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FOREWORD

The AGM-69A Short Range Attack Missile (SRAM), System
Program Office established an Explosive Components Aging
and Surveillance Program in April 1971. The Program is
being conducted by the Airmunitions IM Division of Ogden
Ajr Logistics Center, Hill AFB, Utah 84001. The Sur-
veillance Frogram is currently managed by the SRAM PO,
(YS69E), Aeronautical Systems Division, Air Force Systems
Command, Wright-Patterson AFB, Ohio Uu4S5433. Maj. Charles
E. Stanbery, YS69EA is the SRAM Surveillance Program
Manager. Capt..Lester L. Lyles, YS69EJ is the SRAM
Rocket Propulsion Engineer.

Contracts vere established iwth the SRAM prime contractor
(The Boeing Company, Seattle, Washington), aud the rocket
motor subcontractor (Lockheed Propulsion Company, Redlands,
California), to provide Special Test Equipment, tooling,
training and technical support to the personnel at Hill AFB.
The Boeing contract pumbers are F33657-71-C-0918 and F33657-
73-C-0734 and the Lockheed contract is F33657-72-C-1103,
beginning in June 1972. Tests and research conducted to
egstablish the first SRAM Service Life Estimate began in May
1973 and concluded in November 19T4. This report was
submitted in February 1975.

This report contains no classified information extracted
from other clagsified documents

This technical reporf has been reviewed and is aporoved.

WILLIAM A. SMITH os%
Colonel, USAF Chief System Enginger

AGM-59 Program Manager AGM-69 Engineering Office
Deputy for Air-Launched

Strategic Missiles
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Systems Engineering Management Div.
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ABSTRACT

The SRAM Exploeive Camponent Surveillance Program is
structured to provide the necessary data on aging charac-
teristics of the SRAM rocket motor and ordnance devices.
The data obtained from the series of tests conducted on
the motor and ordnance devices wvere analyzed to allow a
prediction of the component's age-life. During each year
of the Surveillance Program, five (5) rocket motors
extracted from missiles in the SAC field inventory are to
be static fired. Two (2) rocket motors from the field
inventory are to be chemically dissected annually to
allov physical/ballistic property tests on the motor pro-
pellant. Twenty-two (22) of the ordnance devices (Missile
Ejector Cartridge, Fin Unlock Squib, Igniter Pressure
Cartridge, Battery Gas Generator Squib, Battery, and Elec-
trical Cable Switch Assembly) are to be tested each year.
This year, five field motors ranging in age from 639 days
to 817 days old, and in flight hours from 49 hours to 195
hcurs, succes3fully completed dissection and propellant
testing in time to support this Service Life Estimate.
Testing of the ordnance deviczs also had not been

~ accomplished in time to generate Service Life Estimates

for the respective devices. The static firing regression
analyses for the rocket motor indicate some small aging
trends: Results indicated with an 81% Confidence Level,
that 90% of the motors in the SAC inventory will not age-
out prior to the design service life of 5 years. The
dissection regressicn analyses did not alter the con-
clugsions reached from the static firings. However, it

did raise questions about the aging trends of the motor
propellant stress/strain capabilities. As a result of the
tests accamplished this year and the anzlvses conducted, 1t
is recommended that the SRAM Explosive Component Surveill-
ance Program continue as planned for the coming year. It
is further recommended that stronger emphasis be placed on
the motor dissection program with the purpose of resolving
the concerns/questions raised by the one dissection
conducted this year.
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LIST OP AEBREVIATIONS, SYMBOLS AND TERMS

AFLC - Air Force Logistics Command

AFRPL - Air Force Rocket Propulsion Laboratory

AFSC - Air Force Systems Command

AFSPO - Air Force SRAM Project Office

AGE-OUT - Point at vhich any motor/Camponent perforamnce parameter
reaches its failure limit or degradation is to extent that
required functional reliability is no lénger met.

Age-Sensitive Item - Iter vhose function may be impaired due to aging under
operational conditions.

AGM-69A - Afr to Ground Missile # 69A (SRAM)

AHS # - Orficisl A. F. Serial oxmber for SRAM motors
(AHS-0001, -0002, etc.)

ALC - Air Logistics Center (formerly Air Material Areal
ASD - Aeronautical Systems Division

ASIA - Age-sensitive item assessment

ATP - Acceptance test procedure

BATCHMATES -~ Motors cast from the same propellant hatch
(Initially 2 motors per batch, now 3 motors]

BIAXJAL STBRAIN - Physical Property measured by applying
tensile forces in opposite directions om
a propellant sample to get multiaxial stress/strain

BOND PADS ~ Cup elliptical aream bonded in three places circumferentially
around the motar case

BOOST CUP - First "bag"” of propellant for the SRAM 2 pulse motor

BURN-RATE - Rate at wvhich the m-opellant surface burns, in inches/sec.
Ranges from 1.85 at —65°F to 2.73 at 145°F for the SRAM motor

Critical Age-Sensitive Item - An item which because of age degradation may
fail to perform its intended Junction and
couald rerult in a critical failure of the
subgyatemn.
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DAGE -~ Depot asrospace ground equipment
DAR - Data Automation Requirement

DDTAE - The developmental phase for tha SRAM, from 1966 to the start

of Qualification in 1971 (Design, development, test and evaluation)

DISSECTION - Method of physically/chemically cutting sway a motor case to
expose the propellant for testing

DR = Dynamic resistance

DSL - Demonstrated Storage Life - Age of the oldest subsystem, compcnent or

subassembly that has been successfully
demonstrated by at least one full-scale
perforammce test.
EED -~ Electro-explosive device
EMI - Electromagnetic Interference
ETA - Explosive transfer assembly
EXTERNAL CARRIES - Carries on external pyloas on the B-52/FB-11) aircraft
Failure Linit - That value of a functional parameter which constitutes a
true limit of the accep“able operating range with zero
margin of safety.

Failure Mode -~ Physical description of mammer in which a failure occurs
under specified conditions.

Fave - Average thrus+, average sea level thrust over action time (1bs.)
FCAA - Flight control actuation assembly
FLIGHT HOURS - Number of total hours flown on the carrier aircraft

G.A.T. - Group Acceptance Test motor fired at Lockheed to qualify or
accept several rocket motors for delivery to the govermment

GCU - Guidance and control unit.

GROUP - Moutors from several propellant batches arranged together for
purpose of selecting a GAT and subsequent government acceptance

INSTRUMENTED MOTOR - Special surveillance motors cast with internal gages

IPCA - Igniter pressure cartridge

xi
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Ir - Impulse, integral of zea level thrust over action time (1lb-sec)

J.A.N.N.A.F. - Joint, Army, Navy, NASA, Air Force Chemical Propulsion
Society

LAT - Lot acceptance test

LATP - Lot acceptance test procedure

LINER - Material used to line the motor cups prior to casting propellant
in them. Acts as an adhesive interface between rubber cups and
propellant

L.P.C. - Lockheed Propulsion Company; designer, builder of the SRAM motor

LSC -~ Linear shaped charge

LUGWELL - Two well areas on top of motor which hold the clevis' needed to
support/lirt the motor

MI&RP - Missile inspection and receiving report
MOUSEHOLE - Pressure Differential Section
OEA - Ordnance Engineering Associates, Des Plaines, Illinois

Ogden ALC - Ogden Air Logistics Center (formerly OOAMA Ogden Air Materiel
,Area)

Oklahoma City ALC - Oklahoma City Air Logistics Center (formerly OCAMA
Oklahoma City Air Materiel Area)

OT&E - Operational Test and Evaluation launches performed by SAC crews
OTL - Operational test launches performed by SAC crews

PFRT - Preliminary flight rating test

PMAX - Maximm pressure, maximum instantaneous chamber pressure (psia)

RACEWAY RAILS - Metal reils running longitudinally along the motor case,
which house electrical harness, lugwells, etc.

RACETRACK - Raised rubber ridge at perimeter of elliptical cup bond pads
) for stress relief

RATTAIL - Sustain Igniter Initiator Lead Wire Assembly
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REGRESSION ANALYSIS - Mathod of statistically analyzing data to determine
degradation trends

RTV - Room Temperature Vulcanizing

S/A - Safe/arm
SAC - Strategic Air Command

San Antonio ALC - San Antonio Air Logistic Center (formerly SAMMA San
Antonio Air Materiel Area)

SHORE "A" - Hardness measurement on gurface of propellant

SHORT GRAINS - Special truncatsd grains of propellant built to simlate
first portion of either boost or sustain grains

SIS - Separation Ignition Switch
SLE - Service Life Estimate - A quantitative assessment of the hardware
minimum life that can be expected mder
operational conditions before age degrada~-
tion results in unacceptable relisbility.
Specification Limit - The maximum or minimum value of a functionsl para-
meter allowed by the applicable procurement specifica~
tion, which allows a certain safety margin.
SPO - Systems Program Office
SPTE -~ Special Propellant Test Equipment
SRA - Si)ecial Repuir Area
SRAM -~ Short Range Attack Migsile
SRAMISM - SRAM Instrumented Surveillance Motor
SSPWG - SRAM surveillance program vorking gorup
STAR - Select, Test, Analyze and Report Program
STE - Special test equipment
SUSTAIN CUP - Second "bag” of propellant in SRAM 2 pulse motor
tACT - Action time, time interval from 10% of maximum chamber pressure

following grain ignition to 10% of maximum pressure preceding
motor extinguishment (sec)

xiii
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TAM's - Special Take-Apart Motors, built with metal cases that can be
readily segmented to gain access to the propellant

TBC ~ The Boeing Company, prime contractor for the SRAM missgile

YBURN - Burn time, time interval from 10% of chamber pressure at two seconds
to sharp pressure drop at motor extinguishment. The latter point ia
determined as follows: Tangents are drewn to the degscending portion
and to the level portion of the curve. The angle between the two
tangents is bisected by a line externded to the curve. A line
parallel to the pressure axis is drawn from the intersection of the
bisector and the curve to the time axis. The time so indicated is
the end of burn time.

TCLE - Thermal Coefficient of Linear Expangion

YEND - End time, time interval from ignition signai to end of action time
(sec) :

t DECAY - Thrust decay time, time interval fram end of burn time (Reference
1.0-1, Section 12.0) to end of action time (sec)

YDELAY - Ignition delay time, time interval from the ignition signal to
generation of a pressure equal to ten percent of the motor
pressure at two (2) seconds.

THIOKOL - Thiokol Corp., Brigham City, Utah. Participated in second
source qualification in 1972-T73. Failed two qual motors out
of 15 fired.

YIGN - Igpition time, time interval from ignition signal to 75% of the
pressure at 2 seconds.

tRISE - Ignition Rise time, time interval for pressure to rise from 10%
of chamber pressure at 2 seconds to 75% of chamber pressure at
2 seconds.

YSTART - Start time, time interval from ignition signal to 1100 psi (sec)
UNIAXIAL STRAIN - Physical property measurement, attalned by holding one

end of propellant sample rigid and applying tensile
force at opposite end
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SECTION I.
INTRODUCTION

1.1 INTRODUCTION

The SRAN Explosive Component Surveillance Program was structured to
meet the requirements of AFR 136-6 "Conventional Munitions Quality Assurance”
and to provide necessary data on the aging characteristics of the SRAM rocket
motor and the other ordnance devices in the SRAM Missile System. The data
obtained from an economical series of surveillance tests conducted on the
motor and ordnance devices, vere analyzed to allow a prediction of component

age-1ifs or make a service life prediction that could provide timely replace~’

ment /retrofit information. This paper will discuss prima,;ily the SRAM
Misaile System Service Life Prediction technology and capabilities and pre-
sent the FY TU Service Life Estimate for the SRAM Explosive Components.

