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FOREWORD 

Thl» document pre««nM  th« Motor Storage Studies Program Pl.n end  the 
Hercule» pUn for development of fellure criteria. 

The original authority and requirement»  for motor  storage studies 
were eatabllshed In Contract AF 0A(647)-243, Exhibit B.  paragraph UI.F.5, 
and Exhibit D, Section III, paragraph D.9; and as amended by CCN s No. 
108,   165, and 200. 

Authority for continuation of the motor storage program from 1 July 
1963 thru 30 June 19t5 I» given In Contract AF 04(694)-127, Exhibit A, 
paragraph D.9, aa amended by CCN's 201,  208, and 269. 

Authority for continuation of the motor storage program from 1 July 
1955 thru 30 September 1966 1» given In Contract AF 04(694)-544, Exhibit 
A, part VII, paragraph C, as amended by CCN No. 50. 

Thl» document oupersede« MT0-258-3A, Revision 1. Motor Storage Studies 
Proaraui Plan, dated 1 December 1964, and 1» pre»ented In two volumes. 
Volume I contain» the effort which was  transferred from Air Force Systems 
Conmand (AFSC)   to Air Force Logistics Conmand (AFLC)  in the transfer of 
engineering responsibility of Wing I thru Wing V.    Each test schedule 
Indicates the effort remaining as of transfer date,  1 October 1966. 
Volume II contain»  the effort which is  the responsibility of Air Force 
Systems Conmand (full-scale unit effort and materials unique to Operational 
Reliability Improvement  (OPRI)). 

Published by 

The Publications Group 
General Service» Department 

HERCULES  INCORPORATED 
Bacchus Works 

Magna, Utah 
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ABSTRACT 

The Minuteraan stage III motor storage studies are comprised of three 
major tasks: Motor Storage, Laboratory Support, and Failure Criteria Develop- 
ment, The program plan since Initiation In 1958 has been continually up- 
dated for AFBSD. In December 1965 Hercules received contractual coverage 
to divide the program plan Into two volumes, one volume to contain the 
effort for which the engineering responsibility la to be transferred from 
AFSC to AFLC (Wings I through V motors and components) , and the other vol- 
ume to contain the effort for which the engineering responsiblity will remain 
with AFSC after 1 July 1966. 

I.  Volume I f 
Volume I of this document contains  the history of the overall 

program and the effort required after transfer of enginetring responsibi- 
lities  to AFLC.    This volume contains  the AFLC portion of th« storage 
program plan,including the areas described in the following paragraphs. 

Wings I through V motor storage is primarily designed to demon- 
strate storage capabilities of the Minuteman stage III rocket motor.    To 
accomplish this, a total of 27  full-scale motors (IS Wing I R & D, 2 Wing I 
operational,  6 Wing II operational, and 4 Wing IV operational) were placed 
in storage under simulated operational environments,  conditioned,  Inspected, 
and static  tested after aging periods  from 1 to 10 yr. 

The Laboratory Support Program (Wings I  through' V component and 
material testing)  is designed  to predict the service  life of the Individual 
components and materials and ultimately the service  life of the stage III 
motors.    The study Involves  storing,  conditioning, and  testing components 
and materials used in the stage IXI motors,  Independent of the motors. 
These components and materials are stored under environments representing 
the conmon and extremes  of  the Minuteman Model Specification.    Resultant 
test data are analyzed and compared  to previous  test results  to ertabllsh 
the aging trends used for service life prediction as reported quarterly. 

The Failure Criteria Development Program has  been added  to  the 
original scope of the program to provide failure criteria  for Items tested 
in the Laboratory Support Program,    This criteria is essential  for making 
accurate and meaningful service  life predictions. 

2.      Volume II 

Volume II of this document contains the effort for which AFBSD 
will retain the engineering responsibility after I July 1966. This effort 
contains two Wing VX full-scale motors and Wing VI unique materials and 
components. The storage conditioning and testing of these Items is per- 
formed in a similar manner to those items being tested in Volume I. 

ill CHANGED I Jul" 1966 
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I SECTION II 

TASK REQUIRQIENTS 

I 

The talks set forth below represent Hercules'  Interpretation of the 
Motor Storage Studies Program Plan requirements stated In the work state- 
ment for Contract AF 04(694)-S44, Exhibit A, part VII, paragraph C and 
Incorporated CCN's.    The tasks are: 

(1) Prepare and submit for BSD approval, and maintain In current 
status,  the Motor Storage Studie« Program Plan (The program 
plan shall be published In loosel'.af form and shall reflect 
the actual work In progress as «tell as work planned.) 

(2) Continue the Motor Storage Studies Program, as described In 
this document 

(3) Develop failure criteria which can be used in conjunction 
with results from the Laboratory Support Program to predict 
the service life of the materials and subsystems which 
makeup the Nlnuteman stage III motor 

(4) Perform preliminary failure analysis Investigation on 
anomalies observed during the testing.  Inspections, or 
observations directed by this program plan (The preliminary 
Investigation shall be sufficiently detailed to define the 
problem, make a reasonable estimate whether aging It 
involved, and plan a comprehensive Investigation program in 
situations In which BSD concurs and where aging is a factor. 
The implementation of a comprehensive Investigation shall 
be subject to separate contractual action.    Reports con- 
cerning the investigation will be issued as part of the 
Surveillance Quarterly Report.; 

(5) Participate in the Hill Air Force Base  (HAFB) cooperative 
propellent test program 

(6) Support Surveillance Working Group (SWG) meetings 

(7) Evaluate and, where applicable, combine the results of the 
Ogden Air Materiel Area (OOAMA) storage program with those 
obtained from the Hercules' conducted R&D storage program 
to improve the accuracy of service life predictions and 
demonstrations 

(8) Assist OOAMA in analysis of the first five Minuteman stage 
III motor firings  to be conducted at the Lakeside Test 
Facilities  (FTM spare 4,  SD-22,  1A3,  1A7,  and one undeslg- 
nated motor to be tested prior to 1 October 1966) 

I 
1-3 CHANGED 1 July 1966 



(9)    Upon raquMt fro« BSD, furniih eoplM of «ny published pro- 
cadur« or ■paclflcttlon uaod In any phai« of tht work 
doscribad by thli docuaant 

L 
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SECTION III 

PLAN FOR ACCOMPLISHING TASKS 

A. PREPARATION AND MAINTENANCE OF THE MOTOR STORAGE STUDIES PROGRAM PUN 

Thl« document hat been prepared to describe the effort and rcipectlve 
reaponelbllltlea of AFLC and AFSC beginning 1 October 1966.    AFLC effort 
la outlined In Volume  I,  and the AFSC effort is shown  in Volume II. 

The aubmlttal of thla document partially meets the requirements of 
preparing and maintaining the Motor Storage Studies Program Plan.    The 
remaining requirement to maintain the program plan In current status will 
be accomplished by submitting change pages. 

The program plan will be updated as required.    Changes affecting pro- 
gram planning must be approved by the Program Contracting Officer. 

B. STORAGE PROGRAM CONTINUATION 

1. Overall Storage gryram Objectives 

The overall objectives of Hercules Motor Storage (Aging) Program 
are to evaluate the storage capabilities of the stage III Minuteuan rocket 
motor under environmental conditions representative of the operational 
concept and, ultimately,  aid In the prediction of the usable life of the 
operationally deployed motors.    Specific objectives of the program are to: 

(a) Provide the information required for predicting motor 
maintenance and replacement factors 

(b) Demonstrate  tue operational storage capabilities of 
the Mlnuteman stage III motors 

(c) Determine the factors which limit the service life of 
the motors 

2. Orientation 

The Hercules Motor Storage Program is divided Into two parts: 
Motor Storage and Laboratory Support.    An additional surveillance effort, 
designated as the extension program, has been Incorporated.    The new pro- 
gram is designed to extend the original surveillance teatlng to 10 years. 

The AFSC effort consists of the Wing VI full scale unit Motor 
Storage Program and the materials studied in the Operational Reliability 
Improvement (OPRI) Program,    The  testing and procedural details of these 
programs are given in Volume II of this document. 

1-5 



Th« AJTLC «ffort conslits of th« Wing« I through V material« and 
cooponant« and th« Pallura Crltarla Studla«.    The testing and procedurel 
detail« for thl« effort are given in Volume I of  thl« document.    The 
appendlxe« contain completed or dlacontlnued teat plan«,  the FSU grain 
dUaectlon procedure,  atorage motor Inapactlon records, and the program 
«pedal tooling requirement«. 

Th« basic plan for Implementing the «torage program 1« given in 
the following paragraph«.    A «umary of taaka completed i« given In 
Chapter 1, Section IV, of thl« document. 

3.     Mo log Storage 

The motor «torage effort conalst« of «torlng, conditioning, 
periodically Inapectlng, and teatlng 17 Win? I, 6 Wing II, 4 Wing IV,  and 
2 Wing VI «tag« III Mlnuteman rocket motors.    The V Wing I motor« Include 
the 2 «tage III motor« returned from Hill Air Force Baie (HAFB)  In January 
1965 from al««lle« 501 and 511.    Theae two motor«, «»signed to the program 
aa teat number«  1-5-21 and 1-5-22, are from the first Wing I operational 
motor« produced by Hercules.    The motor« are «tored at HAFB In Hercules' 
assigned building« for various «torage period« under environmental condi- 
tion« «imulatlng the hardened and dispersed conditions for the WS-133A 
Operational Weapon Syatem.    The detailed teat plan for inspection, storage, 
testing, and data reduction la given in Chapter 3, Section I.    A brief 
description of the «torage, conditioning,  and teatlng 1« given in the 
following «ubparagrapha. 

a.      Storage 

The subject motors were produced by Hercules Powder Company, 
Bacchus Work« (HPC/B), and deaignated aa atorage motors. 

The Wing I motor« were selected and assigned to the program 
prior to conrletion of production and were transported to the 1800 area 
at HAFB for utorage. When the motors were recalled to HPC/B for Igniter 
retrofit, simulated hardware was installed to aubject the motora to loads 
that could be expected In operationally deployed missiles. 

The Wing II motors were shipped to Plant 77, assembled into 
the missiles, and placed in the field for approximately 1 year.  When 
replacement motors became available, the stage III motor« were removed 
from the missiles on a normal recycle to 00AMA and assigned to the storage 
program. The motora were transported to HPC/B for complete inspections, 
and simulated hardware waa inatalled prior to returning the motors to the 
1800 area at HA7^ for storage. 

The Wing IV motors were assigned to the Storage Program 
limediately after production completion, simulated hardware was installed, 
and the motors were shipped to the 1800 area at HAFB for storage. These 

motors were selected from the first 24 motors manufactured. 
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The Wing VI motors (APSC responsibility) were assigned to 
the Storage Program prior to production. These motors will be transported 
to the 1800 area at HAFB for storage and returned to HPC/B for Installa- 
tion of simulated NCU's when tilts equipment Is available. 

Two Wing I motors «ere added to the storage program as the 
result of assigning missiles 501 and Sll to OOAMA for disassembly and 
shakedown testing at the Lakeside Test Facilities. Motors from the two 
missiles were replaced by motors SD-22 and FTM Spare 4. These motors will 
be used to test the new firing stands and data acquisition system at the 
Lakeside Test Facilities. Motors assigned to the storage program, ETP 
No. 1 and ETP No, 3, were returned to HPC/B, complete inspection was per- 
formed, necessary rework was accomplished, and the simulated hardware was 
installed. The two motors were then transported to the 1800 area at HAFB 

for storage. 

The motors were placed in temperature and liumldlty-controlled 
storage bays in vertical or horizontal position*. An initial visual Inspec- 
tion for defects was made and repeated every 2 months during storage. A 
log is kept of all inspection results. 

b. Conditioning 

Each motor is Inspected thoroughly after its scheduled 
storage to determine and document any changes resulting from storage.    The 
motor Is then subjected to transportation conditioning by means of an 
electro-mechanical vibrator. 

c. Testing 

The motor is re Inspected to determine and document any 
changes resulting from the transportation conditioning, and a Firing Test 
Plan Is issued. The motor Is instrumented, test fired, and given a post- 
firing Inspection to determine and document any aging effects revealed by 
the firing. The Wing I R & D and operational surveillance motor firing 
schedule is shown in Table 1-1. The Motor Storage Studies Program motor 
firing schedule is given in Volume II, Table 3-3. 

d. Reporting 

Reports are submitted after the firing.    All data generated 
during the life of the individual motor.  Including final firing data,  are 
analyzed and Interpreted to establish aging characteristics and storage 
capabilities of motors  in the operational environment. 

4,      Laboratory Support 

The laboratory support effort supports the Motor Storage Program 
by providing data on components and subassemblles stored independently of 
the motor under conditions which simulate conmon and extreme operational 
environments.    Separate testing of components offers the accumulation of 
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TABU l-l 

WIMG I K & D AMD OPERATIONAL SÜRVEILUHCE MOTOR FIRIMC SCHEDULE 

Scheduled Scheduled 

Motor Ho. Type Storage Period Testing Date 

243B-1-5-20* R&D 11 Dec 61 

243B-1-5-1* R&D 16 Mar 62 

243B-1-5-4* R&D 18 Jun 62 

243B-1-5-5* R&D 19 Oct 62 

243B-1-5-3* R&D 25 Jan 63 

243B-1-5-6* R&D 28 Aug 63 

243B-1-5-10* R&D 30 Apr 63 

243B-1-5-8* R&D 36 Jun 64 

243B-1-5-2* R&D 49 Dec 64 

Oper l Operational 45 Sep 65 

243-B-1-5-9 R&D 53 Mar 66 

Oper 2 Operational 48 Jan 66 

Oper 3 Operational 55 Jul 66 

XS-1 Operational 55 Jul 66 

XS-2 Operational 56 Aug 66 

243-B-1-5-12 R&D 59 Aug 66 
XS-3 Operational 57 Sep 66 

XS-4 Operational 58 Nov 66 

Oper 4 Operational 60 Jan 67 

XS-5 Operational 61 Feb 67 

XS-6 Operational 62 Mar 67 

Oper 5 Operational 66 Jul 67 

XS-7 Operational 66 Jul 67 

243-B-1-5-7 R&D 67 Dec 66 

XS-8 Operational 67 Aug 67 

XS-9 Operational 68 Sep 67 

XS-10 Operational 69 Oct 67 

XS-ll Operational 69 Oct 67 

243-B-1-5-21 R&D 71 Nov 67 

XS-12 Operational 71 Dec 67 

Oper 6 Operational 72 Jau 68 

XS-13 Operational 73 Feb 68 

XS-14 Operational 74 Mar 68 

XS-15 Operational 75 Apr 68 

243-B-1-5-22 R&D 76 May 68 

XS-16 Operational 77 Jun 68 

XS-17 Operational 77 Jun 68 

XS-18 Operational 78 Jul 68 

Oper 7 Operational 79 Aug 68 

XS-19 Operational 80 Sep 68 

XS-20 Operational 81 Oct 68 

243-B-1-5-14 R&D 81 Nov 68 

XS-21 Operational 82 Nov 68 

XS-22 Operational 85 Feb 69 

XS-23 Operational 86 Mar 69 

XS-24 Operational 87 Apr 69 

243-B-1-5-15 R&D 88 Jul 69 

243-B-1-5-U R&D 96 Apr 70 

♦Fired by Hercul es at Bacchus 
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data not available from study of the complete notor due to Inaccetalblllty 
of many conponenta and the comparatively narrow scope of testing environ- 
ments. The program uaes a comprehensive variety of operational environ- 
ments In order to Isolate Individual environmental effects and to Identify 
conditions which might reduce the usable life of the deployed motor with 
time. Component service life values are predicted by extrapolating trends 
observed In component data. These predictions are an estimate of the time 
a component can be stored and still perform the function for which It was 
designed. The motor assumes the service life of the non-replaceable weak 
link component. 

Subassemblles and components subjected to storage» inspection, 
conditioning, and testing are described by a series of individual studies. 
These studies presented in Chapter 2, Sactlona I through XIII. are: 

(a) Igniter 

(b) Igniter pellets 

(c) Thrust terminator arm-diaarm switch 

(d) Nocsles 

(e) Propellent 

(f) Case bond system 

(g) Spiralloy caae 

(h) Frangible sectors 

[i) Internal Insulation 

(J) Pressure seals 

(k)    External insulation 

(1)    Adhesives and potting materials 

Similarity of Wings I through VI motor configurations haa allowed 
certain Wing I laboratory data to be equally adaptable to other wings. 
To simplify the program and to reduce material and manpower costs, these 
data have been uaed whenever possible. 

Items rejected by Hercules'  Receiving Quality Control  (RQC) which 
will provide sufficiently accurate data waa uaed whenever possible. 

5.      Laboratory Support Extension 

The initial planning for the Laboratory Support Program called for 
3-year testing of Wing I components and 5-year testing of Wings II through 
VI components.    This initial planning was based on the respective 3- and 
S-year motor life criteria, established during the R & D Progrma for Wing I 
and Wings II through VI configuration.    Since the time of initial planning, 
motor target life has been extended to 7 years for Wing I configuration and 
10 years  for Wings II   through VI  configuration. 
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Ihm Laboratory Support Extwuion Pi^gran WM daalgnad to update 
tha coaponant atoraga progran to conform with tha «oat racant planning tad 
to provlda data which can ba uaad to nor« accurataly pradlct aarvlcc 1 if« 
valuaa by aaana of layrovad failure crltarla. Tabla 1-1A datalla acbadule 
of taata froa tba beginning of tha program aa It waa originally planned to 
tha coapletlon of ihe progran. Including teata added aa a reault of the 
«stenalon. Additional wing coverage provided by the laboratory axtanaion 
prograai and the lead tlae gained or loat by adding itaaw, after originally 
eatabliahing the prograai, are ahown in Table 1-2. 

Saaplea to extend the program were acquired from FSU motor« or aged 
axceaaad materiala, or procured new from the vendor. Rubber, phenolic, 
propellent, and caae-bond ayatan aamplea are obtained by diaaection of 
aged FSU motore. There are five Wing I and one Wing II motora acheduled 
for diaaection aa ahown in Table 1-3. Detailed cutting procedurea are 
given in Appendix B. Table 1-4 liata baaic configuration of each motor 
aelected for diaaection. 

6.  Aaalvala of Data 

a. Motor Storage 

The data obtained from the periodic motor inapectiona during 
atorage at HAFB will be evaluated for each motor prior to atatic firing. 
Tha purpose of the evaluation la to determine the areaa which have experi- 
enced degradation and i*ich will require monitoring during atatic firing. 
Data developed from the Wing I atoraga motor atatic firing will be compared 
to PFKT data.    Wing II, Wing IV,  and Wing VI motor atatic firing data, and 
poatfirlng Inspection reaulta will be compared to data recorded on Wing II, 
Wing IV, and Wing VI qualification motora to determine degradation of the 
meaaured parametera of the aged motor. 

b. Laboratory Support 

Data generated from the Laboratory Support Program la used 
primarily to predict aervice life of aubayatena and componenta. It can 
alao be uaed aa an aid in performing failure analyala. (The term failure 
analyaia, aa uaed in thla document, la defined aa the proceaa of investi- 
gating an anomaloua performance to determine the cauae and the required 
corrective action.) 

The approach to be uaed for conducting failure analyala on 
surveillance itema la delineated in paragraph D. 

Tabla 1-5 liata major parameter« meaaured and indlcatea 
which are uaed, in conjunction with the appropriate failure criteria, to 
predict aervice life veluea. 
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Cuapünant  or  NatcrLaL 
Typ« 
T«Bt 

No.  of 
SpecInen 

1960 I9fcl 

[ Storage JFMAMJJASOND JFMAMJiASON 

Ignttar T«"p cond,   functional 
Tranaportailon cond.  x-ray 
Fit  cond. «-ray.   funct,   atatlc   fir« 
Flight cond,  K-ray,  dteaact 
X-ray 

37 

Nllura crltarU  atudy Static  teat  and dlaaactlon 17 

linltat 9 & A Tcnp cond.   functional 
Tramportatlon coi»d,   «l«ctrlc«l 
Fit cond.   functional,   atatlc  fir« 

28 

hllxa Fhyalcal & ch««lc«l  on "nav"  p«ll«ta 
Phyalcal & chawleal  on "old" pal Uta 

n witch        -5 
-5 
-9 
-9 
-11 
-11 

Tranaportatton vibration. «Uctrlcal 
Flight cond.   functional. d«atruct 
Tranaportatlo.i vibration.  «Uctrlcal 
Flight cond.   functional, daatruct 
Tranaportatlon vibration.  «Uctrlcal 
Flight rood,   functional,  daatruct 

11 

11 

24 

rranblbU aacCora                 Ulng  I 

Ulnt tl 

Tranaportatlon vibration «Uctrlcal 
Flight vibration 
Tranaportatlon vibration «Uctrlcal 
Might vibration 

120 

152 

11 

Hoaalta                                     Wins I 

Uinf II 

Praaailr« Uak, cold  torqua, MDT 
Hachanlcal cycla 
X-ray, dlaaaaaabla 
Hand cycla 
Fraaaura Uak, cold  torqua, MDT 
X-ray, dlaaaaaabla 
Hand  cycla 

16 

7 

Srlralloy 
Vaftr lap ahaar, Typ* 1   (cyl) 
Uyar lap ahaar.  Typ«  1   (cyl) 
Hatar Up ahaar.  Typ«   1 —t   (cyl) 
Uyar Up ahaar, Typ« 2  (cyl) 
Mal«r  »ottlaa 
Owa: .-d bottlaa 
Short (>•«■ ah««r  (lab) 
Dt>coac«d  NOL  rln»« 
Coatad 101. rlns« 
FS» G««a. Hing  I 
FSU  U & SBS,  Ulng  I 
rSU caaai. Ulng  II 
FSU  U & SBS.  Uing   II 
Failut« criteria ecudy 
Intarlaalnar   ihaar ring  I 
Intarlaalnar   ••>•■'  ring II 

Riyaicat 
Fhyalcal 
Phyalcal 
Riyalcal 
RTdroburat 
Hydroburat 
Fhyalcal 
Fhyalcal 
Fhyalcal 
Hydroburat 
Riyalcal 
Hydroburat 
Fhyalcal 

Phyalcal 
Fhyalcal 

260 
400 

21 
40 

704 
440 

72 
6 

272 
2 

368 

504 
440 

36   36  36                 36 

rropallant 

fallur« criteria atudy 

Phyalcal & chMlC«! 
Phyalcal & chaailcal 
Subacale atatlc 

94 
1816 

107 
l< 

12     2     13     2     15 
32  24  56   56   24  32   32       56  24  16 
41431641431 

FSU CraLn Dlaaaccion 

n 



TABLE  1-lA 

MASTER SURVEILLANCE  TEST SCHEDULE 

1962 1963 1964 1965 

M     J      .1      *      S     0     N     D jrHAMJJASOND JFMAHJJASOND JFMAHJJASOND jrMAHJJASOMD 

21 
1           4    2    1 

3                      2 
3    2 
2 

1 
2           6 

21 
1           4    2    3 

3                       2 
1 3    2 
2 6                                                2 

h  2                 8 8                8                8                 8 8           e           a a                       a 
i 

5 

6 

2 
2 

2 
2 

2 
2 

1 
2 

24 

34 
3 

3        10               10         11         69 
4 

112 

2    18                9         11         73 
2                       6    1 

13« 
s           a 

2           7                B          9         69 
1                 14                12 

120 
a                      a 

I«                 7          9        60 
113                                   6 

104 
a                       a 

16                                   4 
2 

8 

a                      * 
4                                2 

8                       a 
7 

a                      « 
4                                    2 

2 
a                        a               2 

1 
7                                   » 

36               36               36               36 

10                                   5 
32               32 
20               20 

36              36               36               36 
50              50               50 

5                                   5 
32               32              32               32 
20              20              20               20 

1 

50               50              50               50 

5                                   5 
32             32             32             32 
20               30              20               20 

a 

36  36 36               36               36 
36 

50                           40 

56  24 32  32       56  24  16 24 
3    16    4   14    3    14 

16    8 24 16        24    8        24    8    8 24 
314413316414 

8        24    8        24               16               16 
3    14    3    12                4                 2 2 

2                                   2 
171                               149 

1                 lit                 1 
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Coaponaut  or MttrUl 
Typ. 
Test 

»o.  of 
Speclnen 

Pieced  in 

Storage 

1966 1967 

J     PMAMJJASOHD JFMAMJJASOND J 

IIRlttr Teap cond,   functional 
Transportation  coiyd ,   x-ray 
Pit cond,  s-ray,   funct, ataclc  (Ire 
Plight   cond,  x-ray,  dlasect 
»-ray 

37 
1                                                               2    2 

1                  3 
1                                      1 

3                                                                   2 
1                       2                       II 

1                                    1 

Fallur* criteria  study Static  teats and dissection 11 3            1 3                  3                                  3 

linier  S &  A leap cond,   functional 
Transportation cond.  electrical 
Pit cond,   functional,  static  fire 

28 
3                                                               2    2 
1                  3 

3                                                                   2 
1                        2                       11 

Pcllttt Physical & chesilcal   on "new" pallets 
Physical & chenlcal   on "old" pal late 

8                                     8 
1                                      1 

8                                   8 
1                                    1 

TT iwltch         -S 
-S 
-9 
-9 
-11 
■11 

Transportation vthratlon, electrical 
Plight cond,  functional, daetruct 
Tranaportatlon vibration, electrical 
Plight cond,  functional, daetruct 
Transportation vibration, electrical 
Plight  cond,   functional, daetruct 

11 

11 

24 

1 

2 
9 
2 

12 
2 

Pruflbl«  ■•cfon          Wins  I 

Wing 11 

Transportation vibration, electrical 
Plight  vibration 
Tranaportatlon vibration,  electrical 
Plight  vibration 

120 

1!2 

3                              9         58 
6    14                  1                       2 

88 
8                                    8 

8        47 

13    5                                   6 
72 

8                                   8 

•OIIIM                     mm i 

Him n 

Pressure  leak,  cold  torque, NDT 
Hechanlcal cycle 
X-ray,   dlseeseisble 
Hand cycle 
Pressure   leek,  cold   torque, NDT 
X-ray, dlsaaaeabla 
Hand cycle 

l( 

7 

8                                     4 
4                                     2 

6                                     6 

6                                    6 

8                                    4 
4                                    2 

6                                    6 

6                                   6 

Splralloy 
Wafer lap ahaar,  Typ«   1  <cyl) 
Layer  lap ahaar,  Typa  1  (cyl) 
Watar  Up ihaar . Type   1 aat   (cyl) 
Layer  Up ahaar,   Typ« 2  (cyl) 
■afar hectlaa 
Ovalold bottles 
Short  h«a> ihaar  (lab) 
Uncoated HOL rims 
Coated HOL rims 
PSU caaas. Him  I 
PSU  LS i,  SBS,  Him   I 
FSU caaea. Him  H 
PSU LS & SBS, Wim  H 
rallura criteria  study 

Intertaalnar   shear  ring 1 
InterUalner   sheer  ring II 

Propel UIL 

Pallura  criteria   etudy 

Physical 
Physical 
Physical 
Physical 
Hydroburst 
Hydroburst 
Physical 
Physical 
Physical 
Hydroburit 
Phyalcal 
Hydroburst 
Physical 

Physical 
Physical 

Hiyslcal & cheMlcal 
Physical  &  chemical 
Subacale etatlc 

260 
400 

21 
40 

704 
440 

72 
6 

272 
2 

368 

504 
440 

94 
1816 

107 

28 

5 
32                32               32 
20               20               20 

8                                     8 
1     1                               1 

4« 32 

8    8                               8    8 

28 
28                                 28 

3 

32                                  32 
20                                 20 

8                                    8 

1 
32                                  16 

1 
8    8                              8    8         16 

12                           14                                  18 
12                                 84 

j 

2                                  14 
28                           208 84                           96 

1 

'SU itelo Olsssctlon 1 

It 
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TABLE  1-1A  (Cont) 

MASTER  SURVEILLANCE  TEST SCHEDULE 

1968 1969 1970 1971 

.1     J    A    S    0    »    D JPNAHJJAS01ID JFHAHJJASOND JFHAHJJASOND jrHAMJJASOMO 

2 

1            I 
I 

)                                                                            I 
11                           11 

1                                          1 

2 
2           1                 2 

1                                     1 

1 
2           1 

3 3     (1   unic  held for backup. 

