
ALIS 76 J * moesai
UNCLASS1F1CD M*$4CP~4Qfl7U 

___

w -

END
bAn

Fl u b

I 2_78
bbc

A l

/



I .0 ~ Il1Il~!~ IHH~
~~~~

I . I ~~~

IllP~1.25 ififi I .4

MI( .I” ~~ 1 ,I ? I I  ( .I1A I~ I
I i i J f ’ I h I i  /.



G LEYEL~HEADQUARTERS

OGDEN AIR LOGISTICS CENTER

UNITED STATES AIR FORC E

HILL AIR F(~~CE BASE, UTAH 84406

Q U A L I F I C A T I O N  OF A N E W  M A P O
S O U R C E  A N D  E R L - 51 0 C U R I N G  A G E N T

FOR M I N U T E M A N  S T A G E  I UF-2 1 2 1 L I N E R

CD
C-)

I-.’—-

PROPELLANT LABORATORY SECTION

D D C
1ii\1?(~~Pfm 111?

~W4~P REPORT OCT 16 1978
~~ 401 (78) tllltSU~J1.btiU IS
AUGUST 1978 / 

B

APPROVED FOR PUBLIC RELEASE , DISTRIBUTI ON UNL D~ITED

• 78 10 1( 089



MANCP REPORT NR 401. (78)

(0 
~~JALIFICATION OF A NEW MAPO

SOURCE AND ERL-51Ø CURING AGENT

I FOR MINUTEMAN STAGE 1 tJF—2121 LINER #

Author 

O2±il±i_L_ O) k y U i ~J~~~~~

~~~~~~~~~ A~~~~~~~~~ N t  

- 
- .

— 
~~~~~ nit

~ F-
ng1 ritt~~E ’fftT~~I~a Review By

/ / /
“— ~~ 

/ — ‘ ‘

-JOHN K. SCAM BIA , Project Engineer DAN L. PETERSEN , Matheniatician
Service Engineering Da ta Analysis Uni t

Recommended Approval By

2 / __J, ~~
~~~~~~~~~~~~~~~~~~~~~~~~ 7/. ~~~~~~ - ~~ ~~~~~~~~~~~~~~~~~~ ~ V~ 

-~-‘2~ 7Z~
LEONIDAS A. BROWN , Chief RONALD F. LARSEN , Chief

Component & Combustion Test Unit Physical & Mechanical Test Unit

Approved By 1

~/~~~~~t T’CJc~~LDON F. WOODS, Chief
Propellant Laboratory Section

DISTRIBUTION STATEMENT A

~~~E~iii ~~~~~~~~~~~~~~~~~~~~~~

Industrial Products & Ldg Gear Division
Directorate of Maintenance
Ogden Air Logistics Center
United States Air Force

Hill Air Force Base, Utah 84406

~~~~ 

-

~ 

.
~ f~~ (Th

4 : 4 ,  ~—~~~~ ‘

— 
~1 .~~ 91 

-~



ABSTRACT

Thiokol Chemical Corporation/Wasatch Division uses MAPO in the pro—

duction of UF—2l2l liner. Thiokol changed MAPO vendors and , therefore ,

qualification of the new source MAPO was required .

Thiokol prepared specimens from the new source and also specimens

from the original source which are to be used as the control material

in the 10 year surveillance testing program . The specimens were trans-

ferred to Ogden ALC for testing and reporting of the data obtained .

This repor t includes the test results for  the f irs t, second , third

and fourth time testing of the control and special specimens at Ogden ALC.

In all instances, the mean data for the control and special specimens

are well above the minimum requirements found in TWR—7857 REV A , Thioko l

specimen data. Therefore, the capability of the liner from the new source

material is expected to perform satisfactorily .
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INTRODUCTIO N

A. PURPOSE:

Quality assurance testing of specimens prepared from the new source

of MAPO to assure that liner material for First Stage Minuteman Motors

will perform as predicted.