The yearly Service Life Estimate is made by a joint AFSC, AFLC,
AFRPL and Contractor team comprised to form the SRAM Surveillance Program
Working Group. Data are obtained from testing of chrounologically and ser-
vice aged hardware from SAC bases; from special test components such as
Take-Apart Motors and Instrumented Motors; from manufacturer Lot/Group
Acceptance Test data (zero-time dsta); from SAC OT&E missile launches; and
from the San Antonio Air Logistics Center Service Star Program. With the
exception of the manufacturers zero-time acceptance tests, and the OT&E
launches, all of the testing is conducted at the Ogden Air Logistics Center,
Hill AFB, Utah. The tests are conducted in accordance with Reference (3),
SRAM Explosive Component Surveillance Program - Implementation Plan.

Service life estimates for the SRAM System Motor/Components were
performed utilizing flight data from the misgile operational test program,
camponent test data, and dissection and static fire data from returned
field experience motors/components tested physically and ballistically at
Hill AFB, Utsh. Computerized Data Storage, Retrieval and Analysis Tech-
niques were adapted from the Minuteman program to incorporate the SRAM
system additional requirements. Analytical techniques were developed %o
combine motor/compoucut data covering a temperature range of -65 to +145°F
which is beyond the benign Minuteman environment. The service life estimate
was gseparately determined for the following measures of aging or motor
age-life: calendar sge, number of external carries, total number of flight
carries, flight hours below 15,000 feet and total flight hours. This age-
life technique provides the capability to utilize the "Lead the Fleet"
techniques for motor/component age out determination, fleet retrofit/
replacement, or usage limitations if required.

The procedures used for making the first service life estimate for
the SRAM motor/components (June 19T4) are extensions of Minuteman procedures/
techniques which were modified to accommodate features unique of the SRAM
weapon system, such as: .

RN



(1) A two-pulse motor technology vs. one-pulse.

(2) Intermittent air-carry operations with resultant dynamic loading vs.
static storage in a ground emplaceuent.

(3) Ready-alert and captive flight exposure to prevailing weather con-
ditions vs. the physical and thermal protection of the Minuteman

silo.

Exposure to these conditions introduces several aging measures in
addition to simple "calendar time." As a result, SRAM surveillance proce-
dures differ from existing procedures primarily in the collection and
analysis of motor/component data and SAC maintenance and utilization data.
As the surveillance program develops, differences in other areas of the
surveillance program are anticipated. A general degcription of the collec
tion and analysis of SRAM motor/component data is presented here. Tech-
nical details are reported in Refeiences 7 thru 15.

The major goals in the treatment of the motor/component data were
to extend the lead time for a pnssible motor/component replacement program
and to minimize the surveillance program costis by yearly testing only a
small number of motors/components. The several methods used to achieve
these goals are: (1) test motors/components which lead the fleet in age,
(2) use data cbtainel from the operational test program firings/tes*
conducted by SAC in order to increase the sample size, and (3) refine the
statistical data analysis procecures so that more information is obtained
from the existing data. The tecunniques developed for the SRAM surveill-
ance program could be used in surveillance programs for new missile system
or could be used to improve existing surveillance programs.

This document summarizes the steps in the SRAM surveillance pro-
gram as follows:

A. Program Requirements/Planning/Scheduling

B. Age sensitive item assessment and failure mode
evaluation methcds.

C. Hardware selection criteria (components from surveillance
program field hardware for test, special test components,
and support/test equipment).

D. Hardware test requirements/Test Data Analysis

E. Hardwere evaluation criteria

F. Data requirements/Data Storage and Retrieval Procedures

G. Regression analysis criteria and procedures




H. Service life estimate procedures
I. Service life estimate (FY T4)

Figure 1-1 illustrates how these steps relate to the SRAM service
life estimate. The more detailed procedures and the service life estimate
are reported in the separate documentation listed in the Reference List.

1.2 SRAM MISSILE SYSTEM/MCTOR DESCRIPTION
1.2.1 SRAM System

The WS-140A Weapon System features the AGM-69A SRAM migsile
(Figure 1-2) launched frqm a B-52 or FB-1ll and eventually a B-l1 aircraft.
The SRAM missile is a strategic weapon armed with a nuclear wvarhead. The
missile range, speed and accuracy allow the carrier aircraft to "stand
off” from its intended targets and launch missiles outgide enemy defenses.
Through the use of a two pulse motor, missile flight can be programmed for
Trajectory options (Figure 1-3). Missile velocity can be optimized for
maximum penetration velocity or for maximumm average velocity throughout
its flight. TraJectory options allow semiballistic flight to the target
(high level), or low level with or without the use of the on-board radar
altimeter.

l.2.2 SRAM Motor

The SRAM golid rocket motor depicted in Figure 1l-U4 provides the
necessary thrust and impulse to the missile to meet range and velocity
requirements and to arm the warhead. It is 100 inches long, 17.6 inches
in diameter and contains two end burning solid propellant grains with a
total propellant weight of 1000 pounds. A camposite propellant is used
with a burn rate of 2.3 inches/second.

1.2.3 SRAM Camponents

The SRAM explosive Components are of two types - Electro Explosive
Devices (EED's) and thermally fired explosive devices. The EED's are hot
wire initiated, where a resistance wire is electrically heatesd to the
ignition temperature of the adj)acent pyrotechnic material. The thermally
fired unit consists of a small amount of explosive propellant contained
in a piston cylinder arrangement. When heat resulting from a fire hazard
situation raises the temperature of the device, and subsequently the pro-
pellant to ignition temperature, the device will function.

1.2.4 Surveillance Selected Components
The SRAM system components selected for surveillance are listed.

below. Schematics of the components, general lenations and arrangement
are shown on Figure 1-5.
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SRAM Booster Components
Propulajion Subsysten

Battery Power Supply *
Battery Power Supply *

Battery Gas Generator
Squib

Battery Gas Generator
Squib

Electrical Cable Assy.

Igniter Pressure Cartridge
Assy. (cold gas generator
Squib)

Fin Unlock System
Pressurization Squib

SRAM Ejector (FB-111 Aircraft)

Missile Ejection
Cartridge

Operational Test Launch §0TL2
Components ##

Detonator, Command Destruct
Subsystem

Explosive Transfer
Assy., Command Destruct
Subsystem

Linear Shaped Charge,
Command Destruct Sub-
system

1-9

A

P/N 25AL3849-101-13
(20A14004) Boeing Aero-
space Co. (See also Pig. 1-4)

P/ GAP4L367-11-3
(20A11501) Eagle Picher

P/N PS560-10-1 (20A1%011)
Yardney Electric

P/N 31-00-013-2 (GG201-3)
(20A11501) Eagle Picher
(Eagle Picher Battery)

P/R GG220 (20A14011)
Eagle Picher (Yardney
Battery)

P/R 50-2200-111-19
(20A11k11) Unidynamics/
Phoenix

P/N 280440 -~ Walter
Kidde & Co.
P/X 9393~1 - Holex

P/8 7882-2 (20A411502)
Holex

P/¥ 2151800-0 (CCU-16/3
20A14438A) OEA

P/N 1471-03 /27A10640)
Quantic Industries

P/N E24616 (2T7A10506)
Thiokol Chemical Corw.

P/N E2L81T7-01 & 02
(27A106b41) Thiokol
Chemical Corporation
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®* Items identified by an asterisk ﬁay be covered in vart in the
"Service STAR" testing under AFR L00-46 and AFLC PDI-69 to
meet the additional requirement of AFR 136-6 Reference 2.

#% Degtruct Ordnance is included in the Surveillance Program to
the extent specified in paragraph 2.1.7.

1.3 PROGRAA OVERVIEW

The primary surveillance program objective is to predict the
shelf and service life of the SRAM rocket motor and explosive components
(illustrated in Figure 1-5) to provide orderly replacement of components,
thus maintaining a fully effective weapon system. The advantages in
weapon system force maintenance is shown on Figure 1-6. The approach to
achieve this objective consists of the following:

* To periodically test, evaluate and analyze the physical and
functional characteristics of the rocket motor and designated
explosive components.

* To determine any change or degradation with time and/or
environmental exposure of the rocket motor and each explosive
component on the basis of periodic testing and/or hardware
evaluation. .

* To establish evaluation limits of the rocke! motor and each
: explosive component.

* To project, on a timely bagis, when the hardware will de-
grade velow the established limit or required reliability.

Becaugse of the large amount of data required to support the sur-
veillance program, a modularized data bank and computer program (see
Figure 1-7) has been established and designed with the capability to
maintain data on each production part delivered to the field, assist in
the gelection of components to be testea in the program, snd to identify
and recall components that are "over-age." Utility programs are used to
sort, transfer and print the data for +est hardware selection; data
analysis; normalization of parameters; regression aralysis; and service
life presentations. This data system capability also provides SAC the
ability to utilize the "lead the fleet" concept to limit or program
missile/fleet effectiveness and reliability to the critical aging effects,
i.e., number of flight hours, etc.

A service life estimate is planned annually. The two dimen-
sional format for preseriting the selected parameter/component estimate is
shown on Figure 1-8. A family of plots is provided for each of the para-
meters being evaluated as a function of the various aging measures for
each component,

1-10
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1.4 SRAM SURVEILLANCE PROGRAM WORKING GROUP (SSPWG)1

The Explosive Component Surveillance Program is dependent upon
many asgencies and people. The yearly Service Life Egtimate 1s made by a
Joint AFSC, AFLC, AFRPL and Contractor team comprised to form the SRAM
Surveillance Program Working Group. This Group was established to
assist the program manager, assign specific tasks, resoive problem areas,
provide technical guidance, and evaluate data and resulting conclusions.
The prime agencies are as follows:

© Aeronautical Systems Division (ASD) - Program Technical/
Policy Manager

© Ogden Air Logistics Center (ALC), Hill AFB - Testing,
evaluation and analysis manager

° Oklahama City Air Logistics Center (ALC) - Logistics SRAM
System Manager

° Air Force Rocket Propulsion Laboratory (AFRPL) - AF Rocket
Motor Technical Experts

° Strategic Alr Command (SAC) - SRAM User

Contractors (Boeing - SRAM Prime Contractor and System
Technical Consultant/Lockhead - SRAM Motor Manufacture
and Technical Consultant)

1.5 SURVEILLANCE SCHEDULES

The overall explosive component surveillance program and schedule
{8 presented on Figure 1-9. A typical yearly testing schedule for the
rocket motor and small ordnsnce is presented in Table 1-1. These detail
schedules are also contained in Boeing Document D220-10096-1, "SRAM
Weapon System Program Schedules - Production" as shown below. These
schedules are updated and submitted to the Air Force as a CDRL item on
a monthly basis.

P1.16 sheet A, Explosive Surveillance Program - Small Ordnance
P1.16 sheet B, Explosive Surveillance Program - Rocket Motor
P1.16 sheet C, SRAM Explosive Component Surveillance Program

1. Reference (4) established the Charter for the Working Group 10.

1-1k
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SECTION II

Service Life Estimate Procedure

2.0 CENERAL

Procedures for estimating the service life of a hardware item have
been developed and are now being used by OOAMA to support Minuteman and
other surveillance programs. The SRAM service life estimate technical
approach and general procedure are basically the same as developed for the
Minuteman Program, (References 16 thru 22). The detailed steps for SRAM
surveillance in terms of major subjects were shown in Figure 1l-1.

The initial step for the SRAM surveillance progrem, as for
Minuteman, was %o evaluate all items within each explosive component to
determine those items which are susceptible to aging and which could have
a detrimental impact upon the component and the SRAM Weapon System. The
identification, assessment, postulated aging mechanism, failure mode
evaluation and identification of data sources provide:

(1) Substantiation for an initial service life estimate which should
equal the design life of the components as a minimum.