2 

1            1 

3                                                                     1 
11                        1.1 

2 
2           1                 2 

1 
2           1 

8 
1 1                                     1 1                                    1 

7 
2 

9 
3 

J 
2 

6 

3 

8        47 

5                                  6 
72 

8 

5         37 
6                        3          4 

56 

e                        a 

2       20 
11                        3          6 

40 

8                                    8 

1 
12                i       a 

24 

8                      a 

1 
12 

6                                   6 

4 
2 

( 

6                                  6 

8                                    4 
4                                     2 
1 
6                                     5 

6                                    6 

e                       4 
4                                  2 

1 
5 

1 
t                                    6 

a                     4 
4                               2 
1 
4                                   3 

1 
9                                    i 

a                       » 
4                                   2 
1 
3                                   2 

I 
4                                    4 

28 
28                                28 

52 
20 

8 

16 

1 
8    8        16 

14                                18 
12                                84 

28 
28                                  2« 

3 

32                                   32 
20                                   20 

8                                    8 
1 

32  16 

8    8                               B               16 

12                              2                                    2 
84                                  28 

28 
28                                  28 

3 

32 
20 

S 

32 
I 

8    8                                               52 

2                                    2 
84                                 28 

28 
2a                     ia 

3 

32 
20 

a 

16 

8    8                                             16 

2                                    2 

84                                 28 

28 
28 

3 

32 
20 

16 16 

16 

2                                     2 

1 
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Cuaponcnt   01   Hatarlal 
Type 
Teat 

No.   of 
Specimen 

Placed   in 
Storage 

1972 1973 

J     PHAMJJAS0ND JPMAHJIASUNÜ J 

Ignitar Ta«p  cond,   functional 
Transportation cond, x-ray 
Fit   cond,   x-ray,   funct,   atatlc   fire 
Plight   cond,  x-ray, dissect 
X-ray 

37 

Fallura  ctttarla  itudy Static   teat  and dlsaactLon 17 

Iinltar  S &  A Taap cond,   functional 
Transportation cond,  electrical 
Pit cond,   functional,   static  fir« 

28 

Pallata Physical & chawlcal on "naw" pellets 
Physical  &  chemical   on  "old"  pallets 

TT  awltch            5 
5 

-9 
■9 
-11 
-11 

Transportation vibration,  electrical 
Flight  cond,   functional, daetruct 
Transportation vibration,   electrical 
Flight  cood,   functional,  daetruct 
Tranaportatlon vibration,  electrical 
Flight  cood,   functional, daetruct 

11 

II 

24 3 
2 

3 
3 

FTantlblt  aacton           Win«   I 

Hint  II 

Transportation  vibration,   electrical 
Flight   vibration 
Tranaportatlon vibration,  electrical 
Flight   vibration 

120 

152 
6                                       6 

Noailai                               Ulns I 

Wlng  II 

Pressure  leak,  cold torque,  (TOT 
Nechantcal cycle 
X-ray,  dleassembl« 
Hand cycle 
Pressure   leak,   cold   torque,   NUT 
X-ray,  dlsasaenbla 
Hand  cycle 

16 

7 

8                                    4 
4                                    2 
1 
2                                    1 

1 
3                                   3 

8 
4 
9 
1 

I 
2                                  2 

Splralloy 
Hafar   lap »haar. Typ*  1   (cyl) 
Laytr  lap «haar, Typ«  1   (cyl) 
Wafar   lap ahaar,  Typa   1 taat  (cyl) 
Layar   lap ahaar, Type 2   (cyl) 
Hafar  bottle. 
Ovaloid bottlca 
Short baa* shear  (tab) 
Uncoatad  MOL  rings 
Coated  NOL  rings 
PSU  caaas. Ulng  I 
PSU  LS i  SBS.  Ulng   I 
PSU  casas. Wing  II 
PSU  LS  6  SBS, Ulng  11 
Fallur«   crlt.Tla  study 
Intarlaainar  ihaar  ring   I 
Interlasilnar shear ring   II 

Physical 
Physical 
Physical 
Physical 
Hydroburat 
Hydroburat 
Physical 
Physical 
Physical 
Hydroburat 
Phyelcal 
Hydroburat 
Physical 

Phyaical 
Physical 

260 
400 

21 
40 

704 
440 

72 
6 

272 
2 

368 

304 
440 

24 
24 

3 

32 
20 

32 

24 
24 

3 

32 
20 

16 

Propallant 

PaLlurs  criteria study 

Phyaical & chemical 
Phyelcal & chenlcal 
Subscalc  static 

94 
1816 

107 

I                                       1 

PSU Grain  Dissection 

11 
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TABLE  1-1A (Cont) 

MASTER  SURVEILLANCE TEST SCHEDULE 

*7.l 1V74 IV75 I9;ft 1977 

J     J    A    S    0    N     Ü JFMAHJJASOND JFMAHJJASOHD JPHAHJJASO'NO JFHAHJJASOHD 

1 
2 3 

I 
?                                 2 

1 
1                                        1 

24 
24 

32 
20 

24 
24 

24 
24 

24 
24 

ADDED  1  July 1.966       1-10C 
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No.    of 

Typ« 
T«t 

Speclieen 
1960 1961 

PrOMlUnt-ta-llMr  bond       FSt)   I 

Storage J     F     K    A     M    J J     A    S     0 N    D J     F     M    A H    J     - A      S      U S      D )     F 

Physical & chMlcsl 180 

Phyalcal  4  ch.-lcal 8 

rsu ii Ftiyalcat  4  choiical 
Phyaltal  4 ch««lc«l 

186 

r«llur« crltarU itudy 
B SystM -1 Ptiyalcal 36 4     8     8     8 

-2 36 4    8    6    8 

-3 34 4    6    8    8 

.4 60 4    8    8    8 4 4 4 4 4 4 

. j 56 4    8    8    8 4 4 4 4 4 

-6 60 4    S    8    8 4 4 4 4 4 4 

.7 27 2 2    2    3 2 3 2 J 2 

-9 120 6 8    8    8 B 8 9 

-10 Ftiyalcal 59 3 4    4    4 4 i, 4 4 4 

cat« lond                                'H niyalcal 
4 

81 
84 

6 6    6    6 
6    6    6 

6 
6 

6 
6 

6 
6 

-13 172 

-IS (BSD  Effort) 128 

-17 (BSD  Effort) 120 

-18 (BSD Effort) 120 

-19 (BSD  Effort) 248 

-20 135 

-21 (BSD Effort) 141 

-22 Htyalcal                    (BSD  Effort) 138 

Inttrnal  IsauUtor                  FSU   I Ftiyalcal 
Subacala static    (Eroalon) 

96 
23 

rsu II rhyalcal 
Subacala atatlc    (Eroalon) 

48 
8 

Falliir« criteria »luiy 
9 9 9 9 9 

KFD  1»  Fhanollc Ftiyalcal 99 9 
12 

■UM II fhyalcal 92 

■UM  S Hiyalcal 483 

ExtcriMl   Inaulatlon            Avcoat Hiyalcal 354 

Cork Ayalcal 
Fun««» 

28«0 
240 

Praisura Seal Phyilcal 3884 48 48 48 48 48 48 48 48 48 48 «8 48 48 48 '40 48 48  48 48  48 
40 

4 CUatoMr 
Craaaaa 

fttyalccl 
fhytlcil 

380 
46 

20 
2    4 

40 
4 

40 
4 

40 
4 

40 
4 

40 
4 

Adh«alv*  and   P.uttn«          J   I170-Et8 Phyalcal 176 

Co^ound                                                A   12  T 176 

9 34 176 

DCQ-9-0024 88 

937.2 88 

ITV77 88 

RTVSS 88 

923 176 

C-7 176 

ThUon CB2 88 
c-7/sn 80/20 240 

C-7/S« 60/40 240 
C-7/Hn  80/20 240 

C-'/NM 60/40 240 
923.Z/SB* (BSD  Effort) 240 
923.2/H8II '                            (BSD  Effort) 240 

B-l Fix/iPC No.   1 PhyaUal 44 
CYH/iK No.   1 OiMiteal 66 

B-l  FU/BPC No.   2 Fhyalcal                  (BSD Effort) 44 
948.2/953 Phyalcal                    (BSD  Effort) 175 
94fl.2/SU PhyalcaL                    (BSD  Eflort) 264 , 
94B.2/SBII Perl                                  (BSD   Effort) 

Boot-to-flap Peel                              (BSD  Eflort)   _... 
FSU  Motori                     U1n8  I Statte   fire 17 1 

Ula|   II Static   fire 6 
Wing   IV Static   fire 4 
Win«  VI Stallt   fire            (HSU  Ellort) 2   

fl 



.^>v^ß:^»»^r.W:.w ^^„^ „ 

TABLE   I-IA  (Cont) 

MASTER   SURVEILtANCE TEST SCHEDULE 

ivbl 1962 1V63 1964 1965 

1    J    J    A    S    ü    H    D JFMAMJJASOKD JFMAMJJASONI1 JFMAMJJASOND JfMAMJJASOBD 

4 

4 
)                 3 
8                 8                8                8 
4                 4                4                4 

6                 6                6                4 
6                 6                6                 6 

16                8 

8                 8                4                4 
4                4 

6                 6                 3 
6                 6                 6 

16                8                8 
8                 8                8                 8 

8                8                8 
«88 

8                a               8              16 
16           a          16 

a           a                        a 
a           a                        a 

6                 3 

ia                       18 
1                               1 

ia                    ia 
i                      i 

i               4                4 
4               4                4 
4               4                4 

Z                !                 2 
8               8                8 
4               4                4 

6               6                6 
6               6                6 

a          16                         16 
a                        a 

16 
6                 3                  3                 3 

»99 9                 9                 9 
.2                 8                 8                S 

»                                   9 
a          6          a          > 

50 
a                        a 

5               22                10               22 

6    6                             6 
2 

6                                    6 

1 

a 
1)               22                13               22 

39              24 29               2»              34              24 
240 

16 

34               24               34               10 
240             24.1            240             240 

16               1«                16               16 

29                 5                39 
120             120             120 

16               16                16               16 

8 48 48 48 48 48 48 48 
0             40              40 
4               4                4 

48 48 48 48 48 48 48 48        49 48 48 
40              40              40 

4                 4                 4 

48        4a 48        48 48              48 
40 

4                                    4 

4a 30 30 30 30 30 30 30 30 30 30 

i6                      a 
16                        a 
16                                    8 
a                       4 
a                       4 

a 
i« 

4 

16                              a 
16                                     8 
16                              a 

a                        4 
a                        4 

a                          4 
a                          4 

8    4                              4    8 
a                       i6 

8 

4                                       4 
6                                    6 

4 

1 1                  l                       i \                  1                        1 1                                     1 1 
1 

ADDED   1   July   1966       1-10D 
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No,    L.I 

 _ 1 

Type 
Tfit 

Spet Imtn 
Placed   In 
Storaue. 

Wbb 1967 

rrop«U«nt-lü-llf»*r  bond       TSU   I 

.1     K    M    A    M     J      I     A     5     0     N     D J     F     M    A     M    .1 A      'i )    N     0 I     F     M 

Phy>lial   &  rhaalcal ■ BO b                                       IB 6 1(1 

Phyalcal  & rhanlcal 1 1 1 

nv  II Ft-v.t.al   &  chcMlcal 
phyalr«!   b, tKcalcal 

tB6 
A 

6                                       18 
1 

b IH 

1 

rallurc   criteria  atudy 
Sy.leir    -1 Phvalcal )6 

-2 
-) 
-4 

-6 

36 
34 
60 
56 
60 

-7 
-9 

27 
120 

-m PhyaUal 59 

Caa«   Bomt                                            -11 Physic«! 81 

-12 
-1J 

84 
172 8 8 8 

-15 
-17 

(BSD  Effort) 
(BSD Effort) 

128 
120 

g                               Hold  8  epeclni#na   tor  baLkup 

Hold   72   spe. ■    ens   for  backup    , 
-18 
-I« 

(BSD  Effort) 
(BSD Effort) 

120 
248 

Hold   72   Bpeclwena   for  backup    
16                16                 16                               1        16 16 

r__;._ 

-20 135 6                  3                   6                               1          6 f> >' 
-21 (BSD  Cftort) 141 o                         Hold   135   Bpeclnena   for  backup         
-22 Ptiyalcal                    {BSD  Effort) 138 3                   6                    3 6                     3 ** 3 h 

IntartMl  Iimilator                 F5U  I Phytlc«! 96 6                                6     6                                  6 6                                6 6 b 

Subacalc   atatlc    (Eroalon) 23 2                                       2                           1 2                          1 1 1 
1 

TSV   II Physical 
Subicale   atatlc    (Eroalon) 

48 

8 

6 

I I 

6 

Fallura  criteria  atudy 
RFD   IbO  PhcngUc Ptiyalcal 99 
BUM N Fttyalcal 92 
BUM  S Phyaica) 483 16                                      22 16 

Extern«!    InauUtiun                Avco«t Physical 354 
Cork Phyelcal 2880 120                                  120 120 120 12 

Fungua 240 16                                      16 16 

Preiaure  S.al ntyalctl 3884 30   30  30  30  30  30  30  30  30   30   30  30 30  30  30  30  30  30 30   30  30 30  JU   JO 1C   30   3 

ElastoMr Htivitcal 380 
Crcuci Ptiyiical 46 

Adhaalvr  and  Potting            J   1170-E18 frivilcal 176 16                                         8 16 8 

Co^ound                                                A   12   T 176 16                                         8 16 H 

934 176 16                                         8 16 H 

DCq-9-0024 88 8                                         4 a ^ 
937.2 88 8                                         4 8 4 

R1V7 7 88 8                                        4 8 ^ 
RTVSS 88 8                                         4 8 4 

92 3 176 8     4                                4     8 8     4 4     B 8     4 

C-7 176 8                                     16 8 16 S 

Thlxon  C82 88 4                                         8 4 8 

C-7/SM  80/20 240 12                                      24 12 24 

C-7/SM  60/40 240 12                                      24 12 24 

C-7/HB«  80/20 240 12                                      24 12 24 

C-7/WBB   bO/i.0 240 12                                      24 12 24 

92 3. 2/SM (BSD  Effort) 240 12                                      24 12 24 

923.2/NRR (BSD  Effort) 240 12                                      24 12 24 

B-l   FU/BPC   No.    1 Physical 44 4                                         4 ^ 
CYW/BPC  No.    1 ChvMical 66 6                                        6 6 

B-l   FU/BPC  No.    2 Physical                   (BSD  Effort) 44 4                                         4 4 4 

948.2/95 3 Physical                   (BSD  Effort) 176 16                                       fi 16 fl 1 

948.2/SBK Physical                   (BSD  Effort) 264 24                                     12 2* 12 2 

9iB.2/SBR P.,-1                              (BSD  Effort) 264 24                                       12 24 
i 2 

Boot-tu-flap IV.-1                              (BSD  Effort) 1)2 12 6 12 t. 

FSU  Mutorü                       Win*   1 Static   fire 17 1                                          1 1 

Wmg  11 Static   lire 6 1 1 1 

WinB   IV Static   fir* 4 1 

UinR VI Static    fire            (BSD  Effort ) 2 

fl 
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TAB1.K   1-1A   (Cont) 

MASTER SURVEILIANCE   TEST SCHEDULE 

ma \itt,H I«?!! 1971 

M    i   .r   A   s   o   N   n J     (■'     M     A     M     J     J     A     a     (i     N      0 JIMAMJJA.SOND JFHAHJJAS('NI) JFMAHJIASOND 

b                                   18 
1 

h                                   18 

8                                      Ö 

6                                      IB 

1 
6                                      IB 

1 

8                                      8 

6                                   18 
1 

6                                   IB 

1 

4                                 6 

6                                    IS 

1 
6                                    18 

1 

4 

6                                    IB 

I 
6                                    18 

1 

4 

Ife 
6 

16                                    16 
6                                      6 

16                                16 
6                                     6 

16                                   B 

6                                      6 
8                                    8 
b                                         6 

6                 3 b                 b                                 6 b                                     6 6                                      6 b                                       6 

f.    6 

1          1                          I 
6 

1 

22 

6                                      6 

1                         1           1 
6 

1 

lb                                    22 

6 

I     1                             1 
6 

1 

16                                22 

1                                    1 
6 

1 

16                                    22 

6                                       6 
1 

6 
1 

16                                  22 

120 
16 

120                                  120 
16 

120 120 120 

30   30   10  1Q   30   30   30   30 30 30 30 30 30 30 30 30 30 30 30  30 30 30 30 30 30 30 30 30 30 30 30 30 30  30  30  10  30  30    b    6    6    6    b    6 666666666666 

16                                      fl 
16                                      8 

16                                      8 
8                                      4 
8                                      4 

8 
t    8 

16 

4                                      8 
1?                                    24 
12                                    24 

12                                    24 
12                                    24 

12                                    24 

12                                    24 
4 

't                                      4 
8 

12 

24 
12 

12 

lb                                   8 
16                                    8 
16                                   8 

8                                   6 

8                                  4 
8                                  4 

8    4                               4     8 

a                        is 
4                                       8 

12                                     24 
12                                    24 

12                                    24 
12                                    24 
12                                     24 
12                                     24 

4                                  4 
6                                      6 

4                                      4 
16                                      8 
24                                    12 

24                                     i2 

6                                          12 

16 
16 
lb 

8 
8 

8                                 4 

0                                 4 

8    4                               4    E 
8                                    16 

4                                 8 
12                                24 
12                                2« 
12                                24 
12                                   24 

12                                    24 
12                                    24 
4                                     4 

6                                     6 
4                                     4 

16                                  a 
24                                    12 

6            
2"          u           " 

8 

8 
8                                             4 

8 
4                                      8 

12                                24 
12                                24 
12                                 24 

12                                 I* 
12                                 24 
12                                24 

4 
2 

4                                     4 
lb                                      B 
24                                12 

24                                    12 
6                                      12 

4 
4 

4                                               4 
8 

16 
24 

6 

1 1                                            1 
1 

1 

1 

1 

1 
1 

1 

1 
1 

1 

ADDED  1   July  1966       1-10E 
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. —  
No.   of 

Specimen 
1L)72 1971 

Type Placed  In 

Propel tant-to-Uner  bond       FSV   I 

Teat Storage JFHAMJJAaüND] JFK A    M    J    J /     S    O    N     D 1    F    H    A 

FtiyiUal  &  chenlcat 180 
Phyaical   &  chemical 8 

FSU   11 Phyalcal 6 L-hmlcal 
Phyelcal & chenlcal 

1B6 
8 

6 

Failure criteria «tudy 
Synt**  -1 Phyelcal 36 

-2 36 
-3 34 
-A 60 
-5 56 
-b 60 
-7 27 
-9 120 
-10 Phyelcal 59 

Caae  Bond                                                 *11 Phyelcal 81 
-12 84 
-13 172 
-15 
-17 

(BSD  Effort) 
(BSD  Effort) 

128 
120 

-18 (BSD  Effort) 120 
8 -19 (BSD  Effort) 248 8 8 a 8 

-20 
-21 (BSD  Effort) 

135 
141 

6 6 6 6 6 

6 -22 Phyelcal                (BSD Effort) 138 6 6 6 

Internal   IlMulaCor                     PSU  I Phyelcal 
Subacalc  atatlc (Eroilon) 

96 
23 1 

6 
1 

FSU   II Phyelcal 
Subacale atatlc (Eroaion) 

48 

8 I 
Failure criteria itudy 
R7D  ISO Phenolic Riyalcll 99 
Buna N Phyalcal 92 

22 Buna S Physical 483 16 22 16 

External   Iniulatlon             AvcoaC Phyelcal 354 
Cork Physical 

Pungut 
2880 

240 

120 120 

Preeeure  Seal Phyelcal 3884 6     6    6    6    6     6     6 6    6    6    6    6 6    6 6666666666 6    ft     6     t 

Elaatonar Fttyilctt 380 
Creaaea Phyelcal 46 

AJheelve  and Potting           J   1170-E18 Physical 176 
Coapound                                               A   12   T 176 

934 176 
DCQ-9-002A 88 

937.2 88 
RTV7 7 88 4 4 
RTV88 B8 4 4 

923 176 4 4 4 4 
4 

C-7 176 8 8 
Thlxon CB2 88 4 

C-7/SBR  80/20 240 12 
C-7/SBR  60/40 240 12 
C-7/NBR  80/20 240 12 
C-7/NBR  60/40 240 1? 

923.2/SBR (BSD  Effort) 240 12 
92 3. 2/MB« (BSD  Effort) 240 i? 

B-l  Fix/BPC  No.    1 Physical 44 12 
CYH/BPC  No.    1 Chenlcal 66 

B-l   FIn/BPC  HO.   2 Phyalcal                 (BSD  Effort) 44 
948.2/»53 Physical                 (»SD  Effort) 176 6 B 8 

948.2/SBR Physical                 (BSD  Effort) 264 12 12 12 

948.2/SBR Peel                           (BSD  Effort) 264 12 12 
Boot-to-flap Peel                               (BSD   Effort) 132 6 6 6 

FSU  Motors                    Ming  I Static   (Ire 17 
Wing   11 Static   lire 6 
Wing  IV Static   fire 4 
Wing "i Static   flra 2 

(I 
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TABLE  1-lA  (Cont) 

MASTER SURVEILLANCE TEST  SCHEDULE 

197J 

A     M    ,1    J    A     S    0    N     D 

1974 

JFMAMJJASONH 

mi 
JFMAMJJASOND 

1976 

JFMAMJJAhONO 

1977 

J     FMAHJJASOND 

B 
6 

8                                   8 
6                                   6 

1 

6                                     6 6                                         6 6                                  6 

16                                     22 

120 
'' 

666666666 666666666666 6    6 

8 
8 
8 
4 
4 

4 
4 

4 
8 

4 
12 
12 
12 
12 
12 
12 
12 

12 

8 
a 
a 
4 
4 

4 
4 

4                                         4 
8 

4 

12 
12 
12 
12 
12 
12 

12 

8 
12 

12 

6 

4 
4 

4 

8 
12 

12 
6 

8 
12 

12 
6 

ADDED 1  July  1966       1-10F 
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TABLE   1-2 

LABORATORY EXTENSION PROGRAM 

Approximate 

Items 

Wing Coverage Gain or Loss 
of  Leadtime 

(mo)* Original Extens ion 

Igniter I thru VI I thru VI -3 
Igniter pellets I thru VI I thru VI + 1 
TT A/D switch I and II I thru VI -6 
Nozzles I II thru VI +6 
Propellant I thru VI I thru VI + 19 
Case bond system I and II I thru VI +2 
Splralloy case I and II I thru VI +11 
Frangible  sectors I  thru VI I thru VI 0 
Internal Insulation 

Buna-N I I 0 
Buna-S II thru VI II thru VI +2 
Asbestos phenolic I I 0 
Nylon phenolic None II thru VI +2 

Pressure seals I I thru VI +6 
External Insulation I thru VI II thru VI -2 
Adheslves and potting materials 

Seam sealing (CS) None I thru V +6 
RTV-88 None I thru VI -36 
RTV-77 None I thru VI -36 
C-7  (80/20) None I thru VI -36 
C-7  (60/40) I I thru VI 0 
Epon 923 None II thru VI -22 
Tlxon CB2 None I thru VI -36 
Urethane potting None 1 thru VI + 19 
BPC- No.   1 None II turu V 0 
A-12-T None I thru VI -36 
Epon 934 None II thru VI -22 
Epon 923.2 None II thru VI -22 
Epon 937.2 None II thru VI -22 
DCQ-9-0024 None I thru VI -36 
Epon 948.2 None VI 0 
Epon 953 None VI 0 
BPC- No.   2 None VI -2 

* Leadtime   Is  based  on oldest mo tors  of each wing in opera tlonal  force 
at  time of program extension ( Nov 1964) 

1-11 



TABLE 1-3 

MASTER GRAIN DISSECTION AND MATERIAL TEST SCHEDULE 

OfjmlUm 
Grain 
Mo.« 

Data of Taat and Aga of Matarlal Taatad ',yr) 

1-1/1 3 3-1/1 4 6-1/2 5 5-1/2 6 6-1/2 7 7-1/2 a 8-1/2 9 9-1/2 10 

OlmfCt ■rlüu In* )» 6/6S 
t« ■Mpl« ««ccieu 116 5/65 
mi flae* •MtloM 111 g/65 
lato itor«!«** 67 

70 
7/63 

11/65 
12/67 

Rwov« prop«lUnt 136 7/«5 1/66 7/66 
■MVl« ■«ctlon* 116 6/65 11/63 6/66 
fro« •torsi«t 131 • /65 2/66 6/66 
Mtchlo« Into 67 12/65 6/66 12/66 6/67 12/67 
•poclaaao, mi 70 1/68 7/68 1/69 1/69 1/70 7/70 

tont 

Raaovo CMO bond 13« 7/63 1/66 7/66 1/67 7/67 l/6t 7/66 1/69 7/69 1/70 7/70 1/71 7/71 1/72 7/72 1/73 
onapla loctloni 116 6/65 12/65 6/66 12/66 6/67 12/67 6/68 12/68 6/69 12/69 6/70 12/70 6/71 12/71 

fro« otointn, 
oochln«   Into 
•poclmeno, and 
tont 

ROHUV« phonollc 336 7765 7/66 7/67 7/61 7/69 7/70 7/71 7/72 
intnmal   tmuln- 131 6/65 2/66 6/66 2/67 
tion  iaapl« 
■octlon  trom 

67 12/66 6/67 12/67 6/68 
70 1/69 7/69 1/70 7/70 

■total«,  aochlna l-M-1 1/6! 1/66 1/66 2/67 
Into apoclMna, 
and toat 

Roanvo rubbor 336 7/65 /66 7/67 7/6« 7/69 7/70 7/71 7/72 
Intatnal   Ineula- 131 a/65 2/66 8/66 2/67 8/67 2/6a a/68 2/69 
tloo aa^la 1-H-l 1/65 2/66 »A.6 2/67 «/67 8/71 2/72 2/73 
aaction, ■achlna. 
and toat 

Inova   f>d doa» 336 1/66 
froai «total« (or 216 6/67 
t«it «nd 131 2/67 
in«p«cttona 67 

70 
12/66 

1/6« 

R««ov« art dOM 336 1/68 
fraa atorai« for 116 6/67 
t aa t  and 131 2/67 
Inapactiona 67 

70 
1-M-l 2/66 

12/66 
1/68 

«Grain caat dataa and configuration: 

316 -  Dacaobat  1961. Wing 11 
216  - Docaabat ml. wing I (uaad for propalu ait  and caaa  bond  atudlaa  only) 
111  -  January  1961. Wing  1 
67     - Juno 1960. Wing 1 
70    - July 1960. Wing 1 
1-M-l  - Dacaabar 1962, wing 1 

**8a« AppandU 1 (or dlaaactlon datalla 

CHANGED 1 July  1966 1-12 
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TABLE 1-5 

TEST PARAMETERS 

Data Used 
For Service 

T«it Item Parameter Life Predictions 

Ignition »yttem 
Max pressure^ * Igniter X 
Avg pressure X 
Ignition delay X 
Burning time -- 
Impulse -- 
Chemical changes "- 

S & A device Actuation current — 
Actuation time " 

Ignition pellets Heat of reaction .. 
Impact sensitivity -- 
Moisture content .. 
Vibration resistance -- 
Energy to ignite X 
Energy liberated X 

XT system 
A/D switch Arming time " 

Arming circuit .. 
resistance 

Firing circuit X 
resistance 

Frangible sectors Actuation tiae X 
Fragmentation -- 
Bridgewire resistance^) X 

Nozzles 
Nozzle assembly Cold torque X 

Pressure leak X 

^ 'Current failure cri teria values - 910 psi*   (pend Lng results of 
Igniter Failure Cri terla Study) 

(2) v 'Current failure cri teria values - 0.21 ohms (bast id on specification 
limit) 
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Test Item 

Case 
Tensile shear 

spec imena 

Wafer bottles 

FSU cases 

Internal insulation 
Rubber 

Phenolic 

External Insulation 
Avcoat 

Cork 

TABLE 1-5 (Cont) 

TEST PARAMETERS 

Parameter 

Interlaminar shear^3) 
Short beam shear(^) 
Lap shear 
Hoop tensile 

Burst pressure 

Burst pressure 

Tensile 
Elongation^" 
Density 
Hardness 
Erosion 
NG migration 

Tensile 
Hardness 
Elongation 
Erosion 

Tensile 
Elongation 
Hardness 

Tensile 
Hardness 
Elongation 
Density 

Data Used 
for Service 

Life Predictions 

X 
X 
X 

(3) 

(4) 

(5) 

Current failure criteria values - 50 percent degradation of Initial 

value 

Current failure criteria values - 30 percent degradation of Initial 
data (based on case design safety Victor) 

Current failure criteria values - 3.5 percent (based on hydroburst 
data on allowable case expansion)  
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TABLE 1-5 (Cont) 

TEST TARAMETERS 

Oata Used 
For Service 

T«se it» Parameter Life Predictions 

Propallant giraln Maximum itreaa X 
Strain at max stress X 
Maximum strain X 
Stresa at max strain X 
Creep " 
Relaxation modulus -- 
Chemical changes X 
Accumulative damage -" 

Cafe bond Tensile X 
Peel -- 
Chem profile X 

Adhesivei and Tensile -- 
potting compound* Elongation -- 

Hardness -- 
Peel — 
Shear* -- 
Chemical changes 

" 

:> 

There are many tests and observations made In the Laboratory 
Support Program which do not provide measurable data.    This type of Inforüa- 
tion is recorded by photographs or other means and used in making predic- 
tions and performing failure analyses. 

The procedure for analyzing and interpreting data has been 
designed to establish a consistent method for making service life predic- 
tions.    The procedure is outlined in the following paragraph. 

c.      Service Life EstlaiatinK Procedure 

1)      Introduction 

The minimum service life of motors in the Minuteman 
propulsion system is normally considered to be the demonstrated storage life 
determined by the oldest successful full-scale motor firing.    However,  only 
limited confidence can be placed on a single motor test.    Also,  because of 
the small sample size, minor conflguratlonal differences, and the relatively 
short lead time of the storage motors over the operational force,  data from 
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storage motor firings alone Is not sufficient for estimating minimum ser- 
vice life. Supporting data is necessary to confirm and extend the minimum 
service life estimate. Use should be made of the data from additional 
motor firings, laboratory component aging studies, the literature, and other 
storage programs. An early prediction of the minimum service life is 
essential to avoid excessive unreliability costs and to provide maximum 
response time so that replacement or retrofit action can be initiated on 
the most cost effective basis. The minimum service life Is defined as the 
Age at which critical propulsion system failures begin to occur due to 
ageout cf components. 

The basic assumption in estimating the minimum service 
life from mctor component data is that the useful life of the motor will 
not be lesp, than the time required for the most age-sensitive component to 
ageout. Consequently, aging trend data for the Individual motor components 
and materials can be used to predict the minimum service life of the propul- 
sion system« and provide a longer range estimate than is possible from 
motor firing tests alone. This approach requires a great deal of engineer- 
ing Judgment and many assumptions as follows: 

(a) Laboratory aging Is comparable to motor aging. 

(b) Proper components and materials have been 
selected for testing. 

(c) Proper test methods and parameters have been 
selected. 

(d) Predicted mode of failure is realistic. 

(e) Aging trend can be expressed by a mathe- 
matical model and reliably extrapolated, 

(f) Estimated failure limits will result In a 
critical motor failure. 

Because of these many assumptions, a conservative approach must be used in 
assessing laboratory component data to avoid unrealistic estimates. 

The detailed procedure for estimating service life is 
contained in TRW, Inc, document 6001-RO 000, dated 10 June 1966. A brief 
outline of the procedure is contained In the following Paragraphs: 

2) Demonstrated Service Life 

The demonstrated service life of a motor shall be based 
on the results of static firings of full-scale motors and flight tests of 
missiles. In addition to the oldest successful firing, which provides 
factual evidence of satisfactory performance of at least one unit at this 
age, an estimate of the probability of additional successful firings at 
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varloua •(•• and tha uaociatad confidence level of the probability state- 
ments shall ba provided.    This probability statement Is termed the deoon- 
str&tad probability of no agaout (DPNA) and utilises all successful aged 
motor firings to estimate the confidence In the demonstrated service life 
and to provide estimates of ageout probability beyond the demonstrated 
service Ufa.    It should be noted that the method used to make the state- 
ment of probability of no ageout Is not Intended to predict the reliability 
of the force after failures have occurred due to aging; additional techni- 
ques are necessary to establish a study of this nature. 

In calculating probability of no ageout, separate 
estimates shall be provided for Wings exhibiting significant confIguratlonal 
differences.    The BPMA and the associated confidence level shall be deter- 
mined at 1-yr intervals (starting at 3 yr) on an accumulated age basis. 

A demonstrated service life shall also be provided for 
all antor components.    In addition,  the DPNA value shall be calculated, 
when sufficient data are available, for all motor components defined by an 
Air Force Model Specification. 

3) Predicted Miniaum Service Life 

An estimate of the minimum service life of the motor 
shall ba made from laboratory studies of materials and components.    The 
minimum service life estimate of the motor shall be based on the predicted 
minimum service life of the most age-sensitive component. 

Minimum predicted service life of a component shall be 
based mainly on trend analyses of data obtained from tests on the compon- 
ent when aged under simulated silo conditions.    Accelerated aging data or 
data obtained under non-silo conditions shall only be used to predict ser- 
vice life when insufficient data is available from storage tests conducted 
under simulated silo conditions.     Estimates based solely on accelerated 
aging data shall be distinguished by the symbol  (A)  af'cer the estimate. 
Accelerated aging data will also be of value in predicting probable failure 
modes.    After more than five data points from ambient storage tests have 
been obtained,  representing at least 2-yr storage, the accelerated aging 
data shall only be used to confirm the validity of extrapolated ambient 
trend data.    The latter validation shall be done by converting the acceler- 
ated data to an equivalent time at ambient, by means of a temperature-time 
superposition method, or by use of on Arrhenius relationship. 

4) Plan for Predicting Minimum Service Life 

The seneral plan,  including the essential steps for 
predicting minimum service life,   is shown in Figure 1-1.    The basic approach 
is as follows: 

(a)    Critical parameters are Identified by a 
careful study of components and materials In 
the motor. 
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(b) These parameters «re used to detect trends 
due to age by plotting a curve of data 
versus time. 

(c) Plots similar to the one shown in Figure 1-2 
are selected, which will provide a trend line 
to assist la visual Interpretation. 

(d) Trend lines are rigidly defined by using 
standard regression techniques which enable 
uniform treatment and st&tistlcal assessment 
of the significance of data. 

(e) A band representing pcftsibl« error in assess- 
ing trends is placed Around each trend line. 
To provide maximum usefulness, the band 
selected la a 3 sipuk band. This approach 
enables useful estimates to be made in highly 
extrapolated regions using the limited num- 
ber of s«4>les usually available. 

(f) A failure criterion is used as the limiting 
acceptable value foi the trend observed. 
Where possible the failure criteria is 
analytically or experimentally determined 
using the performance requirements of the 
motor as criteria. 

(g) When no failure criteria are available, the 
predicted minimum service life will be 
obtained by analytically testing the value 
of the parameter at selected ages °'> deter- 
mine the minimum acceptable age.  the advant- 
age of this approach is that detailed analysis 
of failure limits need only be made for items 
which have critical trend curves at this time. 

(h) If the failure criterion has confidence bands 
associated with It, the service life estimate 
Is based on the limiting or worst case value. 
Saiety factors Involved in failure criteria 
bands are based on the degree of uncertainty. 
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(1)    Tha conclusion i«ach«d fron trend «nalytl* 
rtgardlng ninlaum ••xvica of a conponant  la 
caxafully raaaaaaaad In tha light of all 
othar avallabla data, and furthar actions 
ara datamload. 

(J)    Actions raaultlng from thasa studies Include 
Isolation of aga-sensltlve Items- recommenda- 
tion for conflmatory tests to affirm validity, 
reduction, or discontinuance of testing;  and. 
In cases of relatively short-lived component», 
raconnandatlona concerning replacement. 

d.     Configuration Dlffarencea 

To provide naxlmum lead tine In both the laboratory 
and motor prograns, tha oldest '.elated data la utilised wherever possible. 
In many caaes, configuration Ulfferences exist between tha teat sample and 
the operational unit.    To apply tha older data, therefore,  It  la necessary 
to analyse tha configuration dlffarencea and aaaess the applicability of 
the data.    If tha configuration differences ire significant, the service 
life estimates are based mainly on new samples and the old data used only 
as a guide In predicting probable failure mod» and degradation rates. 
In many caaes, where the configuration differences are alight, the older 
data Is used effectively. 