B. BACKGROUND :

*Tris [l—(2 methyl) aziridinyl) phosphine oxide (MAPO) is used as a

curing agent in the Minuteman Stage One UF—2121 liner. MAPO was produced

by Immont Chemical (Innnont) and shipped to Arsynco Incorporated (Arsynco)

for purification and marketing. Immont sold the production rights for

MAPO to Arsynco and terminated the production of raw MAPO in 1972.

Since MAPO is a critical ingredient in UF—2121 liner formulation , the

source change for the manufacture of MAPO was considered a serious change .

Therefore , i t was necessary for Thiokol to conduct qualification testing on

Liner material using MAPO manufactured by Arsynco before it could be con-

sidered acceptable for use in Minuteman Stage I UF—212l liner.

ERLA—500 was the qualified epoxy curing agent used with MAPO in the

UF2121 liner. Union carbide terminated their process for ERLA—500.

ERLA—510 used In similar liners (i.e. TJF—2137) w~s substituted for ERLA—

500 and qualified with MAPO from the new source.

The test conditions and test methods are shown in Table I.

*TI~R_7857 Rev A Report , J. W. Rabern
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Qualification testing was performed by Thiokol and reported in TWR—

7857 Rev A. In addition, specimens were prepared by Thiokol from the new

vendor ’s material and from the old source material for a “follow on” test

program. These specimens were then transferred to Ogden ALC for a contin—

uing surveillance test program designed to cover a ten year span. The

material from the old source will be used as the control samples.

The ten year sampling plan is shown below. Those specimens identified

for  the four th year were tested at this test period . The types of speci-

mens are Disc (steel/liner/steel), Cup (steel/liner/TP—Hl01l), and Peel

(broadclo th/liner/TP—H1O11). For the disc specimen ,the adhes ion between

the liner and steel is the critical factor. For the cup specimen, the

adhesion between the propellant and the liner is critical. For the peel

specimen the propellant to liner peel strength when pulled at 1800 is

critical.
TEN YEAR CONTINGENCY AGING SAMPLE CODINGStorag e

Age Temp Disc (Sample Nr) Cup (Sample Nr) Peel (Samp le Nr )
(°F) Control* Special** Control* Special** Control* Special**

1 75 1— 6 181—186 61— 66 241—246 121—126 301—306

2 75 7—12 187—192 67— 72 247—252 127—132 307—312

3 75 13—18 193—198 73— 78 253—258 133—138 313—318

4 75 19—24 199—204 79— 84 259—264 239—144 319—324

5 75 25—30 205—210 85— 90 265—270 145—150 325—330

6 75 31—36 211—216 91— 96 271—276 151—156 331—336

7 75 37—42 217—222 97—102 277—282 157—162 337—342

8 75 43—48 223—228 103—108 283—288 163—168 343—348

9 75 49—54 229—234 109—114 289—294 169—174 349—354

10 75 55—60 235—240 115—120 295—300 175—180 355—360

* Liner mix A73—l1846 — control or old MAPO source material

** Liner mix A73—1l810 - Experimental MAPO

— 2 —



TABLE I

Test Conditions and Methods

G085 Spec To tal
Confi g— Spec Per Number Test

Group Test Condition uration Code Cond of Spec Me thod

Bond in Tensile CBS 0.5 in/ Discs TV Control 12 A
Tension Adhesion mm , Chart 5.0 6
Disc 01/1127—3 in/mm , 500 Special

lbs full scale 6
load 77° F ± 2°

Bond in Tensile CBS 0.5 in! Cup TC Control 12 A
Tension Adhesion mm , Chart 5.0 6
Cup 01//127—3 in/mm , 200 lbs Special

full scale load 6
77° F ± 2 °

180° Tensile CBS 10 in/mm Peel TE Control 12 B
Peel Peel /7°F ± 2° 6
Specimens 01/1127—3 Chart 5 in! Spec ial

min 2 O lbs 6
full scale load

TEST CONDITIONS

A. Testing of tensile adhesion specimens was performed using an Instron
testing instrument. Properties measured were maximum stress to the nearest
pound and failure mode.