(2) A complete critical items assessment.

(3) The basis for the surveillance program test objectives, specific
tests and test requirements.

(4) Selection criteria for compcnents to be tested in the Surveillance
Progranm,

Hardware items are then withdrawn from Air Force operational use
for surveillance testing that have experienced typical environmental
conditions as well as those believed to be severe and/or damaging to the
camponents. The selection criteris developed from the age-sengitive item
aggessments above are then cambined with the specification system analysis
and evaluatici requirement values and used as the basis for field item
selection and testing. The hardware samples selected should represent the
effects of both average and severe usage conditions to provide trend data
for the units in field service. The SRAM program, unlike Minuteman, has
the capability to monitor the operational exposure and depict those effects
that are the most severe.

The data gathering, storage and retrieval program was generatesd
to provide component usage tracking capability and visibility for hardward
selection, data analysis, normalization of parameters, regression analysis,
and gservice life estimates/presentations.




The remaining data input is the failure criteria that supports a
service life estimate. Included also are the visual examination requirements
for the review of hardware condition, and acceptance criteria which are fourd
to be significant in the development of SRAM.

The data cbtained from the variocus surveillance tests are treated
by regression analyses to determine degradation from zero-time performance
data as a function of age, flight hours, installation cycles, etc. Only
those key performance parameters which significantly affect the success or
failure of the misgile system, are regressed. The actual Service Life
Estimate i3 determined for the time when the key paramster regresses to its
failure limit.

The service life estimate is run when sufficient surveillance
data becomes available to conduct statistical regression analyses and an
englaeering evaluation of hardware.

The general procedure for establishing and evaluating the service
life of SRAM componemts consists of statistically projecting each nge
sensitive parameter mean value and tolerance curves for selected population
and confidence values to where the selected tolerance curve intergsects a
failure line as shown in Figure 1-8. This intersection indicates age-out
and establishes the time (or limit of other aging messures) from which to
predict the beginning of procurement of replacement components. An
alternate technique for interpreting regression analysis results is to
first specify a service life (e.g., 5 years) and a reliability (e.g., 90%)
then determine the confidence level of the tolerance curve that intersects
the fajlure limit at the specified service life as shown in Figure 1-8.
This is done for all parameters to determine the one with the'smallest‘
confidence value. This is the confidence value assigned to that component.

The physical condition of aged motor hardware is determined by an
engineering inspection. Observed results are evaluated for potential age-
out effects on component integrity. When sufficient data are accumulated,
age sensitive parameters determined from inspection will become amenable
for statistical regression analyses. ‘

The specific procedures applicable to each explosive ccmponent
are discussed in detail in Appendix B and C and summarized below.

2.1 Age-Sensitive Item Identificatior and Assessment

Refereace 5 presents the procedures for identifying and assessing
the age-sensitive items of each component with definition of the failure
criteria for these items. The age-sensitive item identification is
accomplished by the fcllowing steps:

A. Age-sensitive items of the components and their subassemblies

parts, materials, and material interfaces are Identified and provided an
age-gsengitive rating. These ratings are used to assist in preparing an

2-2
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initial service life estimate and in establishing a surveillance test
progran that investigates the critical aspects of the components Leing
evaluated.

B. For each item identified in paragraph 2.1l.A above, the
poastu.ated aging mechanisms, failure modes associated with these
mechgaisms and critical material properties are listed.

C. Then, the specific parameter to be tested, and its relastion-
nul to the property or function critical to operation of the component
ur listed. The failure limit for the parameter tested, or the method
b Jhich that limit is to be determined is then defined.

D. For items rated sensitive to age-out (see Table 2-1),
testing on the material, subcomponent, component, and subagsembly levels
is considered advisable, while testing only on the full scale propulsion
system level may be adequate for items rated moderately sensitive or
ingsensitive. '

E. The product of the Age-Out Sensitivity (AOS) and tbe margin
of safety rating ylelds the critical item racing.

2.2 Test Requirements for Age-Sensitive Items

In formulatian of a test program to provide the necessary Sur-
veillance Program data, the critical item ascegsment discussed in para-
graph 2.1 is considered as well as available analytical comclusionms
relating to aging effects. The SRAM test program was defined considering
the critical item assesaments discussed and are contained in the test
requirement documents listed in Table 2-1. The overall test approach for
the SRAM explosive cumponents pregented herein was originated by the SSPWG.
Continuous evaluation and reassessment of this program will continue
throughout its life.

A. Rocket Motor Test Requirements

Tests to obtain data for the service life estimate, including
definition of procedures, instrumentation and data requirements are in-
cluded in this section. (See Table 2-1). Ballistic tests and associated
regression parameters are identified in Table 2-2. Mechanical Property
tests and associated structural regression parameters are identified in
Table 2-3.

l. Tests for Ballistic Data

Balligtic data is obtained from three sources: opera-
tional rocket motors static firings, Operation Test and Evaluation (OT&E)/
Operational Test Launch (OTL) flights and Group Acceptance Test (GAT)
firings.

Fog sewid Hdv.e e

g e



TABLE 2-1
Component Identiflcation, Assessment and Test Requiremants
ST REQUTRERERTS 1
AGE-SENSITIVE SURVE ILLANCE ATP/LAT/
COMPONENT . ITEM ASSESSMENT TEST SET QTP
MISSILE initiation Charge
EJECTION Ignition Charge 21A10172 2151-85/0
CARTRIDGE 8ooster Charge 20A11537 2151-79
Output Charge 0220-10241 20A14438
Encasement Materials 2151800
Header Assembly
Bridgewire Circuit
Electrical Connection
Insulation/Seals
IGNITER Inftiation Charge
PRESSURE ignition Charge
= | CARTRIDGE Output Charge T-1129
2 Encasement Materials 20A11513
z Header Assembly 21A14260 9393-1
a Bridgewires and Clrcuits
< Electrical Connection
-3 Insulation/Seals
g Component Interfaces
[
QXL FIN initiation Cherge
1 UNLOCK Ignition Charge
21 PRESSURIZATION) Sustainer Charge TP~1072
21 squis Output Charge
S Encasement Materials 21A14254 20A11502
- Header Assembly
v 3 Bridgewire and Circuits 280440
z o Electrical Connection 7888-2
x w Insulation/Seals
g Component Interface
L]
w ELECTRICAL explosive Charge
=2 CABLE Encasement Materials 50-2000-
b Z] ASSEMBLY Environmental Seals 21A14257 ATP-20
z =1 swiTcH Electrical Connections 20A1Y 41
§ Component Interfaces
w1 BATYERY Electrical Connectors § Terminals
Z ] POWER Battery Activation System Yardney
21 suppLiES Cell Assemblies ATP-315
3 EMI Filter Assembly 21A14256 tagle
> Heater/& Thermostats Picher
e Intercell Connectors LATP-270
§ Relief Valves ATP-271
[
2| satreRry Ignitor Squibs (2) 6G-220
o GAs Ignition Materials LATF=~227
GENERATORS Header Assembly
Bridgewire
Encasement Materials 21A14255
Gas Generator Propellants 66-201-3
Glass to metal seals § seals ATP-130
Solder Connections QTP-1 1%
Encasement Materials
ROCKET Propellant 21A14401
MOTOR Internal Insulation 2X~SR75-3 EC20A14O0OL
Boost Initiator & Igniter 21A14403 TRS1025
“ Sustain Initiator & Igniter 21M-AGMESA-26 ETR102S
z & Nozzle/Nozzle Closure 21A1 4404 LPC579-P-51
°a Chamber and Interfaces 21A1 4405
% a Missile Lug and Clevises 21A14406
a3 External Insulation 21M-AGME9A-3
g Raceway
o Headcap/Seals
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SRAM MOTOR - REGREGSION BALLISTIC PARAMETERS

ORIGINAL PARAMETER REVISED PARAMETER SYMBOL REASON
lst PULSE 1st Pulge
® CHAMBER PRESSURE, ® Chamber Pressure, Maximum Pumax 1 ¢ Case Burst
MAXTMUM
® THRUST, AVERAGE ® Thrust, Average FavG 1 ® Warheed Arming
ar AVG Fl
® IGNITION TIME ® Start Time TorART ® Ground Impact &
™ Propellant Retention
® THRUST DECAY TIME  ©® End Time END ® 2nd Pulse Ignition
® IMPULSE, § TOTAL ® Impulse Im ® Varhead Arming
2nd PRSE IGNTITION
2nd PULSE 2nd Pulse
® CHAMBER PRESSURE,  ® Chamber Pressure, Mcximm  |MAX 2 ® Case Burst
MAXT MUM
® TURUST, AVERAGE ® Thrust, Average Fave 2 ® Penetration Velocity
or AVG F2
® IGNITION TIME ® Start Time TsTART ® Flight Control
1070 Motor
® TuPULIE ® Impulse T ® Range
Ballistic Parameter Definitions
TAVS Average thrust, average sea level thrust over action time (1bs.)
i Impulse, integral »{ sea level thrust over action time {(1lb-sec)
:HAX Maximum pressure, maximim iustantaneous chamber pressure (psia)
CATT Action time, time interval from 10% of maximum pressure following

grain ignition to 10% of maximum pressure preceding motor ex-
tinguishment (sec)

time (sec)

. S, Secticn 12.0) tc end of action time (sec)
st Ignition time, time interval from ignition signal to 75% of the

pressure at 2 seconds (sec)
CUTART Start time, time interval fram ignition signal to 1100 psi (sec)

Zal End time, time interval from ignition signal to end ol action

CECAY Thrust decay time, time interval from end of burn time (Refereuce

BALLISTIC TEST DATA

® Age zero cured strand burn rate from acceptance tests
of each production propellant batch
® Age zero motor performance from motors fired for pro-
duction motor group acceptance tests (GATs)
® Motor data from missile operational test and evalua-
tion (O"&E)} flights

Ogden A.r logistics Center surveillance motor firings

® Ogden Air logistics Center surveillance dissect motor

2-5
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ORIGINAL PARAMETER

PROPELLANT STRESS, T0°P
PROPELLANT STRESS, -65°F
PROPELLANT STRAIN, TO°FP
PROPELLANT STRAIN, -65°F
PROPELLANT MODULUS, TO°F

MARGIN OF SAFETY

TABLE 2-3
—
-~ RE ST

REVISED PARAMETER

TEST RATIOS
PROPELLANT STRESS
PROPELLANT STRAIN
PROFZLLANT MODULUS
MARGIN OF SAFETY

METERS

REASON

o STRUCTURAL INTEGRITY

SUMMARY OF MECHANICAL PROPERTIES EVALUATION OF MOTORS
D

MATERIAL TEST

JANNAF UNIAXIAL TENSILE

RURPOSE OF TEST

P
OFPSH € iei E(psi)

STRESS, STRAIN, MODULUS
TRUE STRESS/SECANT
MODULUS RATIO

HISTCRICAL PROPERTIES QUALITY
COMPARISON

BIAXIAL TENSILE (STRIP)

MAX MAX
STRESS, STRAIN, UNIAXIAL
TO_BIAXIAL RATIO

PROVIDE STRESS, STRAIN ALLOWABLES
FOR STORAGE ANALYSIS AFTER AGING

BIAXTAL (WITH SLIT)
TENSILE

TEAR FRACTURE
COHESIVE ENERGY

CRACKX PROPAGATICN DETERMINATION

MINI-THIN TENSILE

STRESS, STRAIN, MODULUS

EVALUATE MATERIAL DEGRADATION IN THE
PROPELLANT /INSULATION INTERFACE ARE

SHORE "A" HARINESS DETERMINE PROPELLANT HARDNESS

STRESS RELAXATION MODULUS (ER) DEGRADATION IN STORAGE AND FIRING
ALLOWABLE

BONDED PLATE ADHESIVE FRACTURE MEASURE ADHESION IN PROPELLANT/

BLISTER PEEL LINER/INSULATION BONDS

DIAMETRAL COMPRESSION

STRESS, STRAIN
TENSION-COMPRESSION

MULTI-AXIAL PROPERTIES FOR
DETERMINING FIRING ALLOWARLES

BOND-IN-TENSION

BOND TENSION

DETERMINE INSULATION/PROPELLANT
INTERFACTAL STRENGTH

BURN RATE BURNING RATE/PRESSURE BALLISTIC PROPERTIES OF DISSECTED
EXPONENT _ IN/SEC @ T&P MOTORS
PEEL PEEL STRENGTH (PLI) COMPARATIVE INSULATION/PROPELLANT