CHANGED 1 July 1V66 1-20 



wmtm

sssm.

c

Mfft T
sts^

wvici m 9mtam

$

CAMSLi V «n«rfv m

/•iTMATt* HI
I pm* I

Flgurt 1-1. Flow Chart for Datamlning Minlaua Sarvica Lifa

1-20A/1-20B ADDED 1 July 1966



BLANK PAGE 

\ 



9

t

V
t
3
ma
m
4P

I
C4
I

•
U
9
00

1-21 CHANGED 1 July 1966



7.     ^porting 

Th« SurvalllMC« Quarterly Rtport 1« th« principal Mthod for 
reporting •urvalllanc* data.    Th« raport contains progm statua and data 
•«■■■arias for all aspects of the program.   Specific Items of Information 
which routinely appear In the report Include,  for each major Item described 
In Chapter 2, a dlacuaslon of problem areas, probable failure modes, a 
service life estimate, the basis for the service eatlmate, and plans for 
confining the service estimate for the weak-link Items. 

The regreaalon analysis, from which the service life predictions 
are baaed, are Included In the report In the form of graphs.    These graphs 
coutaln a "bast fit" regreaalon model for the average data points accumu- 
latek' from the periodic teats described In Chapter 2.    The graphs also 
Include the 3-slgDta limits for the regression line, as discussed In 
paragraph 6, and the 3-slgma values for each time point.    Six copies 
each of the report will be submitted to BSD and OOAMA on the 20th of 
the month following the reporting period. 

Other reports submitted aa part of the storage program reporting 
requirements are the following: 

(a) Motor Final Firing Report (deacrlbed In Chapter 3) 
which will be submitted on all future Surveillance 
firings 

(b) Surveillance Working Group (SWG) Handout, which is the 
lateat published Surveillance Quarterly Report 

C.       DEVELOfMENT OF SERVICE LIFE PREDICTION CRITERIA 

1.      Introduction 

Since the accuracy of service life predictions is dependent on 
the validity of failure criteria,  it is imperative that the most accurate 
failure criteria be established.    Failure Criteria Development Studies 
have been initiated to improve the failure criteria for the items which 
are considered to have the least reliable criteria and the highest probability 
of failure. 
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8. Dl8PO«ltion of Fired Motors and SpenC Hurdwre 

The imtor», after static testing, are given a complete postflre 
analysis which Includes case and nozzle sectioning. The hardware is photo- 
graphed to document the condition.  The remains are then crated and stored 
for the duration of the 10-year program. 

9. Movenent of Classified Type III. Class A Explosive 

All storage motors were shipped to the HAFB storage site with 
Igniters and S & A devices Installed as Type III, Class A Explosive. 

10. Installation of Simulated Flight Hardware 

Simulated flight hardware installed on atorag« motors consists of 
weights which simulate the loads applied to the motors by th« NCU warhead 
and the flight nozzle exit cone. The hardware la described in Volume II, 
Chapter 3, Section I, Table 1-9 lists the type of hardware and the dates 
of installation. 

11. Motor Testing 

Hercules has successfully demonstrated 4-year storage capabilities 
of the Wing I stage III Minuteman motors. This capability was demonstrated 
by firing storage motor 1-5-2 on 30 December 1964.  Prior to the 4-year 
demonstration test, eight motorn had been tested, ranging In age from 
6 months to 3 years. The testing of the 4-year old motor-concluded Hercules 
responsibility for testing Wing I storage motors. One 26-month-old Wing II 
motor was also tested successfully. 

B. LABORATORY SUPPORT 

1. Summary 

The Laboratory Support Program was Initiated in April 1960. The 
items placed In storage earliest were those felt to be most susceptible to 
aging.  As the program developed, more items which were susceptible to 
aging were added.  New Items were also added as design improvements were 
made.  The status of the continuing portion of the Laboratory Support 
Program is presented in the Quarterly Report. Duration of programs are 
shown in the Individual test plans. 

2. Completed or Discontinued Test Programs 

Some of the test programs presented in the preceding program plan, 
MTO-258-3A, have been discontinued, or the scheduled testing has been com- 
pleted.  These programs were: 

(a) Spiralloy interlaminar shear tests 

(b) Propellant physical, stability, and ballistics pro- 
perties tests (constant rate tensile, Talianl, auto- 
ignltion. and subscale firings) 
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TABU 1-9 

WDR» I THROUGH VI STORAGE MOTOR 
HARDWARE INSTALLED 

Motor 
Toot *pplic«bl« 

wim 

Koulo 
Ixpoiulon 

totlo 

Typo of lorAM 
[ucillod 

ro 

Pyro|.n Ignltor Motor 
Cait 
Dat. 

IlauUtod 
KU 

ruihe 
Isle 

Coo.. 

SUuUtod 
Warhood 
W.lghtl 

IiutalUcloii 
Doc« 

Hanufacturo 
Dae. 

1-J-l I *ll * -- Mov 60 

1-5-2 i 111 X X X Doc  64 r.b 63 Hov 60 

1-5-3 i *:1 Doc 62 Hov 62 DM  60 

1-5-* i i:l * " D.c  60 

»-5-5 i 6:1 Ati! 62 Sop 62 Hay 61 

1-5-« I S:l X X Hoy 63 Jan 63 Apr 61 

1-5-7 I ■ll X X X Jun 64 Fab 63 Hay 61 

1-5-« I aii X X X S.p 63 lab 63 Jun 61 

1-5-» i 1:1 X X X Jun 64 fab 63 Jun 61 

1-5-10 i M:l Mor 63 Jan 63 S.p oO 

1-5-U i 6:1 X X Sop 62 S.p 62 Apr 62 

1-5-12 i 6:1 X X Apr 64 F.b 63 S.p 61 

1-5-14 i 6:1 X Jun 64 Mar  63 F.b 62 

1-5-15 i 6:1 X X S.p 62 Jim 62 H.r  62 

1-3-20 i 18l 1 * - Jan 61 

1-5-21 i 1<:1 X F.b 65 Hay 63 D.c  62 

1-5-22 i 1«: 1 X X Jun 62 Jun 62 Jan 62 

2-5-1 ii 18:1 X Apr 63 Mar 63 Har 63 

2-5-2 II 18:1 X X Apr 63 r.b 63 Mar 63 

2-5-J ii 18:1 X X Apr  63 F.b 6] F.b 63 

2-5-4 ii 18:1 X X Mar 63 D.c  62 F.b 63 

2-5-5 ii 18:1 X X Mar 63 Doc  62 Fab 63 

2-5-t ii 18:1 X X r.b 63 Ncv 62 Jan 63 

4-5-. IV 18:1 X X Doc 63 Doc  62 Nov 63 

4-5-2 IV 18:1 X X Doc  63 Oct  63 Nov 63 

4-5-3 iv" 11:1 X X Doc 63 Oct 63 Nov 63 

4-5-4 IV 18:1 X X Doc 63 Jul  63 Nov 63 

(.-5-1 VI 18:1 X X Aus 65 Sop 65 Jun 65 

6-5-2 VI 18:1 X X Aug 65 Sop 65 Jun 65 

*Motor I were  fired wl th  p«lUt   Ign Iton 
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a 8BCTKM I

lOfim AMD KDIITER SATE AND AM 
SERVICE LIFE PREDICTION 8T0DT

A. IMTSODUCTION

Th« D-6 pyrogen Igniter, etiulied under thle progran, le the configure* 
tion ueed in Winge 1 through VI stage 111 aotora. The propellant coaipoai* 
tion, HPC 133-08-6-11, is DDP (80 percent MG). The igniter testing is 
conducted in two parts. Part one consists of storing and conditioning 
igniters with igniter Safe and Ana (S & A) devices attached. Part two of 
the igniter testing consists of dissecting aged igniters and conducting 
•icroscopic and cheadcal inspections.

The igniters scheduled for dissection :#ere approxisMtely 2 years old 
at the tine of storage; therefore, testing will begin with the 2-year test 
period. The dissected igniters will provide infonsation required for 
igniter failure analysis studies and supply the pellets required for ex­

tending the pellet service life prediction study (Section II) froai 3 to 10 
years.

The 8 & A devices under study are the KR-80000-03 and -06 configura­

tions. More detailed service life data on these later configurations can 
be obtained froa the Thiokol Cheaical Corporation. The 8 & A devices are 
included in this program in order to store the igniters in operational con­

figuration and are not intended for servire life prediction. The data 
obtained is additional inforaation.

B. MXAILED TE8T PLAN

1. AcQuisition of

The 28 igniters, 10 part No. 0U00560-003 and 18 part Ho. 01A00S60- 
001, obtained for the perfonsance tasting were procured froa Hercules'
Kenvil Works.I

The two igniter configurations are the saae, except the 
Mo. 01A00S60-001 (R & D) has two pressure trsnaducer taps whereas the 
No. 01AOOS60-003 (operational) has only one tap. The one pressure tap is 
used on operational units for installation of the operational pressure 
transducer.

Of 28 8 & A devices procured for this testing progrsa, 10 ere part 
Mo. KR-80000-06, suumfactured by Pelsac Division of (^lantic Industries 
and 18 are part No. ER-80000-03, aanufactured by Bulova Research Develop- 
aent Laboratory.

The 16 igniters, part Mo. 01A00S60-1, obtained during December 
1964 for dissection, were sanufactured by Kenvil Works between December 1962 
and March 1963■. The tsaperature of the building in which the igniters were 
stored is naintained at 70P * 10° P.
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2. Prtpwtton tor Stori« 
* 

Each Ignltar la (Ivan a coop la ta radlographlc and vlaual Inapac- 
tlon prior to atoraga.    Tha 28 Ignltara and S & A davleaa raqulrad for the 
parfonunca taatlng are aaawbled together.    In order to almulate opera- 
tional condltlona, the Ignltera are mounted in a atorage container, drawing 
No. 01H02173, which hold* the unit in a vertical, baaa-down attitude. 

3. Storfge 

a.      StoraEa Condition 

Igniter aatambliaa will be atored at 70° + 10° F and visually 
Inapectad biaonthly to detect any external damage, auch at corroaion and 
oxidation.    Any eigniflcant dlacrapancy will be photographed, documented, 
and repurtad.    Withdrawal from storage for conditioning and taatlng is 
scheduled in Table 2-1. 

4. Conditioning. Inspection, and last 

a.      Transportation Vibration Conditioning 

Transportation vibration will simulate expected motor trans- ; 
portation.    The Igniter and S & A assembly will be mounted on an igniter 
vibration test fixture, drawing No.  01E92713, designed to simulate opera- 
tional conditions.    The vibration requirements are as follows: 

I 
(1) Amplitude:    3.5 G m« between 5 to 50 cps; 

vibration limited to 0.4 in. peak-to-peak 

(2) Range:    5 to 50 cps 

(3) Duration: Two double sweeps (5 to 50 cps and 
return to 5 cps for each double sweep) at 1/2 
octave per minute 

(A) Order of vibration: 

(a) 2 - axis (Longitudinal) 

(b) X - axis (Transverse vertical) 

(c) Y - axis (Transverse adjacent) 

b.  Temperature and Humidity Cycling 

Temperature and humidity cycling represents igniter and 
S & A shipment prior to assembly In the motor. This cycling wac conducted 
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TABLE 2-1 

IGNITER AND  IGNITER SAFE AND ARM DEVICE TEST SCHEDULE 

S  &  A S & A Igniter Test Sequence (mo fron aero time)** 
Serial 

No. 
Dash 

No. 
Serial 

No. 
Zero 

Time Date* *** 18 24 36 42 48 54 60 66 72 78 84 90 

000-1-132 -06 0557 Nov 62 c 
000-1-135 -06 0549 Nov 62 c 
000-1-136 -06 0362 Sep 62 c 
000-1-13« -06 0548 Nov 62 c 
000-1-131 -06 0556 Nov 62 c 
000-1-097 -06 0360 Sep  62 c 
000-1-129 -06 0551 Nov 62 c 
000-1-140 -06 0554 Nov 62 b e 
000-1-130 -06 0364 Sap 62 b c 
OP10000 -03 0710 Jan 63 b C 
OP10028 -03 0711 Jan 63 b c 
0F10024 -03 0708 Jan 63 b c 
000-1-139 -06 0365 Sep 62 b c 
000-1-133 -06 0560 Nov 62 b c 
0P10023 -03 0714 Jan 63 b c 
0P10019 -03 0702 Dec 62 b c 
000-1-137 -06 0550 Nov 62 b c 
000-1-138 -06 0553 Nov 62 b ac 
000-1-146 -06 0359 Sep 62 b c 
000-1-356 -06 0558 Nov 62 b 
000-1-145 -06 0552 Nov 62 b c 
000-1-096 -06 0555 Nov 62 b c 
000-1-242 -06 0559 Nov 62 b 
OP 10015 -03 0713 Jan 63 b c 
OP 10008 -03 0703 Dec 62 b c 
OP 10026 -03 0705 Jan 63 b a c 
OP 10017 -03 0701 Dec 62 b a c 
OP10027 -03 J709 Jan 63 b a a c 

— ... 0704 Jan 63 d 
— -- 0706 Jan 63 d 
— .. 0712 Jan 63 d 
— -- 0908 Mar 63 d 
-- — 0910 Mar 63 d 
— — 0911 Mar 63 d 
-- — 0912 Mar 63 d 
— — 0914 Mar 63 d d 
-- -- 0915 Mar 63 d 

* - Receiving date 

** - Test Sequence: 

a - Transportation vibration and Inspection 

b - Temperature and humidity cycle, mechanical and electrical Inspections 

c - Flight vibration, X-ray, mechanical and electrical Inspections, and firing 

d - Flight vibration. X-ray, dissection, and analyzing of parts 

e - X-ray 

*** . Initial  time test 
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•t RFC/B In accordanc« with th« following procedure: 

(1) Expose unite to room temperature  (70° + 10° F) 
for 4 hr, ~ 

(2) Place units  In conditioning oven at  100° F and 
70 percent rh for 4 hr. 

(3) Set oven at 1A0    F and maintain 70 percent rh for 
16 hr, 

(4) Set oven at  100    F for 4 hr at  70 percent rh. 

(5) Set oven at 60    F and 10 percent rh for 4 hr. 

(6) Set oven at 20° F maintaining 10 percent rh  for 
16 hr. 

(7) Remove units from oven and condition at room 
temperature  for 4 hr. 

c. Hechanical and Electrical Cycling 

Mechanical and electrical cycling represents the inspections 
made on  the system during the recycle of a missile.    The nondestruct 
inspection and testing, performed at each withdrawal period, will constitute 
the mechanical and electrical cycling. 

d. Operational Vibration and Acceleration Conditioning 

Operational vibration and acceleration conditioning will 
simulate  the vibration and acceleration received during flight.    The igniter, 
with S & A device attached, will be subjected to operational vibration and 
simulated  flight accelerations as  specified in paragraphs  3.6.2,   3.6.3, and 
4.4,4 of Specification HPC-133-08-4-1.    The S & A devices will be armed 
prior to,  and during, vibration and acceleration.    The electrical circuits 
will be monitored during vibration and acceleration for contact chatter, 
variation of resistance, and rotor bounce.    The monitoring current will be 
500 ma.     The vibration fixture  to be used is Wyle drawing No.   13-E-478. 

e. Inspection Testing Sequence 

1) Safe and Arm 

The S & A assemblies will be given arm and disarm 
inspection  tests  in accordance with specification HPC-133-02-2-2B,  para- 
graph 4.4.2, Specification for Igniter Safe and >rm Device. 

2) Igniter 

A visual  inspection will be made after each condition- 
ing sequence to determine the  formation of corrosion,  surface cracks,  bond 
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separations,  and other external damage.    Any significant discrepancy will 
be photographed and reported. 

3)       Radiographic  Inspection 

Radiographic  inspections  of   the   igniter will   be  con- 
ducted in accordance with specification HPC-133-02-5-2, General Requirements 
for Radiographic  Inspection.    Results of  the  Inspection will be analyzed 
to determine the presence of voids,  separations,  cracks,  or inclusions  not 
previously observed,  and the growth of flaws which existed at the  time of 
acceptance testing.     If  flaws are observed which are  In excess of  those 
defined in specification HPC-133-02-5-2,  but  the performance during  test 
firing is still within specified limits,   th« unit will not be classified 
as a failure.     Detail» and discussion of X-ray inspection will be  included 
In the Surveillance Quarterly Report. 

5.      Performance Tests 

In order  to conduct the performance  test,   the igniter and  the 
igniter S & A device will be separated to gain maximum data.    Tests will 
be conducted for a period of 10 yr,  as  indicated by the schedule contained 
in Table 2-1. 

a. Safety and Arming Device 

After the scheduled conditioning and inspection aeq     nee, 
the S & A device will be cycled in accordance with specification 
HPC-133-02-2-2B.     The igniter S 5. A device  (arm-to-dlsarm) will be  cycled 
a minimum of 1000 cycles with an off time of S sec between each cycle. 
After each fifty cycles,  function of the unit will be checked in accordance 
with paragraph 4.A.2.1 of specification HPC-133-02-2-2B.    Upon completion 
of the cycling,  the  squibs will be fired for functional test. 

b. Igniter 

The  igniter will be fired after undergoing scheduled con- 
ditioning and inspection sequences.    Testing of the igniter will consist of 
firing the unit in an altitude chamber  (HPC/K drawing No.  KD-762A)  accord- 
ing to Static Firing Test Plan, Stage III Surveillance. 

The operai'.oual S & 4 device  is  removed from the storage 
igniters and replaced with a S & A device  (HPC/K drawing No.  KD 7473) 
which Is designed to permit monitoring of  the  Igniter bottle pressure 
during static testing of the  Igniter,    This  device was used during  the 
Qualification Program of  the D-6 igniter,  at  the Hercules Kenvll Plant 
which Involved testing of over 200 units.    The parameters measured or cal- 
culated from an Igniter static test are as   follows: 

(1) Average chamber pressure 

(2) Burning time 
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(3) Igniter delay time 

(4) Maximum chamber pressure 

(5) Mass flow rate 

c.      DUtectlon 

The Igniters  scheduled for dissection will be removed from 
storage at  Intervals shown in Table 2-1,    The dissection will consist of 
three cuts.    The first cut will be made Immedlattiy aft of the nozzle to 
make the igniter nonpropulsive.    The second cut will be made 5.75  In.  aft 
of  the forward end to allow removal of the igniter pellets and inspection of 
the pellet retaining screen.    The third cut will be made along the longi- 
tudinal axis of ehe forward section allowing inspection of the grain and 
grain-case interfaces.    Testing of the igniter pellets  is described  in 
Section II.    Dissection will be accomplished in accordance with General 
Operating Procedure GOP 2A80-75. 

The various  interfaces will be photographed and retained for 
comparltlve purposes.     Portions of the cut-up  igniter will be tested for 
hardness and a chemical analysis will b» performed to determine whether 
the propellant atmosphere  changes  the properties of coatings,  case, CA 
beaker,  Interllner,  etc.    Microscopic examination will be made for changes 
and degradation.    The cork stopper and plastic diaphragms will also be 
tested for hardness  to detect changes  in physical properties.    Infrared 
analysis of the cellulose acetate inhibitor will be made to determine  the 
amount of NO migration. 

An Ignition study will be made  in the Kopito furnace,  or 
equivalent.    Using a calorimeter to measure  the heat  input,   the changes  in 
Ignition properties of aged propellant will be determined.    The parameters 
measured in the ignition study are the energy to  ignite the propellant and 
the energy liberated by the propellant when burning. 

Chemical   tests  as  described  in Section VII will be performed 
on  the  igniter propellant and CA beaker to obtain a chemical profile, which 
will  furnish documentation of any chemical change  through the propellant 
and CA beaker.    The dissected igniters will be examined closely for evidence 
of exudation or NG migration. 

A complete examination will be made of metallic parts  for 
corrosion and pitting.    This examination will be most critical on the  screen 
and tube which comes  in contact with the pellets.     The polypropylene basket 
will be examined to determine any changes which may occur from contact with 
Igniter pellets. 

0.       DATA EVALUATION 

1.      Igniter Performance Tests 

The data obtained from the  igniter performance  tests will be used 
in conjunction with specification limits  to predict the service life of 
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the  D-6 pyrogen  igniter.    A  regression analysis of each parameter will  be 
made,  using  the  individual  data points.     Extrapolation of   the  regression 
curve will establish  the service  life  value. 

2. Igniter Attribute Tests 

The observed condition of  the dissected igniters  will be  recorded 
by photograph and by written descriptions.     The  radiographic examination of 
the  igniters   to be dissected will be  correlated with  the evidence oblained 
after dissection.     Data obtained  from measurable parameters will be plotted 
and analyzed  for  trends.     The use  of   the  above data will be   limited  to 
failure  analysis  investigation, 

3. Safe and Arm Device Tests 

The data obtained from the S & A device tests will be periodically 
compared with the data obtained from Thiokol to detect possible differences. 
The data will also b-2 used for failure analysis  investigations. 

D.       FAILURE CRITERIA DEVELOPMENT 

Findings of the failure criteria study will be incorporated when the 
results have been analyzed and determined acceptable for failure criteria 
limits. 

The failure criteria development  study detailed  in Section XVII will 
provide failure criteria limits representing motor requirements on igni- 
tion delay under operational  conditions. 
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SECTION  II 

IGNITER PELLET  SERVICE  LIFE  PREDICTION  STUDY 

A. INTRODUCTION 

The pyrogen  Igniters  now being used on Wings   I  through VI motors  con- 
tain both boron and lead chromate   (2070A)  pellets  and boron and potassium 
nitrate   (NMP-502)  pellets. 

The pellets will be  stored  under varying environmental  conditions  for 
a period up  to  120 mo.    Of each pellet  type,  2600  gm will  be stored. 
Pellets will be withdrawn and  tested for heat of  reaction,   Impact  sensiti- 
vity,  moisture content, and vibration resistance.     Pellets  required  for the 
first  5-yr testing were procured  from the pellet vendor.     The additional 
pellets  required  to extend  the   testing to 10 yr were obtained from aged 
pyrogen  igniters.     The pellets will be  tested when  the   Igniters  are  dissected 
at  the  scheduled  intervals   from 2   to 10 yr.    Tests  decrlbed  in this  study, 
except  for  the micro analysis,   are  the  same  as conducted  during  the qualifi- 
cation of the pellets during the  development stage. 

B. DETAILED TEST PLAN 

1.       Acquliiltion of Samples 

The NMP-502 (BKNO3) pellets  for  this study were manufactured by 
U.S.   Flare Division of Atlantic  Research Corporation,     The  2070A pellets 
were manufactured by Bermlte Powder Company.    Pellets  required for  the first 
5-yr  testing were procured for  the study directly from the vendor  in the 
quantities  Indicated in the following tabulation; 

Quantity  (gn) Pellet Type 

2600 Boron and Lead Chromate,  2070A 

2600 Boron and Potassium Nitrate, 
NMP-502 

These pellets were obtained from single  lots. 

The pellets required for extending the testing from 5 to 10 yr 
will be obtained fron! the dissected pyrogen igniters, which will provide 
12 gm of the NMP-502 pellets and 6 gm of  the 2070A pellets per igniter. 

2.       Preparation for Storage 

a.      Packaging and Identification 

Pellet samples consisting of 40 gm each are placed In paper 
containers and stored in designated humidity cabinets.     Samples will be 
stored without  lids and will be  individually identified with pellet  type, 
entry and withdrawal dates,  and temperature and humidity factors. 
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To provide baiellne data prior to storage,  40 gm of each 
tyve will be subjected to the entire test sequence described In paragraph 
4.    This pellet group will consist of 40 jpn from each lot. 

3. Storage 

Storage of Igniter pellets,   In  the types  Indicated in paragraph  1, 
will be  In the environments as follows: 

Temperature Humidity 
'  1°*) a rh) 

100 70 

100 0 

70 70 

70 0 

Withdrawals f:.om storage for testing will be in accordance with 
Table 2-2. 

4. Tee ting 

a,       Teetlna of Boron and Lead Chromate  (2070A)  Pellets 

1) Heat-of-Exploslon Test 

The average calorific output of boron and lead chromate 
(2070A) pellets will be determined by using an adiabatic calibrated calori- 
meter.    For each of eight determinations,  2 gm of pellets will be weighed 
to the nearest 0.1 mg and placed In the combustion capsule of the calori- 
meter.    A 10 cm strip of Parr Wire, No.   45C10,  or approved equivalent, will 
be connected across  the  terminals  and passed through the pellets.     The 
combustion chamber will be purged three times with inert gas at 25 atmos- 
pheres.    The chamber will then be closed and pressurized to 25 atmospheres 
with inert gas.    The samples will then be burned;   the calorlmetric value 
will be calculated in calories per gram;  and each calorlmetric determination 
will be recorded. 

2) Impact Sensitivity Test 

Using a Ficatinny Arsenal Impact Test Apparatus No. 
RAPD 167354,  the impact sensitivity of  the pellets will be determined by 
subjecting individual pellets to the Ijnpoct from a freely falling weight 
of 2 kg.    The pellet will be placed in a steel die cup on an anvil and 
subjected to the  Impact of a weight falling from a predetermined height. 
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The height  from which the weight will be dropped to provide « 50-percent 
probability of Ignition of the pellet will be recorded. 

3) Molstuire Content Tget 

Moisture content  testing will be conducted by using a 
10-gm sample.    The detemlnatlon will be made by removing the samples from 
storage,  and weighing, drying (at  150° F for 3 hr), and then rewelghlng 
them.    The difference between the two weighings will then be recorded. 

4) Vibration Resistance Test 

The vibration resistance test will use a 6-gm +  1- 
pellet  sample.    The pallets will be weighed and placed In a cor alner 
(Flgura 2-1)    and vibrated for 90 mln along one axis of the container at 
36 cps at a double amplitude of 0.060 + 0.002 In. peak-to-peak.    After the 
vibration test, tha sample will then be removed from the vibration tester 
and agitated 30+1 sec on a U.S.   Standard No. 40 mesh screen.    The remain- 
ing material will be weighed,  and the difference from the original weight 
recorded. 

b.      Testlnn of MgjOj Pellets 

1) Heat-of-Exploalon Test 

The heat-of-exploslon test for BKNO3 pellets will be 
the same as described In paragraph A.a.l)  except for sample weight, which 
will be 1 gm. 

2) Impact Sensitivity Test 

The impact sensitivity test for BIQIO3 pellets will be 
conducted In the same manner as described In paragraph 4.a.2)  for the 
2070A pellets. 

3) Moisture Content Test 

Moisture content determination for BKNO3 pellets will 
be the same as described In paragraph 4.2.3)  for the 207QA pellets. 

4) Vibration Resistance Tent 

Vibration resistance testing of BKNO3 pellets will be 
conducted by using a 12-gm sample +1 pellet.    The sample will be weighed 
and placed in a vibration tester,  as shown in Figure 2-2,  and subjected 
to the same  test described in paragraph 4.a.4). 

c.      Microscopic Eymlnation 

Pellets obtained from the dissected Igniters will be 
examined microscopically and tested  for hardness  to observe any changes  in 
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the surface of the pellets.  An Ignition study will be made in the press- 

urized Kopito furnace, or equivalent.  This furnace can be pressurized to 
300 to iiOO  psl, and at the same time the temperature can be raised very 
rapidly co 5000° to 6000° F.  Using a calorimeter to measure the heat input, 
the changes in ignition properties of the aged pellets will be determined. 
The parameters to be measured in the ignition study are:  (1) Energy to 
ignite pellets and (2) energy liberated from pellets.  These are the 
probable parameters of failure of the pellets. 

C.   DATA EVALUATION 

The data obtained from the heat-of-exploslon Impact, sensitivity, 
and moisture and vibration resistance tests will be plotted versus 

storage time and analyzed for trends.  If trends develop in the data, they 

v.iH be further analyzed for causes and reported.  However, the results of 
testing will be used only for failure analysis, and no service life pre- 
diction will be made based on this data. 

Data generated from the energy required for Ignition and energy 
liberated from ignition of the pellets will be plotted.  If degradation 

is noted, a suitable failure criteria will be required at that time. 
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3.       Storage 

ono „       .   c^   "^ A/D svitches wil1  bo   stored   In  HPC/B  building   No.   2152   at 
80    F and 50 percent  rh with  the  forward  axis  up   to simulate  operational 
conditions.     The  switches will be withdrawn  iron, storage  for  conditioning 
and  testing as   scheduled  in Table  2-3. 

4-       Periodic Conditioning and  Inspection Testing 

a-       Transportation Vibration Testing 

The  switches will be  subjected  to  transportation  vibration 
during the periods  indicated on Tatle 2-3.     Designated switches will be 
mounted on a TT A/D switch vibration fixture,  drawing No.  SK-A-32-4871 
Vibration will be conducted along each axis, as  shown in Figure  2-4 
Vibration will  consist  of  the  following: 

(1) Amplitude:     3.5 G rms between 5 and 50 cps; 
vibration  limited  to 0.4  in.   peak-to-peak. 

(2) Range:    5 to 50 cps. 

(3) Duration:     two  double  sweeps   (S  to  50 cps  and 
return to  5  cps   for each  double  sweep)   at 
1/2 octave per min in each of   the  three  axes. 

.,   . The te8t  ls designed to closely represent the actual con- 
ditions  to which  the missile Is subjected In the field.    The road  test 
vibration data were analyzed, and the above requirements were determined  to 

HPc"""«-^-^!"0  than Vibratl0n re<Iuireme"ts described in specification 

b. Visual Inspection 

Prlor t0 and after each vibration,  a visual inspection will 
be maoe to determine the  formation of corrosion and surface damage,   such 
as  loose or bent connector pins,  dents,  cracks,  and safing window damage. 

c. Electrical Tests 

Prior to and after each environmental test,  the TT A/D 
switch will be tested to determine A/D electrical continuity,  cycle 
time,  and circuit  resistances according to the procedure for the parti- 
cular switches as described In specification HPC  133-08-5-1C. 

d. Mechanical Lock and Man ,:1 Disarm Test 

,,   .    With the A/D svitch ln the di«"»™ position and the  safing 
pin Installed,  removal of the safing pin by hand during application of 
18 vdc to the arming circuit should not bo possible.    Any pin removal under 
these conditions  shall constitute «  failure. 
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ÜBLE 2-3 

THRUST TERMINATOR SWITCH TEST SCHEDUUE 

Switch Zero 
Time Date* 

( 
Test Sequence 

mo from zero time)** 

S/N o*** 12 24 36 48 60 72 84 96 108 120 

Apr 63 

Switch Ao. 7300-5 

OOAMA 1 b b b b b c 
OOAm 2          Apr 63 b b b b c 

EA6081            Apr 63 b b b c 
i i 

EA6041            Apr 63 b b c | i 

EA6193            Apr 63 b c i ! 
■ 

OOAMA 3    !      Apr 63 b 
■ 

b c     1 
i     i     :                 : 

i 
,    OOAMA 4          Apr 63 b 

. 
lc !                   ! 

OOAMA 5          Apr 63 b :c   l i    ; : 
OOAMA 6         Apr 63 b c    |  !   M   i   I      | 
EA6066           Apr 63 b c i                 i 

i    EA6196           Apr 63 
" 

c Ml           I 
Switch So. 7300-9 

OOAMA 7          Jul 63 b b b 
1 

b     b c 
OOAMA S          Jul 63 b b b b     c 

EA6222            Jul 63 b b b c 

EA6205            Jul 63 b b c 

EA6228            Jul 63 b c 

OOAMA 9          Jul 63 b b c 
OOAMA  10        Jul 63 b c 
OOAMA 11 '      Jul 63 b ; 

; c 
EA6224            Jul 63        j b 

'. 
c 

EA6216 Jul 63 b c 

EA6243 Jul 63 b c 

Note:     OOiiMA switches, 
1 Jul  66. 

*t**f***Si!e end of t*b:. 

S/N 1 

c for 

thru 

legi! nd 

have not baea received as of 
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Switch 
S/N 

EA1797 

EA1798 

EA1799 

EA1800 

EA1801 

EA1802 

EA1803 

EA1804 

EA1805 

EA1806 

EA1820 

EA1821 

EA1822 

EA1823 

EA1824 

EA1825 

EA1826 

EA1827 

EA1828 

EA1829 

EA1876 

EA1877 

EA1878 

EA1879 

TABLE  2-3   (Cont) 

THRUST TERMINATOR SWITCH  TEST SCHEDULE 

Zero 
Time Date* 

Apr  65 

Apr  65 

Apr 65 

Apr 65 

Apr 65 

Apr 65 

Apr  65 

Apr 65 

Apr 65 

Apr 65 

Apr 65 

Apr 65 

Apr 65 

Apr 65 

Apr 65 

Apr 65 

Apr  65 

Apr 65 

Apr 65 

Apr 65 

Jul  65 

Jul  65 

Jul 65 

Jul  65 

0*** 

Test  Sequence 
(mo  from  zero  time)'1'"'' 

12 24 36 48 60 72 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

84 96 108 120 

Switch No-,  7300-11 

* Receiving date 
** Test Sequence: 

b - Transportation vibration and  Inspection  testing 
c • Final  conditioning and destruct   resting 

*** Initial  time  test 

Note^AU TT switches  stored at 80° F and 50 percent rh 
J 
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With the saflng pin removed,  the A/D switch will   Indicate 
the armed position upon application of  18 vdc  to the arming circuit.    The 
A/D switch will be manually disarmed by  installing  the  safing pin and 
checking  the visual indicator for disarmed condition.    The entire  letter S 
shall appear in the window.    This  test will be conducted prior  to and after 
vibration  tests  as  described  in specification HPC-133-08-5-1C. 

