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SUMMARY

An analytical model has been developed that can be used to establish certain parameters of
a thermal vacuum environmental test program based on an optimization of program costs. This
model is in the form of a computer program that interacts with a user insofar as the input of
certain parameters. The program provides the user a Jist of pertinent information regarding an

optimized test program and graphs of some of the parameters.

The model is a first attempt in this area and includes numerous simplifications, For instance,
it deals only with the first flight of a unit and also is limited as to the size of the facilities in

which tests take place. No solar simulation or temperature cycling testing is included.

The model appears useful as a general guide and provides a way for extrapolating past per-

formance to future missions.
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A THERMAL VACUUM TEST OPTIMIZATION PROCEDURE

1. INTRODUCITION

The development of a thermal vacuum test program® for spacecraft and their component
parts has been based largely on subjective judgement. This judgement iv shaped by the experi-
ences of the particular test program designer as modified by influences such as the availability of
time and funding and the perceived importance of the mission. The intent of this study was to

develop a more objective approach to the design of a thermal vacuum test program.

Becausc of the wide variety of requirements, materials, fabrication techniques, etc. that go
into the make-up of a spacecraft, it was considered impractical (certainly in this first attempt) to
approach the problem of defining the effects of a thermal vacuum test program and operations
in orbit on a microscopic or piece-part level (¢.g., a resistor or a transistor). Instead it was de-
cided to proceed on a macroscopic level; that is, how do components such as transmitters and

higher levels of assembly act as a group under the thermal vacuum environment.

This approach was taken with the recognition that the group of all spacecraft components
is far from homogeneous in their reaction to stress. (Eventually, it is hoped that finer grained
models for describing component performance can be developed to account for differences among
types of coraponents.) The same assumption, having the same shortcomings, was applied to the
spacecraft system level of assembly; that is, all spacecraft were taken as constituting a homogeneous
group. No intermediate level of assembly was designated (e.g., sub-assembly) because of the dif-

ficulty in assigning specific items to the groups and in collecting data bases into the different

groupings.

#The thermal vacuum test program is a portion of the overall environmental test program to which spacecraft equip-
ment is subjected in order to demonstrate its preparedness to perform in orbit. During the thermal vacuum test pro-
gram, the equipment is exposed to vacuum and temperature conditions related to those that will be experienced in
orbit and operated in a simulation of the mission. The performance of the equipment under this environment is
used to assess its readiness.



The concept of reliability growth, that is, the decrease in component failure rate with time,
was selected to describe the basic changes in the performance of items, This reliability growth is
modified by the environment under which the item is operating. A decreasing component failure
rate has previously been demonstrated (Ref, 1); that is, on the average, spacecraft in test and in

orbit exhibit a decreasing failure rate (up to some point that may be described as wearout) rather

than the classical constant failure rate.

Using concepts such as failure flow analysis (as in Ref. 17), onc can hypothesize the exist-
ence of a relationship between the performance of equipment during component level test and
system level test and between system level test and orbital operation. Ref, 1 describes mathe-
matical models that simulate spacecraft performance during system test and during orbital opera-

tion. Given these relationships, one can predict the effect of a test program upon the perform-

ance of a payload in orbit.

This study has taken the single criterion of cost as the parameter upon which optimization
is based. (All costs used in this study are normalized to 1978 dollars.) Only certain costs were
considered relevant in this study; they include launch costs, recurring payload costs (those needed
to produce a second, identical payload), and test costs. In order to utilize these costs in an opti-
mization scheme that considers the performance of the item during its mission, the concept of

*“availability” was introduced.

This concept, described in Refs. 2 and 3, assigns a value to the performance of a spacecraft
that can relate its capability after some number of malfunctions to its capability had there been
no malfunctions. Using functions of availability and cost, a “lost value™, or money lost because of
less than perfect performance, was developed and used to determine the optimum program; the

lowest lost value indicates the optimum program of a group that is investigated.