INTERFACING STRENGTH

MOISTURE CONTENT

WEIGHT PERCENT WATER

MOISTURE IN LINER/INSULATION IN
BOND PAD AND RELEASED AREAS

ALKYL FERROCENE CCNTERT

WEIGHT PERCENT AKF

MIGRATION IN PROPELLANT/LINER/
INSULATION

THERMAL COEFFICIENT OF
LINEAR EXPANSION

EXPANSION GRADIENT

STOFAGE ALLOWABLE DETERMINATION

BULK MODULUS #*

COMPRESSIBILITY OF MATERIAL

SOL GEL *

% SOL GEL/% WELI, RATIO

DETERMINE GEL FRACTION AND
SWELL RATIO

STKUCTURAL TEST DATA

| * MEASUREMENTS WERE DROPPED FROM PROGRAM BUT MAY BE REINSTATED AT A LATER DATE IF REQUIRED

® OGDEN AIR LOGISTICS CENTER SURVEILLANCE DISSECT MOTOR
® AGE ZERO LOCKHEED DISSECT AND TAKE APART MOTOR DATA

PRODUCTION PROPELLANT BATCH

AGE ZERO JANNAF SPECIMEN DATA FROM ACCEPTANCE TESTS OF EACH
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2. Tests for Physical Properties

Dissection of SRAM rocket motors returned from the field
and of Take-apart motors (TAM) were included in the Surveillance Program
to determine changes in propellant physical properties associated with
field usage. The dissection includeg electrochemical cutting of the steel
motor case from field motors or disassembly of TAMs, inspection of the
internal condition of the motor and removal of propellant and insulation
for laboratory testing.

Datas from the dissection of the motors are then used to evaluate
the current condition of the motors and to predict the effects of gervice i
on the life of motors in the fleet. This is done both by qualitative :
evaluation cf data on the propellant/liner/insulation system and by deter- |
mination of the structural margin of safety for the motor based on labora-
tory data. The observed conditions are then extrapolated to predict the !
structural age out of the remaining motors in the fleet. }

Propellant and propellant/liner/insulation phy;ical properties,
are determined by conducting a series of tests as defined in Table 2-3
and Figure 2-1 and described in detail in Appendix B and References 5
and 8.

B. Explosive Components Test Requirements

Surveillance testing is performed in the same manner as
production acceptance testing for each SRAM component. These include
destructive (functional) tests and non-degstructive tests performed in
accordance with the requirements documents listed in Table 2-1 for the
parameters in Table 2-U4.

2.3 Hardware Selection Criteria

The criteria for gselection of field hardware includes storage
time or age as in the Minuteman Program, and also SRAM peculiar environ-
mental exposure, missile and equipment use and configuration. This is
necessary because of the weapon system operational use over worldwide
natural environments and exposure to induced environmental and loading
conditions. The SRAM surveillance program was established with the
capability to monitor the explosive component environment and depict
those parameters that show aging effects and also provide the capability
to utilize SAC's lkad-the-fleet concept. Each of the critical exposure
conditions must be considered for the selection of the surveillance test
hardware. .

The requirements for the selection of the field service motors/
components for surveillance testing considered the following messures of

"aging."
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A. The age, taken from the date of manufacture, must be at least
equivalent .to the age year in which the service life estimate computation is
to be made.

B, Maximum operational service.

In addition to the above, the field service items should be
selected from those which are considered to have been exposed to the most
severely degrading environments which include, but are not limited to,
the following:

C. Maximum flight hours.

D. Maximum number of take-offs and landings experienced when
uploaded.

.

E. Maximum flight hours below 15,000 feet altitude.

F. Temperature extremes which may occur during storage, ground
handling, flight line alert and captive flight (sustained high altitude
and supersonic dash).

G. High humidity combined with or without temperature cycling
during flight line alert or low altitude captive flight.

H. Motors/Components with major ancmalies or problems.

The weighting and selection of the first two sampling years
motors was accomplished by SSPWG. The members of the working group applied
a priority rating to each of the parameters identified above in order of
significance to determine a *otal group rating. ZEach year a summary of the
"most severe" usage motors/components available at the time of selection is
provided by computer printout.

For explosive components efforts were made to obtain field
gselected test components in sample lots of not less than 5, all of which
have been exposed to similar environments, possess similar calendar ages,

and service life exposure. The test sample {Table 1-1) size of 22 com-

ponents specified for each year of Service Life Estimate is the minimum
size that, when functionally tested with 100% success in an attributes
analysis, demonstrates a reliability of 90% with a 90% confidence level
for each component which 1s considered to be the desired acceptable level.

2.4 Data Requirements

A comprehensive computerized data identification, gathering,
storage and retrieval program is necegsary throughtout the program. The
general data storage and retrieval flow overview was illustrated in

2-10 N i AR AR
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Figure 1-7. Automation of this data system vas required to provide for

each function of & service life estimate. In Pigure 2-8, the bdlocks
identified(M) vere in the Minuteman initial program and(E)vere SRAM addi-
tive program blocks. The interrelationship and data flow for the SRAM
components are presented in Figures 1-7, 2-3 and 2-4. Data identifica-
tion and specific requirements for the rocket motor and ordnance devices

are discussed in Appendices A, B and C, respectively. Three types of

data vill be used in the surveillance program: Motor/Component-Descriptive
Data, Use Data, and Test Data. Careful tracking of the Motor/Component
inventory is required to maintain a histarical end service lifs data file
to provide the visibility required by the SSPWG for test hardvare selection,
component usage experience, and data analysis. At the time that significant
performance and/or physical property degradations are observed, the total
data bank wvill be available for diagnostic and recommended action type

activities.
A. Descriptive Data

The Seven sources identified for motor/ccmponent descriptive
data are:

1. Group Acceptance Test Directive (Motor onmly)

2. Manufacturer's acceptance test data (ejector and cart-
ridge)

3. Manufacturer's design and qualification test data

4., Depot repair acceptance test data

5. Ammmition Data Card (DD Form 1650)

6. SRAM Propellant Summary Report (Motor omiy)

T. Motor Log Book

B. Use Data

Four sources have been identified for motor/camponent use
data:

1. Material Inspection and Receiving Report (DD 250)

2. Requisition and Invoice/Shipping Document (D Form 119)

3. Maintainability Tape Pile (AFLC D 056), Reference 23

b, SAgC §RAM Data Element Extract Tape (SAC Forms 126 and
126C )

C. Test Data

Five types of test data are available for motor/camponent
age-out predictions:

1. Batch (Statistical) test data
2. Sampling test data

2-11
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3. Motor Supplier Test Data
h." Kissile Operaticnal Test and Evaluation Data
5. Surveillance Program Generated Data

2.5 Evaluation Criteria

The pre-test, post-test and other hardware evaluation criteria
necessary to complete the evaluation package are discussed in more
detail below:

A. Rocket Motor Evaluation Criteria

The criteria for evaluating aging of the motor hardware are
contained in References 5 and 6 for the theoretical approach, Reference
T for inspection of tested motors, and briefly described below:

1. Pailure Limits

Ballistic parameter failure limits for use in determining
the occurrenge of age-out and in preparation of the SRAM motor service
life estimate are contained in Reference 13. These parameters were listed
in Table 2-2. Pailure limits for the propellant physical properties and
usoci:ted margins of safety are defined in D2AGM20162-1 "Stress Analysis
Report”.

2. Specification Limits

Specification limits are contained in Reference 31 for
ballistic parameters, LPC Material Specification EMSU 001 for propellant
physical properties and Reference 31 for the structural margins of safety.
These specification limits may or may not be identical with failure
limits.

3. Hardvare Evaluation Criteria

Criteria for evaluating the integrity of motor hardware
are contained in References § and 7. These reference documents identity
age-gsensitive items, suggest tests to reveal deficiences, and state the
failure criteria for evaluating the component during an engineering
inspection.

B. Component Evaluation Criterias

The three types of data to provide evaluation criteria used
in developing service life estimates (SLE) for each explosive component
are as follows:

1. Baseline (Time Zero) Data, retrievable from the computer
data storage file, vere defined in Section 2.4 and Appendix C. Thes»
data provide a baseline against wvhich changes in functional performance
of aged components are compared.

-
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2. Surveillance Test Data are generated from component testing
as described in paragraph 2.2 and Appendix C. These data, obtained from
testing of service-~aged components, show any trend in performance degradation
vhich is age or use related.

3. Critical Values or Failure Limits are used to determine the
limit of component performance for each test parameter which is evaluated
in developing the service life estimate. In the absence of an evaluation
program to determine failure limits, acceptance test and lot acceptance
test criteria are used as critical values.

Component testing to provide the above data is of two types:
1. Non=-destructive which may be repeated.
2. Functional (destructive) testing.

The test parameters on which service life estimates are based
are given in Table 2-4, The performance {critical value) requirements
are listed in Tables in Appendix (C and are taken from each component's
eritical design specification.

2.6 SERVICE LIFE ESTIMATE - GENERALIZED STATISTICAL ANALYSIS PROéEDURE
2.6.1 Introducticn

Initial program design requirements are levied contractually on
most weapon system design contractors. These include requirements for
service life, storage life, ugeful life and goals in terms of system, sub-
system, and component reliability requirements. These are then used as a
basis for determining the idealized reliability goals that explosive com-
ponent surveillance programs must demonstrate.

However, designing a system for long service life is no guarantee
that the system, subsystem, cr component reliability will not degrade with
age, therefore, it is necessary to verify thru tegsting that the quality
and reliability of the system is not degrading with age.

In order to minimize the risk of age-out occurring without re-
placements being available, the item manager initially orders replacements
based on the end of the component's initial design service life. He then
periodically recomputes his replacement buy forecast requirements utilizing
the current surveillance program's predicted service life estimate. How-
ever, in determining when replacements must be available the item manager
must consider Lhe budget lead time, the procurement lead time, the pro-
duction lead time, and replacement lead time of the component. He must
contract witn industry for the replacement sufficiently ahead of the com-
ponent life prediction to assure availability when the component life
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expires. If the component's age life is five years, its replacement action
must be initiated two years after the component wvas first delivered to the

operational inventory, if it takes you three years to accomplish the
replacement action.

Since the components for surveillance testing are usually only as
o0ld as the inventory components, an annual surveillance test performed at
the two year age life should predict a minimum life of five years (whicq is
three years ahead of the test data), in order to avoid unnecessary procure-
ment of the replacement components. In the event the explosive component
life prediction is wrong and age-out occurs socner than expected; expedient
change out is impossible because nf low inventory stock level requirements
and long component replacement times. Because of the longer lead times
required for replacement, the item managers are requesting longer component
life predictions which places a lot more responsibility on the engineer to
make a better and longer estimate with more confidence. Because of cuts in
program budgets and the inflation of the dollar, the engineer does not have
avajilable the alternative of doing more tests in order to have better con-
fidence that longer range predictions can be achieved. He must do more and
better analysis of the data from current tests.

