN~ do not show a significant

chaugs

Ouly AWA and ANB unlined cartons show significant decreasas in modulus

~a.Pigures 5—6 and 5—7) .

5-~l
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SECTIU:~ VI

STRESS RELAXATION

An end—bonded 1/2” x 1/2” x 4” (i.27 x 1.J / x 10.16cm) is uscc4 on trie

Stress Relaxometer . The specimens are te~.i~ d -it ~~vin uif .~~.reI; L ccJlperCtC: ...s

to derive a master stress relaxation curve.

A strain of 1% at 77°F (25.0°C) was r.~ t .....:odu.te ir.to the 4.~r~~rac.

until Phase 3 of Minuteman III testing dnd “, ..j s~ B . t -r i e s  2 for 5-.inutelaan -

which has resulted in a relatively short time frame 3ur analysis. ..~rior ~

tnat time strains of 3% and/or 5% were used to form the Cat..i base.

ANA unlined cartons show a significant increase £fl re1axatio.~. modulus

(Figures 6—i and 6—2). ANB unlined cartons do not show a s1gniL.c~iAt cc.ac.~~

at 10 sec . but do at 1000 sec. (Figures 6—3 and 6—4). ANT ua;1~~ ed cartor. a~
not show a significant change.

When ANA and ANB unlined cartons are combined , there is no ~ .gnific.~nt

change (Figures 6—5 and 6—6).

There is no significant change for MB lin2d cartons. There is a

significant increase in relaxation modulus for ANT lined cartons (Figures ...--7

and 6—8). When all ANB is combined there is a significant increase in

relaxation modulus (Figures 6—9 and 6—10). The increase in relaxation

modulus is consistent with the increase in uniaxial tesile modulus and iC~

sec hardness exhibited by this propellant.

Master stress relaxation curves include lined and unlined cartons. T~~

curves are shown in Figures 6—il , 6—12 and 6—13. There is better agreement

between MB and AliT than between MB and MA. At lower test temperatures

differences are accentuated.

6-1 
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Gradient stress relaxation was run on mini—stress relaxation specimens

(0.1 x 0.5 x 2” specimens) at 1% strain and 77°F. Minimum stress relaxation

modulus is reached at 2.2 inches from the bond line (Figures 6—14 and 6—15).

It is apparent from the graphs that there is a sharp drop in modulus betwee..~

the first and second specimens. Several cartons had liner which penetrate .

several samples which caused much disparity in the data.
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SECTION VII

Therma l Coefficient of Linear Expansion

Ther ir..~ c .~~~ I :  ~c ien  of linear expansion (TCLE) .s rur~ u s1r & ,~ an ~~~~~~~~~~~~~~ ~~.
‘i

:r~ .-c ‘Iii CCCL ’  I)U;’a-)flL 9a -~~ T~A.  Tric specimen is a O.2ua,i’5 waf.,ir (.,~OC.~ C,) ~~~~~~

i ,  s . C O O 4 L ’ C ’ ’~
) —

* iG°C with liquid nitrogen then heat’C~ at 5°C/m ir5. The

~~~~~~~~ ( ,‘
~~) .s ’,~~ Ta-i~~E above glass point , (over the range —110°C L~’ ‘ -.O °C .i -~~

a~~~t,Crrr,iflL’(C, TCLE below glass point is not considered to be of va~~ e

s~ ress ar.~sLy sis.

AI’A (a O L ’S not show a significant change in glass point , but -~ a-i.~ a

i a - C~~ i;t iCCcrease in TCLE above glass point (Figure 7—1) .

Da ta on A~•z3 lined cartons was limited but TCLE above Tg showed a

significant increase (Fi gure 7—5).

A.\’i’ i~ n~ d a-C;~r tor~s show a s ignificant decrease glass poin: (i-’igu:e

7-c,) anc a s- .gn~ ficant increase in TCL~
’ bs~low Tg (FC~gure 7—7).

Al l  AN n ~
‘uows a significant decrease in glass point (Figure 7—ô) anc

..~ signiti’ ant a-iecrease i i  TCLE below Tg (Figure 7—9).

it  ~ s CC~~.4~) :,r.mt Lr~aC. t n a - C r L ’  £s much variation in ~‘~e caca bu~ a-a-,, the

a-,~ ta t..4sL’ t’x)ands there should ne greater consistency .
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