Steel disc specimens require a stress of about 240 psi. The recommended
initial full scale load is 500 pounds . This instrument setting should be
changed to ano ther setting if the f irs t reading goe s of f  scale on the high
side . If 500 psi is exceeded , then change the reading to 1000 psi fu l l
scale.

Cup adhesion specimens are tested with a stress of 200 lbs per sq inch : the
recommended full scale load is 500 lbs.

B. Testing of 180° peel samples was performed using an Instron testing
instrument. The physical property of the material to be determined was the
average peel strength to the nearest pound per inch .

NOTE: Thiokol ’s procedure for Testing and Laboratory Mixing of UF—2l21 Liner.
SLP 400 , 28 April 71.

— 3 —



STATISTICAL AN ALYSIS

UF—2l21 liner material is being tested under a ten year program to

determine whether or not differences exist between liner materials

manufactured from two separate sources of curing agent (MAPO). Test

specimens were manufactured in two groups; control , using original source

cur ing agen t, and special, using new source curing agent. The test specimens

for these two groups are of three kinds; disc, cup , and peel. For each

specimen type within each test group the sample test size is six. Laboratory

testing for four test periods or four years has been accomplished. Test

data for the years 1975, 1976, 1977 , and 1978 are in Tables 2 , 3, 4, and 5

and data columns are summarized using means and standard deviations.

To de termine any differences in da ta per taining to the two MAPO sources ,

statistical analysis should take into consideration the effect of differing

test periods or aging. Two factor analysis of variance was employed to

analyze effects pertaining to MAPO source and test period , see Tables 6, 7,

and 8. Hypotheses were made that the MAPO source has no effect on the data

and also that the test period has no effect. If a hypo thesis fails, then

it is termed significant. Analysis of variance indicates significant test

period differences in data pertaining to each of the three specimen types

while the MAPO source is only significant in the cup data, see Table 9. A

significant statement for interaction is given when the trend from control

to special data in one test period is opposite the trend found in another test

period.

— 4 —



With four test periods accomplished , regression plots (Figures 1 — 6)

were made to determine whether slope differences existed between control and

special test data. No differences between slopes were found . The regression

model Y = a + bx, using individual data points, was employed to evaluate

test results. The variance about the least squares trend line is used to

compute a tolerance interval such that at the 90% confidence level 90% of

the sample distribution falls within this interval. This tolerance interval

is extrapolated 24 months past the age point pertaining to the oldest motor

tested . The statistical significance of the slope of the trend line is

evaluated for each regression plot. If significant, it is an indication

that a change over time is occurring .

— 5 —



TEST RESULTS

The 1978 test data and the mean for the respective control and special

data is shown in Table 5. In addition, for  a convenient compar ison , the

1975 , 1976, and 1977 test data are included in Tables 2, 3, and 4 respectively .

A statistical analysis was made on the 1978 data and the two factor

analyses of variance are shown in Tables 6, 7, and 8. Significance at

the f ive percen t sign if icance level per taining to analysis of var iance

tables is shown in Table 9.

DISC:

No signif icant d i f fe rence  is shown for  variance in MAP O source with a.,

s ta t i s t ica l ly  s ign i f ican t  d i f f e r ence  shown for  test period and interaction

analysis (Table 9 ) .  For the year 1978 , the mean of the control  and special

data is 14.78 and 14 .50 kg/sq cm respectively.

The minimum specif icat ion requirement according to TWR—7857 Rev A is

12.30 kg/ sq cm minimum . As seen in Table 5 , MANCP ’s data  is well above

the minimum.