In most statistical experiments a trade-off exists between the
costs for obtaining additional data and the costs for analyzing the data.
The costs associated with firing the SRAM motors/compounents are such that
considerable effort should be devoted to analyzing the data. The general
types of analysis which should be undertaken in making a service life
estimate include testing the validity of assumptions, testing various
methods for variance reduction, combining data from different sources,
and finally the age trénd analysis.

The requirement for the SRAM explosive camponent surveillance
program is tc demonstrate the reliability of components in the operational
inventory periodically and to determine the expected component reliability
at some point in time with a high degree of confidence for longer range
predictions. The using command may want to know with 90% confidence “hat
the tests will demonstrate that 90% of the inventory of aged motors/com-
ponents will perform within the design envelope. The using command must
also be advised on a timely basis when low reliability items must be

replaced so the war plans and operations can be adjusted. Therefore, the
following concepts must be considered:

A. A single approach to explosive component surveillance is
not possible. Each individual item must be evaluated and the best approach
to surveillance determined based on many factors: e.g., number and cost
of explosive items, procurement lead time, point in time surveillance
program is initiated, tests and test equipment costs, etc.

B. A surveillance program that ig conceived as an integral part
of a weapon gystem and planned from the start will be the least costly

program to conduct. It will provide the most information with a minimum
of risk in a timely manner.

2-16
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C. A successful surveilliance program utilizes data from all
available sources. Among them are data from static test programs, flight
tests and training launches, accelerated aging programs and laboratory
component and material tests. These data are carefully analyzed and
evaluated before component life recommendations are made.

D. Service life prediction by its very name lmplies prognostica-
tion into the unknown future.

Statistical prediction of the aging studies can be classified as
variable analysis and attribute analysis. The basic tool in variable
analysis is regression analysis. The measurable test data of the test
specimens are plotted as a function of the age or other use parameters,
and a degradation trend is established using the most suitable mathematical
technique. Attribute analysis is used when the only available data is in
the form of "go" or "no-go" (success or failure to function).

Regression analysis is a statistical analysis technique wherein
data accumulated at various points in time are analyzed and a curve is
fitted to them. Extrapolation of this curve int> the future is the basis
for predicting future component life. Tolerence limits are then placed
around the regression curve and compared with predetermined critical com~
ponent performance limits. If the regression curve tolerunce limits
do not exceed the critical failure limits at the desired future point in
time, the component is usually assumed serviceable thru that time period.
However, service life estimates reflect actual changes in a component as
well as uncertainties in predicting the changes which can only be reduced
by either collecting more data or by the use of more sophisticated pro-
cedures for analysis of the existing data. For the May 1974 service life
estimate for the SRAM motor, the most cost effective approach was to refine
and extend existing data analysis procedures. The major improvement in
the statistical analysis procedures was the use of multidimensional
statistical modeling techniques.

E. The regression analyses approach to component life predic-
tions cannot be considered infallible. It can only be considered one of
the factors necessary for sound Jjudgment, and should be used with extreme
caution after the design life has passed.

F. For the Mey 19Tk service life analysis, there was no motiva-
tion to further refine the statistical analysis procedures (other than
adding the multi-~dimensional analysis procedures) since the estimated
service life of the motor/caomponents was acceptable. However, additional
refinementy are possible and should be considered for future service
life analyses. These additional refinements (discussed in detszil in
Section V) would reduce some of the conservatism in the current procedures
and thus would further extend the service life estimates.

2-17
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2.6.2 Ceneral Procedure

The objective of the service life estimate procedure is to
egtablish a standard methodology for handling and utilizing the available
baseline (zero time) and subsequent surveillance test data with special
congideration for the unique features associated with each particular
component. The service life estimate procedure than predicts the minimum
service life of the particular component.

The required evaluation/test criteria which will be used to
egtimate the gservice life were presented in Section 2.5. Test parameters
vhich are congidered to be critical and those which are considered to be
supporting information are surmarized in Tables 2-2, 2-3 and 2-L4.

The general procedure for establishing and evaluating the service
life of SRAM motors/components consists of projecting each predictive para-
meter mear, value and selected confidence band. Advanced predictions that
consider replacement time were made b extrapolation beyond the demon-
strated age data points into the real life unknown prediction regime. The
hardware will be evaluated for degradation and signs of "early age-out'.
Age-out i3 indicated when the predicted trend line crosses the specifica-
tion or other established criteria limit. The congervatism associated with
the determined age-out alert limits can be evaluated knowning the specifica-
tion requirements and the estimates of the actual or critical failure po2int
or limit. The SRAM SLE statistical analysis techniques were developed to
eliminate the data scatter resulting from differences in component test
conditions and to incorporate multidimensional regression analysis tech-
nijgues.

The SRAM statistical data analysis results in the 2 Dimensional
final format for the SRAM motor/components is as shown in Figure 2-5.
Motor/component performance parameters such as pressure and thrust as a
function of age are used to determine the age trend line and the tolerance
bands (reliability with confidence level) for the trend line assuming a
good trend line prediction is possible. (Figure 2-6).

Figure 2-7 shows the general flow chart of the procedure for
egstimating the service life. Preliminary estimates of the service life
estimate will be made using acceptance (zero time) test data. First vear
and subsequent surveillance test data will be used to upgrade the initisal
regression equations to obtain more accurate estimates of the service
life.

2.6.3 Statistical Analysis

A. Statistical Modeling

The major statistical computational operations and data flow
for analysis of the SRAM component data are shown in Figure 2-8. A
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generalized statistical model is developed which relates a performance pars-
meter such as thrust to characteristics such as firing temperature and pro-
pellant dburn-rate.

The primary reasons for using statistical modeling procedures in
the analysis of the SRAM data is to reduce data scatter (Data normalization,
Data grouping comparisons, and Data Bias removal) end to cumpare and evalu-
ate test data for motors/components fired at different temperatures. The
modeling procedures reduce the spread in the tolerance surfsces snd thus
allov for the extension of the service life estimates for the missile
motor/ccmponents.

A stepwise multiple linear regression program was generated to use
the parameter data to determine which of the terms in the generslized model
are statistically significant. When a specific statistical model for the
performance parameter has been determined, the tolerance surfaces for this
statistical model are established. A three-dimensional example of the
multidimeasional surfaces used in the data analysis is shown in Figure 2-9.
For this example the performance parameter is closest to the failure limit
for the high temperature firings and thus the critical condition here 1is
the high firing temperature. The next stage in the computational process
is the conversion of this multidimensional information into two-dimensional
information which can be displayed on two-dimensional plots as in Figure
2-5.

The reasons for developing two-dimensional plots of multi-
d:mensional surfaces and data are: (1) a visual presentation is more
easily evaluated and interpreted than the equations for the various
surfaces and (2) visual interpolation to determine the confidence levels
for the tolerance curve wvhich intersects the parameter failure limits at
five years (and the equivalents in flight hours, etc.) was much simpler
than the development of a computer program to perform this task.

The information required to develop the plots 1s: (1) the mean
value surface (statistical model), (2) the tolerance surfaces, (3) the
actual parameter values or the residuals, (4) a parameter failure sur-
face, and (5) critical or worst case conditions for all of the independent
variables except age.

Descriptions of the elements in the data analysis follow and are
contained in detail in Appendices A, B and C.

The age at which & tolerance curve and a failure limit intersect
is dependent on: (1) actual changes in the performance parameter with age,
and (2) the spread of the tolerance band. The tolerance band spread iz in
turn, dependent on sample size and the magnitude of the data scatter. The
goal in the development of the SRAM procedures was to minimize the spread

- in the tolerance bands so that actual changes in the performance parameter:

could be more easily detected. The two-dimensional regression analysis
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used previcusly (References 2, 3 and 4) was extended to multi-dimensional
analysis so that data from components fired at different temperatures
(Pigure 2-10) could be combined (increasing sample size) and so that known
characteristics of a component could be used to reduce data scatter. The
benefit derived from the multidimensional analysis is an extension of the
service life estimates. For example, the 90/99 tolerance curve for the
motor first pulse maximum chamber pressure intersects the failure limit at
1000 days vhen two dimensional analysis is used and intersects the failure
limit at 1750 days vhen multidimensional analysis is used (Figure 2-5).
The improved results with the multidimensional analysis are s consequence
of using zero age propellant strand burn-rate to reduce data scatter and
of combining motors fired at different temperatures. Ccmbining the data
for different temperatures permitted the use of the OTAE flight data and
increased the sample size.

Tables 3-2, 3-3 and 3-5 and Tables in Appendices B and C sum~
marize the critical test parameters which are considered, a-prior, to de
primary failure parameters and other parameters which are considered. to
provide supporting information of the regression behavior. This summary
may require revision based on data obtained during the surveillance tests.
In the absence of identifiable regression trends, other statistical
methods were applied and the results analyzed to provide a statement of
service life. and/or reliability estimates. The planned annual service
life estimate will be presented in logic form, in the detail of the plot
form shown on Figure 2-5. A family of plots are provided for each of the
aging parameters being evaluated in Reference 8.

The statistical model eventually chosen by the regression program
depends on: (1) the true functional relation between the dependent vari-
able and the independent variables, (2) the values of the independent
variabiles for which cbservations are taken, and (3) the total number of
obgservations. The first item requires no explanation. The secornd item is
discussed at length in tests on the design of experiments (References 9 and
10 of Reference 1l4). Theoretically, the number of observations required to
develop a statistical model is equal to the number of terms in the model.
However, in practice it is found that at least three to five observations
are required for each term in a statistical model.

The major advantage of statistical modeling techniques is that an
approximating fuaction can be developed with little or no information about
the true functional relation. Unfortunately, this approximating function
is valid only for the range of the independent variables actually used in
developing the model. Extrapolations beyond this range may or may not be
valid. Any additional assumptions made during the analysis should also be
tested for validity. 1If standard statistical procedures are not appropriate
for these tests, then the possibility of empirically deriving test pro-
cedures using computer simulations should be investigated.
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B. Tolerance Surfaces

Tolerance surfaces express the uncertainties in the statistical
models and the scstter in the parameter residuals. A reliability and a con~
fidence level are associated with the tolerance surfaces. The reliability
reflects the scatter in the parameter residuals and the confidence level
reflects the statistical uncertainties in the model. The tolerancs surfaces
are dependent on the probability distribution of the random errors in the
data used to derive the statistical model. In developing tolerance surfaces,
it is usually assumed that the random errors have the normal (or Geussian)
distribution. The validity of this assumption should be tested before con-
fidence levels and reliabilities are assigned to a tolerance surface.

C. PFailure Limits

The determination of the intersection of a tolerance curve and
a fajilure limit becomes more ccamplex as the dimensionality of the statistical
model of the performance paraneter increases. For a twvo-dimensional model
(Figure 2-5) (parameter vs. age), the failure limit/tolerance curve inter-
section is a single point. The failure limit/tolerance surface intersection
is a curve for a three dimensicnal model and is a surface (or hypersurface)
for a model of four or more dimensions. (Figures 2-9, 2-10 and 2-11).

Worst case conditions were used to determine the intersections for
the May 1974 service life estimate. FPor example, the intersection of the
failure limit and the tolerance curve for a particular motor/component para-
meter was determined for the vaximum firing temperature and the maxionm
observed propellant burn-rate. The use of the worst case conditions in
determining failure limit/tolerance curve intersections leads to conserva-
tive estimates of the service lifes of the motor/component. The plots shown
in Referrace 8 are for worst case conditions and thus, the only statement
which can be made regarding these tolerance curves is that if all motor/
components are fired at their extreme temperature and if all had the extreme
observed burn-rate, then 90% of the motors/components will be within the
tolerance band with the specified confidence (see Figure 2-12). It is known
that the propellant burn-rates would move the failure limit sway from the
trend line and extend the egtimated service life (or increase confidence
level) of the camponent. Similarly, use of firing temperatures which would
be experienced in the field would further extend the service life.