5.        Final  Conditioning 

a.       Simulated Flight Environment 

1)      Operational Vibration 

The operational vibration phase of simulated  flight 
environment for  the A/D switch shall consist of simultaneous application of 
random vibration and the equivalent pressure of 90,000 + 4,000 ft altitude. 
The temperature requirements as specified in paragraphs-3.5.2.2 and 4.5.11 
of specification HPC-133-08-5-1C will not be required for  this  test.    The 
vibration axis shall be changed every 2  cycles. 

Flight vibration conditions shall be simulated as 
specified in paragraphs 3.5.2.2 and 4.5.11 of specification HPC-133-08-5-1C, 
Thrust Termination. Arm-Dlsann Switch.     Firing circuits will be continuously 
monitored during the simulated flight environment to determine contact 
closure and circuit continuity.     Conditions which do not conform to para- 
graphs  3.4.18 and 3.4.19 of specification HPC-133-08-5-1C. will be recorded. 
Monitoring current should not exceed 500 ma for this  test. 

2)      Acceleration Conditioning 

The A/D switch shall be mounted on a centrifuge,  or 
equivalent,  using the normal mounting provisions of the unit.    The switch 
will be  tested by applying an acceleration force as required in specifica- 
tion HPC-133-08-5-1C, paragraph 3,5.2.1,     The electrical circuits will be 
monitored during acceleration for contact chatter and excessive rotor 
bounce,  as  defined in HPC-133-08-5-1C, paragraphs  3,4.18 and 3.4.19. 
Monitoring current shall be 500 ma. 

b. Rotor Bounce Test 

The rotor bounce  test shall be conducted during the  trans- 
portation vibration conditioning sequence  in accordance with specification 
HPC-133-08-5-1C. 

c. Hermetic Seal Test 

The hermetic seal test shall be conducted after completion 
of  the operational vibration conditioning  in accordance with specification 
HPC-133-08-5-1C. 
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d. Insulation Realsfnce Tegt 

The  Inaulatlon resistance between till mutually Insulated 
parts shall be measured at a potential of 100 to 500 vdc, Inclusive.     In- 
aulatlon resistance  less  than 100 megohms shall constitute a failure. 

e. Dlalactric Strength Test 

A limit of 500 vdc shall be applied by increasing the voltage 
fron 0 to 500 vdc at a maximum rate of 100 vdc per sec between all mutually 
Insulated leads and between the leads and  the enclosing case.    The  500 vdc 
will be maintained not less   than 1 min.    Any arc-over breakdown or current 
flow which constitute a failure as detailed in specification HPC 133-08-5-1C. 

f. Cycle Test 

The switches will be cycled after tes.s a.  through e.   are 
completed.    The cycle  test will be conducted in accordance with specifica- 
tion HPC-133-08-5-1C, paragraph 4.5.13.    The total cycles a switch will 
receive before disassembly is 500. 

6.      Destruct Testing 

Upon completion of the 500 cycles or failure of a unit, 
several areas on the A/D switch shall be examined microscopically to deter- 
mine the extent of wear or stress failure.     The face of the wiper will be 
examined for peeling, cracking, and contact wear.    The area where the con- 
tact is soldered will be examined to determine undesirable alloying with 
the solder.    The motor will also be visually examined for wear. 

C.       DATA EVALUATION 

1. Perfomance Tests 

The data obtained from the firing circuit resistance tests will 
be used in conjunction with appropriate specification limits  to predict 
the service life of the A/D switch,    A regression analysis will be made 
using the individual data points.    Extrapolation of the regression curve 
will establish the service life value. 

2, Attribute Tests 

The observed condition of switches which received a total of 
500 cycles and the results of the hermetic seal,  rotor bounce,  and di- 
electric tests will be recorded.    Data obtained from measurable parameters 
will be plotted and analysed for trends.    The use of the above data will 
be  limited to failure analysis  investigations. 
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3. Tr»n»porf tlon Vibration 

Transportation vibration of the frangible »ector wlil be accom- 
pllahed by mounting the lector assembly on the frangible sector vibration 
fixture, and vibrated as follows: 

(a) Amplitude:    3.5 G rms between S to 50 cps; 
vibration limited to 0.4 In. peak-to-peak 

(b) Range:    5 to SO cps 

(c) Duration: two double sweeps (5 to 50 cps and 
return to 5 cps for each double sweep) at 1/2 
octave per minute in each of the three axes. 

Note 

All transportation vibration performed at 
zero tine was in accordance with the quali- 
fication testing requirements as specified 
in Hercules Specification HPC-133-08-5-2A, 
Frangible Sector Assembly, paragraph A.5.9. 
However this testing, when used during the 
testing sequences, would expose each fran- 
gible sector to vibration cycling in excess 
of that received by operationally deployed 
units.    The vibration requirements shown 
above are considered a more realistic teat. 

4. Final Conditioning and Testing 

a. Simulated Flight Vibiatlon 

The operational vibration for the frangible sector will 
consist of random vibration.    The vibration axis  shall be changed every 
2 cycles.    Flight altitude conditions will be simulated as  follows: 

(1) The frangible sector shall be Installed in an 
enclosure simulating the TT port and mounted 
on the vibration table. 

(2) Flight vibration conditions shall be simulated 
as specified in HPC-133-08-5-2, Frangible Sector 
Assembly, paragraph 4.5.11. 

b. High Temperature Test 

One Wing 1 and one Wing II frangible sector from each environ- 
ment will be subjected to high-temperature testing to simulate flight heating. 
The units will be placed in a temperature chamber and subjected to a tempera- 
ture of 250    F for a maximum of.  10 min.    They will then be inspected for 
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physical damage and detonated in accordance with the functional test 
described in paragraph c.  Data obtained from explosive testing of these 
ordnance components will be distinguished from that obtained from units 
not receiving the high temperature testing.  Thus, any changes that may 
have developed as a result of this test will be apparent. 

c. Functional Test 

All frangible sectors, upon completion of their storage life, 
will be subjected to the Explosive Brisance Test.  Testing will be conducted 
by placing the unit In a test fixture, checking the circuit continuity, and 
recording the bridgewire resistance. The assembly shall then be fired as 
described in specification HPC-133-08-5-2A, paragraph 4.5.8. Testing will be 
conducted at ambient conditions. Total function time and initiation current 
shall je recorded.  The fragments of the sector shall be poured into a No. 3 
screen, which is nested on a No. 6 screen above a No. 10 screen. The con- 
tents of each screen and those fragments that pass the No. 10 screen will be 
weighed in milligrams and the weights recorded. Photographs of the remain- 
ing fragments will be taken. 

d. Visual Examination 

A metallurgical analysis will be conducted on the fragments 
of  the frangible sectors  to determine possible changes  in grain structure 
which affect performance of the  sectors. 

C.       DATA EVALUATION 

The data gained from the function time and bridgewire resistance tests 
will be used to predict service life of the frangible sectors.    Regression 
analysis will be performed on the data and extrapolated to the applicable 
specification limit. 

The remaining Information obtained will be used for failure analysis. 
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TABLE   2-11 

NOZZLE  CONFIGURATION 

Applicable 
Wing Nozzle Drawing FTM Expansion 
No. Ser  No. No. Vendor* Configuration Ratio 

I 0582 6224/5710** KAE PERT 6:1 

I 0583 6224/5710** KAE PFRT 6:1 

I 0584 6224/5710** KAE PFRT 6: 1 

I 0585 6224/5710** KAE PFRT 6:1 

I 0956 6354-4 KAE 414-420 6:1 

I 0957 6354-4 KAE 414-420 6:1 

I 0958 6354-3 KAE 414-420 6:1 

I 0959 6354-3 KAE 414-420 6: 1 

I 0994 01S00659-3 KAE PFRT 18:1 

I 0995 01S00659-7 KAE PFRT 18:1 

I 3102 6354-1 TRW 408-413 18:1 

I 5103 6354-1 TRW 408-413 18:1 

I 5104 6354-1 TRW 408-413 18:1 

I 5X05 • 6354-1 TRW 408-413 18:1 

I 5106 6354-1 TRW 408-413 18:1 

I 5107 6354-1 TRW 408-413 18:1 

II 5156 OIA00768 TRW Operational 18:1 

II 5158 01A00768 TRW Operational 18:1 

II 5152 01A00768 TRW Operational 18:1 

II 5151 01A00768 TRW Operational 18:1 

II 5155 01A00768 TRW Operational 18:1 

II 5167 01A00768 TRW Operational 18:1 

II 5153 01A00768 TRW Operational 18:1 

*Vendor;     1 CAE - Kalsc r Aerospace ar id Engineer ing 

1 "RW »  Thomf son-Ramo-Woolc ridge,  Inc • 

**Nozzle uti .llzed  an  e pproach sectic n,   drawing No.  6224, and a n exit 
section,  ( (rawing No 5710 
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b'       Pressure Leak Test 

ins:; r t £; r " F "-'^ ---':r 
allowed to decay through "J    :;bo

frc^,nl?in^ 0f 60 8eC'  and  iWlat^ ^ 
eure drop is  receded ft    Je IZlT IZln^i  no«3e,^ro«.     The pres- 
Thls test is perfonned in aL^n'e'wTth^-t^'ol. 10'min time interVal- 

c       Cold Torque Teat 

torque testi^ d^ic^pK TtuU lllllZV»? * T^ "" 
Revision 4.    The breakaway to«,.- »ÖH%!    3 according to 01-02-1-14, 
right and 4°  left  L «corded! "^ reqUired t0 VeCt0r ^ 

d'       Radioaraphic Inspgr^inn 

.WcUlctlon H^SM"^"""1"" " PeC",r-' " •"■>"""" «". 

of^O^LT^"-    The ^"'le'^'cycurfr^o right to 4 
of 60 cpm for a maximmn of 400 cycles per test period. left  at a rate 

5. Final Inspection T*at 

and other possible «w lYtlll.      f ^ comPre"lon «t.  corrosion, 
disassemblj? ^ ^ effeCt8•    Co^on^s will be photographed upon 

6-      Hand Actuation 
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C.  DATA EVALUATION 

A r«gr«*alon analysis will b« 
brwtkaway cold torqu« and pressure 
Indicating dagradaclon, a suitable 
Chat time. The data obtained from 
will be used for failure analysis, 
nottles on surveillance full scale 
data. 

performed on the data obtained from the 
tests. If a trend should develop 
failure criteria will be established at 
the rsmalning tests and inspections 
The cold torque data obtained from 

motors will be compared to component 

(J 
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SECHON VI 

SPIRALLOY SERVICE LIFE PREDICTION STUDY 

A.  INTRODUCTION 

The two types of Spiralloy to be studied are Identified in Table 2-13 
by the glass and resin used, the general motor configuration each type is 
associated with, and the test specimen used. 

■:ABLE 2-13 

SPIRALLOY TYPE IDENTIFICATION 

Teat 
Specimen 

Layer lap «hear 

Wafer lap «hear 

Wafer bottlea 

Short beam shear 

HOL tenalle ring« 

12-ln, ovalold 
bottlei 

Layer lap shear 
Short bean shear 

F8U caae 
Hydroburst 

Glass 

Owens-Corning 
SCG-155-12 
(S-994) 

Glass 
Finish 

HTS 
n 

Ovens-Corning 
SCG-155-12 
(S-994) 

Owens-Corning 
E Glass 

Owens-Corning 
E Glass 

Resin 

Union Carbide 
ERLA 2256 

General 
Associated 

Motor Conflg. 

Wings II-VI 

h 

HTS 

Union Carbide 
ERLA 2256 

Shell 
Epon 826 CL 

Shell 
Epon 826 CL 

Wings II-VI 

Wing I 

Wing I 

There have been a wide variety of tests employed as a result of test 
Improvements made since the program was Initiated in March 1961. The 
interlaminar shear (XLS) test was the only available test at the time the 
Wing I program was initiated.  (See Appendix A, Section II.) The 2.6-ln. 
ILS tubes give scattered data and are affected by such variables as resin 
content and exposed roving ends. Also, the ILS tube is not a pure shear 
specimen. Bending is induced into the specimen due to slightly eccentric 
loading. The short beam shear and the hoop tensile tests were made avail- 
able during the Wing II development program and, because of their superior- 
ity over the ILS test, were subsequently incorporated into the surveillance 

2-41 CHANGED 1 July 1966 



'«SilWf"'^^.■« 

program. Iht short b«am ihaar tast 1* th«or«tlcally a pur« ahaar cast (on 
a flat apaclaan Mda from Isotropie matarUl). Whan anlaotropic material« 
auch «a filaaiant-wound flbarglass are ueed, dlractlonal and nonunlfonn pro- 
partlaa coma Into conaldaratlon. Raaln contents, fiber orientation«, and 
different elaatlc properties in tension and compression affect result«. 

The 12-ln. ovalold bottle was Included In the Wing II SplrsUoy test 
program to obtain biaxial failure data and to verify the result« of the 
«hort been shear and the hoop tensile tests. The use of the ovalold bottle 
Is questionable for comparative data, since there Is a difference In the 
mod« of failure of the abort beam and the 12-ln, bottle. The 12-ln. bottle 
provldaa a sample that more closely represents the storage condition« of 
the caa« and provides a more representative regression curve than the «hear 
and tensile laboratory samples. 

The lap ahaar and the wafer shear test«, to be used for future Spiralloy 
tea ting, will provide shear values which can be used In a case stress 
analyala. Additional advantages of the lap shear and wafer shear specimens 
are aa follows: 

(1) Differences in resin content and elaatlc propercies do not 
affact results. 

(2) Lap shear specimens can be obtained from aged FSU cases 
without significant variations due to outaide Influences. 

(3) The wafer shear specimen more accurately simulates the 
Wing II case mod« of failure. 

The 12-ln. wafer bottle will be Included to obtain verification and 
correlation of the layer lap ahear and wafer lap ahear tests. 

In order to supplement the questionable ILS data presently available 
for ua« in predicting Wing I service life values, reject and excess Wing I 
cases will be hydroburst. A description of these are given in Table 2-14. 

B.   DETAILED TEST FUN 

1.   Sample Acquisition 

The short beam shear and NOL rings were manufactured by Bacchus 
under laboratory conditions. Eight layer lap shear cylinders, twenty-one 
wafer lap sheer cylinders, and thirty wafer bottle samples will be manu- 
factured at Hercules' Clearfleld, Utah, plant and machined to specimen size 
at Bacchus. The FSU cases to be hydroburst, or cut up for lap shear 
specimens, were manufactured by Rocky Hill and Black, Sivalls, and Bryson, 
Ardmore, Oklahoma. The 12-ln. ovalold bottle« were manufactured by 
Rocky Hill. 
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TABLE 2-14 

CASE CONFIGURATION SUMMARY 

Case No, Dwg No. 
Date of 

Mfr 
Glass 
Type 

Resin 
Type 

Discrepancies 
When Assigned 

to Program 

BB01S2 8062 Dec  62 HTSE 826 No.->e 

BB0156 8062 Jan 63 HTSE 826 None 

BB0162 8062 Jan 63 HTSE 826 None 

BB0164 8062 Jan 63 HTSE 826 None 

BB0170 8062 Jan 63 HTSE 82S None 

BB0172 8062 Jan 63 HTSE 826 None 

BB0175 8062 Jan 63 HTSE 826 None 

BB0176 8062 Jan 63 HTSE 826 None 

BB018O 8062 Feb 63 HTSE 826 None 

BB0181 8062 Feb 63 HTSE 826 None 

R206X.13 3267 Feb 62 HTSE 826 None 

R205X.1.« 3267 Jan 62 HTSE 826 Aft ring out 
of  tolerance 

X295X.20 3267 Tan 62 HTSE 826 None 

R205X.62 8062 Jan 62 HTSE 826 Raceway un- 
bonded 

T402.35 3267 Nov 60 80 IE 328 None 

Q206.60 3267 Nov 61 80 IE 828 Cracked 
phenolic 

HP 00253 01A00221 Jan 64 S994 2256 None 

HP00026 01A00221 Apr 63 S994 2256 Loose glass at 
at  "Y" 

P120Y.03 01A00221 Get 62 S994 2256 None 

P120Y.O4 0U00221 Oct 62 S994 2256 None 
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2.      S«mpl« Prwratlon 

Wh«n«v€r potsible,  the Splr«Uoy material will be placed in stor- 
age in aample Ji«e;  than prior  to teitlng,  the samples will be machined  to 
proper specimen configuration.    This will prevent excessive exposure of end- 
cut glass roving to humidity. 

The samples and specimens will be serialized for identification. 
Tests will be conducted on the various specimens, as shown in Tables 2-15 
and 2-16 prior to storage.    The data obtained will be used as a baseline, 
and all subsequent test data will be compared with it  to show any trends' 
which may develop. 

Material used for winding test specimens, Santa Clara 994 glass 
roving, ERL 2256 apoxy resin, and MPD Hardener, will be 100 percent in- 
spected upon receipt and after completion of cylinder or vessel winding 
for all parameters as required in Minuteman material specifications 
HPC-133-08-2-15 and HPC-133-08'2-3.    The materials used will meet  the 
acceptance requirements of these specifications.    In addition to specifi- 
cation acceptance  testing,  the following materials  inspections will be made; 

(a) Roving 

(1) Characterization of finish by Pyrolysis  technique 

(2) Initxal and periodic Clycol analysis of finish on 
roving 

(b) Resin 

(1) Characterization of each barrel of resin to be 
used by gas chromatography techniques 

(2) Characterization of each barrel of resin to be 
used by refractive index techniques 

(3) Periodic check of the resin stored In barrel? 
for moisture content 

(c) Hardener 

(1) Characterization of each barrel of hardener b; 
refractive index technique 

(2) Periodic check of moisture content of each 
barrel  of hardener 
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d«     W«f>r Pr«itur« Vwlt 

Th« 12-in,-dl« doae-to-dome wafer  test vessels  (Figure 2-12) 
»•r« fabricated In accordance with drawing 12Z00524 and placed in environ- 
mental atoraga at 80   P and 50 percent rh.    The wafer vessels are removed 
fron storage and tested as scheduled In Table 2-IS. 

••      Ovalold Pressure Vessels 

The 12-ln.-dla dome-to-dome ovalold test vessels  (Figure 2-13) 
ware fabricated In accordance with Hercules drawing 238^ RN and placed 
In envlronmentdl storage at 80° F and 50 percent rh.    The ovalold vessels 
are removed from storage and tested as scheduled In Table 2-15. 

3.     8tora«a 

The Splralloy specimens are stored at Bacchus without protective 
wrapping and are subjected to the various environmental conditions shown 
In Table 2-15.    The specimens are stored in desiccator cabinets containing 
a humidifier to maintain the desired humidity.    Temperature is controlled 
by the building temperature control unit.    The coated NOL rings (72 speci- 
mens) ware fabricated and the edges coated with 2256 resin prior to placing 
them in environmental storage.    FSU cases, 36-in. cylinders used for 
lap shear and short beam shear studies,  were cut into sample sections, 
coated along exposed edges, and placed in environmental storage.    Wing I 
hydroburst cases will be stored  In a controlled environment, and Wing II 
and backup hydroburst cases will be stored under store house conditions 
(72° F, amb rh). 

A.      Testing 

The material to be tested will be removed from storage after 
proper intervals and tested as described in the following subparagraphs. 

a. MOL Tensile Test 

The NOL rings will be tested for hoop tensile strength in 
accordance with Standard Operating Procedure HPC-050-03-13-46,  using a 
Baldwin Testing  Machine    to apply a constantly increasing pulling force to 
semicircular segments until  failure.    Following the hoop  tensile strength 
tests,  the resln-to-glass ratio will be determined in accordance with 
Bacchus Laboratory Procedure, Section V, Method 7. 

b. Short-Beam-Shear Test 

One NOL uncoated ring will be withdrawn from storage each 
test period and cut into eight short-beam-shear specimens.     (See Figure 2-6.) 
Eight specimens will be cut from an FSU case sample section each test per- 
iod.    The test will be conducted  in accordance with Bacchus Laboratory Pro- 
cedure Section III, Method 34, at  a rate of 0,10 in. per mln.    The maximum 
force at failure will be recorded as shebr strength. 
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c.  Lap Shear 

Two varieties of lap-shear tests will be conducted using 
five types of specimens.  The first variety, designated as layer-lap-shear, 
will require three specimen configurations.  These specimens will permit 
measurement of shear strength between the 14° helical-wound layer and the 
level-wound layer, and between the 14° helical-wound layers cut from the 
36-in. sample cylinders.  The shear strength between the 14° helical-wound 
layers will also be determined from specimens cut from FSU cases.  The 
second test variety, depignated as wafer-lap-shear, will require two speci- 
men configurations for measuring the ahear strength between 14° helical- 
wound layers and B-stage wafers. One specimen will allow shear of filaments 
oriented approximately parallel to the shear force and the other perpendic- 
ular to the shear force.  The above specimens will simulate the possible 
case failure modes.  Testing will be conducted on a Baldwin Tensile Test 
Machine using appropriate adapters, as shown in Figure 2-14. The dimensions 
of the lap-shear specimens and the method by which they are obtained from 
the sample cylinders are shown in Figures 2-9 and 2-10. 

The third type of layer-lap-shear specimens will be obtained 
from rejected Wing I and Wing II cases. The specimens will be cut parallel 
to the longitudinal axis of the case to minimize the effect of curvature. 
(See Figure 2-8.)  The cases to be used are given in Table 2-14.  Three 
Wing I and three Wing II FSU cases are to be cut up for this study.  Eight 
specimens will be machined from an FSU sample section during each test 
period.  (See Table 2-16 and Figures 2-8 and 2-11.) 

d. Wafer Pressure Vessels ar.d I2-in. Ovaloid Bottles 

The 12-in.-dia, dome-to-dome wafer vessels (Figure 2-12) 
and the 12-ln. ovaloid bottles (Figure 2-13) will be instrumented with 
strain gages and hydroburst. Pressurization rate will be 50 psi/sec to 
burst. High-speed movies will be taken during the burst tests to define 
the area of failure initiation. Fifteen wafer vessels will be hydroburst 
In the Spiralloy Failure Criteria Study, and these results will be used 
as base time data for this study. Following the hydroburst test, each 
wafer vessel will be analyzed in accordance with Bacchus Laboratory Pro- 
cedure, Section V, Method 7, to determine the resin-to-glasa ratio. 

e. Full Scale Unit Cases 

The FSU cases will be hydroburst after storage periods, as 
indicated by the scheduled teat dates in Table 2-16. The hydroburst 
procedure to be used will be the same as the Qualification Program for that 
particular case configuration. High-speed movie coverage will be obtained 
to determine the area of failure initiation.  Volume determination will also 
be made for each FSU case during hydroburst.  Cases will be instrumented 
with flexagages on the aft done per Figure 2-15 ard with strain gages on the 
cylindrical section per Hercules drawing 12S00402. This instrumentation 
will be used to record strains on the case during the hydroburst test. 
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C.  DATA EVALUATION 

The Spiralloy data will be evaluated to determine the service life of 
Wings I through VI case8r and temperature and h Tnidity effects on the 
degradation rate. 

(1) The Winga II through VI Spiralloy aging trends will be 
established using the layer-lap-shear and short-beam-shear 
data.  These tests will be used to establish trends, since 
they are conducted more frequently and exhibit less varia- 
tion. 

(2) The trends estabilshad from (1) will be superimposed on the 
data obtained from tne wafer-lap-shear test. The trend 
characteristic will be fit to the wafer-lap-snear data in 
order to establish a regressive line for the lese frequent 
wafer-shear data. The 3 sigma limits calculated for the 
line will be used in conjunction with the failure criteria 
obtained from the Spiralloy Failure Criteria Study to pre- 
dict the service life of the Wings II through VI case. 

(3) Continued evaluation of the failure criteria will be accom- 
plished by analysis of the wafer pressure vessels tested 
yearly.  Testing of the pressure vessels will indicate 
changes In failure modes and mechanisms. 

(4) Wing I case service life will be established by correlation 
of the Wing I and Wing II case-lap-shear data. Verification 
of the correlation will be made using the hydroburst data 
from the aged Wing I cases. 
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WAFER OD 

MEASUREMENT RADIAL LOCATION 
MO. DIRECTIOT. FROM J, (IN.) 

P120 MERIDIAN 9.5 
F12: HOOF 10.5 

F122 MERIDIAN 12.5 

F123 HOOP 10.5 

F12A 45° TO MER 13.5 

F125 45° TO MER 8.5 
F126 ALONG FIBER 13.5 

F127 ALONG FIBER 8.5 
F128 HOOP 10.5 

F129 HOOP 10.5 

Figure 2-15.    Aft Dome Flexagage Location 
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SECTION VII 

PROPELUNT GRAIN SERVICE LIFE  PREDICTION STUDY 

A.       INTRODUCTION 

This   study  replaces  the  previous  3-yr propellant   test  plan  completed 
in December  1963.     (Refer to Appendix A,  Section  1.)     Results   from previous 
testing indicated  that the propellant physical properties changed with time: 
however,   lack of  failure criteria prevented  prediction of  service   life with 
sufficient  confidence.     This  change was attributed  to  specimen  configura- 

This  study provides  10-yr data which can be used for service  life pre- 
dictions.    Both physical and chemical properties will be studied      The 

u8.™11 85re8S and strain levelB occur in the area of the grain occupied 
by CYH;  therefore,  only CYH propellant will be studied.    DDP propellant 
will be available  for future  testing if required. 

An essential requirement  for relating  trends in propellant physical 
properties   to service life predictions  is a stress analysis of the propel- 
lant grain.    Through a stress analysis,  aging data are translated into 
parameters,  such as  stress,  strain,   stored energy, etc, which can be re- 
lated through a  theory of failure to a quantitative measure of the change 
in the margin of safety.    This change can be related,  in turn,   to service 
life predictions. 

Data obtained from chemical testing will be used  tc detemine  the 
effect of chemical changes in  the propellant composition on physical and 
stability properties, and as a means  of predicting propellant stability 
Chemical testing will also provide a  basis  for recommending propellant 
composition changes should a problem arise in aged propellant.    Particular 
attention is being given to the case-to-liner bond area where  the poten- 
tial reaction between epoxy,  rubber,  and propellant  ingredients exist. 

B.      DETAILED TEST PLAN 

I.      Acquisition of Samples 

a.      Physical Properties Test 

.  . ,,  The re'ulred samples of CYH propellant will be obtained from 
dissected  full-scale grains aged for 2-1/2,  3-1/2. 4-1/2,  5-1/2, and  7-1/2 
yr.    (Refer  to Table 1-2.)    The grains are  to be cut into thr^ major 
sections,   two sections 10 in.   long and one section 18 in.  long,  as detailed 
in Appendix B.    The two 10-in.-long sections are to be cut into 32 samples 
The samples are packaged and placed  in storage.    Upon scheduled withdrawal' 
from storage,   the  required amount of  specimens will  be machined   from   the 
samples as   shown  in  Figures 2-16 and  2-17  and  tested.     The  location  from 
which each samp'e was removed  from the grain will be recorded 
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b.     Chalcal Teatm. 

Propallant aamplaa for chemical  teats will be obtained from 
the caae-to-propellant bond lamplea. 

Th« caae-to-propellant bond aamplaa are obtained from grains 
336 (Wing U) and 2J6 (Wing I).    The 3- by 5-ln. .ample will provide undis- 
turbed apaclmana of the eaae Unar, epoxy barrier, and embedment grain and 
propallant. 

The forward and aft dome section«  from each dissected FSU 
grain except for the fwd dome for grain 1M1 will be removed from storage as 
scheduled in Tablea 1-2 and 2-17 and will have the dome removed at the rub- 
bar insulator to dome Interface as shown In Figures 2-18 and 2-19. 

TABLE 2-17 

FULL-SCALE UNIT GRAIN CHEMICAL AKALYSIS TEST SCHEDULE 

Zero Test Sequence 

Materials 
Grain 
Mo. 

Time 
Date* 

|       (mo from sere time) 

60 66 72 78 90 

Forward 336 Dec 62 a 
DOOM 216 

131 
67 
70 

Dec 61 
Jan 61 
Jun 60 
Jul 60 

a 
a 

a 
a 

Aft Dome 336 
216 
131 
67 
70 

Dec 62 
Dee 61 
Jan 61 
Jun 60 
Jul 60 

b 
b 

b 
b 

h 

  
1M1 Dec 62 b 

Legend: 
a - Photograph, plot voids, and teat 8 each potting compound. 

shrinkage liner, and propellent chemical specimens. 

b - Photograph and t est h  each aft boot and propellent chemical 
apaclmana. 

*Zsro time date is cast date of propellent grain 

The forward dome will be photographed, visually Inspected, 
and potting volda will be plotted and compared againat previous X-ray 
reports.    Eight  1- by 1- by 1/4-in. samples for chemical analysis will be 
removed from the propellent and shrinkage liner aa described In Figure 2-18. 

*j 
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Test 
Series 

III 
(Cont) 

Test 
Description 

Constant 
rate 
tensile 

Vibration 
fatigue 

TABLE 2-18 (Cont) 

PHYSICAL PROPERTIES TESTS 

Test 
Specimens 
Per Period 

Test Conditions 

Temp 
(0F) 

70 
70 
70 

70 
70 
70 

70 
70 
70 

70 
70 
70 

Rate 
(in,/mln) 

200 

200 

200 

Storage 
Condition 
(70° F) 

Applied Force 

200 

12 mo at 
1% strain 
2% strain 
5%  strain 

6 mo at 
2 psi load 
4 psi load 
8 psi load 

12 mo at 
2 psi load 
4 psi load 
8 psi load 

Strain cycled 107 

cycles at 20 ops 

0.U strain 
0.2% strain 
0.37. strain 

The series  III  tests will be conducted  to determine elonea- 
tlon^characterlstics  of the propellant.    The  loads  that will bTconsidered 

Pro- 

rnd1!.^01^8116 tfstln8wi11 be documented. " DGrl^'conaMnt^ftraln 
and  load condition testing,   storage of the propellant samples will be at 
a  temperature of 70° F and at ambient humlditv lent humidity. 

b.      Chemical Tea ting 

Specimens  obtained  from the case-bond  sample  section will 

llnTJt    fV      ChefC^1  te8tln8-    The 8Pecimen* «ill "e machined from the 
r?n      rt      t C"e:bond samPle "ctlon. and tested as  scheduled in Table 

K ;  , ^en,lcal test schedule corresponds with  the FSU case-bond  test 
schedule.    The tests  to be conducted are described in  the  following para 
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SECTION  IX 

INTERNAL INSULATION SERVICE LIFE PREDICTION STUDY 

A.       INTRODUCTION 

The Wing I motors utilize a Bun«-K rubber ^NBR)  ».» Hn.- .„-i      •. 
Phenolic (RPD.150)   in the TT shell and no^Uexr ones      Se Win«  ll 
through Wing V! ^tor case liners are marie of Bunl-S JsBR) ^teriaf    the 

^toi^ouc! ^ nyl0n Phen0llC' ^ the n0"le ^""rJre'm^ of 

speciirä^elte^S^i^s0 V^TiZTo^ * ^^ 
be prepared because of the e^rnsgr;^1^';0^^^^8^«1^" 

JnJTmlTfl^Tr ITZllZ Wln^eIte
Pshr^11C ^/^ "" ^^ Appendix A, Section II. te8ting-    ^ test Pi«" used is presented  in 

B.       DETAILED TEST PLAN 

!•       Sample Preparation 

a'       Preparation of Laborai-nry Specimen« 

1683 BU-2 under^Itio^^?^^'^ aCCOrdin8 t0 Hercule8 *™^ 
ozone degradation.     The  s e^ ^t"^^^^: ^ STT "^ 
greased with Methyl-Ethyl-Ketone. and allied  to dJv for ^Sanded>  de- 
to  cutting.     The  Buna-u  K.„O<I J  a^owea  to dry  for  1  hr preparatory 

one grcup^iirbe^ted^U8  ' p^r, r^nd1 ;eb:thiVidn1
lnt0 ^ 8r0UP- 

Buna-S specimens will be divided in^ii, " Wil1 re,nain «"»coated, 
coated with Epon 923    one gr^ with C.?    Lf0"'^     ^ ^ Wl11 be 

coated.     The Epon „ill  be ^L^^^lLJ ■anddcureed8aT?oU^S:emain ^ 

(1) S ir^^^TfoZl1^11 blended a—d- 
Epon 923, Part A    100 gm 

Epon 923. Part B     13.2 gm 
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^B«!»(/*»•■-«» ,w„ , .„. 