Because of the availability of a desktop calculator (Hewlett Packard Model 9831A) plus a

few peripheral pieces of equipment and the expected simplicity of the program that would be

.. . . A




gencrated during this study, it was decided to develop the program using a modified form of

BASIC, a computer language compatible with that machine,

Section 2 provides a continuing thread describing the development of various arcas in this

study. Use is made of Appendices to provide the detailed background in these arcas.
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2. DEVELOPMENT OF THE THERMAL VACUUM TEST OPTIMIZATION MODEL

As noted in Section 1 of this report, previous studies have been conducted into the perform-
ance of spacecraft during test and in orbit, These studies (Ref, |, 4, 5, 6) grouped the spacecraft
into a large class and dealt with the class as being homogencous, These studies, while providing
analytical models describing performance during system test and during orbital life, described their
performance on a comjonent basis.® [lowever, none of these studics investigated the perform-
ance of the spaceciaft components when they were tested on an individual (or component level)

basis.

This study conceived of decreasing failure rate as a process that could be intercepted at the
component level and followed on through into the mission. Also, the optimization process was to
include both conponent and system level testing. Therefore it became necessary to develop an
analytical model that could be used to describe the reliability growth of equipment during the

component level test phase,

Data from 109 component level tests were selected from files at the Guddard Space Flight
Center (GSFC). No specific effort was made to randomize the selection of these data: the major
ohiectives were to determine whether the available data was usable in a study such as this and, if
sn, ‘1g this small sample, to develop a reasonable analytical model to describe the component

lew.] test program.

Appendix A contains an example of this data and the methods of and programs for analyzing
it. The data are presented as they are retained in the computerized files except that information

identifying specific projects or dates has been omitted.

*The term “component” is defined in Appendix B.
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It was recognized that the GSFC data provided a unique opportunity to investigate not only
relidbility growth as a function of time, but also to investigate the effects of the environmental
factors operating on the item nnder test, The specific factors of interest were the temperatures
to which the items were exposed and the periodicity of the temperature applications,  Appendices
B and C respectively deal with the development of those portions of the analytical model that

deal with these two parameters,

Appendix D describes the development of the aaalytical model used in describing the proc-
ess of reliability growth through the component test phase, the system test phase, and during the

orbital mission,

A basic problem inherent to the developiment of a model that performs optimizavions based
on cost is the establishment of parameters that describe the way in which costs are affecte. oy
the other parameters. In the Cevelopment of this model, the costs themselves that were co.sid-
ered relevant were: (a) the cost of the launch, (b) the recurring costs of the payvtir | the

cost to produce a second one), and (c) the thermal vacuum test cos::

Launch costs were considered as those recurring costs associated with placing the payload in
orbit. Appendix E provides a description of the methods used in establishing these costs. Many
simplifications were employed in order not to unduly delay the completion of the overall model;
most of th: major costs are believed included. The launch cost model contains options that per-
mit the use: to consider an expendabie launch vehicle (a Scout, a 2900 series Delta, or a 3900

series Delta) or the Space Transportation System with a number of the options it provides.

It can be scen that an important parameter in establishing launch costs is payload weight.
The program provides for a user input as to payload weight. However, if the user is unable to
provide this information, a weight is estimated internally by the program based on the number

of components (as described in Appendix D), the type of mission (free~flier or not), and the




type of instrument involved. This estimating feature was particularly heipful in developing the

program. Appendix F ucscribes the approach used in estimating the total payload weight,

As noted previously, the cost of the payload plays a part in the cost optimization equation.
This cost is requested of the user. If the value is unknown, the program will internally generate
an estimated cost based on payload weight, whether it is or is not a free flier, and the type of

instrument system involved. A more complete explanation of the process is contained in Appen-

dix G.

The last cost item that is included in the optimization equation is that of the tests costs.
Test costs vrere derived from data obtained from aerospace and government sources. Some of
the data was considered sensitive insofar as they indicated management practices of the corpora-
tions. Since it was desired that this report be distributed without restriction, the details of the
evaluations of this test cost are omitted from this report. They will be included in a separate
document. Appendix H provides information as to the final figures derived from the amalgamation
of the industry and government data. As such, it is considered not to present any information
that an industry source would be reluctant to divulge to other corporations. It does present cost
ﬁgures‘for component testing, system level testing, and repairs including the algorithms used

within the program.