D. Special Procedures

Several special statistical procedures were used in the
analysis of the SRAM motor data. These are: (1) burn-rate smoothing,
(2) prediction of chamber pressure for flight tests, and (3) bias removal
for the flight test data, and are described in detail in Appendix B.
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SECTION III ST
P EAVBILABLE copy
PINDINGS S Loy :

3.0 GENERAL

Procedures for estimating service life for the SRAM rocket motor
and ordnance devices were used in accordance with Reference 5, where
surveillance test data are available. Results from statistical regres-
sion analyses are plotted against relevant aging parameters in conjunc-~
tion with zero time data and limits (3¢, 90% probability and 90% confid-
ence, failure, etc.). For subsystems where surveillance testing hes not
been accomplished, statistical analyses could not be conducted. In these
cagses, the format for reporting results is the gsame with only the zero
time data and limits plotted.

During each year of the Surveillance Program, five (5) rocket
motors extracted from missiles in the SAC field inventory, are to be
static fired. Two (2) rocket motors from the field inventory are to be
chemically dissected annually to allow physical/ballistic property tests ‘
on the motor propellant. Twenty-two (22) each of the ordnance devices
(Missile Ejector Cartridge, Fin Unlock Squib, Igniter Pressure Cart-
ridge, Battery Gas Generator Squib, Battery, and Electrical Cable Switch
Assembly) are to be tested each year.

This year, five field motors ranging in age from 639 days to
817 days old, and in flight hours from 49 hours to 195 hours, were suc-
cessfully static fired. However, only one field motor had completed
dissection and undergone propellant testing in time to support this
years Service Life Estimate. The Missile Ejection Cartridges were the
only Aged-components tested in time for the FYTL Service Life Estimate.
The other Ogden ALC baseline testing wac completed for all the com-
ponents except the Electrical Cable Assembly Switch.

3.1 SERVICE LIFE ESTIMATE FOR ROCKET MOTOR

Estimation of the SRAM rocket motor service life is developed
from analysis of motor data and a hardware assessment. Analysis of the
data is contained in Section 3.1.1. A statement of the gservice life
estimate is contained in Section 3.1.3, which summarizes the age-out
effects discussed in detail in Sections 3.1.1 and 3.1.2. Reference 5
presents the procedures for estimating the gervice life of SRAM. The
ballistic and structural parameters are given in Tables 2-2 and 2-3.

3.1.1 Data Analysis

A. Exposure Data
The age and flight exposures experienced by the OT&E
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flight motors and the Ogden Air Logistics Center surveillance motors
are shown in Table 3-1 and Figure 3-1 presents a typical history.

Five age or exposure considerations were used. They are:
calendar age (days old), total flight hours below 15,000 feet, total
flight hours, total number of external carries and total number of
carries. The point of major interest on each calendar age regression
pPlot is the confidence limit value for 90% of the populationr being within
the true failure limit at five years. For each of the other age con-
siderations of flight exposure, a five year equivalence was determined by
applying the ratio of the calendar five year/age oldest data point to the
oldest data point. This extrapolation is based upon the utilization dis-
played by the sample analyzed. Each year this utilization rate is expected
to change with the major changes anticipated during the early years. For
the Fiscal Year 1974 service life estimate, the following values were
used:

Oldest Five Year
Age/Exposure Data Point Equivalence
Calendar age, days 819 1826
Flight hrs 15,000 ft. 34.2 76.2
Total flight hours 161.7 360.L4
External carries 1k 31.2
Total carries 18 ko.1

B. Ballistic Data/Parameters/Regression

Table 2-2 lists the ballistic parameters and tests that were
selected for regressicn to support the service life estimate. They are
defined in Section 2.0. The numerical values of all failure limits are
contained in Reference 12, and their derivations are in Reference 13.
Caution must. be exercised in data handling because motor performance is
classified confidential and missile performance secret.

Parameter units used for regression, herein, are gtandard
deviations from GAT mean performance. The reasons for using standzxd
deviations are contained in Reference 5. In summary, this technizue
was selected so that motors built with different burn rate propellants
and fired at different motor temperatures cculd be compared Lo cue
another. The numerical values of all input cata to the regrescions sare
contained in Reference 12 and will also be stored in the Surveillance
Data Storage and Retrieval System. The procedures used to generate the
regressions are documented in Reference 1li. The resulting regression: were
presented in Figures 4.1-15 through U4.1-6L4, Reference 5, and summarized in
Table 3-2. The standard deviations (unexplaineéd variations) of the GAT
population and the square of the multiple correlation coefficient (percent
of variabjlity explained by regressions) are shcwn in Table 3-3.
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During the process of determining true failure limits, it vas
decided that the parsmeters impacting migsile system failure limits
¢ould, in three cases, be defined by more meaningful ballistic pars-
meters then those specified in the Reference 5. The three ballistic
parameters to be re-~defined are ignition time (first and second pulse),
first pulse thruat decay time, and first pulse impulse.

The true failure limit from the missile perspuctiive for the
ignition time of the first pulse was determined to he 1.9 seconds and
for the second pulse 4.0 seconds. These values are not compatible with
the requirement for attaining 75% of motor pressure at 2 seconds as used
in the definition of ignition time (Table 2-3 and Reference 5). To
resolve the problem, a new ballistic parameter called "start time" has
been derived. "Start time" is defined as the time from the ignition
signal to the time 1100 psia is attained during pressure rise and is
used in the regression analysis in place of ignition time.

First pulse thrust decay time, time from the end of burn time
to the end of action time, is a parameter to monitor thrust decay.
Assurance that first pulse operation is concluded prior to second pulse
ignition is not provided by this parameter alone. The realistic re-
quirement is that operation of the first pulse be completed by a
specific time. Accordingly, a new ballistic parsmeter, first pulse end
time, h8g been defined as the time from first pulse ignition to the end
of action time, Therefore, first pulse end time 1s used for the
ballistic parameter to indicate completion of first pulse nperation as
a regression candidate instead of first pulse thrust decay time.

The true failure value of first pulse total impulse from a
warhead arming perspective is a function of the absolute impulse value ~
not the manufacturing specification value expressed as percent of total
motor impulse. Therefore, the definition of first pulse impulse has
teen re-defined to absolute impulse in the first pulse over the action
time instead of a percentage of total motor impulse.

In plctting the dependent variable specification and true
{ailure linits, a decision had to be made as to what limiting propellant
zurn rate to use. A review of the sample population studied, however,
reveaiad that the actual minimum burn rate was 1.88 in/sec at -65°F and
w2 actual maximum was 2.62 in/sec at 163°7, As can be seen from Table
-z, the use of more realistic values substantially improved the ccn-
Tldence that the motor was good for five years from ballistic considera-
tions. At some future time when production of the entire {leet is com-
plete, it is recommended that consideration be given to using the 95
percentile burn rate. Discussion of the separate deuendent variable
regressions are pregsentuvA in Reference 12.
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C. sical Pr rty Data/Parameters/Re gsions

As indicated in the Surveillance Program Implementution Plan
(Reference 5), the firat Service Life Eatimate should have included data
from two dissected field motors (S/N AHS-0036 and S/N AHS-0133), from the
dissection of U1A22-020B, from one segment of TAM L1A34-0005, and from two
segments of TAM L1A35-0002, and from the TAM zero time cartons. The data
contained herein, based on the tests pregsented in Table 2-3, {s from motor
AHS-0036, the only dissection data officially released to date. Margin of
safety trending cannot be accomplished based on one data point.

Motor Shore "A" Hard-ess

The general characteristics of motor AHS-0036 propellant were
evaluated by Shore "A" Hardness messurements taken immediately after the
propellant segments were dissected from the rocket motor. Extensive
measurements vere made on slices of propellant from both the boost and
sustain pulse. The propellant shows a softening trend (lower Shore "A"
Readings) from the motor centerline to the cup/liner interface. As
shown on Pigures 4.1-67 and 4.1-68, in Reference 8, significant local
differences occur in the propellant next to the bondline. the most
noticeable change occurs in the sustain pulse with marked local soften-
ing of the propellant in the release areas of the cup.

Structural Property Tests

The propellant segments from motor AHS-0036 were used to make
test specimens for uniaxial and biaxial tensile tests, mini-thin tqnsile
tests, stress relaxation tests, diametral compression tests and bondline
samples for peel and tension tests.

Table 4.1-6, Reference 8 summarizes Propellant Batch 197
Acceptance data for the motor and test results on propellant fram the
motor after 28 months. As noted on Table 4.1-6, the properties of
motor propellant were expected to be different than that of the batch
acceptance cylinder. These diflerences were determined by dissection
of six rocket motors during the DDTAE Program and the expected variations
accounted for in determining the specification requirements for all pro-
pellant batches. After accounting for these expected differences, the
propellant JANNAF uniaxial values for the motor are essertially the same
as the unaged values.

3.1.2 Hardware Assessment

The hardware evaluation was performed on five fired field units
and on one dissected field unit. The fired units were AHS-0012, AHS-00L1,
AHS-00T0, AHS-0098 and AHS-0134. The dissect unit was AHS-0036. The
evaluation consisted of removing external components and some internal
components and performing a visual inspection of component condition,
in accordance with the Hardware Evaluation Procedures (Reference T).

3-8




o e ———— ——

The hardware evaluation conclusions for each of the major com=-
ponent areas are summarized in Appendix B. While changes were noted,
none appear to contradict the design service life of five years.

3.1.3 Rocket Motor Service Life Estimate

The ballistic parameter regression analyres indicate a minimum
of 81% confidence that 90% of the motor population will not reach any
failure limit prior to the design service life of 5 years. While some
changes vere noted in hardware evaluation of the motors returned from
the field, none contradict the regression analyses results and all are
consistent with service usage. Although data from the dissection of
motor AHS-0036 is insufficient to allow a margin of safety reqression
analyses, the data does show that the motor had a positive margin of
safety wvhen it was dissected. The calendar age of the oldest surveill-
ance motor fired (AHS-0012) was 819 Adays (2.24 years) and the oldest
digsection motor (AHS-0036) was 761 days (2.08 years). For comparison,
the age difference between AHS-0012 and the oldest motor in the fleet
(AHS-0001) is 56 days.

Results of the ballistic parameter regression analyses are given
in Table 3-2. The parameter "boost pulse start time" (T START 1) est-
ablishes the 81% confidence level as the minimum for the SRAM motor.

All other ballistic parameters support confidence levels of at least 9L%.
Of the 45 regressions run, 42 show no trending toward a failure limit.
The three regressions that show trending toward a failure limit involve
the boost pulse start time. Tre absolute value of the trends at 2 years
is about .09 seconds, which is roughly 10% of ignition start time for
cold temperature firings. This trend does not represent a major concern
at this time,

It can be concluded from the ballistic data analysis and hardware
evaluation that the motor is aging. However, identification of the aging
mechanism and rate of aging is constrained by the lack of aged data. The
balance of the dissect motor data from the current surveillance program
should be used to conduct the first margin of safety regression analysis.

3.2 Service Life Estimate for Ordnance Devices

The functional and non-destructive test data delineated in
Section 2.0 Appendix C provides the basis for determining the gervice
life estimates (SLE's) for 2ach of the SRAM ordnance devices. Statisti-
cal tests conducted on the av-.ilable baseline (zero time) data have
determined estimates of th= iean (X) and standard deviation(s) of the test
parameters, which will be _sed in developing regression trend lines, when
test data from aged components becomes available.