(2) Th« Epon will be applUd with • bru«h to an 
•pproxlmatc  thlckntaa (fairly conalatcnt) of 
0.015 in. 

(3) Epon 923 will be curad at 120° P for 8 hr. 

(4) Iha  rubber specimens coated with C-7 adhesive 
will be prepared in the sane manner as the samples 
coated with Epon 923.    The adhesive will be 
prepared  in accordance with vendor recotimenda- 
tiona. 

•>•      Preparation of ^anplaa From Dissactad FSU's 

Individual internal insulation speclmena obtained from 
dlaaacted motora will be raachlnad from aample scctiona  juat prior to testing 
to pravant apacloen damage and to permit aging to continue without direct 
environmental axpoaure.    (Refer  to Appendix B, Figure B-8.; 

1)      Eroalon Speclmena 

Rubber liner material will be cut, ualng a band saw, 
from the araa between the TT porta, as shown In Figure 2-23.    Sample 
sections will be cut Into teat apeclnena approximately 1/2 by 1 by 4 in. 
Both surfaces will be machined to remove Splralloy and  to expoae only the 
rubber to the hot gas flow during subacale motor firing.    Samples will 
be removed from atorage aa scheduled in Table 2-25. 

Phenolic aample sections will be cut from the TT 
phenollca of the aged motora using a special cutting tool and holding Jig. 
The apeclmens will be machined aa shown in Figure 2-24 and will be approxi- 
mately 1 by 4 In.   Withdrawal from storage of the samples will be as 
scheduled In Table 2-26.   Wing I, Buna-N control samples will be machined 
from hydroburat aurveillence cases; and the Wing 11, Buna-S control samples 
will be machined from hydroburat Wing IX QA caaea.    The phenolic control 
specimens will be obtained from reject or excess TT shells 

All control samples will be obtained so  that a ra'.nlraum 
atorage time will be required.    The samples will be stored in black poly- 
ethylene baga at 60° F.    All rubber and phenolic erosion specimens will 
be machined in accordance with Figure 2-25. 

2)      Tensile Specimens 

The tensile specimens will be machined from the same 
area AS  the erosion speclmena,  as  shown In Figure 2-25.    The specimens will 
first be cut  fron the liner in  1- by 6-in. pieces, machined to a thickness 
of 1/8  in., and stamped into tensile specimens. 
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TABLE 2-28 

EROSION TEST MOTOR FIRINO SCHEDULE 

Taat 
Mo. 

Taat 
Data 

Material 
Taatad 

Aga of 
Matarlal 

(yr> 

FSU 
Grain 

No. 

8-1 Jul 63 Nylon 
Buna-8 

2-1/2 336 

8-2 Aug 63 RPD-130 
Buna-N 

2-1/2 
2-1/2 

1-M-l 
1-M-l 

8-3 Aug 63 RPD-150 
Buna-N 

4-1/2 
4-1/2 

131 
131 

8-4 Fab 66 RPD-150 
Buna-N 

3 
3 

1-M-l 
1-M-l 

8-3 Fab 66 RPD-150 
Buna-N 

5 
5 

131 
131 

8-6 Jul 66 Nylon 
Buna-S 

3-1/2 
3-1/2 

336 
336 

8-7 Aug 66 RPD-150 
Buna-N 

3-1/2 
3-1/2 

1-M-l 
1-M-l 

8-8 Aug 66 RPD-1S0 
Buna-N 

5-1/2 
5-1/2 

131 
131 

8-9 Dac 66 RPD-150 6-1/2 67 

8-10 Fab 67 RPD-150 
Buna-N 

4 
4 

1-M-l 
1-M-l 

8-11 Fab 67 RPD-150 
Buna-N 

6 
6 

131 
131 

S-12 Jun 67 RPD-150 7 67 

8-13 Jul 67 Nylon 
Buna-S 

4-1/2 
4-1/2 

336 
336 

8-14 Aug 67 Buna-N 
Buna-N 

6-1/2 
4-1/2 

131 
1-M-l 

S-15 Dac 67 RPD-150 7-1/2 67 
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EROSION 

TABLE 2-28 

TEST MOTOR 

(Cont) 

FIRING SCHEDULE 

Test 
No. 

S-16 

S-17 

S-18 

S-19 

S-20 

S-21 

S-22 

S-23 

S-24 

S-25 

S-26 

S-27 

S-28 

S-29 

S-30 

S-31 

Test 
Date 

Feb 68 

Jun 68 

Jul 68 

Aug 68 

Jan 69 

Feb 69 

Jul 69 

Jul 69 

Jan 70 

Jul 70 

Jul 70 

Jul 71 

Aug 71 

Feb 72 

Jul 72 

Feb 73 

Material 
Tested 

Buna-N 

RPD-ISO 

Nylon 
Buna-S 

Buna-N 

RPD-150 

Buna-N 

Nylon 
Buna-S 

RPD-150 

RPD-150 

Nylon 
Buna-S 

RPD-150 

Nylon 
Buna-S 

Buna-N 

Buna-N 

Nylon 
3una-S 

Buna-N 

Age of 
Material 

(yr) 

7 

8 

5-1/2 
5-1/2 

7-1/2 

8-1/2 

6-1/2 
6-1/2 

9 

9-1/2 

7-1/2 
7-1/2 

10 

8-1/2 
8-1/2 

8-1/2 

9 

9-1/2 
9-1/2 

10 

FSU 
Grain 

No. 

131 

67 

336 
336 

131 

70 

131 

336 
336 

70 

70 

336 
336 

70 

336 
336 

1-M-l 

1-M-l 

336 
336 

1-M-l 
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b«     SwroU«  for Fungu« R«»lit«nce letting 

........     T'" ••■P10 vin b« 3-tn.-dU clrcl.s cut from • sheet of 
cork which hat been backed with Teflon tape to prevent exposure of both 
■Idea. The samples to be tested will be coated with XS-1133248 Hvpalon 
CM ting. "^ 

4, Storage 

Specimens will be stored at controlled  temperature and humidity 
environments.    Samples for physical properties  testing will be stored in 
humidity cabineta.    Specimens for fungus resistance testing will be arranged 
on traye, and placed in humidity cabinets  in three environments:     (1)  80° F 
35 percent rh;  (2)  80° F, 50 percent rhj and (3)   100° F,  35 percent rh. 

5. Testing 

The tdhaalve uaed for bonding the cork insuletion to the Spiralloy 
case is currently being tested as deacribed in Chapter 2, Section XII In 
this document. The cork insulation will be tested as described in the 
following subparagrapha. 

••  Phyaical Properties Tests 

At each scheduled withdrawal (Table 2-29), each 6- by 7-in 
cork aheet will be cut into 10 test samples of 6- by 1/2-in. rectangles. 
Teats are described in the following »ubparagraphs. 

1) Hardneaa 

Speciaena to be used for tensile and flexure testing 
will have first received the Shore A Hardneaa (Durometer)  Test.    This test 
will be conducted by HPC/B laboratory personnel in accordance with Bacchus 
Laboratory Procedurea Manual. Section III, Method 21.    Since this test does 
not affect tensile or flexure strength, the specimens remain suitable for 
tanaile and flexure teating. 

2) Tensile Testing 

Tensile testing of cork specimens will be conducted in 
the Hercules Chemical Propulsion Laboratory in accordance with Bacchus 
Laboratory Procedurea Manual. Section III, Method 8.    Testing will provide 
data on tenaile strength and percent elongation. 

3) Flexure Testing 

.     „        , Plaxure testing of cork specimens will be conducted in 
the Hercules Chemical Propulsion Laboratory in accordance with Bacchus 
Laboratory Procedure Manual. Section V, Method 156.    Testing will provide 
data on flexure strength of cork Insulation. 
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Fungus Resistance  TPSMI 

conducted in  two^eries^of iL^T* "^ COrk f0r  fun8US 8rowth ^ "e 

1)      Series I 

2)      Series II 

modification of the J^ur"'^ V^l ^^ ^^ Wil1 be a 

will be «teriH,«rf .«/7 ,       . ^    Ten 8araPle»  from each environment 

C      DATA EVALUATION 

will be establish^ develops, a suitable failure criteria 
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SECTION XI 

PRESSURE  SEALS  SERVICE LIFE   PREDICTION   STUDY 

A.       INTRODUCTION 

rh„.  T0 eii?in\te  teSting a11 8i"S  0f 0-rin8a  U8ed  in  the  ""«e "I ™ocor, those used In the most critical area were chosen.    The O-rlng seal  m  the 
nozzle pivot section, which is subjected to  the most severe conditions, „as 
the stal selected for  investigation.    The O-rings  selected  for the study 
„ere placed in simulated nozzle pivot sections  for storage and testing. 
Testing of the pivot sections will determine  the pivot change In torque 
„ear and sealing characteristics of the assembled O-rings with time. 

nl,»Ja!;i0Uf Cand,dates of O-^S" »nd greases  for  the stage III motor were 
placed in storage to ensure that  the system to be selected for use „as 
under surveillance.    When  the systems were selected for use  in the motor 
the remaining system testing was discontinued.    The present systems under 
study are shown in Table 2-31.    Pressure seal "ball joint"  fixture    ^U be 
tested in accordance with Table 2-32. 

TABLE 2-31 

O-RING AND GREASE COMBINATIONS 

System 
No. 

Applicable 
Wing No. 

Parker 
No. 

Spec 
No. Material Grease 

9 NA 76-128 AMS 3303 Slllcone DC-55 (slllcone) 

10 NA 47-641 AMS  7270 Buna-N DC-55 (slllcone) 

11 I  - VI 47-651 AMS  7274 Bun«-N DC-55 (slllcone) 

13 NA 77-545 MIL-R-25897 VI ton-A DC-55 (slllcone) 

14 I  - VI PS-1-30-5 MIL-P-5516A Buna-N DC-55  (slllcone) 

DETAILED TEST PLAN 

1.      Acquisition and Preparation of Samples 

u^h iv  „Thf °-rin88 were obtained from Parker Seal Co.,  Inspected,  coated 
with DC-55 slllcone grease,  and Installed in  the  test fixtures. 
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TABLE 2-32 

PUS8UKE SEAL TEST SCHEDULE (BALL JOINTS) 

Test 
, Sequence 

Tested Each 
Fixture SjritM I«p (0P) Zero Time Mo 

No. No. (tmb humidity) Date* to 120 Mo 

2 9 100 Jul 60 
26 9 100 Jul 60 
10 9 80 Jul 60 
34 9 80 Jul 60 
18 9 60 Jul 60 
42 9 60 Jul 60 
4 10 100 Jul 60 

28 10 100 Jul 60 
12 10 80 Jul 60 
36 10 80 Jul 60 
20 10 60 Jul 60 
44 10 60 Jul 60 

6 11 100 Jul 60 
30 11 100 Jul 60 
14 11 80 Jul 60 
38 11 80 Jul 60 
22 11 60 Jul 60 
46 11 60 Jul 60 

8 13 100 Jul 60 
32 13 100 Jul 60 
16 13 80 Jul 60 
40 13 80 Jul 60 
24 13 60 Jul 60 
48 13 60 Jul 60 
49 14 100 Mar 65 
25 14 100 Mar 65 

3 14 80 Mar 65 
27 14 80 Mar 65 

5 14 60 Mar 65 
29 14 60 Mar 65 

*Z«ro time Is ••••ably dtti of nozel« «pf roach section to exit  cone 
MCtlon 

• ■ Br«*k«w«y Torqu«, Cycling,  and Preseu rlzar.lon 

b - Cycling 
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.   ■»»•»"• ■■ 

Th« Xoatron MUuraa and racorda tha fore« raquirad to activata tha lavar 
an, and tha torqua la caleulatod from thia forca. 

C.      Dm tVAUUXlOH 

Sarvloa Ufa pradletlon of tha O-rtnga In tha noaala and noaile port 
araa haa baan baaad on an axtrapolatlon of tha ragraaalon analysis of 
hardnaaa «ad alongatlon data; howavar, tha physical taatlng of O-rlnga Is 
coaplata with tha 30-ao tasting.    Tha aarvlca Ufa valua baaad on this 
data la 6 yx. 

In tha futura, tha aarvlca Ufa valua will ba baaad on tha noccle 
ball-Joint braakaway torqua and praasura saal ability data.    The service 
Ufa prediction has been extended to 10 yr based on this data. 
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SECTION XII 

ADHESIVE AMD  POTTING COMPOUND SERVICE LIFE  PREDICTION STUDY 

A.       INTRODUCTION 

This study Includes the adheslves «nd potting coupounds used In tnsnu- 
facture of Wings I through VI motors. The adheslves to be studies and the 
wings to which  they apply are as follows: 

Adhesive 

Adhesive Conforming to specification 
HPC-133-08-3-15  (Shell Epon 
J-1170-E18) ,  used to bond the exter- 
nal Insulation  (cork to the motor 
case (Spiralloy); a blend of Epon 
812 and Epon 828 

Adhesive conforming to specification 
HPC-133-08-7-8,  composition 8 (Shell 
Epon 934) ,  used to bond the external 
Insulation (cork)   to the metallic 
portion of  the nozzles 

Adhesive confirming to specification 
HPC-133-08-7-13 (Armstrong A-12-1), 
used to bond the operational raceway 
rubber pad  to motor case (Spiralloy) 

Adhesive conforming to specification 
HPC-133-08-7-8, composition 2 
(Epon 923) ,  used as powder embedment 
bonding «gent 

Adhesive conforming to specification 
HPC-133-02-3-10, composition 1 (C-7), 
60/40 resin to curing agent ratio,  used 
as a rubber-to-rubber bond (boot to 
insulator) 

(Paragraph deleted) 

Applicable Wings 

II through VI 

II through VI 

I through VI 

I through IV 

II through VI 
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Th* pottln| conpoundt  to b« icudisd and th« wing« to which they apply 
ar« at follom; 

Petting Compound 

Compound conforming to apaclflcatlon 
HPC-133-08-3-2U (Shall Epon 937.2), 
uaed In potting tha axtamal Inaulatlon 
(cork)  In tha motor'« aft dome area 

Compound conforming to specification 
HPC-133-08-1-20 (Dow Corning DCQ-9-0024), 
uaad for potting around the nozzle boot 
(rubber)  In the ball Joint area 

Compound conforming to apeclflcetlon 
HPC-133-02-3-113, compoaltlon 2 
(RTV-88/RTV-9950), uaed for potting In 
the aft dome 

Compound conforming to specification 
HPC-133-02-3-113, compoaltlon 4 
(RTV-77/Thermollte/2),  uaed for 
potting In the aft dome 

Compound conforming to specification 
HFC-133-02-3-9  (Sealing Compound 
Urethane), aft dome potting 

Compound conforming to military 
specification MIL-P-8116 (CS) , 
potting around nozzle-to-propellent 
Interface 

BPC No.  1,  potting around nozzle-to- 
propellant Interface 

B.       DEIAILED TEST PUN 

The  types of specimens  to be used and  the quantity ot each are as 
listed In Table 2-33.    Specimen configuration was chosen to simulate sus- 
pected modes of failure for each adhesive being studied.    Testing will be 
conducted aa  Indicated in Tables 2-34 and 2-35. 

1.      Preparation of Specimens 

a .      Lap Shear Samples 

Applicable Wings 

II through VI 

I through VT 

I through VI 

I through VI 

I through VI 

I through IV 

IV 

Individual coupone,   1-  by 4-in.  size,  will  be  prepared  for 
each adhesive composition, as  indicated In Table 2-33.    Two coupons will 
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TABLE 2-33 

Material 

J  1170 E-18 
(828-812 blend) 

A-12-T 

Epon 93^ 

Epon 937.2 

DC-Q-9-0024 

Thixon CB-2 

RTV-77 

RTV-88 

Epon 923 

C-7 
60/40 

C-7 
60/40 

C-7 
80/20 

ADHESIVE AND POTTING COHPOCNU 
MATERIALS AMD TEST  DESCRIPTION 

Type of Test 

Tensile 
Lap shear 

Tensile 
Lap shear 

Tensile 
Lap shear 

Tensile 

Lap shear 

Lap shear 

Tensile 

Tensile 

Tensile 
Lap shear 

Tensile 
Lap shear 

Lap shear 
Lap shear 
Peel 
Feel 

Lap shear 
Lap shear 
reel 
Peel 

Type of Sample* 

JAK AT 
Al/cork/Spiralloy 

JANAf 
A1/NBR/A1 

JAKAF 
Al/cork/Spiralloy 

JAKAF 

Al/silicone   rubber/Al 

Al/Al 

JAKAF 

JAKAF 

JAKAF 
Al/Al 

JAKAF 
Al/Al 

A1/NBR/A1   -  BPC-1/CYH 
A1/SBR/A1  -  BPC-1/CYH 
NBR/NBR  -  BPC-1/CYH 
SBR/SBR  -  BPC-1/CYH 

A1/NBR/A1   -  BPC-1/CYH 
A1/SBR/A1  - BP0-1/CYH 
NBR/NBR  -  BPC-1/CYH 
SBR/SBR  -  BPC-1/CYH 

Or;g 
Qty 

V6 
96 

96 
96 

96 
96 

96 

56 

96 

96 

96 

96 
96 

96 
96 

120       ( 
120 
120 
120 

120 
120 
120 
120 

*Type of  Sample:     JAKAF   (See Figure  2-32),   Lap  Shear  (See  Figure   2-32), 
Peel   (See  Figure  2-34),   Al = Aluminum,   NBR =  Buna-N rubber,  SBR " 
Bun.i-S  rubber,   BPC =  Bacchus potting compound,   CYH «  Propellant 
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TABLE 2-33 (Cont) 

ADHESIVE AMD POTTING COMPOUND 
MATERIALS AND TEST DESCRIPTION 

Material Typ« of Test Type of Sample* 
Orlg 
Qty 

Urtthan« Cham analysis 
and compati- 
bility 

Compatibility 10 

C8 Chen analysis 
and compati- 
bility 

Compatibility and B,   fix 
configuration 

8 

BPC Cheo analyslsx 
compatibility 
and viscosity 

Compatibility and B1 fix 
configuration 

8 

»Type of Sample:    Compatibility  (See Figures 2-35 and 2-36), 
B,   (See Figure 2-33), Al  - Aluminum, NBR • Buna-N rubber, 
SBR - Buna-S rubber, BPC ■ Bacchus Potting Compound, CYH » 
Propellant 

overlap and provide a bonded  surface area of  1  sq in.     (See Figure 2-32.) 
When cork or rubber Is  to be  tested jointly with Splralloy or aluminum 
coupons,  the cork or rubber will be cut to a l-sq-ln.   sectlor and placed 
between the overlap area to be bonded.    The procedure  is as  follows: 

(1) Thoroughly clean the faying surfaces of the test 
specimens with methyl-ethyl-ketone and clean 
cheeaecloth. 

(2) Apply an even coat of the applicable adhesive, 
mixed  in accordance with manufacturer's recom- 
mendations,   to each faying surface area to be 
bonded. 

(3) Assemble specimens and apply sufficient pressure 
to ensure complete contact. 

(4) Cure specimens  In accordance with manufacturer's 
reconmendat Ions. 

(5) Remove specimens from holding fixtures. 

b.      Tensile "Dog Bone" Samples 

Ten&lle "dog bone" samples will be cast or machined for the 
adhesive,  as  Indicated  in Table 2-33,   to produce tensile specimens conform- 
ing  to Hercules drawing No.   1638-BU-2B. 
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Last page of Table 2-34 Is Incorporated in Table 3-12  In Volume II. 
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4 DI. 

1 IM. 

1  IM. 

* a. 

TOP VIEW 
UP SHEAR SPECIMEN 

SU OK HM 

»TAL 

913 
C-7 OK 923.2 

913 

SIDE VIEW 
LAP SHEAR SPECIMEN 

BPC 

J>^^fel 
1/8 U. 

± 
SIDE VIEW 

UP SHEAR SPECIMEN 
BPC POTTED CONFIGURATION 

•8-1/2 IN.- 
0.250  IN. 

H 0.500 - 0.002  IN. 

-3-1/8 IN. 
T 

— 2-1/4 IN. ¥ 
3/4 

__L_ 

IN.   R 

L 
NOTE:  4-1/2 IN.  BETWEEN GRIPS 

JANAF SPECIMEN 

Figure 2-32.    Lap Shear and JANAF Specimens 
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TABLE  2-35 

POTTING C»lPOUND/PROPELLm COMPATIBILITY   TEST  SCHEDULE 

-*  -—   « --o—■»  ••  -"i  - um  (.aee  figures  i-y. 
**Zero  time is fabrication date 

***Test  Sequence: 
a -  Inspect and photograph 
b -  Remove from storage,   inspect, vibrate, and photograph 
c - Visual  inspection and chemical analysis 

Cast  Samples 

Zero Store 

Materials* Test 
Time 

Date** 
Temp 
(0F) 

Test  Sequence  (mo  from zerc time)*** 
1 0 6 12 18 24 30 36 42 48 54 60 

B-1  Fix 
Specimen 
(BPC-1) 

Visual 
Control 
Visual 

May  65 
May 65 
May 65 

100 
100 

60 

a 
a 
a 

a 
b 
a 

a 
b 
a 

a 
b 
a 

a 
b 
a 

a 
b 

a 
b 

a 
b 

a 
b 
a 
b 

a 
b 

a 
b 

Control May  65 60 a b b b b b b b b b 

CYH/BPC-1 Compat Oct  64 100 a c c c c c       c 
Compat Oct  64 60 a c c c c r 
Compat 
Compat 
Compat 

Oct  64 
Oct  64 
Apr  65 

100 
60 

100 

a 
a 
a 

c 
c 
c 

c 
c 
c 

c 

c 

c 
c 
c 

c 
c 
c 

c 
c 

c 
c 

c 
c 

•- 
c 
c 

c 
c 

-tu« *■ » .. .r - 

Compat Apr  65 60 a c c c c c c c c c c 

dure: 
Cast samples are prepared according  to the  following proce- 

(1) Specimens  individually prepared  for each adhesive 
and  potting compound. 

(2) The molds are  thoroughly cleaned with methylethvl- 
ketone and cheesecloth and a  thin coat of mold ' 
release  (slip spray)   is applied, 

(3) The  compositions are mixed   in accordance with mflnu- 
facturer's  recommendations,  and poured into  the 
molds , 

(4) Specimens are cured in accordance with manufact- 
urer's  recommendations. 

(5) Specimens  are  removed  from molds. 
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In preparing •■mples  for machining, iheeta of Che adhesive 
or potting coopounda will be prepared and cured in accordance with manu- 
facturar'i racoanwidationt.    Theae sheets will Chen be machined to speci- 
oena conforming to Hercules drawing  1638-BU-2B. 

e.      B-l Fix Configuration Specimen 

Baae places of 4-1/2 by 4-1/2 by 1/4-ln. aluminum will be 
drilled wich elghc l/4-in.-dia holes ac 45° angles on a 1-13/16 in. radius. 
(See Figure 2-33.) SBR rubber will be cut inco six 3-in.-dia sections and 
Cwo 2-ln.-dla secdons using 1/8-in. rubber stock. CYH propellanc will be 
machined into six blocks 3 in. in dia and 3 in. high, and two blocks 2 in. 
in dla i 3 in. high. The six 3-in.-dia blocks will have a 3/4 x 3/4-in. 
machined groove.    Procedure Is as follows: 

(1) Aluminum base plates are sand-blasted and degreased. 

(2) Concentric  lines are scribed ac center,   1/8  in. 
apart,  scarcing ac  3 in. dia and scopping ac 4 in. 
dia. 

(3) Rubber is sanded and degreased. 

(4) Aluminum places are degreased. 

(5) 913 adhesive  is mixed. 

(6) Rubber Is bonded Co base places wich 913 adhesive 
and allowed  Co cure ac ambient  temperature. 

(7) Rubber is degreased. 

(8) Epon 923.2  adhesive  is mixed. 

(9) Machined CYH sample  is bonded wich rubber usinji 
Epon 923,2 adhesive and allowed Co cure as recom- 
mended by adhesive manufacturer. 

(10) Groove  in B-l Fix samples is pocced wich BPC,  Co 
ensure a clean and smooch surface. 

(11) CYH/BFC sample  is pocted around base. 

(12) CYH/CS sample  is pocced around base. 

(13) Propellanc  is marked wich scorage temperature,  dace, 
and type of sample. 

(14) Propellent  is  placed in proper storage environments. 
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SECTION XIV 

CASE-BOND FAILURE  CRITERIA STUDY 

A.        INTPDDUCTION 

The objectives  of this program are to-     m  TW«.^      * 
analyse« the modes  of failure forThTcase'h„„H    D%ten,,1"e from 8tre" 
Wing I, Wings  II through V    and Win» VT    r      TT^"6"8  ln the Mi""eraan 
and evaluate specimens which Cm nr ^Z1*86  II1 mOt0r8i   (2)  fabricate 

of  the mode, o? fiaunre^e1tL\i    d '« <l3reas8tarb8UsehPf.rueterS  f" "* 

the s;i\rptp^Ly„riLb:ti;er:f
thäLh

h'a
v:ebben dev:ioped thr^h- 

to stress analysis  results. * been related mathematically 

of faaur1: wl^^^r^U^;11"!^?8 ^T "T" ^ ^"<>* 
case-bond system provldt^  the maLr^l Pre?iCt  the fallure wlthin  ^e 
this assumption.  uL necessary to deLLT6"^8  '" knOUn-    To ev-lu«e 
the case-bond s^tem anSto develln tl^T    ?  ^ m*terlal ProP"ties of 
can be induced Ld  then expired ^th^edlcted"^^  COntrolled  f«"«.s 
therefore,  is concerned with th» L„ iP ^ ^Uures.    This study, 
and test .Uthods by which  tte^tfrI.lPment "f "**-*'>** ^st specimens 
can be determined «d prtpeU.« flu^rSe«!« 0f T ""■^ ""** case-bond arei-s. P«=ü«ni: tallure  theories  can be evaluated in the 

B.       APPROACH 

Test methods which  impose multlmHul  »^^. ....   . 
tude on the case-bond system will h™! st«88 conditions of known magni- 

tests  being considered a're^rvf /chip"    •'scarrfr^'1-    ^ 0f  the 

torsion-tension,   torsion-tension^sure! ^"e'n'fiin01^.t0r8i0n' 

in the^rJ^cS: ZZ ^7 '17^^ ^"^ ^™ 
elongation; and modulus of the Jl-S rubber  «T"8   '" CenSUe 8tren8th; 
Epon 923 epoxy embedment resin S^lexlSa „nl(    yren!:BUUdlene Rubber> • 
pellant tend to weaken or destroj [he case bonrHeP^ide l**^' '"* pro- 
test specimens.    As  the CMJ-H™ ,    ,        J      nd durin8  the machining of 
rubber,   the rubber elongates  200 to  300       ^ machinin« ^*  the  Buna-S 
resin only elongates 20^0 30 percent     UllT' M^T  the e,nbe<taent 

pagate throu8n  the e«be<tent resi" to reSieve'the «^    """^ IineS pro- 

iTiiv^iLT8tudy to --- -t^%8rrt;st^i:e„s 
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'itimf'Vr.-.wl ;'•■■•   ■ tww •.■ ■• •qtwrn -v^wt^*"*■*ül»*,vw*■^■ 

tana Ion-tors ion.    Dtta obtalnad fron thaa« t«itt will b« «tulytad by 
fallur« thaorloa, and tha baat  taat machod and taat apaclmana aalacted for 
furthar avaluatlon. 

Thaa«  Invaatlgatlona will be conducted In two phases of study;    (1) 
Kaaslbillty atudlaa and (2)  failure analyses studlaa.    The  first phase will 
b» a literature survey of case-bond teat specimen» and the evaluation of 
fabrication techniques and specimen configurations by unlaxlal and multl- 
axlal tests.    The second phase will be a statistical analysis of test 
fallurea  to establish a node of failure  in the  test specimens.     These 
analyses will  include both unlaxlal ari multlaxlal  failures. 

C.       DETAILEO TEST PUN 

1.      Test Froaraa. Phase I 

The  literature survey will be used to determine test specimens 
and test Methods by which case-bond systems may be charactarlced.    Mathe- 
matical stress analyses will be performed to assist In tha selection of 
the sK>at suitable test specimens and teat methods.    Techniques of fabri- 
cating the teat specimens will be determined. 

Limited testing will be conducted to evaluate the fabrication techni- 
ques and to establish the relationships between the  selected  test specimens 
and those used to accvnulate previous case-bond physical property data. 
These  tests will consist of unlaxlal  tension,  simple torsion,  and double- 
lap shear which have been used previously. 

a.       Preparation of Case-Bond System 

Two case-bond beakers will be powder  loaded,  cast,  and cured 
in accordance with standard operating procedures  for CYH propellant.    Each 
beaker will  contain a caae-bond system of Buna-S rubber,  a barrier coat of 
Epon 923 resin, Epon 923 embedment resin, and CYH base grain embedment, 
The  case-bond systems will  be  preapred  in  the Materials  Development 
Laboratory.     Specific instructions  for  the preparation of  the case-bond 
systems  are as  follows: 

(1) Cut four strips of Buna-S Rubber 8 by 30 by  1/8 
in.   (width,   length,  thickness). 

(2) Clean one surface of each strip of Buna-S rubber 
with trl-clean and allow to dry. 

(3) Apply a 15-mll-thlck barrier coat of Epon 923 
epoxy on the  cleaned Buia-S rubber. 

(4) Cure Epon 923 epoxy for 18 hr at  120° F. 

(5) Apply a 15-mll-thlck embedment  layer of Epon 923 
over  the  barrier  coat. 
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(6) 

(7) 

(8) 

(9) 

(10) 

(U) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

(20) 

(21) 

(22) 

(23) 

Record refactory   index  (RI)  number  every   30 min. 

Embed when A RI  equals   50  to  70. 

Weigh embedment powder and record. 

Sprinkle CYH embedment grain over  the epoxy, 
making sure  that maximum coverage  is obtained. 

Invert embedded  rubber  to remove excess  powder 
and weigh excess  powder.    Subtract excess powder 
weight  from total weight of embedment powder. 

Cure  for 16 hr at  120° F. 

Clean uncoated side of Buna-S rubber with tri- 
clean and allow  to dry. 

Apply a 15-  to 20-mll-thick coat of Epon 913.1   to 
back of one rubber panel. 

Bond a second rubber panel  to form a sandwich. 
(Embedded surfaces must be to the outside.) 

Cure for 16 hr at  77° F under  1 pal pre;       e. 

Mount case-bona system In a cellulose acetate 
frame. 

Install mounted case-bond system in a case-bond 
test beaker. 

Powder load with CYH casting powder,   solvent 
cast,  and cure per standard operating procedures. 

Secure a polyethylene panel 8 by 30 by 1/2  In. 

Apply a  15-   to 20-mil-thlck layer of Multron 
potting compound  to both surfaces of  the poly- 
ethylene panel. 

Affix one Buna-S  rubber embedded case-bond panel 
to each surface.     (Embedded surface must be   to 
the outside.) 

Cure for 16 hr at  77° F under 1 psi pressure. 

Install polyethylene panel with case-bond  systeir, 
in a case-bond  test  beaker. 
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(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

(20) 

Hecord refactory index (RI) number every 30 min. 

Embed when A RI equals 50 to 70. 

Weigh embedment powder and record. 

Sprinkle CYH embedment grain over the epoxy, 
making sure that maximum coverage is obtained. 

Invert embedded rubber to remove excess powder 
and weigh excess powder.  Subtract excess powder 
weight from total weight of embedment powder. 

Cure for 16 hr at 120° F. 

(21) 

(22) 

(23) 

Clean uncoated side of Buna-S rubber with tri- 
clean and «How to dry. 

Apply a 15-  to 20-mll-thick coat  of Epon 913.1  to 
back of one rubber panel. 

Bond a second rubber panel  to form a sandwich. 
(Embedded surfaces must be to the outside.) 

Cure for 16 hr at  77° F under 1 psl pressure. 

Mount case-bond system in a cc.ltilose acetate 
frame. 

Install mounted case-bond system In a case-bond 
tent beaker. 

Powder load with CYH casting powder,  solvent 
cast,  and cure per standard operating procedures. 

Secure a polyethylene panel 8 by 30 by 1/2  in. 

Apply a  15-   to 20-mil-thick layer of Multron 
potting compound to both surfaces of the poly- 
ethylene panel. 

Affix one Buna-S rubber embedded case-bond panel 
to each surface.     (Embedded surface must be  to 
the outside.) 

Cure  for 16 hr at 77° F under 1 psl pressure. 