One of the key items needed in the development of a cost optimization modei was a param-
eter that could be used to relate the performance of an item in orbit to cost. The concept of a
lost value, i.c., that money that would be lost because of less than perfect performance, is one
that lends itself to an optimization concept. While costs themselves can be defined (to within
some degree of accuracy), the selection of a parameter that describes the performance of an item

in a peneral way is subject to a good deal of question,

In this study, it was decided to use the concept of availability as described in Ref. 2 and 3.

Essentially, this concept involves a determination of the remaining capability of an item to




perform its mission after having undergone some number of malfunctions. The basic parameter
that is derived is that of “instantaneous availability” as described in Ref. 2 and 3; it is the per-
centage of the initial capability of the equipment to perform its mission that remains at some
point in time after a number of failures. From the instantaneous availability, A, is derived an
average availability, A, that is considered a measure of the accomplishment of the mission. Ap-
pendix 1 describes the development of the availability parameters. It also contains graphs show-

ing how they vary with mission parameters and a description of an applica*ion,

Having developed cost data and a parameter that can describe the success of a mission, it
becomes possible to derive an expression that may be minimized or maximized in order to obtain

an optimum result. The expression used in this model is:

= (1 - &) ( Recurring Payload Costs
Lost Value = (1 - A) (Launch Costs + ~Number of Missions )+

Component Test Costs + System Test Costs.

1)

In operation the model iterates through a number of test programs including certain user
defined inputs and designates that combinations of parameters that minimizes the lost value. If
a user designates a desired average availability, A, this becomes a fixed parameter. If this is not
designated, the iteration process includes a determination of A and again determines a minimum

lost value with a corresponding A.

The model currently is applicable only to single flight missions although it does treat reus-
able payloads to the extent that this cost is ammortized over the number of flights. Similarly,
another current shortcoming of the model is that refurbishment costs are not included; this is
not seen as a problem since the model does deal only with the first flight where no refurbishment
is involved. It 1» apparent that a very important extension of the model will be to extend the
availability concept to multiple flights of the same payload so as to account for this very impor-

tant STS modde of operation.




Appendix J presents information pertaining to the computer program itself including a list-
ing of the program. The listing is heavily annotated with remark statements to assist a user; it
could be significantly shortened merely by removing these statements. In addition, Appendix J
contains a large number of trial cases conducted using the model. These are included to demon-

strate model operation and to provide information upon which some general conclusions may be

based.




3. CONCLUSIONS AND REMARKS

The analytical rodel that has been developed is capable of selecting a thermal vacuum test
program (from among a number of alternate approaches) ‘hat results in an optimized cost func-
tion to a user. The model is extremely flexible in that it allows a user to investigate programs in

which the test program perameters and mission parameters are variable,

The user is required to define the number of components that comprise the payload. Other
parameters (such as weight and cost) can be entered by the user or he may elect to allow the

model to determine these parameters. The user may also select from a number of launch options.

The model is restricted in a number of aspects; however, these restrictions are due not to the
implicit design of the model but rather are due to the desire to complete a workable analytical
model in a timely manner. For instance, only three expendable launch vehicles are included:

there is no technical reason why all expendable launch vehicles could not be included.

The model is based in large part on assumptions of average component performance. There-
fore, it is best suited to be used as a guide rather than for developing hard and fast programs. In

time, the model could be greatly sophisticated to involve much less averaging.

No sensitivity studies have been conducted to define those areas in which added work would
provide the greatest yield. In addition, the statistical limits of the assumptions have also not been

established.