3-9




Data for the Explosive Components (Misaile Battery and Battery
Gas Generator, Fin Unlock Squib, Igniter Pressure  urtridge, Missile
Ejection Cartridge, and Electrical Cable Assembly Switch) was available
from vendor acceptance tests for zero~time baseline, from Ogden ALC :
Baseline tests (except the Electrical Cable Switch ’ssembly), from Ogden
ALC aged component tests (Missile Ejection Cartridge only) and from the
17 SAC OT&E flight testa. While data from many aged explosive components
have not been generated, information from the OT&4E flights indicaces that
all are functioning properly after nearly two years in the field.

The true failure limit for most of the ordnance devices has not
been determined. Consequently, specification or acceptaunce test limits
vere used in lieu of failure limits. This substitution brought out the
difficulty of establishing trends vhen the baseline data lies on or near
the specification or acceptance limits. This led to a re-evaluation of
the vay to proceed. The distribution of baseline data, should also be
statistically analyzed by lot, to pickup lot to lot variation and dis-
tribution. The glven specification/acceptance test limits for any given
test data parameter should be re-analyzed after this analysis 1s com-
pleted so that a more meaningful Service Life Estimate (SLE) can be
accomplished with the lot to lot -data bias taken into account. The
steps to accomplish this task are given in Sectiom V.

The statistical technique for predicting age-out consists of:
A gtepwise multiple linear regression program for determining the
statistical significence for each parameter, a statistical model for
determining three-dimensional parameter tolerance gurfaces and con-
version of the multi-dimensional information into two-dimensional plots
similar 15 the graphic presentation in Figure 2-10.

The surveillance test parameters for estimating the service
life are listed in Tables 2-4 and 3-L4. Among these parameters, the
data which are considered to be the contrclling parameters and provide
the best measure of the critical function are the critical parameters.
The other parameters are considered supporting information. Table 3-4
lists the test parameters and critical test conditions which are used
during the surveillance program. The types of data used in evaluation
are listed in Section 2.5.B.

3.2.1 Baseline Data Analysis

This section summarizes the statistical analyses performed on
the non-destructive (acceptance) test data for zero-aged components
both from the contractor and Ogden ALC.

The sample sizes used are sufficiently representative of the

total population to provide valid baseline data for use in initial
regression analyses.

3-10




oy

R
PARAMETE
TESY

-4
TABLE 3

S
3 3
™
(V1] ™ -
. ™
) 5'Q1 : ’-
((22r b2 c:
JQJ? Qyzi .
4 o
JGQ i;;gyb
4€QZ232? = i
Yy ~ :
J&?s‘«r;bz’ ——
S : ‘- |
O.Zy 5%@ '-
J@p -
4 % ¢ -
Szy ‘ : '- u‘
’2282, _ i ES
ihﬂy |- ‘z ;:
43?3‘6‘.224h9 _ gg :: E:
a gs >.E§
1P ;|2
o E | E gz z
b 5 u < u
2 z g
2_ m g 5 5§ :
ES 55‘3’ 1F 9 : 5
al 8 g3 7 : : t
i3 HE | ik
[3-] : u
89 i E g
s | 2
N 1k
Ba :
O~

3-11

140

TOTAL

P
oot ST
DR

> e b

e,



\

| i e Einta e 8 ARG 2NN

The statistical treatment of the non-destructive (acceptance)
functional test data is summarized in Appendix C. The analyses for
each component are decpicted graphically in figures in References 8 and
15. The stetistical treatment of the test paurameter versus each age-
related parameter is plotted separately; namely, Age froam Date of Manu-
facture, Accumulated Service Life, Total Carries, Total Flight Hours,
Flight Hours Below 15,000 Feet and Installation Cycles. The Surveillance
Program gas generators are subjected to simulated environments only; and
for this reason, evaluation to other aging parameters are considered to
be invalid.

A. Contractor Bagseline Data

Evaluation of the zero-age data for all parameters, with
the exception of Bridge Resistance and Insulation Resistance, indicate
that the means and standard deviations were within adequate limits with
respect to acceptance criteria to allow age-cut determination using
regression analysis. The bridge resistance data for the components are
suspected to be non-normally distributed. The Quality Control proce-
dures used in manufacturing remove those bridge circuit assemklies that
do not meet specification. This ciuld have resulted in a truncated
normal distribution of the bridge resistance data. The lower three
sigma limit for Insulstion Resistance was observed to be significantly
below the specified limit. Actual observations did not, in fact, fall
below the limit, which strongly impliegs that this resistance is not
normally distributed.

Since both the bridgewire resistance and the insulation resist-
ance appear to be non-normally distributed, statements to the effect that
99.74% of the ubservations can be expected to lie within these standard
deviations of the mean are invalid.

B. Ogden ALC Baseline Data

The data developed from the Ogden ALC Baseline tests is %o
be compared with the contractor vaseline data to remove the facility
bias differences in developing the Service Life Estimates for eamch com-
ponent. These tests were also used to complete the test facili-y,
equipment, and procedures checkout, validetion, end verificaticn re-
quirements for all SRAM ordnance components. The Ogden ALC Baseline
Tests were accamplished on all components except the Electrical Cable
Switch Assembly.

Evaluation of the zero-age data for non-destructive test para-
meters indicate truncated non-normal distribution within the normal is-
tribution band. Evaluation of the functional test data indicates that
the means and standard deviations were within adequete limits with
respect to acceptcuce criteria to allow age-out determination using
regression analysis.
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3.2.2 Service or Shelf Aged Data Analysis

This section and Appendix C Tables present the comparative
statistical analyses performed on the non-destructive {acceptance) test
data for the listed quantities of aged components; also the functioeal
(lot acceptance) test data for aged missile ejection cartridge components.
The data handling procedure developed is to be used as a baseline in
developing Service Life Estimates for the other ordnance camponents. The
procedure groups together the contractor and Ogden ALC baseline data and
the first surveillance aged data into cnme group for comparison. The
statistical regression treatment of each component's parameters versus
each age-related parameter is plotted separately; nanely, age from date
of manufacture, accumulated Service Life Total Carries, Total Flight
Hours, Flight Hours below 15,000 feet and Installation cycles. This
regression analysis was not accamplished for any of the components because
of the inability to schedule and conduct aged ordnance device testing to
support SLE preparation for this year. Appendix C Tables for the migsile
ejection cartridge summarizes the data for the various data parameters
extracted from the referenced figures with the averages, standard
deviation, and chi square calculated for each parameter being presented.

The statistical analysis by attributes for the total number of
cartridges fired to date was conducted on the parameters listed in
Table 2-4. The averages {mean), standard deviation and CHI square were
calculated. The distribution and statistical parameters assessed
indicate no sigrificant change in ihe ballistic performance of 2k
month field aged missile ejection cartridges when compared with the
baseline data.

Based on field and depot insertion and removal handling problems
coupled with gas leakage past the ejector cartridge O-ring during low
temperature (-65°F) firing, the Material Improvement Project OCNAN Th-
0058 (YG-27n) was generated to investigate these problems.

This investigation resulted in the development of a pew cart-
ridge installation and removal tool and a change in the O-Ring material
from ethylene propylenme to a fluorosilicone O-ring that demonstrated
tetter low temperature properties. These changes have been verified
and validatec both in the field and at the depot and have solved the
problems presented above.

Thus the above data supported the increase in service life of
the migsile ejection cartridge from one to two years.

Since testing on the other aged components was not completed
in time to support the preparation of this service life estimate, the
information from seventeen (17) SAC OTAE flight tests indicated all
other components with nearly tvo years age had functioned properly and
should remain at their orginal design service life estimates.
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3.2.3 Hardware Assessment

The scope of hardvare assessment for euch ordnance component is

currently limited to the content of the evaluation procedures provided in
Reference 7.

The hardvare assessment consists of pretest and post test
inspection requirements. Pretest inspection consists of visual and
dimensional checks and inspection checks for thread wear, leakage,
connecror damage, etc. Post test inspe=ctions include those listed above

plus leakage and arcing problems. X-Bay requirements should be added 1if
internal changes are suspected. . ) "

3.2.4 Service Life Estimate Ordnamce Components

The results of statistical tests for diastributional assumptions
performed on the available baseline/aged data are sumparized for each
component in Appendix C. Functional snd non-destructive test data for
each variable vere tegsted to determine the validity of the assumptions of
normality. The following statistical tests (described in Reference 14)
vere used: (1) Chi-squared goodness of fit test for ¥>»50 (where n is

the number of observations for each variable); and (2) Wilk test for n
%50.

A. Missile Ejection Cartridge

Each ejector rack firing requires the use of two cartridges
and provides two data points for use os attributes in a reliability
analysis. From tables based on standard statistical calculations for the

number of firings presented in Refereaces L0, 41, 42 and 43, it is shown
that:

(1) The two year cartridges averaging 15 months of
service life exposure demonstrate a reliability
of 90 percent with a2 90 percent confidence level;

(2) The three year cartridges averaging 21 months
service life exposure demonstrate .a reliability of
90 percent with >5 percent confidence level.

The above data supports the increase in the service life of
the CCU-16B Missile Ejection Cartridge from one to two years, as pro-
posed by Ogden ALC.

B. Other Components

The inability to schedule and conduct aged ordnance device -
testing, during the first year's program, precluded the generation of
their service life estimates. A supplemental SLE analysis and deter-
mination for each of the following ordnance devices will be made upon
the campletion of aged testing:
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1.
2.
3‘
L,
5.

Igniter Pregsure Cartridge

Fin Unlock System Pressurization Squib

Electrical Cable Switch Assembly

Battery Power Supplies (Eagle Picher/Yardney)
Battery Gas Generator Squibas (Eagle Picher/Yardney)

However, information from seventeen (17) SAC OT&E Flight Tests
indicate that all have functioned properly after nearly two years field
operational usage experience. Thus their original design service life
egtimates should still apply.

BEST AVAILABLE COPY

REST AVAILABLE COPY
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SECTION IV
CONCLUSIONS

The following conclusions can be reached about tha SRAM Pro-
pulsion System, and Ordnance Components, from the results of the first
year of the Surveillance Program.

Motor . .

The gservice life of the propulsion subsyatem should remain
at its original design life of five (5) years.

There is high confidence that the SRAM AGM-69A Rocket .
Motor will not Age-cut prior to ita design service life of five (5)

years.

Components

The gservice life of the Missgile Battery and Battery Gas
Generator, Fin Unlock Squidb, and Igniter Pressure Cartridge should
remain at their original design life of five (5) years.

The service life of the Missile Ej)ector Cartridge CCU-16B
should be extended beyond its one (1) year original design life to two
(2) years. '

The service life of the Electrical Cable Assembly Switch
should remain at its original design life of ten (10) years.

Total Program

Some minor degradations and aging trends have been noted
but they do not contradict the findings of the 1974 SLE.

Identification of specific aging mechanisms and rates of
observed degradations cannot be obtained with the limited amount of

data available.

The Surveillance Program should be continued as planned
to obtain more data and investigate known concerns in more detail.

The technical orders 11A15-1-327 and 21M-AGMS9A-06 shculd
be revised in accordance with Table L~l for the SRAM components.