Install polyethylene panel with case-bond system 
in a case-bond test beaker. 
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(24) Powder load with CYH cue ting powder solvent, cast, 
and cure par atandard operating procedures. 

b.  Machining of Taat Spaclinena 

After Che propellent haa been cured, grain 1 will be sawed 
Into eight aections «a ahown in Figure 2-S3.  Sections A through F will be 
machined into teat apeclmena aa ahewn in Flgurea 2-54 and 2-54A. Grain 2 
will be sectioned aa ahown in Figure 2-54B and then machined into test 
apeclmena aa ahown in Figure 2-54C. 

All machining will be performed in the presence of techni- 
cal personnel ao that fabrication techniques can be evaluated. Detailed 
inatructiona and drawings of the machining operation» will be supplied 
by the technical man reaponalble for the project. General machining 
drawinga and inatructiona are aa follows: 

(1)  Grain 1 

(a) Remove a 1.75-in.  slice from the baae of 
the grain (pcrpendiculiur to case-bond system) 
(cut 1). 

(b) Ranove a 0.75-tn.  alice along the length of 
the grain (parallel with case-bond system) 
(cut 2). 

(c) Remove a 1.75-in.  slice along the length 
of the grain (parallel with case-bond system) 
(cut 3). 

(d) Label this 1.75-in.  slice as Section F. 

(e) Remove a 3.25-in.   alice along the  length of 
the grain.    This slice will contain the case- 
bond system in the center of the section 
(cut 4). 

(f) Remove a 1.75-in.  slice along the length of 
the grain (cut 5). 

(g) Label this slice aa Section E. 

(h)    Using the  3.29-in.   slice removed in Step  5, 
remove a 0.35-in.  slice tlong the length of 
the grain (perpendicular to case-bond system) 
(cut 6). 

(1)    Remove succeesive 1.75-in.  slices along the 
length of the grain (cuts 7, 8,  9, and 10). 

CHANGED 1 July 1966 2-164 



j

D

C

I

Cut 5

Cut 4

yf Casebend 
'^Syitem

Cut 3

■^Cut 2

SECTION DIMENSIONS

A 1-3/4 s 3-1/4 X 30
B 1-3/4 X 3-1/4 X 30 CASEBOND IN
C 1-3/4 X 3-1/4 X 30 CENTER OF 3-1/4'
D 1-3/4 X 3-1/4 X 30 MEASUREMENT

E 1-3/4 X 3-1/4 X 30 PROPELLANT
P 1-3/4 X 3-1/4 X 30 (TENSILE & TORSION)
G 5/16 X 1-3/4 X 30 PROPELLANT
H 5/16 X 1-3/4 X 30 (LAP SHEAR)

ALL DIMENSICmS MEASURED IN IN.

Figure 2-53. End View of Detailed Machining Plan (Grain No. 1)
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A-1 
Tor 

A-2 
Ten 

A-3 
Tor 

A-4 
Tan 

A-5 
Tor 

A-6 
Ten 

A-7 
Tor 

A-8 
Ten 

A-9 
Tor 

A-10 
Ten 

A-U 
Tor 

A-12 
Ten 

B-l 
Ten 

B-2 
Tor 

B-3 
Ten 

B-4 J 
Tor 

B-5 
Ten 

Tor 

B-7 
Ten 

B-8 
Tor 

B-9 
Ten 

B-10 
Tor 

B-ll 
Ten 

B-12 
Tor 

C-l 
Ten 

C-2 
Tor 

C-3 
Ten 

C-4 
Tor 

C-5 
Ten 

C-6 
Tor 

C-7 
Ten 

C-8 
Tor 

C-9 
Ten 

C-10 
Tor 

C-ll 
Ten 

C-12 
Tor 

D-l 
Tor 

C-2 
Ten 

D-3 
Tor 

D-4 J 
Ten 

D-5 
Tor 

D-6 
Ten 

D-7 
Tor 

D-e 
Ten 

D-9 
Tor 

0-10 
Ten 

D-U 
Tor 

D-12 
Ten 

NOTE: ALL DIMENSIONS MEASURED IN IN. 

"~r" 
4-1/2 

-h 
1-3/4 

~h 
1-3/4 

-4- 
1-3/4 

H- 
1-3/4 

1-3/4 

-i- 
1-3/4 

l'3/4 

1-3/4 

1-3/4 

1-3/4 

1-3/4 

f 
1-3/4 

2-1/2 

_i_ 

Figure 2-54,     Side View of Detailed Machining Plan (Grain No.  1) 
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Figure 2-54C, Detailed Specimen Machining Plan (Grain No. 2)
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(j)    Label «ach alle« aa It la ramovad from the 4> 
grain with conaacutiv« capital lettara (A, ^ 
B,  C, D, etc). 

(k)    Cut each allce to form 1.75- by 1.75- by 
3.25-ln. apeclnana having the caae bond In 
the center of each apaclnen. 

(1)    Label each specimen with the slab letter and 
a numeral.  I.e., Al, A2, A3,   ... A12. 
Nunernla are to begin from the  top and run 
to the bottom of the grain. 

(m)    Using Sections E and F, remove a 3.625-ln. 
section of propellent from the center section 
of each slab (cuts 11,  12,  13, 14). 

(n)    Remove a C.25-ln,  slice from the length of 
each alab to form a 0.25- by 1.75- by 30-i.n. 
section.    Identify these sections aa G and 
H and wrap in aluminum foil  (cuts 15,  16), 

(o)    Take the remaining propellent from Sections 
B and F and cut each slice into 1.75- by 
1.75- by 3.25-ln.  specimens. 

(p)    Label each specimen with the slab letter 
and a numeral  (i.e.. El, E2, E3 ...  E12). 
Numerals are to lagin at the top and run to 
the bottom of the grain. 

(q)    Specimens El, E3, E5, E7, Ell, F2, F4, F6, 
F8,  F10, and F12 are to be machined to Jackman 
dogbone specimens.     (See Figure 2-53.) 

(r)    Specimens E2, E4, E6, E8, E10, E12, Fl, F3, 
F5,  F7, F9,  and Fll are to be machined to 
case-bond torsion specimens.     (See Figure 2-5A.) 

(s)    Specimens C3, D3, C4, A5, A6, C6, D6, A7, 
A8,  B9, C9, and CIO are to be machined to 
modified case-bond torsion specimens.     (See 
Figure 2-54.) 

(t)    Specimens Al, A2, A9, AID,  Bl, B4,  B6, C2, 
C5, C7, C  , Cll, C12, D4, D7,  DB, DU, and 
D12 are to be machined to Jackman dogbone 
specimens.     (See Figure 2-53.) 
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(u)    Specimens A3, A4, AU, A12,  B2,  B3,  B5,  B7, 
B8,  BIO,  Bll,  B12,  Cl, Dl,  D2,  D5,   D9,  and 
D10 are  to be machined to case-bond  torsion 
specimens.     (See Figure 2-54.) 

(v)    Sections G and H will be cut up  into  1- by 
1-1/2- by 5/16-in.   lap-shear specimens. 

(2)      Grain 2 

(a) Remove c  1.75-in.   section from the  bottom 
of the grein  (perpendicular  to case-bond 
system)   (cut  1). 

(b) Remove a 0.35-in. slice along the length 
of the grain (perpendicular to case-bond 
system)   (cut 2). 

(c) Remove a 1.25-in. slice along the length 
of the grain (perpendicular to case-bond 
system)   (cut  3).     (Identify as Section A.) 

(d) Remove a 1.75-in. slice along the length 
of the grain (perpendicular to case-bond 
system)   (cut 4).     (Identify as Section B.) 

(e) Wrap the remainder of the grain in aluminum 
foil for storage. 

(f) Using Section A,  remove the excess  propellant 
from each side so that a section with the 
case-bond system In the center  3- by  1.25- by 
30-in.   is  formed. 

(g) Machine  this  section into 3- by  1.25- by 
1.25-in.   specimens. 

(h) Identify each specimen with Al, A2, A3 ... 
Numerals are to begin fiom top and run to 
the bottom of  the grain. 

(1)    Specimens for lap shear tests,  torsion 
tests,  and scarf Joint tests will be speci- 
fied by the  technical personnel observing 
the machining. 

(J)    Specimens  for propellant characterization 
will be obtained from the excess propellant 
as Step 9 and will be specified at a later 
date. 
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(k)    Using Section B remove the excess propellent 
to form e 1.75- by 4- by 30-ln.  section with 
the case-bond system In the center of the 
4-ln. meesurement. 

(1)    Hechln« 1.75- by 1.75- by 4-ln.   specimens 
from this specimen. 

(m)    Identify each specimen with e letter and a 
mmeral.  I.e., Bl, B2, B3 B12. 

(n)    Machine modified Jackman dogbones from each 
specimen.    (See Figure 2-54C.) 

(o)    Specimens will be selected at a later dete 
to prepare case-bond torsion specimens. 
Each specimen, Bl, B2, B3. etc, will make 
two test   semples. 

(p)    Machining instructions for the remainder 
of grain No. 2 will be Issued after pre- 
liminary testing has indicated a suitable 
test specimen. 

c      Evaluation of Caae-Bond Specimens 

Fhyslcel property characterisation studies will be used to 
supplement available data.    The purpose of these studies is to eccumulate 
information which is not available and is required for the stress analyses. 
Typical characterisation studies which may be required would be allowable 
tensile stress and strain and tensile modulus of Buna-S rubber, Buna-S 
rubber enbedded with base grain, and propellent.    These studies will be 
used to determine beaker-to-beaker and within-grain variations. 

Test conditions will be maintained so that each specimen 
and each grain will be subjected to similar loading.    Scribed reference 
lines  in conjunction with photographic  techniques will be used to measure 
displacements. 

These studies will be used to accumulate that Information 
which is not available and la  required for the stress analysis.    Propellent 
characterisation will be determined by the test methods and test specimens 
selected, end the differences will be noted in the properties of the case- 
bond system. 
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Typical  characterization studies which may be necessary are: 

(1) Buna-S rubber  -  tensile and elongation 

(2) Buna-S rubber embedded with Epon 923 resin and 
CYH base grain -  tensile and elongation 

(3) Propellant 

(a) Unloxial tension 

(b) Torsion 

(c) Double lap shear 

(d) Stress relaxation 

2.      Failure Analysis Studies. Phaae II 

These studies will be a continuation of unlaxlal  tension, 
jlmple torsion,  double lap «hear,  and other multiaxial loading tests. 
The test specimens will be ..elected from the investigations in Phase I 
by the following criteria:    (1) Reproducible specimen failed in  the area 
of the case-bond resin;   (2) location of failure can be predicted;  e.g., 
resin to substrate, embedment granule to embedment resin, embedment granules 
cohesively, embedment granules to propellant,  or propellant cohesively, 
(3) specimen geometry Is adaptable to stress analysis, and (4)  fabrication 
techniques are feasible and inexpensive. 

Failure structural analysis studies will be performed on these 
specimens, and a general mechanism of multlaxial stress fields required 
to produce case-bond failure will be determined.    The stress analysis of 
the case bond in the aft dome is dependent on a new finite element techni- 
que now being developed to better model the slotted region.    From the 
elastic solution thus obtained, a viscoelastic stress-strain solution will 
be calculated for comparison with failure criteria developed from test 
results.    No satisfactory analytical technique is available, or expected 
to be available,  for stress analysis of the case bond in the vicinity of 
the TT port. 

Test conditions will be maintained so that each specimen and 
each grain will be subjected to similar loading.    The following conditions 
will be specified at the time samples are submitted for testing; 

(a) Temperature 

(b) Humidity 

(c) Testing rate - tension 
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(d)    Strain r«te 

(1) Lap shear 

(2) Torsion 

In addition to the measurements  taken by the recording machine, 
displacements will be measured by scribed reference  lines  In conjunction 
with photographic techniques. 

Specimens will be selected so that each specimen can be compared 
to each other specimen under the same type loading.    Sample selection is 
shown In Table 2-41. 

3.       Milestone 

The following schedule for this effort la provided as completion 
schedule: 

CASE BOND 

1965 1966                                   j 
Nov Dec Jan Feb Mar Apr Mny Jun Jul Aug Sep 

PRELIM1NAHY INVESTIGATION A. -A 
SAMPLE FREPAKATION A. Jk ^H _A 
TESIINC £L. jl ü. Jk 
FINAL ANALYSIS &. L^ 
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TAB7,E 2-Al 

SPECIMEN CONFIGURATION AND FABRICATION TECHNIQUES 

Grain I 

Jackman Dogbone 

Ai.Aa.Ag.Aio 
B1,B4,B6 

C2,C5,C7,C8,C11,C12 
D4,D7,D8,D11,D12 
El.ES.ES.ET.Eg.Ell 
F2,F4,F6,F8,F10,F12 

Case-Bond Torsion 

A3,A4,AH.A12 
B2,B3,B5,B7,B8,BI0,B11, 
BI2 
Cl 
J)l,D2,V5,V),mO 
E2,E4)E6,E8,E10,E12 
F1,F2,F5,F7,F9,FU 

Modified Case-Bond Torsion 

A5,A6,A7)A8 
B9 

C3,CA,C6,C9,C10 
D3,D6 

Grain II 
1/2 Jackman Dogbone 

Bl thru B12 
1/2 Case-Bond Torsion 

Bl thru B12 
Torsion 

A1,AS,A6, 
A7,A9,AU, 
A14,A15,A18 

Lap Shear 

A2.A3)AA, 
A8,A10,A12 
AlS.Aie.AW 

Note:    Grain II case-bond system is  such that two samples are obtained 
at each location except for  lap shear specimens. 

Type Testing 
Grain I 

Tens ion 

Bl A8    F8 
Cl B9    F7 
A2 C9    E9 
D2 AID E10 
C3 DIG F12 
D3 DU Fll 
DA Bll 
A4 D12 
C5 A12 
BS El 
A6 E2 
D6 F4 
C7 F3 
B7 E5 
D8 £6 

Torsion 

Al 38    E7 
Dl A9    E8 
C2 39    F10 
32 CIO r9 
D3 BIO Ell 
A3 DU E12 
34 All 
C4 012 
A5 312 
D5 F2 
36 Fl 
C6 E3 
D7 E4 
A7 F6 
C8 FS 

Tension 

Bl 
B3 
B5 
B7 
B9 
311 

B2 
B4 
B6 
38 
310 
B12 

Torsion 

32 
BA 
36 
38 

Bl 
B3 
B5 
37 

310 39 
312 Bll 
A1,AS,A6 
A7,A9,AU 
A14,A15,A18 

Grain II 

Scarf Joint 

A1,A5,A6 
A7,A9,A11 
A14,A15,A18 

Lap Shear 

A2,A3,AA 
A8,A10,A12 
A13,A16,A17 

J 
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SECTION XV 

SPIRALLOY FAILURE CRITERIA STUDY 

A.       INTRODUCTION 

The purposes of this study are  to develop filament-wound  shear spüclmens 
for determination of actual Minutemin Wing II case material  shear strengths 
between various types of filament-wound layers and also develoo failure 
criteria for case materials so that useful storage life of the Minuteman 
case can be predicted with reasonable accuracy by the use of less expensive 
token tests and/or subscale pressure vessels. 

In order to obtain the maximum information and value from the Splralloy 
Service Life Prediction Study (Chapter 3, Section VI),   it will be necessary 
to perform development work on new types of interlaminar shear specimens 
(nonpressure vessel type) for the anlsotropic material used  in Minuteman 
ccses.    It will also be necessary to develop shear failure criteria for 
the case materials using these new types of shear tests. 

Presently used shear testing procedures for filament-wound materials 
do not yield shear results which are typical of the interlaminar shear 
capability between the various types of wound layers used in Minuteman 
cases.    New tests will be designed to establish basic shear values which 
can be used to predict Minuteman service life values for the Minuteman 
study.    Shear capabilities between 14° helical-wound layers,  14° helical 
and level-wound layers, and 14° helical-wound layers and B-staged wafers 
will be determined.    The relationships between material properties - resin 
content, void content, wafer B-stage condition, etc -  and shear capability 
*re also important and may be a link in establishing the failure criteria. 
A correlation of these relationships will be established to complete the 
s tudy. 

B.      APPROACH 

A failure criteria for the Minuteman case, which is considered to have 
mainly a dome shear type mode failure, will be necessary in order to be 
able to predict Minuteman case useful storage life by use of either sub- 
scale pressure vessels or token type shear specimens. A pure theoretical 
analysis is not possible with the present knowledge and capability. It is 
therefore necessary to perform a combined analysis using flexagage data 
from case hydrobursts and elastic property and interlamlnar shear theories. 
The analysis will consist of the following procedure: 

(1) Use high-speed movies to determine the locations of failures 

(2) Determine by use of flexagages the strains through the dome 
material at the location where the majority of failures 
occur. 
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(3) Separata banding atralns  from axial  strains. 

(4) Using theoretical elastic modulll and measured strains for 
layers, calculate tensile and bending stresses in  the various 
layers. 

(5) Use theoretical analysis of orthotroplc structure  to determine 
interlaminar shear stresses  in FSU's aft dome. 

(6) Use previously determined layer tensile stresses  to calculate 
the tensile loads  in the various dome layers at burst pressure, 
and use these loads and the wafer areas over which they act 
to determine the theoretical layer-to-wafer failure shear 
strengths for FSU's. 

(7) Design shear specimens and establish layer-to-layer shear 
strength as determined necessary from FSU analysis. 

(8) Compare token test results with FSU analysis results for 
correlation.    When correlations are established,   token 
specimens can be stored to obtain shear degradation of the 
material and, therefore, of the Minuteman FSU case with age. 

(9) Evaluate problems Involved in use of 12-In. ovaloid wafer 
vessel for storage specimens.    Establish basic value for 
hydroburst pressure of the wafer vessel. 

(10) Establish correlations between wafer vessel test results, 
applicable token shear results, and FSU theoretical analysis 
results. 

(11) Use the results obtained from (10)  to determine the necessary 
minimum allowable shear strength for minimum allowable FSU 
burst capability. 

C.      TESTING 

1.      Sample  Preparation 

Material used for winding test specimens, Santa Clara 99A glass 
roving, ERL 2256 epoxy resin, and MFD Hardener, will be 100-percent  inspected 
upon receipt and after completion of vessel winding of cylinder for all 
parameters as required In Minuteman material specifications HPC-133-08-2-15 
and HFC-133-08-2-3.    The materials used will meet the acceptance requirements 
of these specifications.     In addition to specification acceptance  testing, 
f.he following materials   inspections will be made during sample preparation: 

(a)    Roving 

(1) Characterization of finish by Pyrolysis  technique 

(2) Initial and periodic Clycol analysis of finish on 
roving 
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(b) Resin 

(1) Characterization of each barrel of resin to be 
used by gas chromatography techniques 

(2) Characterization of each barrel of resin to be 
used by refractive Index techniques 

(3) Periodic check of the resin stored in barrels for 
moisture content 

(c) Hardener 

(1) Characterization of each barrel of hardener by 
refractive index technique 

(2) Periodic check of moisture content of each barrel 
of hardener 
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HORIZONTAL PROJECTION 
FROM CASE CENTER LIRE 

GAGE NO. DIRECTION LOCATION 

F 120 MERIDIAN 9.0° 

F 121 HOOP 10.5° 

F 122 MERIDIAN 12.5° 

F 123 HOOP 10.5° 

F 12A 45° 13.5°  1 

F 125 45° 8.5° 

F 126 23° 13.5° 

F 127 23° 8.5P 

Figur« 2-33.    Fl«xag«g« Location for FSU Cat« Praiaur« Cycla Taat 
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SECTION XVII 

IGNITER FAILURE CRITERIA DEVELOPMENT STUDY 

A.      INTRODUCTION 

The existing  Igniter service  life  prediction study for the Mlnuteman 
stage III (06)  pyrogcn Igniter has been conducted for Just over 3 yr with 
Igniters being tested at scheduled Intervals.    The 11 surveillance  Igniters 
tested were stored at 70° F and ranged  In age from 6 to 43 mo with one of 
these units performing outside the specification limit.    Ballistic per- 
formance Indicated no significant trends (at 95 percent confidence level) 
up to 2 yr; however, after the 3 yr tests, data Indicated a significant 
decrease In maximum pressure and a significant increase In burn time as 
related to storage time.    The fact that a trend has developed  in test 
results  is cause for concern, and the use of purchase specification limits 
as failure criteria is baing questioned.    The mathematical model chosen 
to represent  the data was the linear regression model.    Using this model 
and the igniter purchase specification Units as failure criteria, an ex- 
trapolation of the existing data permits a predicted service life value of 
6 yr.    Extrapolation of the 3-8lgma limit placed about the mean time 
indicates that after 18 mo the confidence band exceeds the igniter burn 
time specification limit of 0.52 sec.1 

This failure criteria development  study will be conducted as  Indicated 
in the following steps: 

(1) Step I - Establish a more accurate failure criteria by 
determining the use requirements or failure limit of the 
igniter and relate parameters measured from igniter static 
test results to these requirements 

(2) Step II - Determine if the present linear mathematical model 
chosen to represent igniter teat Jata is valid after igniter 
storage approaching 10 yr 

(3) Step III - Determine the action required to more closely 
monitor aging trends 

B.      APPROACH 

1.      Step ; 

The system requirements of the stage III igniter, as defined by 
the model specification, is to attain 230 osi motor chamber pressure in 
less than 200 ma after initiation of firing current. This requirement is 
not directly roeasureable from a static test of the igniter assembly. The 
parameters related to the Igniter purchase specification requirements are 
directly measureable from Igniter static tests; therefore, these require- 
ments in the past were used as failure criteria. 

Surveillance Quarterly Report. MrO-521-2, 20 October 1965 
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In order to rolato Itnltor tcetlc cost rotultr to aocor IgniCion 
traaalont (T(), an analog coaputar prograa racantly foraulatad will ba 
uaad. Thia eoapotar prograa can dwCanilna cha aaaa flow proparclaa raquirad 
of an Ignitar to attain a glwan actor T^. Using cha Ignition tranalant 
raqulraaanta of tha MlnutaMin acaga 111 aotor of 200 aa. a critical aaaa flow 
will ba dataralnad for tha axlatlng Ignitar. (Haaa flow la ralacad to tha 
Ignitar chaabar praaaura which la laaaauraabla froa Ignitar atatic taata.)
Tha praaant T< of cha 11 agad full-acala aotor taat la lasa chan 100 aa. 
wall within Cha 200 an required,and shows no correlation with aga.

C

To conflra thla coaputar aethod, a alnlaaia of four Igniters will 
be fabricated; these Igniters will be partially Inhlbltad (Figure 2>S6) to 
reduce Cha aaaa flow to cha lower 3-slgaa value axpaccad after 10-yr storage, 
based on praaant trend curve Inforaatlon. TWo of these Igniters will be 
static tastad to conflra chat cha proper aaount of Igniter propellant has been 
reaovad. Ona Ignitar will ba retrofit In an agad awtor and cha aocor 
static tastad to conflra cha coapuCer prograa'a ability In pradlcting 
critical aaaa flow. Tha aocor uaad for this atudy aay ba salactad froa the 
operational aurvalllance atudy being condtictad by OQAMA at tha Lakeside teat 
facllltlaa. The Air Force will select the aotor for this conflraatlon test. 
Tha raaalnlng Igniter will ba bald aa backup. It the critical aaaa flow can 
ba dataralnad and conflived, thla will establish tha fallura crlCarla of 
Igniter.

2. Stan 11

The predicted service life of tha Igniter presently la an ex* 
trapolatlon of the linear regression aodel chosen to represent the aging 
characteristics of the unit. An assuaptlon Is aade that the actual aging 
cliaracterlstlcs aalntaln a linear relationship throughout the extrapola­

tion. Aging characteristics arc: Burn tlsM (Increasing) and ■axlnuw
pressure (decreasing). Trends Indicated by test results arc prlaarlly 
attributed to the eaae aechanlsa, algratlon of propellant Ingredients into 
the celluloee acetate Inhibitor which surrounds the cylindrical section 
of the Igniter grain. Recently cos^leted study of the Polaris (D-10) 
igniter Indicates the NG ailgratlon rate is nonlinear. The 0-10 and 0-6 
Ignltere are slallar except for the grain configuration. The 0-10 
has a key slot arrangcaent, whereas the 0-6 has a aodlfied star arrangement, 
Tha critical factor, which is the initial perforaance of the aodlfied scar 
arrangeaent, aay be aore affected by MG migration than the key slot arrange­

ment. If the rate of migration for the 0-6 igniter is nonlinear, then Che 
chosen aaChaaatlcal model ivy not describe the function adequately, and 
resulting service life predictions would be erronlous. To evaluate the 
validity of the chosen aatbaaetlcal model and to become s»re kn<wledgeable 
of tha Ignitar aging characteristics, a alnlaua of 13 igniters will be 
required. If the present linear aodel is invalid, the knowledge obtained 
froa this study will be used to establish a matheaatical model which 
describes the function more adequately. These new igniters will be stored 
at an elevated temperature of 120° F and tested periodically for periods 
up to 18 mo as shown in Table 2-42.

C
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TABU   2.42 

XQRXm AOdLBUTD AflXNT) 
Tin KMIDULI 

Test «aquanee (mo)*** 
IgniUt 
fat No.* 

UM 
Tim** 

•tortta 
T-P^f) 0 3 6 12 IS 

1 Oet 1966 tab ab 

2 
i 

120 ac 

3 120 ac 

4 120 ab 

3 120 ac 

6 120 ac 

7 120 ab 

8 120 ac 

9 120 •c 

10 120 ab 

11 120 ac 

12 
1 » 

120 ac 

13 Oct 1966 120 ab 

* tgnlter S/K to be mdd«< 1 upon receipt of igniters 
** Z«ro T1M IS expected receiving date 

*** Feet Sequence: 
• ■ Udiographlc Inipectlon 
b - 3*1 aaaple and dissection followed by: 

[1) Visual and diaanalonal inapection 
[2) Profile study (three taaples) 
[3) Ignitability study (six speciawns) 
[4) Heat-of-react ion of pellet« (six specimens) 
[5) Strand burning rate study (six specimens) 
[6) Heat of explosion of propellent (six specimens) 

c - Static test at simulated eltitude conditions 
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Du« to tha compUxity Involved  In corraUtlng high tamparatura 
itar«|a taat raaulti to normal aging taat raaulti, th« primary uaa of tha 
raaulta fron thla atudy will ba to datact changa In dagradatlon rata. 
Raaulta fro« tha high tanparatura atudy Mill ba compared to raaulti of 
tha normal aging atudy praaantly balng conductad to datact a poaalbla 
ralatlonahlp. 

Bach Ignltar will ba radlographlcally Intpoctad In accordanca 
with Spaclflcatlon Hi?C-133-02-5-2, Qaaaral Kaoulramanta for Radloaraohlc 
Inaaactlon prior to dlaaactlon or atatlc taatlng.   Upon complatlon of tha 
ichadulad atoraga parlod two Ignltara will ba atatlc taatad undar ilmulatad 
altltuda conditions using tha axlatlng taat changar (Kanvll drawing 
KD-7624).    Ona Ignltar will ba dlaaactad par taat parlod (Flgurai 2-S7 and 
2-36) and tha following parformad: 

(a) Vlaual, Inapactlona and dlnanslonal naaauramanta of tha 
grain to datact changaa In propallant configuration 
or axudata formation* will ba nada. 

(b) Profil« atudy will ba conductad to datact chamlcal 
changaa In tha Ingradlanta within   th«  igniter.    Th« 
propallant will be analyzed by th« polaricad microacopic 
method and the inhibitor and liner will be chemically 
analysed per «atablishad procedures. 

(c) Ignitability atudy (arc image) will be performed to 
determine changaa in the ignition properties of the 
igniter grain.    Section E (Figure 2-58)  specimens will 
be machined without the normal water spray to prevent 
poaalbla effecta of water on the specimen surface. 

(d) Section A will provide BKNO3 pellets,  to be tested for 
heat-nf-reaction to determine changes  in energy 
liberated due to storage or possible effects of migra- 
tion of materials into the pellets. 

(e) Strand burning rate tests to detect any change In 
burning rate with time will be conducted using specimens 
from Section E (Figure 2-58). 

(f) The heat of explosion of the propeJlant removed from 
Section E  (Figure 2-58) will be determined by use of a 
bomb calimeter to detect possible changes with age. 

(g) A gas sample will be taken from the  Igniters  to analyze 
for possible propellent decomposition products.    This 
gas sample will be taken by inserting a hypodermic needle 
through the cork  in the nozzle throat prior to dissec- 
tion of the igniter. 
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3. 

Th« «tlttlnt tfaltar larvlo« Ufa pradlctlon ttudy   provldat for 
taeti to ba eonduotad on an amuial baala.   Tha aehadula waa aatabllahad 
mm tha pregraa aeopa waa axtcndad txom 3 to 10 yr.   At that tiM, taat 
raaulti ladleatad no tranda, Juatlfyln» tha annual taat.   Dua to datactad 
JrMI?,^th• •,,lit4n« «««»^ula »ill ba eondanaad (Tabla 2-1).   Thla raachadul- 
lag will raduea tha 10 yr prograi to 7 yr; howavar. tha progran la auppla- 
«aatad by tha oparatlonal raeyela taatln« of Ignltara eonduetad by 0OMU. 
rot thla raaaon, tha raduetlon In tha duration of tha atudy should not 
eoaproalaa tha objaotlvaa of tha Ignltar aarvlea Ufa pradlctlon atutfy. 

4. 

Tha plaaaad allaatona aehadula for thla affort K aa followai 

Taak 
1966 

MJJASOND 
1967 

J    F   M   A 

1. Ittabllah fallura 
crltarla, eoaputar prograa 

2. Inhlbltad Ignltar 
fabrleatlos 

3. Ignltar taata (Inhlbltad) 

4. HU atatle taat 

A       A 

&       A 

A A 

Stap II 

1. Procura Ignltara for 
hlgh-taaparatur« atudy 

2. Tatting aehadula 

A       A 

A Ifl    mn 

atudy: 

9.  Matarlal« »aaulr—nti 

Tha following Hat Includaa matarlal« raqulrad to conduct thla 

(a) Partially Inhlbltad Ignltara      4 aach 

(b) Pyrcjan Ignltara (D-6) 13 aach 
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FOREWORD 

Thii document prtsent« the Motor Storage Studies Program Plan and the 
Hercules plan for development of failure criteria. 

The original authority and requirements for motor storage studies 
were established in Contract AF 04(647)-243, Exhibit B, paragraph III.F.5, 
and Exhibit D, Section III, paragraph D.9; and as amended by CCN's No. 
108,  165, and 200. 

Authority for continuation of the motor storage program from 1 July 
1963 thru 30 June 1965 is given in Contract AF 04(694)-127, Exhibit A, 
paragraph D.9, as amended by CCN's 201,  208, and 269. 

Authority for continuation of the motor storage program from 1 July 
1965 thru 30 September' 1966 is given in Contract AF 04(694)-544, Exhibit 
A, part VII, paragraph C, as amended by CCN No. 50. 

This document supersedes HTO-258-3A, Revision 1, Motor Stojage Studies 
Program Plan, dated 1 December 1964, and is presented in two volumes. 
Volume I contains the effort which was  transferred from Air Force Systems 
Conmand  (AFSC)   to Air Force Logistics Command (AFLC)  In  the transfer of 
engineering responsibility of Wing I thru Wing V.    Each test schedule 
indicates  the effort remaining as of transfer date,  1 October 1966. 
Volume II contains  the effort which is  the responsibility of Air Force 
Systems Conmand (full-scale unit effort and materials unique to Operational 
Reliability Improvement (0PRI)). 