Regression curves for  the control and special specimen data shows a

statist ically significant  decrease (Figures 1 and 2 ) .  The slopes of the

respective curves show no statist ically signif icant d i f f e rence .

The failure mode for the control and special specimens was 100%

cohesive in the liner , except for one special specimen, which was 98%

cohesive in liner and 2% adhesive liner to disc.

CUP :

There is a statistically significant difference in MAPO source vari-

ance analysis and test period analysis and no statistical significance for

— 6 —



interaction analysis (Table 9).

According to ‘tJR—7857 Rev A Report, the minimum requirement is 4.92

kg/sq cm. The 1978 data means are 10.58 kg/sq cm for the control and 10.41

kg/sq cm for the special specimens.

Regression curves for the control and special specimen data shows a

statistically significant decrease (Figures 3 and 4). The slopes of the

respective curves show no statistically significant difference.

The failure mode for specimens tested in 1978, wi th respect to cohesive

failure in the propellant and adhesive propellant to liner failure, shows a

considerable difference in the respective percentage of failure compared

to 1977 data. The 1978 data are shown in Table 10.

The failure mode for the control specimens for 1977 was 100% cohesive in the

propellant. The special specimens were 100% cohesive in the propellant

f or fo ur specimens , 75% cohesive in the propellant and 25% adhesive

propellant to liner for  one specimen , and for the remaining specimen

90% cohesive in the propellant with 10% adhesive propellant to liner.

PEEL:

There is no sign ifican t d ifference in MAP O source and A and B interac tion

data between the control and special specimen data. A statistically

significant difference is shown for test period (Table 9).

Thiokol reported (TWR—7857 Rev A) 0.679 and 0.732 *kg/L cm respec-

tively for the control and special specimen mean data at age six months.

This compares with 1978 data of 0.976 and 1.015 respectively for control

and special mean data.

The regression curves for the control and spe~ ia1 da ta show a statistically

— 7 —



significant increase (Figures 5 and 6). The slopes of the respective

curves show no statistically significant difference .

The mode of failure was 100% liner to propellant bond.

* Kilograms per linear centimeter
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CONCLUS IONS

Based on this anlays is, there is no sign if ican t d i f f e r ence  between

MAPO sources pertaining to data for disc and peel specimens. There is

a statistically sign if i can t d if f e r ence  between the control and spec ial

MAPO source test data for cup specimens . This may be caused by an increase

in the cohesive failure of the propellant as seen in the failure mode.

For the test period analysis,a statistically signif ican t d if f ere nce

is shown in the test data for disc , cup and peel specimens.

The interaction analyses show a statistically signif ican t d if ference

for disc data with no significant difference for the cup and peel specimen

data.

In all instances , the mean data for the control and special spec imens

are well above the minimum requirements found in TWR—7 857 Rev A , Thiokol

spec imen da ta .  Therefore , the capabi l i ty  of the  l iner  from the  new

source material is expected to perform satisfactorily.

RECOMMENDATIONS

It is rc~conunended that the testing plan be continued to assure long

range capability of the liner produced from new source material.

— 9 —



TABLE 2

TEST DATA SUMMARY
JULY 1975

DISC CUP PEEL
Control Special Control Special Control Special

Nr Kg/Cm2 N r Kg/Cm2 Nr Kg/Cm 2 Nr Kg/Cm2 Nr Kg/L—Cm Nr Kg/L—Cm

1 17.085 181 17.225 61 241 11.601 121 0.6786 301 0.6786
2 17.507 182 17.858 62 11.812 242 11.601 122 0.6786 302 O.b965
3 17.225 183 17.015 63 11.741 243 11.531 123 0.7143 303 0.6965
4 17.929 184 16.944 64 12.163 244 11.671 124 0.7500 304 0.6965
5 17.366 185 17.436 65 12.234 245 11.390 125 0.7679 305 0.7143