Evaluation of zero-age data for all parameters for all
ordnance ccmponents indicates that the means and standard deviations
are within adequate limits with respect to the acceptance criteria to
allow age-out determination using regression analysis with the excep-
tions listed below. These exceptions (parameters) appear to be non-
normally distributed. Thus statements to the effect that 99.74% of
the observations can be expected to lie within thegse standard devia-

L1
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TABLE 4.1
PROPOSED REVISIONS TO T,0, 11A15=1-327 AND 21M-AGM6JA-06

(Thiockol Chem. Corp., P

CURRENT REVISED |
ITEM P LIFF.
TOTAL SHELF SERVICE | TOTAL &%EZL smcz%
Assembled (tactical) AGM-63A
Minsile
Rocket Motor SR75-LP-1 {Lockheed 5 5 5 NO CHANGE
Propulsion Co., P/N 250TT7-505)
Igniter MK22 Mod 0, P/N 3953-1
F4in Unlock Subsystem Gas Generstor 5 5 5 NO CHANGE
Assembly (Holex Inc., P/N 7888-2)
Cald Gas Driven Hydraulic Accumula- 5 5 5 NO CHANGE
tor System Igniter Assembly Pres-
sure Cartridge (Holex, Inc.,
P/N 9393-1)
Cold Gas Driven Hydrsulic Accumula~ 5 5 S RO CHANGE
tor System Helium Storage Bottle
(Walter Xidde, P/N 895271-01)
Missile Ejection Cartridge CCU-16/B 5 .0 5 5 2.0
(OEA, Ine., P/N 2151800-0) > D. b > > >
Power Supply Battery PP-6268/ASQ 5 5 5 NO CHANGE
(Eagle-Picher, P/N GAP-4367-11-3)
Power Supply Battery PP-6268/ASQ 5 5 5 NO CHANGE
(Yardney, P/N P-5560-10-1)
Electrical Cable Assembly-Switch 10 10 10 NO CHANGE
HRU-825/A (Unidynamics, P/N 50~
2200-111-19) '
Command Destruct Safe and Arm De- 5 5 S RO CHANGE ‘
vice (Consolidated Controls Corp., '
P/N T1856-101) |
Explosive Tranafar Assembly 5 5 5 NO CHANGE ’
(Thiokol Chemical Corp., '
P/N E2u616-04 or E24616-06) t
Linear Shaped Charge (Destruct) 5 5 5 NO CHANGE !
'i

E24817-01 and E24817-02

Or 1.0 year after
remqval from storage
pontainer,

2.0 years artat

renoval from storegn -
container, f




tions of the mean are invalid., The Quality control procedures used n. manu-
facturing remywe those aub-components or subassemblies (i.e. Rridgevwire cir-
cuits) that Jdo not meet spocification.  This oould have resulted in non-
normal Jdistridutions such as truncated normal, dimadal, or log-norsally
distridutiona, In some cases the lover three sima limits for a paraneter
vas observed to te afgnirficantly below the specified limit, vhile actual
obaervationa Jdid not, in fact, fall bPelow the limits, whuch strongly

implies the varameter {s not normally distriduted. The non-normal Jdis-
tridution exceptions are ag follows:

a. Mizsile Nlection Jartridge - Bridgovire and
Insulation Resistance

. Igniter Preasure Jartridge - Brijgevire and
Insulation Resistance

¢ Fn Unlock 8quidt - Functional DMafa and
Insulation Resistance

d. Fagle Ticher RBattery - Insulation iexistance

e. Yanrdney Battery - lusulation and Bridgevire

f. Yardney Battery Jas Jeterators - inaulation and
Bridgevire Neaistance

Reproduced From
Best Available Copy
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SECTION V
RECOMMENDATION

The Surveillance Program should continue aiorg the guidelines
established in Reference 5, the SRAM Explosive Component Surveillance
Program Implementation Flan.

More emphasis should be placed on the dissection pcrtion of
the program to gain more information on the failure mechanism of the
SRAM motor, and to invegtigate specific areas of concern in more detail.
Due consideration should also be given to change the static fire to
dissection ratio from 5 to 2 to 4 to 3 because of the high number of
planned SAC Jperatimai Flight Tests rer yeaxr.

The ballistic performance data should be ccmpared witk the
bands of previous experience to determine whether any parameter exceeds
those bands ané 1s presented in subsequent SLE.

The magnitude of short duration pressure excursions (blips)
on chamber pressure tra-es and their frequency of occurrence should be
evaluated in future SLEs as a possible age-out parameter.

The evaluation of sustain igniter gaps as determined frca motor
x-rays should be continued. Ogden ALC should attempt to obtain samplec
of gas from the sustain igniters of future dissect motors.

Consideration should be given to conducting “1ltrasonic inspec-
tion of motor nozzles prior tc firing to establish the bomnding char~
acteristics of aged nozzles.

Ingpection of the external conditiam of the aged motors should
be conducted.prior to delivery to the test area. This will allow a more
definitive determination of the effect of field exposure conditions
versus effects resulting from firing conditioning.

The balance of the dissect motor data from the current sur-
veillance program should be used to conduct the first margin of safety
regression analysis. It is further recommended that this data be used
to confirm the cobservations made relative 1o the differences between
the boost and sustain data from the motor. Differences were noted in
the following areac:

a. Strend burn rate distribution

b. Prel failure mode and boost versus sustain peel values
¢. Shore "A" Lharduess
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d. Uniaxial wversus biaxial data relationship
e. Kini-thin boost versus sustain .
f. Stress relaxation shift

€. Relaxation modulus ~ boost versus sustain
*.. Bulk modulus.

Incorporate contractor provided standard procedures into 2K-
XXXXX Technical Orders to evaluate each rocket motor and explosive com-
ponent that is returned to the depot for repair or other reason for
posaibie use in the surveillance program. These articles msy be good
candidates for providing data for the surveillance program.

Include a test and/or hardware evaluation of the rocket motor
iritiators removed from dissection motors and other available sources.

Do not incude dynamic resistance testing of SRAM Electro-
Explosive Devices (EEDs) as a part of the surveillance test program.
The dynsmic resistance test is a sensitive .. ..-Jcstructive test for
evaluation of the electro-thermal characteristics of the bridge cir-
cuit and can provide an additional means for evaluating the effects
of aging ¢on the EEDs but it tends to degrade the Bridgewire and thus
may give erropecus readings on the functional component tests. The
baseline dynamic resistance data for evaluating the surveillance test
results vas not generaled for each type of ordnance device.

Review the rocket motor propellant physical property test
program for test scope and objectives, sz additional test data becomes
availsble, to substantiate the baseline data and to provide for more
valid technical decisions.

Incor ~-ate evaluation tests for the compon::c and motor
chamber areas ‘fied as critical in the "age sensitive item .agsess-
ment”, Refer: Tests and inspection for corrosicn/stress corros-
ion in the casc ..g areas would be regponsive to the critical item
agsesgment.

Obtain fram SAC or get on the distribution list for the SACM
65-2 Aerospace Vehicle Movement Report RCS: log-MM(AR) 1703, project;
SACM 2-191 to provide a shipping notice to OOAMA recording missile/
boogt:r transfer from one Air Porce base to another. This is recom~
dended to maintain a cumulative location history of SRAM missiles.

The developed hardware evaluation requirements/procedures for
pre~test and post-test inspection of surveillance hardware should be
incorporated into 2K series technical orders and follcwed for all field
motor static firing and dissec’icon motors and all ordnance components
(Refercnce T).
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The probability distributions of the parameters should be
determined and, where appropriate, tolerance bands for nom-normal
distributions and lot to lot variations therein snould be developed.
Also, the reasons for the correlations between serial number or lot
number and functional parameters should be determined and appropri-
ate analysis procedures developed.

Recommendations for future or-~nance component evaluations
are ag follows:

a. Conduct a test and evesluation program on the related
element of the SRAM system to determine a true functioning perfaorm-
ance limit for the ordnance device.

b. Substitute the limit obtained by (a) for the specifica~-
tion/acceptance limit in conducting statistical regression analyses
to predict aging trends in determining the SLE.

¢. Prior to proceeding, the value of the parameter used in
developing the service life estimate for the device should be
assessed to Justify initiation of a test and evaluation program, or
to delete the use of this parameter from the variables analysis.

d. Should the parameters be determined as ncn-critical in
j2veloping the service life estimate, the surveillance test results
{

{for the parameter only) should be used as attribute duta in making
reliability and confidence levels statements for the device.

e. Conduct lot to lot statistical variation analysis on all
the small components baseline data since all lots were pooled and this
analysis may provide some test data bias removal capability.

Recormendations for refinement of existing SRAM Surveillance
Program procedures are as follows:

a. Statistical analysis

1. The use of one-sided tolerance curves for the com-
1onent parameters having one-sided failure limits.

2. The use of probability distributions rather than
worst case values for the critical conditions such as propellant

burn-rate and component firing temperature.

b. Since aged data was available in time for service life

regression analysis for only one of the small ordnance devices, a quick-

look analysis of the baseline data revesled several potential problems
in analyzing variables data for the ordnance devices. These problems

are:
4
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l. Some of the data is not normally digtributed and new
procedures vill be required for handling this data.

2. The standard deviations for some camponent parameters
is dependent on the component test conditions. Techniques will be
required for developing tolerance curves for this type of data.

An area which should be investigated for future service life analysis
is the effect of different base csnvironments on component service life.
It is conceivable that missile compoments stored in different climates
will age differently. Procedures should be developed to determine
vhether component service life is dependent on climate and, if so,
then service life estimation procedures which include climste effects
should be developed. !
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Letter, Surveillance Test, Battery Power Supplies, Department of
the Air Porce, Headquarters, Ogden Air Logistics Center (AFLC)
(MMB) R. W. Goodfellow to ASD/YGR (Major Stanbery); dated

17 June 19Th; Test Project ML2389C

Letter, Statistical Evaluation of ACM-69A Gas Generator Test Data,
Department of the Air Force, Headquarters, Ogden Air Logistics
Center (AFLC) (MMER) to Ogden ALC/MMECL; dated 18 July 1973;

Test Project M31892/M31893

Letter, Surveillance Test, Battery Gas Cenerator P/N GG201-3,
Department of the Air Force, Headquarters, Ogden Air Logistics
Center (AFLC) (MME) R. W. Goodfellow to ASD/YGE (Major Stanbery);
dated 24 April 1974; Test Project M31892C

Letter, Surveillance Test, Battexy Gas Generator P/N GG 220,
Department of the Air Force, Headquarters, Ogden Air Logisties
Center (AFLC) (MME) R. W. Goodfellow to ASD/YGE (Major Stanbery);
dated 5 June 19Th; Test Project M31893C.

Letter, Surveillance Test, Igniter Pressure Cartridge, P/N 9393-1,
Department of the Air Force, Headquarters, Ogden Air Logistics Cen
(AFLC) (MME) R. W. Goodfellow to ASD/YGE (Major Stanbery); dated
22 November 1974, Test Project Mh1834C Tested 9 September 197h.

Letter, Surveillance Test, Fin Unlock Squib P/N 7888-2, Department

Lowe i st

ter

of

the Air Force, Headquarters, Ogden Air Logisties Center (AFLC) (MME)

R. W. Goodfellow to ASD/YGE (Major Stanbery); dated 21 November 19
Test Project MU1B36C Tested 9 September 197L.
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52.

53.

54,

55.

Boeing letter #2-7712-0074-311 dated 21 October 1974, Contract
F33657-73-C-0734 (SRAM FY74 Production), Continuation of Con-
tiactor Technical Services and Planning in Support of the SRAN
Explosive Component Surveillance Program, Tests on Igniter
"'ressure Cartridge and Fin Unlock Squidb Conducted August 19,
20, 21 and 9 September 1974.

Boeing Letter #2-7912-0019-139 dated 3 September 1974, Contract
F33657-73-C-0734 (FYT4L SRAM Production), Material Improvenent
Project (MIP) OCNANR 74-0058, YG-270, C.0. POO17S FB-111 Misgsile
Ejector Malfunction, WUC 95X00, AGM-69A.

ASD/YS69E MIP Investigation Analysis Report, dated 25 October
1974, MIP OCNAN TL4-0058, YG-2T70, MAU-140/A Missile Ejector
Malfunctions.

Boeing letter #2-5340-5010-038, Trip Report - Ogden ALC, Utah,
To Attend SRAM Surveillance Program Working Group Meeting,
November 5-7, 1974 (Ordnance Devices).
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