Published by 

The Publications Group 
General Services Department 

HERCULES  INCORPORATED 
Bacchus Works 
Magna, Utah 
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704

440

72

4

272

2

)48

504

440

50

1S55

109

1940

JFMANJJASO

12 2 13 2
14 

i 5

1941 
H J

36 36 34

32 24 54 54 24 32 32 56 24 14 24
4143144I43I4



TABLE 1-lA

MASTER SURVEILLANCE TEST SCHEDULE

.961 1962 1963 1964 1963.. JJASOHD JFHAMJJASOIIO JI>MAMJJA808D JFMAMJJASOKD JrMAMJJASOlO

ik-----------------

21

21

1 4 2 3
S 2

1 4 2 3
3 2

3 2 
2 

t
2 6

1 3 2
2 6 2

2 8 • 8 8 8 ■ 8 8 8 8
1

5

0

2
2

2
2

2
2

t
2

24

34
3

3 to 10 II 69
4

112

2 1* 9 11 73
2 6 1

136
• 6

2 7 8 8 6*
1 14 12

120
8 8

16 7 » 60
113 6

104
8 8

16 4
2

0

8 4
4 2

8 8
7

8 4
4 2

2
■ 8 2

1
7 6

M M 34 36 34 36

10 5
32 32
20 20

M 36 36 34
» SO SO

S S
32 32 32 32
20 20 20 20

1

SO SO SO SO

S S
32 32 32 32
20 20 20 20

8

36
50 40

♦ JJ JJ it, 2* 16 26 
16 4 16 3 14

msr~———------- -

16 8 24 16 24 8 24 8 8 24
314413316414

• M 8 24 16 16
3 14 3 12 4 2 2 (10 tK held for bvkup)

2 2 
171 148

i 1 111 1
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■:

V,'.-

' , ■

■ ^^;-'

CoapoMAt or »toc«rUt
Typ«
Tost

No. of 
Spec(aon 

PUrod in 
Storag* JPNAHJJA80IID JrMAMJJASONO

Igsltar Taap cond, functional 
r.anaportaeion cond. x*ray 
rii tend, «-ray, fonct, aratU fira 
Plight rond. g'ray, dlaaact 
X-ray

Patlura crLtaria att^y 
IgnUar 8 4 A

Static taats and dlaaactloa

Tanp cond. functlonat 
Tranaportacion cond. alactrical 
Pit cond. functional, atatic fira

17

28

3 1 

2 2

3
1 2

1

3 13 3

3 3

Pallata Rtyaical 4 chantcal on "oaw** pallata 
niyaical 4 cKanicat on ’’old" pallets

TT swilcli -5
-J
-8
•8
•II
•11

Transportation vibration, electrical 
Plight cond. functional, deatruct 
Transportation vibration, electrical 
Plight cond, functional, dastruct 
Tranaportation vibration, alactrical 
Plight cond, functional, dastruct

11

11

24 12
2

Pranglbla sectors Wing I 
Hlob XX

Transportation vibration, electrical 
Flight vibration 
Transportation vibration, electrical 
Plight vibration

120

132
6 1

Noextea Vint X

88
8

1 3 5 
8

72
8

Wins XI

Spiralloy
Wafer lap shaar. Type I <eyl)
Uyer Up ahear. Type I (cyl)
Wafer Up shear, Type I aiat (cvl)
Uyer Up sheer. Type 2 (cyl)
Wafer bottles
Ovalold bottles
Short bean shear (lab)
Uncoated NOL rings 
Coated NOL rings 
PSU cases. Wing I 
PSU LS 4 S8S. Wing I 
PSU cases. Wing tX 
PSU LS 4 SBS. II
Psilure criteria study 
InterUsiinsr shear ring I 
Interlasiinar shear ring XI

Propellant

Pailura erttavia atudy

PSU Grain Olsaection

Pressure leak, cold torque. NOT 
Mechanical cycle 
X*rey. disessenbU 
Hand cycle
Pressure leak, cold torque. WOT 
X-ray, dlsasaenbU 
Hand cycle

niysical
Physical
Ihvslcal
Physical
Hydr<d»urst
Hydrobursr
Physical
Physical
Physical
Hydroburst
Physical
Hydr<d>urst
Physical

260
400

28
28

21
40

704
440

72
6

272
2

368

32
20

8
1 1 

48 32

32
20

32
20

32
20

32
20

8
1

32 1

8 9 8 8 8 8
1

16
Physical
Physical

504
440

Chemical 
Physical 
Subscale statte

30
1855

109

2
208 84

2
112

2
55



TABLE  l-U   (Cont) 

MASTER  SURVEILLANCE TEST SCHEDULE 

l%7 1968 1969 1970 1971 
M     J     J     A     S     0     N     D JFMAMJJASOND JFMAMJJASOND JFHAMJJASOKD JFMAMJJASOND 

2 
2                      ]           1 

1 

i 

>                                  S 

2 
2                      !           1 

1                                                                            1 
II                          11 

1                                         1 

3 

3 (1   unit held for bud 

3                                                                     1 

11                       11 

2 

2           1                 2 
1                                      1 

up) 

2 

2           1                 2 

1 

2           1 

1 

2           1 

8 
1 1                                     1 1                                      1 

7 
2 

9 
3 

5 
2 

6 
3 

a      4; 
115                                  6 

72 
a                        a 

5         37 
6                       3          4 

56 
8                                    8 

2        20 
II                        1          6 

40 
»                                    8 

1 
12                       1           8 

24 
8                                    8 

1 

12 
6                                     6 

b 

6                                  6 

8                                     4 
4                                     2 
1 
6                                      5 

6                                    6 

8                                    4 
4 2 
1 
5 4 

1 
6                                    i 

8                                    4 
4                                    2 
1 
4                                    3 

1 
5                                    5 

8                                    4 
4                                    2 
I 
3                                    2 

I 
4                                     4 

28 

28                                28 

12 
20 

8 

If! 

1 
8    8        lb 

28 
28                                 28 

3 

32                                  32 
20                                  20 

8                                     8 
1 

12   16 

8    8                              8               16 

28 
28                                  28 

3 

32 
20 

8 

32 

1 
8    8                                                32 

28 
28                                 28 

3 

32 
20 

8 

16 

8    8                                               1« 

28 
28 

1 

32 
20 

16 16 

16 

2                                  2 
55                                84 

12                               2                                   2 
84                                   28 

2                                   2 
84                                   28 

2                                   2 
84                                  28 

2                                      2 

I 

CHANGED  1  September   1966 1-10B 





TABLE 1-lA (Cont) 

MASTER SURVEILLANCE TEST SCHEDULE 

mi 1974 1975 1976 1977 
H    J     .1    A    S    0     N     U JFMAKJJASOMD JFHAMJJASOND JFHAMJJASOND JFHAMJJASOND 

t 

1 
2 3 

1 
2                                   2 

1 
1                                    1 

24 
24 

!2 
20 

24 
24 

24 
24 

24 
2« 
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Prof«IUnfto-lliMr band      PSD I 

«Hurt criteria itudy 
C««« bond «yttM Ho. 

hit 

ntytlc«! t chMlcil 
Rijrnlcal fc chMlc«! 
ntyttctl ft chMlctl 
Arilcal t chaaleal 

nijralcal 

lataraal laaulator 

Patlura criteria rtudy 
US 190 HMUQIIC 

ktarnal laaulatlon Avcoa 
Cork 

Adhaalva and  rotting J  IWO-EIS 
A   12 I 

»H 
DCQ-5-0024 

»37.2 
HIV?) 
RTVSfl 

92) 
C-J 

TTilxon CU 
C-7/SB« 80/20 
C-7/SU 60/40 
C-7/NBt 80/20 
C-7/HM 60/40 

»23.7/8» 
«23.2/1IM 

8-1  riu/UC Ho.   1 
CYH/8FC no.   1 

8-1  Pix/BPC Mo.   2 
948.2/»13 
948.2/sn 
948.2/SBII 

8oot-to-rlap 

Wlw I 
Ming II 
Wlnj IV 
"In«  VI 

Itiyilcal 

(8SD effort) 
(BSD Effort) 

(8SD Effort) 

(BSD Effort) 

(BSD Effort) 
(BSD Effort) 

Rtyalcal 
Subacala  Italic    (Erosion) 
ntyalcal 
Subacala atatlc    (Sroalon) 

Riyilcal 
Htyilcal 
Riyalcal 

Riyalcal 
niyalcal 
Punsua 

Hiyalcal 
Ifiyalcal 
niyalcal 

n<yalcal 

ntyalcal 
Oiaalcat 
Ehyalcal 
niyalcal 
niyalcal 
Peel 
Pre I 

Static fire 
Static flea 
Static fir« 
static fir« 

(BSD Effort) 
(BSD Effort) 

(BSD Effort) 
(BSD Effort) 
(BSD Effort) 
(BSD Effort) 
(BSD Eflort) 

Spaclaan 
Placad In 

Storas" 

36 
36 
34 

JPHANJJASOKD J f H A M J J A 

27 
120 
59 

172 
128 
120 
120 
248 
133 

23 
48 
8 

92 
483 

354 
2880 
240 

3884 
380 

176 
176 
176 

88 
176 
176 
88 

240 
240 
240 
240 
240 
240 

176 
264 

2 

3 4 4 

48 48 48 48 48 48 
20      40 

48 48 48 48 48 48 48 ' 
40     40 

a 



TABLE  1-lA  (Cont) 

MASTER SfRVEILI-ANCE  TEST SCHEDULE 

1»»7 1963 1964 1H1 

|    J     J     A     S     0     N     U JFHAHJJASOND JFMANJJASOaD J     PHAMJJASOID 

r 

.                 4                4 
',                   k                  4 
i                  4                  4 

2                 3                 2 
9                8                 8 

P   6                6                6 
^6                6                6 

4 

4 
3 3 
a          a          a           a 
4 4                 4                 4 

6                6                 6                 6 
6                6                 6                 6 

16              a 

8                8                4                4 
4                4 

6                6                ] 
6                6                6 

16                8                8 
a           a          s          a 

a           a           a 
a           a           a 

a          a          a         16 
i«           a          i« 

8               8                                8 
a           a                       a 

6                 3 

ia                 ta 
i                   i 

18                         18 
1                           1 

8              It                               It 
a                       a 

16 
♦                3                1               3 

9                9                 9 9                9                 9 
12           a           a           a 

9                                   9 
a           a           a           a 

so 
a                        a 

5               22                10              22 

6    6                            6 
2 

t                                   6 
1 

• 
13              22              13             12 

39               24 29              29             34             24 
240 

16 

34              24             34             10 
240             240            240            240 

It               16               16               16 

29                5              39 
120             120             120 

It               16               16               It 

.    48 48 48 48 48 48 48 
,i              40               40 
.«4                 4 

48 48 48 48 48 48 4a 48        48 4a 48 
40              40              40 

4                4                4 

48         48 48        48 48              48 
40 

4                                    4 

4« 30 30 JO 10 30 30 30 30 30 10 

% 

16                                   8 
16                                   8 
16                                   8 

a                       4 
a                    4 

a 
it 

4 

It                                   8 
it                       a 
it                       a 

a                       4 
a                      4 

a                       4 
a                       4 

8    4                              4    8 
8                                   16 

a 

4                                      4 
6                                    6 

4 

I 1                 1                        1 1                  1                        1 1                                    1 1 
1 
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TABLE I-IA (Cent)

MASTER SURVEILLANCE TEST SCHEDULE

1968 1969

.1 A S 0 H D JFHANJJA£OND jrNAMJJASOND JFMAHJJASOND JKNAMJJASOHD

16

6

16

6

16

6

16

6

16

6

16

6

6

1 1

6

1 I

120 120

6 6 6 6 6 6 666666666666 666666666666 666666666666 666666666666

4 8 
16

8

24

24

24

24

24

16

16

16

8

8

16

16

16

8 4 
8

4

12

12

12

12

12

12

4

4 8 
16

8

12

16

H

8

12

8

24

24

24

24

24

24

4

12

8 4 
8

4

12

12

12

12

12

12

4

4 •

16

8

24

24

24

24

24

24

4

4

12

12

12

12

12

12

4

8

24

24

24

24

24

24

4

12

12

12

12

12

12

16

24

8

12

16

24

8

12

16

24
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Ko.   of 

PropcUant-to-liner bond      PSU I 

Type 
Teet 

SpecUwn 
Placed   In 
Storage 

1972 1973 

J    F    M    A     M J     J A     S     0    M     D J     P    H    A     M    J     J A     S     ( N    J J     P 

Phyilcal & chemlcat 180 
Phyalcal 4 chemical 8 

rsu ii Phyaical 4 chMlcal 
Phyalcal 4 chanlcal 

186 
8 

6 

Ftllur« criteria itudy 
C«i«  bond   tyattm Ho.                           1 n>yi!tal 36 

2 $ 36 
3 34 
4 50 

S6 
6 
7 

bO 
27 

9 120 
10 59 

11 81 
12 84 
n 172 
15 (BSD  Effort) 128 
17 (BSD  Effort) 120 
18 (BSD  Effort) 120 
19 (BSD  Effort) 248 8 8 8 8 B 
20 135 6 6 6 6 6 
21 '                       (BSD  Effort) 141 
22 Phyalcal                (BSD  Effort) 138 6 6 6 6 

Interiul   Invulator                     PSU  I Phyilcal 96 
23 

48 

6 

PSU  II Physical 
1 

Subacale atatlc (Eroalon) B I Fcllur« criteria study 
RPD HO Phenolic niytlcal 99 
BUM N Physical 92 
BUM 5 Phyilcal 483 16 22 16 22 

External   Insulation              Avcoat Phyalcal 354 
Cork Phyalcal 

Pungua 
2880 

240 
120 120 

Prciaure  Seal Phyalcal 3BS4 6     6     6     6 6     6     6 6    6    6    6    6 6     6     6    6     6     6     6 6     6 6     6     6 6     6 
Elaatoaer Phyilcal 380 
Greaaca Phyilcal 46 

Adheilvc  and  Potting            J   1170-E18 Fhytlcal 176 8 
a Co^ound                                                 A   12  T 176 

93A 176 8 
DCQ-9-0024 B8 4 

937.2 B8 4 
RTV77 88 i it 
RTV88 BS 4 

923 176 4 4 4 4 4 
C-7 176 8 8 

Thlxon CB2 
88 

240 
C-7/SBR  80/20 
C-7/SBH  60/40 240 

240 
240 

C-7/mR  80/20 
C-7/mK  60/40 

92 3.2/SBR (BSD  Effort) 240 
92 3.2/HBR (BSD  Effort) 240 

B-l   FIK/BPC  HO.   I Phyaic«! 44 
CYM/BPC  No.   1 Chanlcal 6b 

P-l   FIK/BPC  NO.   2 Phyalcal                  (^SD  Effort) 44 
'»48.2/9S3 Pfryiical                  (BSD  EffiTt) 176 8 8 
948.2/SBR Phyilcal                 (BSD  Effort) 264 12 12 
948.2/SBR *•'■•■'                           (BSD  Effort) 264 12 12 Boot-to-Ilap Pr*l (BSD  Effort) 1 12 6 6 

PSU Muroim                     wtng   I i   I irt- l? 
Ulng   11 Stall«   lire 6 
WlnK   IV StatU-  lira 
Wit»«  VI 2 

fl 



TABLE 1-lA (Cont) 

MASTER SURVEILLANCE TEST SCHEDULE 

1973 1974 1975 1976 1977 
*     H    J     J     A     S    0    N    D JPMAMJJASOND JPHAMJJASOKD JFMAHJJASOND JPHAMJJASOND 

S 

b                                   b 

8                                        8 
6                                    6 

6                                          6 6                                        6 

1 

lb                                      22 

120 

66666     b     66 666666666666 6     6 

8 
8 
8 
4 

4 
4 

4 

8 

12 

4 
4 

4                                          4 
8 

a 
12 

12 
6 

4 
4 

4 

4 
12 
12 
12 
12 
12 
12 
12 

a 
12 12 

12 
6 

* 
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TABLE  1-5 (Cont) 

TEST PARAMETERS 

Test Item Parameter 

Data Used 
for Service 

Life Prediction* 

Case 
Tensile shear 

specimens 

Wafer borties 

FSU cases 

Internal Insulation 
Rubber 

Phenolic 

External Insulation 
Avcoat 

Cork 

Interlaminar shear^ 
Short beam shear(4) 
Lap shear 
Hoop tensile 

Burst pressure 

Burst pressure 

Tensile 
Elongation^3' 
Density 
Hardness 
Erosion (5) 
NG migration 

Tensile 
Hardness 
Elongation 
Erosion 

Tensile 
Elongation 
Hardness 

Tensile 
Hardness 
Elongation 
Density 

X 
X 
X 

X 

X 

X 

^Current failure criteria values " 50 percent degradation of Initial 

value 

^Current failure criteria val . • 40 percent degradation of initial 
data (based on case design t  - y factor and evaluation of test results 
of failure criteria studies) 

^Current failure criteria values - 3.5 percent elongation (baaed on 
hydroburst data on allowable case expansion) and 25 percent Increased 
erosion (based on «valuation of full scale motor erosion data) 
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TABLE 1-5 (Cent) 

TEST PARAMETERS 

Data Used 
For Service 

TMt Item Parameter Life Predictions 

Propcllmt grain Maximum atreaa X 
Strain at max atress X 
Maximum a train X 
Strait at max atraln X 
Creep 
Relaxation modulus 

-- 

Chemical changea 
Accumulative damage 

X 

Case bond Tenalle X 
Peel .. 
Chem profile X 

Adhaalvet and Tenalle __ 
potting conpounda Elongation 

Hardneaa 
-- 

Peal — 
Shear — 
Chemical changea -- 

There are many testa and obaervatlona made in the Laboratory 
Support Program which do not provide measurable data.    This type of Informa- 
tion Is recorded by photographs or other means and used In making predic- 
tions and performing failure analyaea. 

The procedure for analyzing and Interpreting data has been 
designed to establish a consistent method for making service life predic- 
tions.    The procedure Is outlined In the following paragraph. 

c.      Service Life Eatlaatln» Procedure 

1)      Introduction 

The minimum service lit» of motors In the Mlnuteman 
propulsion system is normally ccnsldered to be the demonstrated storage life 
determined by th* oldest successful full-scale motor firing.    However, only 
limited confidence can be placed on a single motor test.   Also, because of 
the small sample sl«e, minor conflgurdtlonal differences, and the relatively 
abort lead time of the storage motors over the operational force, data from 

CHANCED 1 July  1966 1-16 



SECTION IV 

FRANGIBLE SECTOR SERVICE LIFE PREDICTION STUDY 

A. INTRODUCTION 

The Wing I frangible «ector It llluetnted In Hcrculei drawing 
No.  2045BU.    The Wings II through VI frangible sector Is Illustrated In 
Hercules drawing No. 01A00545-001.   This study applies to both types 
of frangible sectors.    A portion ot the Wing I sectors were of R & D design, 
and the wire shielding was not connected to the sector body.    As s result 
of this condition, the leads Into the sector body broke when vibrated 
excessively.    This design was not used on operational motors. 

The frangible sectors will be tested to determine the Interactions of 
time, temperature, and humidity over a period of 10 years.    The frangible 
sectors will be conditioned to simulate actual operational conditions. 
Transportation vibration simulates the expected motor transportation. 
Operational vibration simulates the expected vibration received during 
flight. 

B. DETAILED TEST PLAN 

1. Acquisition of Samples 

A total of 128 Wing I frangible sectors, manufactured by Libra- 
scope Inc, and 160 Wings II through VI frangible sectors, manufactured by 
Hercules Incorporated, Port Bwen Plant  (HI/PE), were procured for this study. 

2. Storage 

Upon completion of initial inspection and transportation vibra- 
tion, the frangible sectors were stored under the following conditions: 

No. and Type Storage Conditions 

32 Wing I frangible sectors 

32 Wing I frangible sectors 

40 Wings II - VI frangible sectors 

40 Wings II - Vi frangible sectors 

32 Wing I frangible sectors 

32 Wing I frangible sectors 

40 Wings II - VI frangible sectors 

40 Wings II - VI frangible sectors 

Removal from storage for testing and conditioning la as scheduled 
In Tables 2-4 through 2-9. 
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100° F, 70%  rh 

100° F, 101  rh 

100° F, 70% rh 

100° F, 10% rh 

70° F, 70% rh 

70° F, 10% rh 

70° F, 70% rh 

70° F. 10% rh 
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3.      TrmmorMtlon Vibration 

Trcnaportatlon vibration of th« frangible aactor will be «cconr- 
pllahad by aountlng the sector assembly on the frangible sector vibration 
fixture, and vibrated as follows: 

(a) Aaplltuda:    3.5 G ms between 5 to SO cps; 
vibration limited to 0.4 In. peak-to-peak 

(b) Range:    5 to SO cps 

(c) Duration: two double sweeps (5 to SO cps and 
return to 5 cps for aach double sweep) at 1/2 
octave par minute In each of the three axes. 

Note 

All transportation vibration performed at 
sero time waa in accordance with the quali- 
fication testing requirements as specified 
in Hercules Specification HPC-133-08-5-2A, 
Frangible Sector Asaeaibly. paragraph 4.5.9. 
However this  testing, when used during the 
testing sequences, would expose each fran- 
gible sector to vibration cycling in excess 
of that received by operationally deployed 
units.    The vibration requirements shown 
atove are considered a store realistic test. 

A.      Final Conditioning and Teating 

a. Simulated Flight Vibration 

The operational vibration for the frangible sector will 
consist of random vibration.    The vibration axis shall be changed every 
2 cycles.    Flight altitude conditions will be simulated as follows: 

(1) The frangible sector shall be Installed in an 
enclosure simulating the TT port and mounted 
on the vibration table. 

(2) Flight vibration conditions shall be simulated 
as specified in HPC-133-08-5-2, Frangible Sector 
Assembly, paragraph 4.5.11. 

b. High Temperature Test 

One Wing I and one Wing 11 frangible sector from each environ- 
ment will be subjected to high-temper&ture testing to simulate flight heating. 
The units will be placed In a temperature chamber and subjected to a tempera- 
ture of 250    F for a maximum of 10 min.    They will then be inspected for 
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TABLE 2-2S 

PULL-SCALE UNIT RUBBER SAMPLES TEST SCHEDULE 

Grata 
Ne. 

• la« 
■a. 

lara 
TUa 
Data» 

•aellaa 
Da. teat 

Teet ia^uanaa (ne Ires aare tlae) 

10 1« 62 U 3« »0 M 12 7t M «0 t« 102 10« 116 120 

m 
13» 
IM 
11» 
IM 
1W 
11» 
M« 
11« 
11» 
11« 
11» 
13» 
11» 
13« 
13« 

Daa «1 
Saa «1 
Doc «1 
Daa U 
Daa tl 
Daa »1 
Daa »1 
Daa »1 
Daa «1 
Dae «1 
Daa «1 
Daa «1 
Daa «] 
Daa «2 
Dae «2 
Oac  »2 

1-1 
1-1 
!-2 
1-2 
1-1 
1-1 
1-« 
1-t 
1-1 
1-1 
1-6 
1-6 
1-J 

!:i 
i-i 

leaelle 
Kraalen 
Teaalle 
1 realen 
Teaalle 
Iraelea 
Teaalle 
Iraalen 
teaalle 
Iraelea 
Teaalle 
Kraetea 
Teaalle 
Iraelea 
Taaalla 
Kroalaa 

«a« 
12 

6 
11 

6 
12 

t 
12 

6 
12 

6 
12 

6 
12 

6 
12 

mi 
mi 
mi 
mi 
mi 
mi 
mi 
mi 
mi 
mi 
INI 
mi 
mi 
mi 
mi 
mi 

Dae »2 
Dee »2 
Dee »2 
Dee »2 
Dee »2 
Dee »2 
Dee »2 
Dae »2 
Dee »2 
Dee «2 
Dec »2 
Dec »2 
Dee  »2 
Dae »2 
Dee »2 
Dae »2 

i-i 
i-i 
i-i 
1-2 
1-1 
1-3 
1-6 
1-6 
1-5 
1-5 
1-6 
1-6 
1-7 
1-7 
1-1 
■ -• 

teaalle 
Iraelea 
teaalle 
Iraelan 
Tana lie 
Kroaten 
Tana De 
Eroelen 
Teaalle 
Kraalen 
Tenetle 
Iraalen 
Tana 1 la 
Kraelen 
Tenalle 
Iraelan 

« 
12 

6 
12 

6 
11 

6 

6 
12 

6 
12 

6 
12 

6 
1! 

131 
111 
111 
111 
131 
131 
131 
131 
131 
111 
131 
131 
131 
1)1 
1)1 
131 

Jan »1 
Jaa »1 
Jan »1 
Jaa 61 
Jaa »1 
Jaa »1 
Jaa »1 
Jen »1 
Jan »1 
Jen »1 
Jen »1 
Jen »1 
Jan 61 
Jan 61 
Jan 61 
Jan 61 

1-1 
1-1 
1-2 
1-2 
1-3 
1-1 
I-« 
1-6 
1-3 
l-J 
1-6 
1-6 
1-1 
1-7 
1-1 
1-6 

Tenalle 
Iraalen 
Taaalla 
Iraalen 
Teaalle 
Iraalen 
Tenelle 
Iraalen 
Tenalle 
Iraalen 
Teaalle 
Iraalen 
Teaelle 
Kroeloa 
Tenelle 
Krealon 

6 
12 

« 
12 

t 
12 

6 
12 

6 
12 

6 
12 

6 
12 

6 
12 

*7.«ro   tin* d«c« u caat <Ut* of motor 

**Nuaib«ra   Indicate  apac Inana   taatrd 
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2. Stortte 

«.      No«»l« Pivot Section« 

The nozsle pivot ■ectlon* will be stored at 60°, 80°, and 
100   F.    The relative humidity of the 60° and 100° P building« li aafclent. 
The 80° P building  Is controlled at 50 percent relative humidity. 

b.      (Paragraph deleted) 

3. Tea tin» 

a.      No««le Pivot Section» 

1) Plxture Cvcllna 

To perform the actuating torque test and the 0-rlng 
pressure seal test,  fixtures were designed (drawing No.  1264-BU) which 
slaulate the nossle pivot section.    Plgure 2-28 Is a photograph of the 
fixture component».    Each fixture will contain two 0-rlngs throughout 
storage and testing to duplicate the conditions encountered In the third 
stage nozzle during silo storage. 

The failure criteria employed in this study are actuat- 
ing torque and the ability of the 0-rings to maintain a seal against a 
pressure of 200 psig. 

One of the two 0-ring teat fixtures of each system at 
each storage temperature will be used as a control, while the other will 
be cycled 4° right to 4° left at 60 cpm for 1 min per tost period. 
Figure 2-29 shows the fixture cycling apparatus. 

2) Pressure Application 

A pressure dome is bolted to the fixture (Figure 2-30), 
and as In the pressure leak test on the nozzle assembly, a pressure of 
200 psi is introduced into the fixture and held for 1 min. A drop-la 
pressure, which can be observed on the pressure gage, indicates a leak 
past the O-rings. In the event of a leak, the fixture will be dis- 
assembled, the 0-rings removed, and an examination of the O-rings made to 
discover the cause of the leak. This test is performed in accordance 
with Operating Instruction (01) 7-7.15.2. 

b.  Breakaway Torque Test 

The Inscron Tester measures and records the torque required 
to vector the 0-ring fixture. (See Figure 2-31.) O-ring breakaway will 
be tested according to Bacchus Laboratory Procedure, Section II, Method 22. 
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C. OAXA KVALUAXIOM

Service life prediction of the O-rlnge in the noule and nossle port 
area haa been baaed on an estrapolatlon of the regreaelon analyeis of 
hardneaa and elongation data; however, the physical testlog of 0-rlngs is 
conpleta with the 30-ao testing. The service life value based on this 
data is 6 yr.

In the future, the service life value will be baaed on the nossle 
ball-joint breakanay torque and pressure seal ability decs. The service 
life prediction has been extended to 10 yr based on this data.

C
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g.      Compatibility Specimens 

Potting compound will  be   placed In  direct   contact  with   pro- 
pellant  (sandwiches),  as  shown   In Figure  2-35, and exposed  to propellant 
vapors,  as  shown  In Figure  2-36.     Samples will be  prepared  for each  potting 
compound-CS,   BPC,   and  polyurethane, 

2. Storage 

All  samples  will be placed  In  the  storage conditions   Indicated 
in Table  2-35 at  60° F,   80° F,  or  100    F. 

3. Teating 

a.      Physical Tests 

The B-l Fix specimens will  be  removed according  to Table   2-35, 
visually Inspected,  photographed,  and  transportation vibrated when appli- 
cable.     Transportation vibration will consist of  the  following: 

(1) Amplitude,  3.5g rms  between 5  and 50 cps;   vibra- 
tion  limited  to 0.4  in.  peak-to-peak 

(2) Range, 5  to 5C cps 

(3) Duration, two double sweeps (5 to 50 cps and 
return to 5 cps for each double sweep) at 1/2 
octave per min in two axes. 

Any variations noted in any specimen from previous visual 
Inspections and photographs will be recorded and re;orted In the status 
report. 

The following specimens will be withdrawn from storage 
according to Table 2-35 and conditioned and tested at Che Bacchus chemica' 
laboratory according to the procedures listed: 

Samples 

Tensile 

Tensile 

Tensile 

Lap shear 

Peel 

Test 

Tensile test 

Percent elongation 

Hardness (Shore A) 

Shear test 

Peel test 

Laboratory Procedure 
 Method  

Section III, Method 61 

Section III, Method 61 

Section III, Method 21 

Section III, Method 16 

Section III, Method 29 
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(b)  Resin 

(1) Characterization of each barrel of resin to be 

used by gas chroraatography techniques 

(2) Characterization of each barrel of resin to be 

used by refractive Index techniques 

(3) Periodic check of the resin stored in barrels for 
moisture content 

(c) Hardener 

(1) Characterization of each barrel of hardener by 
refractive index technique 

(2) Peiriodic check of moisture content of each barrel 

of hardener 

(d) Resin/Hardener Mixture 

(1)     Check by RI  techniques  and correction,   if neces- 
sary,  of  the nix ratios  for  each mix  used  in winding 
cylinders or vessels 

2.       Test Development  and Shear Strength  Determination 

New token shear  test specimens and test methods  (for both axial 
and   bending-type loading)  will  be developed  to determine  actual  Interlaminar 
shear  (ILS)  capability  for  filament-wound,  hellcal-to-helical   interfaces 
(layer  lap  shear.  Type   1):     helical-to-mat-wind  interfaces   (layer  lap shear, 
Type  II);     and hellcal-to-spiral-wound,  B-otaged,   port-reliiforceraent-wafer 
Interfaces  (wafer lap shear,  Type I and II).    Using these  tests,  ILS strength 
values  will be established  for   the various  types  of  Interfaces   for both 
bending and axial type loading.    Correlation of results of bending tests 
for  various  types of  Interfaces  with  results which have  previously been 
obtained from short beam shear  testing will be studied.    Also,  correlations 
evident between material properties, resin content,  void content, wafer 
B-stage condition,  etc,  with  shear  capability  for  the various  types  of 
interfaces will be established. 

The layer and lap shear specimens are shown  In Figures  ?.-9 and 
2-10.     The  general scheme  for obtaining  these  specimens  from  the  Spiralloy 
cylinders  is  also  illustrated.     The winding geometry of   the  cylinders  will 
be varied in order to find the most representative failure mode.    The speci- 
mens will be tested as shown In Figure 2-14.    A sleeve will be positioned 
around the shear area to prevent nonaxlal loading. 

Short-beam-shear  type   (bending shear)   specimens,  as  shown  in 
Figure  2-55,  will  also be cut  from  the cylinders  and  loaded  as  shown  in 
Figure  2-55A for bending shear considerations. 
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VARIES WITH LOCATION 1 t 
FROM WHICH  SPECIMEN 
IS  CUT 

-0.635-.002 

+ .005 
■O.25O-.O00 

END VIEW 

Figure 2-55. Typical Short Beam Shear Specimen 

P (LOAD) 
SHORT BEAM SHEAR 

SPECIMEN 

FREE MOVING 
SLIDE 

Figure 2-5?A. lypicnl Short Beam Shear Loading Diagram 
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The various typts of specimens wiil be anniyzcd by photomicrograph 

techniques to determine the details of specimsr' structure (filament'resin 

distribution, void regions, etc) after cure.  The various types of .short 
beam shear specimens will also be analyzed after failure by photomicrograph 

techniques to determine at which interface the failure actually occurred. 

The percentage by weight of resin content and void content will 

also be dei.errained for each type of shear specimens. 

Three cylinders, as shown In Figure 2-9, will be wound. A total 

of 125 specimens will bs  obtained from this type of cylinder. 

Six cylinders, as shown in Figure 2-10, will be wound.  A total ot 

100 Type I wafer-shear tests, 100 Type II layer-lap-shear specimens, 25 
short-beam-shear specimens from the wafer area, and 25 short-beam-shear 

specimens from the helical area will be obtained from this type of cylinder. 

Four cylinders, as shown in Figure 2-10 will be wound. A total 
of 60 type II wafer-shear specimens and 25 short-beam-shear specimens will 
be obtained from this type cylinder. 

These cylinders will be wound at the Hercules' CieariJield, Utah, 

winding facility. Complete records of winding techniquea used and details 
of winding will be kept. 

3. Subscale Dome-to-Dome Wafer Vesjel Analysis and Testing 

A total of 24 dome-to-dome wafer vessels per drawing 12500524 will 

be wound. The winding geometry for these vessels consists of a pole--lece, 
centered in a 10-in.-dia wafer, sandwiched between two helical-wound layers, 
These vessels will be wound at the Hercules' Clearfield winding facility. 
Complete records of winding techniques used and wi ding details will be 
kept.  High-speed movies will be taken during six of the burst tests to 

define the area of failure Initiation. Percentage by weight of resin con- 
tent and void content will be determined for each vessel.  Photomicrographp 
of vessel cross sections will also be made to determine the details of the 

material structure. 