~ 17.296 186 19.054 66 11.882 246 11.390 126 0.7858 306 0.6965

? 17.401 17.589 11.966 11.531 0 . 7 2 9 2  0.6965

S 0 .2943 0.7899 0.2191 0.1176 0.0458 0.0113

TABLE 3

TEST DATA SUMMARY
MAY 1976

DISC CUP PEEL
Control Special Control Special Control Special

~Ir Kg/Cm2 Nr Kg/Cm 2 Nr Kg/Cm2 Nr Kg/Cm2 Nr Kg/L-Cm Nr KgJL-Cm

7 15.116 187 14.483 67 247 13.288 127 0.9643 307 1.0536
8 16.311 188 14.905 68 13.710 248 13.710 128 0.9286 308 1.0358
9 15.397 189 14.483 69 13.640 249 13.640 129 0.9286 309 1.0179

10 15.960 190 14 . 765 70 13.007 250 13.077 130 1.0179 310 1.0358
11 15.819 191 15.468 71 13.148 251 13.359 131 1.1072 311 1.0536
12 14.554 192 14.765 72 13.499 252 13.499 132 1.0001 312 1.0358

~ 15.526 14.812 13.401 13 .429 0.9911 1.0388

S 0.6356 0.3633 0.3088 0.2354 0.0675 0.0134

NOTE : Kg/L—Cm — Kilogra ms per linear centimeter. Also, for the peel test the
results are in average peel.

— 10 —



TABLE 4

TEST DATA SUMMARY
APRIL 1977

DISC CUP PEEL
Control 2 Special Control 2 Special 2 Control  Special

Mr Kg/Cm Mr Kg/ Cm2 Nr Kg/Cm Mr Kg/Cm Mr Kg/L-Cm Nr KgjL-~m

13 17.155 193 17.436 73 9.281 253 9.140 133 0 .7322 313 0.7858
14 16.522 194 16.874 74 9.281 254 9 .070 134 0.7143 314 0.7858
15 16.874 195 16.944 75 8.999 255 8.999 135 0.6786 315 0.7858
16 17.015 196 17.366 76 9.281 256 9.140 136 0.7500 316 0.7143
17 16.874 197 17.015 77 9.492 257 8.367 137 0.7500 317 0.7500
18 16.874 198 17.015 78 9.281 258 8.789 138 0.6429 318 0.7143

X 16.886 17.108 9.269 8.918 0.7113 0.7560

S 0.2107 0.2337 0.1570 0.2994 0.0429 0.0352

TABLE 5

TEST DATA SUMMARY
JUNE 1978

DISC CUP PEEL
Control 

2 
Special 

2 
Control

2 
SpE.. tal 

2 
Control Special

Mr Kg/Cm Mr Kg/Cm Mr Kg/Cm Mr Kg/Cm Mr Kg/L-Cm Mr Kg/L-Cm

19 14.906 199 14.554 79 10.898 259 10.406 139 0.9109 319 1.0180
20 14.624 200 14.695 80 10.968 260 10.476 140 0.9823 320 1.0359
21 14.695 201 14.343 81 10.617 261 10.616 141 0.9466 321 1.0180
22 14.906 202 14.343 82 10.125 262 10.125 142 1.0002 322 1.0359
23 14.343 203 14.624 83 10.406 263 10.687 143 1.0716 324 1.0537
24 15.187 204 14.414 84 10.476 264 10.125 144 0.9466 326 0.9287

X 14.777 14.496 10.582 10.406 0.9764 1.0150

S 0.2898 0.1503 0.3166 0.2391 0.0561 0.0444

— 11 —
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TABLE 9

SIGNIFICANCES AT THE FIVE PERCENT SIGNIFICANCE LEVEL
PERTAINING TO ANALYSIS OF VARIANCE TABLES 6, 7, and 8

Test MAPO Source (A) Test Period (B) A x B Interaction

Disc NS S S

Cup S S MS

Peel MS S MS

NS No t Signif icant
S = Significan t

— 15 —
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