4. Minuteman Win« II Full-Scale-Unit Analysis and Testing 

A total of 50 specimens with a configuration similar to Type I 
layer-lap-shear specimens and 25 short-beam-shear-type specimens will be 
obtained from the cylindrical section of Wing II Minuteman hydroburst cases 

and tested.  Each type of specimen will be characcerized by photomicrograph 

techniques, and percentage by weight of resin and void content will be 
determined. Also 25 short-beam-shear-type specimens will be obtained from 
the domes of Minuteman Wing II cases. These specimens will also be 
characterized by photomicrographs, and percentage by weight of resin con- 

tent and void content will be determined. 
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5.       Full-Scale Hydroburst  Instrumentation 

Flexagages  will  be   located  on  the  aft  dome  of  up   to   18 Minuttman 
QA hydroburst   FSU  cases  as  shown  In  Figure  2-55B.     The  data   from  these  gages 
will   be  used   to  determine axial  and  bending  ftrai.ns   In  the   area  where   til..- 
majority of FSU cases  ultimately  fall.    The  strains will  then  be used  In 
orthotror>tc  equations with ortholropic  elastic  properties  to  calculate 
maximum fiber  stresses  in the various  dome  layers.    These stresses will 
then be converted to  load per  inch which must  be transferred  from  fibers 
into wafers  by  shear.     Shear stresses  will  then be calculated  and compared 
with applicable lap-shear results  to  establish a shear failure criteria for 
the case. 

D.       MILESTONE 

The  following  schedule  is   provided  as  a  completion  schedule, 
effort  to be  complete bv  1 October  1966. 

All 

USK 1965 1966                                             1 

SPIXALLOy ^ ^ ̂  % r* r° ̂  )yi y> y* i^M < ,   A 'K y, rl ̂  ^ 
PAB8ICATE  SAMPLES a. -A 
TEST            - SHEAK  SPECIMENS Ä-i . A 

— 
- WATER   »OTn.ES A_i [-4 

ANALYZE   t«IA U_ ,  . A 
PABIIICATE STORAGE SAMPLES n_ -A 
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HORIZONTAL  PROJECTION 
FROM CASE CENTER LINE 

GAGE NO. DIRECTION LOCATION 

F 120 MERIDIAN 9.0° 

F 121 HOOP 10.5° 

F 122 MERIDIAN 12.5° 

F 123 HOOP 10,5° 

F 124 45° 13,5° 

F 125 45° 8.5° 

F lit 23° 13.5° 

F 127 23° 8.5° 

Figure  2-55B.     Flexagage  Location  for  FSU Case  Pressure Cycle  Test 
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TABLE   2-42 

IGNITER ACCELERATED A&.NG 
TEST SCHEDULE 

Igniter 
Test No.* 

Storage 
Temp  (0F) 

Test   Sequence   (mo)*** 

Time** 0 3 6 12 18 

1 

2 

•> 

A 

5 

6 

7 

8 

9 

10 

a 
12 

13 

Dec 

i 

Dec 

1966 
i 

1966 

aiab 

120 

120 

120 

120 

120 

120 

120 

120 

120 

120 

120 

120 

ab 

ac 

ac 

ab 

ac 

ac 

ab 

ac 

ac 

ab 

ac 

ac 

ab 

*    Igniter S/N to be  added upon receipt  of   Igniters 
**     Zero Time  is  expected  receiving date 

***    Test Sequence: 
a ■ Radiographic   inspection 
b • Gas sample and dissection followed by: 

(1) Visual and dimensional  inspection 
(2) Profile study  (three samples) 
(3) Ignitability study  (six specimens) 
(4) Heat-of-reaction of pellets  (six specimens) 
(5) Strand burning rate study (six specimens) 
(6) Heat of explosion of propellant (six specimens) 

c -  Static  test at  simulated  altitude conditions 
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FOREWORD 

This document presents  the Motor Storage Studies  Program Plan and 
the Hercules plan for development of failure criteria. 

The original authority and requirements for motor storage studies 
were established  in Contract AF 04(6A7)-243,  Exhibit B, paragraph III.F.5, 
and Exhibit D, Section III,  paragraph 0.9;  and as amended by CCN's No. 
108,  16S, and 200. 

Authority for continuation of the motor storage program from I July 
1963 thru 30 June  1965 la given In Contract AF 04(694)-127) Exhibit A, 
paragraph D.9, aa amended by CCN No.  50. 

This document supersedes Mro-258-3A, Revision 1, Motor Storage Studies 
Program Plan, dated  1 December 1964, and is presented In two volumes. 
Volume I contains  the effort which was  transferred  from Air Force Systems 
Conmand (AFSC)  to Air Force Logistics Comnand  (AFLC)  in the transfer 
of engineering resoonsibillty of Wing I thru Wing V.    Each test schedule 
Indicates the effort remaining as of transfer date,   1 October 1966. 

Volume II contains  the effort for full-scale units and materials unique 
to Operational Reliability Improvement (0PRI) , which Is the responsibility 
of AFSC. 

Published by 

The Publications Group 
General Services Department 

HERCULES  INCORPORATED 
Bacchus Works 
Magna,  Utah 
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TABLE  3-6 

NOZZLE MOVBMBMT 8CHXDULB, WING II AMD HIMO IV 

Tina (iac) Pitch Mocilas Yaw Mosalea Roll Nosales 

0 to 5 +4° at 0.5 cpa +4° at 0.5 cpa 
in phase with 
pitch notion 

None 

5 to 10 ±2° at 1 ops +2° at 1 cp« 
in phaaa with 
pitch notion 

None 

10 to IS Fixed at ±2° Fixed at 0° None 

IS to 20 Fixed at 0° Fixed at 2° None 

20 to 25 +2° at 0.5 cpa +2° at 0.5 cpa 
in phaaa with 
pitch notion 

None 

25 to 30 +2° at 0.5 ops No yaw vector Nocsle No. 3, 
+2 at 0.5 cps 
in phcae with 
pitch noticn. 
Noccle Mo. 1, 
fixed at 0° 

30 to 35 +1° at 2 cpa +1° at 2 cpa 
in phaaa with 
pitch notion 

None 

35 to 40 Fixed «t -1° Fixeo at -1° None 

40 to 45 +2° at 0.5 ops +2° at 0.5 cps 
in phaaa with 
pitch notion 

None 

45 to tM tl0 «t 1 cps +1° (it 1 cpa 
in p'naae with 
pitch notion 

None 

Notaa: 

(1) The above movenant schedule la 
(2) + Indicates alnuaoldal notion 
(3) In TT teats, the movable noccle 

the time of TT 
(4) When a phase III NCU la used, t 

Noczle 3 conaand will be the sa 
(5) ta Is when the thrust dencends 

an Input achedule f 

s shall be in a neu 

here will not be a 
ne as nozzle 1 conm 
to 750 lb 

rom the progranmier 

tral position at 

roll doinwmd 
and 
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J.       DATA  EVALUATION 

1. Evaluation of Motor Inspection Data Preliminary to Static Firing 

The data obtained from the periodic motor Inspections during 
storage at IiAFB will be evaluated  for each motor prior to static firing. 
The purpose of the evaluation is to determine the areas which have shown 
degradation and may require monitoring during static firing. 

2. ComparlBon and Evaluation of Firing Data 

Data developed from the Wing I motor static firing will be com- 
pared to FFRT data,  and Wing II and Wing IV motor static firing data will 
be compared to data recorded on Wing II and Wing IV qualification motors to 
determine degradation of the measurement parameters and to  establish the 
reliability of the aged motor.    In all cases, the comparison will  Include 
evaluation of motor performance with model specifications and predicted 
values.    Components of design different from FFRT will be evaluated separ- 
ately, using data obtained from motors of a similar configuration.     If fail- 
ure occurs during static firing,  the evaluation will proceed. 

3. Data Reduction 

Data from storage motor tirluge will bd reduced In accordance 
with Hercules report MTO-25-3, Section VIII. 

4. Reporting 

As required in STL Document GM 61-9734.2-1045, Revision 1,  Hercules 
will prepare an Individual Motor Final Test Report on each motor.    This 
report will  include: 

(a) Sumnary of test handling and inspection operations 

(b) Review of test objectives 

(c) Description of  test events and predicted and measured 
system performance 

(d) Fosttest  Inspection data 

(e) Detailed conclusions 

(f) Relicbillty classification of subsystems as success 
or failure 

(g) Detailed  reconmendatlons 

5. Documentation 

Hercules will issue a final firing report 45 days after each firing. 
The report will contain a detailed analysis of the firing and will Incorporate 
and suranarite essential data from other test firings. This data will include 
predicted values for motor performatico, test objectives, etc. The predicted 
performance values will include tabulated pressure-time data and other para- 
meters given in the motor acceptancj log book. 
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c.  Peel Strength 

The 90° peel test will be conducted In accordance with 
Bacchue Laboratory Procedure, Section III, Method 57. The peel specimens 
will be tested In accordance with the schedule In Table 3-9. 

The Case Bond Failure Criteria Study presented in Chapter 2, 
Section XIV should provide the required test Improvements and corresponding 
failure criteria. 

Until the Improved tests and failure criteria can be 
obtained, the evaluation of case-bond data will be limited to the present 
trend analysis to verify that degradation does not occur. 
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SECTION III 

OPERATIONAL RELIABILITY  IKPROVEMENT, 
ADHESIVE AND POTTING COMPOUND SERVICE LIFE PREDICTION STUDY 

A. INTRODUCTION 

ThlB study Includes the following types of adhesive  in comblnstlo.i with 
potting compounds and propellant  to be studied as candidate materials  for 
Wing VI:     (1) Adhesive conforming to specification HPC-133-08-7-56,  Type 
III (948.2/953),  used to bond boot to flap;   (2)  rubber cement  conforming 
to specification HPC-133-08-10-14 (SBR/Skellysolve-B), used  to bond boot 
to flap prior to vulcanizing;  and (3) adhesive conforming to specliicatlon 
HPC-133-08-7-31,   composition  (Epon 923.2)  used as case-bond  powder  embedment 
bonding agent. 

Potting compound BPC No.   2 will  be used  around  the nozzle-to-propellant 
Interface. 

B. DETAILED TEST PLAN 

The types of specimens  to be used and  the quantity of each are as 
contained In Table  3-10.    Specimen configuration was  chosen  to  simulate  sus- 
pected modes of failure for each adhesive being studied.    Testing will be 
conducted as  indicated in Tables  3-11 and 3-12. 

1.      Preparation of Specimens 

a.      Boot-to-Flap Peel 

Metal plates will be cut to  10- x 5- x 1/2-ln.   size,   and 
rubber  sections will be cut  to 6- x 4-ln.   size prior  to vulcanizing.     Rubber 
sections will be cut  to 6 x 3-1/4  in.   size  following  the  vulcanizing  sequence. 
Following the bonding of these components,  a  l/4-ln.-wlde groove will be 
cut In  the rubber sections,   leaving three  l-ln.-wlde rubber strips  on each 
plate.     (Samples will have  the same  basic configuration as  shown  In  Figure 
2-34 with the following modifications:     Rubber strips will be  1- x 6-ln. 
size, no potting compound will be used, and propellant sections will be 
eliminated.)    The procedure Is as  follows: 

(1) Rubber  Is cut  to  4-  x 6-ln.   sections. 

(2) The 4- x 6-ln.   boot  and  flap rubber   sections  are 
sanded. 

(3) One boot and one flap-type rubber section are 
vulcanized together  leaving a  1-ln.   flap along one 
4-ln. side.     (Teflon tape Is used as  a barrier 
for the  1-i.n.  flap section.) 

(4) Metal plates  are  sand blasted and degreased. 
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TABLE 3-10 

ADHESIVE AND POTTING COMPOUND 
MATERIALS AMD TEST DESCRIPTION 

Material Type of Test Type of Sample* 
Original 
Quantity 

Epon 948.2/933 

Bpon 923.2 

BPC-2 

Tensile 
Lap shear 
Lap shear 
Peal 

Lap shear 
Lap shear 
Peel 
Peel 

Chemical 
analysis and 
compatibility 

JANAF 
Al/Al 
Al/SBR/Al  -  BPC-2/CYK 
SBR/SBR -  BPC-2/CYH 

Al/NBR/Al  -  BPC-1/CYH 
Al/SBR/Al  - BPC-1/CYH 
MBR/NBR -  BK-l/CYH 
SBH/SBR -  BPC-1/CYH 

Compatibility and B-1 
fix configuration 

96 
96 

264 
264 

120 
120 
120 
120 

8 

«Type of Sample - JANAF  (See Figure 2-32), Up Shear (See Figure 2-32), 
Peel  (See Figure 2-34), Compatibility  (See Figures  2-35 
and 2-36),  B-1 Fix (See Figure 2-33) 

Al - Aluminum, MBB - Buna-N Rubber,  SBR - Buna-S Rubber, 
BPC -  Bacchus Potting Compound, CYH -  Propellent 

TABLE 3-11 

POTTTNG COMPOUND TEST SCHEDULE 

Fabri- 
cation 

Store 
Temp 

Test  Sequence  (mo  from zero  time)* 

Material Date (0F) 0 6 12 18 24 30 36 42 48 54 60 

B-I  fix Nov 65 100 ' a a a a a a a a a 

Nov 65 100 a b b b b b b b b b 

Bacchus  potting Nov 65 60 a a a a a a a a a a 
compound  No.   2 

Nov 65 60 a b b b b b b b b 

... 

b 

♦Test  Sequence: 

a '   Inspect and photograph 

b ■  Remove  from storage,   inspec t,   V IbraCe,  and  photoKraph 
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APPENDIX A 

COMPLETED OR DISCONTINUED TEST PLANS 

SECTION  I 

PROPELLANT TEST PLAN 

A. INTRODUCTION 

1. P«rt Description 

The propellant samples described In this test plan are CYH and 
DOP formulations that differ slightly from the stage III p.-opellants.    The 
present stage  III CYH and DDP propellant formulations are manufactured with 
a 77 percent NG casting solvent.     In order to obtain lead time,   the sur- 
veillance samples were manufactured with an 80 percent NG solvent.    The 
total difference In NG composition of  the propellants Is approximately 
0.80 percent.    This small difference  In NG content should not affect aging 
characteristics.    Samples of propellant manufactured with 77 percent NG 
solvent have been placed In storage for backup.    The CYH and DDP propel- 
lants are used In all stage III configurations established to date, 

2. Oblectlve 

The Propellant Storage Test Plan Is designed to determine the 
effects of storage on the physical, chemical, stability, and ballistic 
properties of CYH and DDF propellants under simulated operational environ- 
ments. Specimens will be tested for tensile strength, percent elongation, 
modulus of elasticity, hardness, and other properties as outlined by 
Hercules Powder Co, Bacchus Works (HPC/B) Laboratory Procedures. The 
data gained from this program will be used to predict the reliability 
after storage and the length of useful life of the propellant. 

B. TEST PLAN ORIENTATION 

This study is divided Into two parts:  (1) Physical properties tests 
and (2) subscale ballistics tests. A physical property sample of each 
propellant type will be withdrawn Initially and from each storage condi- 
tion (100° and 60° F) at 1, 2, 3, 6, 9, 12, 15, 18, 21, 24, 27, 30, 33, 
and 36 months. The blocks will be machined into the required test speci- 
mens in accordance with SOP's. The forty-pound charge (FPC) subscale units 
are stored at 100° F with control units at 60° F. The subscale grains 
are withdrawn every 3 months for a total of 36 months for testing by 
motor static firing. 

A-l 



C.      DmiUD TEST PUM 

1. AcouUltlon of SMPI«* 

a. Phvlcal Prwrtltt S—pU« 

Tha propallant taaplca raqulrad for the physical properties 
portion of this prograa are obtained by caatlng propallant in S-ln,-dla by 
60-in.-laat cylindrical phenolic beakers.    The propallant grain Is then 
cured, cut, and oachlned Into 3- by 3- by 9-ln.  blocks.    The blacks are 
wrapped In alualnua foil for storage. 

b. Forty-Pound Chante Gralna 

The FPC subscale testing grains, Hercules drawing No. 
152-BU-l,  for this prograa are cast fron six separate powder lots used  for 
acceptance testing of Mlnuteaan powder,    twelve grains from each powder 
lot will be stored. 

2. Storage 

The teat saaples are stored at HPC/B In Buildings 2169 and 2170, 
which are nalntalned at 60° and 100° F, respectively. Fifteen physical 
properties blocks frosi each propellent type and six FPC grains from each 
caatlng powder lot are stored in each building. 

3. Phvaical Propartlas Testln« 

For physical properties testing, a 3- by 3- by 9-ln. propellent 
block will be machined Into the required test specimens prior to each 3 mo 
test period. Tensile specimens are JANAF "dog-bone" modified as shown in 
Figure A-l. Tha physical, chemical, and stability properties tests to be 
conducted are aa follows: 

Test Bacchus Laboratory 
Properties Specimen        Procedure Manual Wo. 

Tensile strength Dog bones Section 3, Method 3 

Percent elongation Dog bones Section 3, Method 3 

Modulus of elasticity Dog bones Section 3, Method 3 

Hardness Dog bones Section 3, Method 21 

Auto ignition 1-1/4 in. cubes Section 3, Method 15 

Specific gravity — Section 2, Method 39 

Percent stabilizer -- Section 2, Method 1 

German test — Section 3, Method 55 

Taliani test -- Section 3, Method 20 

CHANGED 1 September 1965 A.2 
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Figure A-l.     Propellant Tensile Specimen 

4.       TestlnR Forty-Pound Charge Grains 

The FPC 
a cylindrical core 
grains are stored, 
data. The data fr 
also serve as inlt 
propellant balllst 
the grain is inser 
(Figure A-2), and 
at   Intervals prese 

grains  are  cast   in a  triple-length phenolic  beaker with 
and  then cut to the required length.    The middle 

and  the end  grains  are  tested  to  provide  the   initial 
om the  acceptance  testing of  these  powder  lots will 
ial  data  for  determining  the  effect  of aging  on the 
ic properties.     After   the scheduled  storage   is  completed, 
ted  in a steel-cased motor,  Hercules  drawing No.   183-Bll-l 
static  fired  in accordance with Hercules range procedures, 
nted  in Table A-1A.     The  following parameters  are measured: 

(a) Average burning rate 

(b) Specific   impulse vacuum 

(c) Average pressure 

■» ■ 
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FOREWORD 

Thii docuacnt praaants  the Motor Storage Studies Program Plan and 
tha Harculaa plan for davelopnent of failure criteria. 

The original authority and requirement« for motor storage studies 
ware established in Contract AF 04(647)-243> Exhibit B, paragraph III.F.S, 
and  Bthlbit D, Section III,  paragraph D.9;  and as  amended by CCN's No. 
108.  163, and 200. 

Authority for continuation of the motor storage program from I July 
1963 thru 30 June 196S la given In Contract AF 04(694)-127, Exhibit A, 
paragraph D.9, as amended by CON No.  SO. 

This document supersedes Mro-258-3A, Revision 1, Motor Storage Studies 
Proaram Plan, dated 1 December 1964, and Is presented In two volumes. 
Volume I contains  the effort which was transferred  from Air Force Systems 
Command (AF8C) to Air Force Logistics Comnand  (AFLC)   in the transfer 
of engineering responsibility of Wing I thru Wing V.    Each test schedule 
Indicates tha effort remaining as of transfer date,  1  October 1966. 

Volume II contains  the effort for full-scale units and materials unique 
to Operational Reliability Improvement (OPRI), which is the responsibility 
of APSC. 

Published by 

The Publications Group 
General Services Department 

HERCULES  INCORPORATED 
Bacchus Works 

Magna, Utah 

CHANGED  1 July  1966 il 



ABSTRACT 

The Mlnuteman stage III  notor  storage studies art  co-prised  of  three 
najor   tasks:     Motor Storage,   Laboratory Support,  and Failure Criteria 
Development.     The  program plan  since  initiation  in  1958  has  been continualh 
updated   for AFBSD.     In December   1965 Hercules  received  contractual  coverage' 
to divide   the  program plan  into  two volumes, one volume   to contain  the effort 
for which  the engineering responsibility  is  to be  transferred  fron AFSC 
to AFLC   (Wings  I   through V motors  and components),  and   the  other  volume 
to contain   the effort  for which  the  engineering responsibility will  re~iair 
with AFSC  after  1 July  1966. 

1.       Volume I 

Volume  I  of this  document  contains  the history  of  the  overall 
program and  the  effort required after  transfer of engineering responsibi- 
lities   to AF-LC.    This volume contains  the AFLC portion of  the stor^e 
program plan  including  the areas  described  in  the  following  paragraphs. 

Wings  I  through V motor  storage  is primarily designed  to demon- 
strate  storage capabilities of  the Minuteman stage III  rocket motor      To 
accomplish  this,  a  total  of ?7   full-scale motors   (15 Wing  I  R 6. D    2 Wing  I 
operational,   6 Wing II  operational,   and 4 Wing IV operational)  were placed 
in storage under  simulated operational  environments,  conditioned.   Inspected 
and static   tested after aging periods  from 1  to 10 yr. 

The Laboratory Support  Program  (Wings I  through V component and 
material   testing)   Is designed to predict  the service  life of  the  individual 
components and materials and ultimately  the service  life  of  the stage TTI 

motors.     The  study  involves  storing,  conditioning,  and  testing components 
and materials  used  in  the stage  III  motors,   independent  of  the motors.    These 
components and materials are stored under environments  representing  the 
common and  extremes  of the Minuteman Model Specification.     Resultant  test 
data are analyzed and compared  to previous   test  results  to  establish  the 
aging  trends  used  for service  life  prediction as  reported  quarterly. 

The Failure Criteria Development  Program has  been  added  to  the 
original  scope of  the program  to providr   failure criteria   for  items   tested 
in  the Laboratory Support Program.    This criteria is  essential  for making 
accurate and meaningful service  life predictions. 

2.       Volume II 

Volume II  of  this document  contains  the effort   for which AFB«D 
will retain   the engineering responsibility after  1 July  1966.     This  e'fort 
contains   two Wing VI  full-scale motors and Wing VI unique materials  and 
components.     The  storage conditioning and  testing of  these   items  is  per- 
formed  in  a   similar manner  to  those  items  being  tested  in Volume  I. 

iii CHANGED  1 July  1966 
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SECTION   II 

OPERATIONAL RELIABILITY  IMPROVEMENT, 
PROPELLANT-TO-LINER  BOND SERVICE LIFE   PREDICTION STUDY 

A. INTRODUCTION 

The propellant-to-liner bond in the stage III Minuteman motor is 
achieved by embedding particles of base grain in semicurred epoxy which has 
been sprayed on the internal case insulation. An intermediate layer of 
epoxy is sprayed and cured intially to serve as an NG barrier. 

The case-bond systems referred to In this test plan (Table 3-7) consist 
of the rubber liner, barrier coat, embedment coat, base grain, and propellant. 
The systems for Operational Reliability Improvement (OPRI) are No. 19 and 22. 
Systems No. 15, 17, 18, and 21 were candidate OPRI systems and are now being 
held for backup only. 

The various sample sizes and preparation methods described in this 
test plan reflect Improvements made to the case-bond testing. Improved 
specimens, methods of preparation, and testing have been included in the 
storage program as new case-bond systems are Incorporated Into the stage 
III motor. 

Systems 15, 17, and 18 utilized tensile specimens prepared from a 
1.128- in.-dia steel plate on which the rubber, epoxles, and embedment are 
placed. After embedment, the plates are cast Into 3-1/2 In. sq. cellulose 
acetate (CA) beakers. Samples for systems 19, 21, and 22 were prepared, 
using the Refractory Index (RI) embedment technique, from embedded liners 
removed from PQC cases. Process control information of these systems is 
given in Table 3-8. For system 19, the embedded rubber Is bonded to the 
round plates and cast in physical test beakers.  This method of preparing 
samples more closely simulates actual stage III motor processing. The 
peel specimens for systems 21 and 22 were prepared in the same manner as 
the tensile specimens. 

As a means of verifying the results obtained from laboratory prepared 
samples, tests will be conducted on peel and tensile specimens obtained by 
dissection of aged Wings I and II motors. 

B. DETAILED TEST PLAN 

1.  Sample Acqulsltlor. and Preparation 

a.  Tensile Specimen. Systems 15, 17. and 18 

The case bond tensile specimens shown in Figure 2-11 were 
prepared at Bacchus as follows: 

(1) The metal plates were grit blasted to facilitate 
bonding. 

(2) The plate and rubber liner were cleaned with Tri- 
clean solvent. 

3-31 
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c.  P—1 Str«n»th 

Th« 90 p«el test will be conducted in accordance with 
Bacchu« Laboratory Procadur«, Section III, Method 57. The peel specimens 
vlll be tceted in accordance with the schedule In Table 3-9. 

The Case Bond Failure Criteria Study presented In Chapter 2, 
Section XIV should provide the required test Improvements and corresponding 

I failure criteria. 

Until the Improved tests and failure criteria can be 
obtained, the evaluation of case-bond data will be limited to the present 
trend analyais to verify that degradation does not occur. 

I 
I 
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SECTION  III 

OPERATIONAL RELIABILITY IMPROVEMENT, 
ADHESIVE AND  POTTING COMPOUND  SERVICE LIFE PREDICTION  STUDY 

A. INTRODUCTION 

This study Includes the following types of adhesive In combination with 
potting compounds and propellent to be studied as candidate materials for 
Wing VI:  (1) Adhesive conforming to specification HPC-1..J-08-7-56, Type 
III (948.2/953), used to bond boot to flap; (2) rubber cement conforming 
to specification HPC-133-08-10-14 (SBR/Skcllysolvc-B), used to bond boot 
to flap prior to vulcanizing; and (3) adhesive conforming to specification 
HPC-133-08-7-31, composition (Epon 923.2) used as case-bond powder embedment 
bonding agent. 

Potting compound BPC No. 2 will be used around the nozzle-to-propellant 
Interface. 

B. DETAILED TEST PLAN 

The types of specimens to be used and the quantity of each are as 
contained in Table 3-10. Specimen configuration was chosen to simulate sus- 
pected modes of failure for each adhesive being studied. Testing will be 
conducted as indicated In Tables 3-11 and 3-12. 

1.  Preparation of Specimens 

a.  Boot-to-Flap Peel 

Metal plates will be cut to 10- x 5- x 1/2-ln. size, and 
rubber sections will be cut to 6- x 4-ln. size prior to vulcanising.  Rubber 
sections will be cut to 6 x 3-1/4 In. size following the vulcanizing sequence. 
Following the bonding of these components, a l/4-in.-wide groove will be 
cut in the rubber sections, leaving three l-in.-wide rubber strips on each 
plate. (Samples will have the same basic configuration as shown In Figure 
2-34 with the following modifications:  Rubber strips will be 1- x 6-ln. 
size, no  potting compound will be used, and propellent sections will be 
eliminated.) The procedure is as follows: 

(1) Rubber is cut to 4- x 6-in. sections. 

(2) The 4- x 6-in. boot and flap rubber sections are 
sanded. 

(3) One boot and one flap-type rubber section are 
vulcanized together leaving a 1-ln. flap along one 
4-in. side.  (Teflon tape is used as a barrier 
for the 1-ln. flap section.) 

(4) Metal plates are sand blasted and degreased. 
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TABLE 3-10 

ADHESIVE AND POTTING COMPOUND 
MATERIALS AND TEST DESCRIPTION 

Material Type of Test Type of Sample* 
Original 
Quantity 

Epon 948.2/953 

Bpon 923.2 

BPC-2 

Tensile 
Lap shear 
Lap shear 
Peel 

Lap shear 
Lap shear 
Peel 
Feel 

Chemical 
analysis and 
compatibility 

JANAF 
Al/Al 
Al/SBR/Al  -  BPC-2/CYH 
SBR/SBR -  BPC-2/CYH 

Al/NBR/Al  -  BPC-1/CYH 
Al/SBR/Al  - BPC-1/CYH 
NBR/NBR -   BPC-1/CYH 
SBR/SBR -  BPC-1/CYH 

Compatibility and B-1 
fix configuration 

96 
96 

264 
264 

120 
120 
120 
120 

8 

♦Type of Saaple • JANAF  (See Figure 2-32), Up Shear  (See Figure 2-32), 
Peel (See Figure 2-34), Compatibility (See Figures 2-35 
and 2-36), B-1 Fix (See Figure 2-33) 

Al  - Aluminum, NBR - 3una-N Rubber,  SBR - Buna-S Rubber, 
BPC -  Bacchus  Potting Compound,  CYH -  Propellant 

TABLE 3-11 

POTTING COMPOUND TEST SCHEDULE 

Material Test 

fabri- 
cation 

Date 

Store 
Temp 
(0F) 

Test Sequence  (mo from zero time)* 

0 6 12 18 24 30 36 42 48 54 60 

B-1  fix Visual Nov 65 100 a a a a a a a a a a a 

Control Nov 65 100 a b b b b b b b b b b 

Bacchus 
potting 
compound 
No.   2 

Visual 

Control 

Nov 65 

Nov 65 

60 

60 

a 

a 

a 

b 

a 

b 

a 

b 

a 

b 

a 

b 

a 

b 

a 

b 

a 

b 

a 

b 

a 

b 

*Test Sequence: 

a  - Inspect and photograph 

b  « Remove  fron storage,   Inspect,  vibrate, and photograph 
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(5) The vulcanized rubber section Is cut to « 6- x 
3-1/2 In. size. 

(6) The 6 x 3-1/2 In. rubber sections are sanded and 
degreased. 

(7) Epon 913 adhesive is mixed. 

(8) The rubber sections (boot surface) are bonded to 
metal plates. 

(9) Epon 913 adhesive is cured for 8 hours at 80° F. 

(10) Epoa 923.2 adhesive Is mixed. 

(11) Cloth backing is bonded to the rubber sections 
(flap surface) . 

(12) Epon 923.2 is cured for 16 hours at 120° F. 

(13) A groove is machined in the rubber, forming 1- x 
6-In. specimens. 

(14) Samples are wrapped with polyethylene, 

(15) Samples are marked with type of sample and date. 

(16) Wrapped samples are placed in proper storage 
environment. 

b-  LaP Shear. Tenalle "Dog Bone." B-l Configuration, and Peel 
Specimens ■  

The established procedures for preparing lap shear, tensile 
dog bone," B-I fix configuration, and peel samples, as described in 

Chapter 2, Section XIII, will be applicable for OPRI Wing VI adhesives and 
potting compounds with the following changes incorporated:  The adhesive 
to be tested will be Epon 948.2/953, and the potting compound will be 
Bacchus Potting Compound No. 2. 
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APPENDIX B 

FULL SCALE MINUTEMAN GRAIN DISSECTION PROCEDURE 

A. INTRODUCTION 

Hercules  Incorporated,   Bacchus Works  (Hercules/B)  Minuteman Surveil- 
lance Program will require dissecting of six full-scale aged grains and 
periodic  testing as Indicated  in Table  1-3;  five Wing I and one Wing II 
motors will be dissected.     The cuts to be made are as  shown in Figures B-l 
through B-8,    Hercules/B will machine  the samples  to specimen configuration 
Just prior to testing. 

B. METHOD OF DISSECTION 

1.  Grain Inspection and Marking 

Bacchus Works will X-ray each grain for high density inclusions 
solvent rich areas, dry powder, and other abnormalities existing in the 
grain. A second X-ray will be performed, and special shots of this X-ray 
will be utilized. Each motor will have metal bands and lead tape attached 
in positions of cuts prior to the second X-ray, The X-ray shots will be 
taken in positions where cuts are nearest any metal and at case contour 
changes. The X-ray report, generated from the second X-ray, will document 
the distances of cuts from any metal hardware and provide case and insulator 
profiles at the position of each cut. 

2.  Cutting Sequence 

a, Malor Cuts 

The major cuts will be made starting at  the forward dome 
and progressing to the aft dome.     Measurements for the major cuts will be 
made from the aft skirt.     Cuts, measurements, and marking will be as shown 
in Figure B-l and as marked on the case. 

b. Section Cut? 

The «rain will be cut as shown in Figures B-l through B-8. 
Linear tolerances are +1/8 in, and angular-tolerances are +1/2 degree 
Sections II and III „ill be cut into eight pie-shaped segments.  All " 
segment cuts will be referenced to a zero degree reference, which will be 
the center of No, 1 nozzle and No, 1 TT port as marked on the case. The 
segmenting cuts will be as shown in Figure B-2 for section II and Figure B-6 
for section III. I5 

B-l CHANGED 1 July 1966 