Costs of tests are based on extremely limited data. It is hoped that this data can be im-
proved by discussions with rcaders of this report. Costs of the payload arc based on models de-
veloped by others. The TVTO model, for expediency, has used these other models in simplified

form. Costs for the launch vehicles are based on information of a preliminary nature.

lHowever, with all of these shortcomings, given a uscr defined average availability, the opti-

mum programs sclected by the analytical model appear not unrcasonablc. When the model is




allowed to select a test program without the restriction of a fixed average availability, the opti-
mum program results in an unexpectedly long test. While at first one might choose to disregard
this solution, it is arrived at in exactly the same manner that solutions resulting from a user defined
average availability are arrived at, and those yield “reasonable” results. It may then be that we

must rethink our test policies and to understand what, in fact, the model indicates.

Because of the intimate relationship between test temperature and test profile within the
algorithm, it is virtually impossible to predict the optimum program, However, it appears pos- )
sible to make certain generalities. Most evident is the trend of decreased costs arising from ex-
tended temperature limits. Since the model assumes that no new failure modes are introduced
by extending the temperature limits, one might expect this result. A user would then be advised
to select the optimum temperature by selecting the widest temperature range over which the

equipment is capable of operating.

The effect of the ratio of time spent during transition to time spent during dwell is not
clear; however, it does appear from the case shown in Appendix J that long transition times to
not yield optimum results. The case shown in Appendix J and other runs that were conducted
indicate that ratios of transition to dwell times of 1:2 are close to optimum cases, However, the

better case as seen in Appendix J was a ratio of 1:11,

The model does indicate that with the 1:2 ratio, the shorter the period, the less the lost
value. The optimum test duration must be established by use of the model; it is impossible to

predict the optimum program by inspection.

It appears that programs having a low cost result in a no-test option or a component-test-
only option. The trade-off points have not as yet becn established since they depend not only
on the cost but on the desired availability (plus, of course, the many other variables such as com-

ponent count).

10




The concept of availability appears to provide a way for a user to establish performance

criteria that can be translated into a function usable by an analytical model.
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4. RECOMMENDATIONS

Throughout the development of this model, areas for improvement became evident con-
stantly; only the desire to rcach some fixed point in time with a stable working model prevented
pursving these areas. The following is a list of some of the more important arcas that should be

developed.

(1) Establish the Statistical Correlation Between Test and Orbital Performance

The current analytical model is based on the assumption that payload performance dur-
ing test is related to its performance in orbit. This assumption has been used previcusly
(Ref. 17 et al.). However, this hypothesis needs to be verified by determining the correla-
tion between system test and orbital performance. It is believed that sufficient data exists
to define that correlation. It is believed that it would be impractical to attempt a correla-
tion between component and system performance based on past data because of the diffi-

culty in establishing the history of individual components.

(2) Establish the Uncertainties and Sensitivities Within the Model
The variances or confidence intervals need to be established in many areas (e.g., the
reliability growth expressions) as well as determining the sensitivity of the model to various

parameters.

(3) Improve the Data Base

One of the most difficult aspects of the study has been to relate the model to past
performance. In great part, this is because the raw data base has not been recorded in a
systematic manner; every program conducts its business its own way. In many cases, the
data base was developed by discussions with individuals who were associated with a program

and who were asked to recall some item from memory.

Two areas in particular need improvement. First, the data base on component testing

needs to be greatly expanded. The current conclusions based on the existing base (Appendix

12
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A) are grounded on very tenuous relationships. Many more tests need to be analyzed to

verify effects of the test paramecters,

Secondly, the cost of testing necds to be better defined. Current accounting practices
and work breakdown structures do not permit the separation of test from other costs, most
notably from integration. In great part, the current model is based on data generated from

estimates as to the way in which past costs should be allocated.

Consideration must be given to the need for a data base and a systematic data collec-
tion program. Old data needs to be recorded in an appropriate format and new data continually

added to maintain a record of the most recent trends.

(4) Reyvise the Initial Failure Rates for Follow-On Units

While the cost algorithm currently contains data for follow-on units (i.e., those where
a similar payload has previously been flown), the decreasing failure rate model does not. There is
data from a number of programs that indicates that the failure rate for second, third, etc.,
similar models (up to but not including the last of a series) decreases. This change in failure

rate needs to be accounted for.

(5) Include the Effect of Multiple Flights

The current optimization algorithm considers only the first mission and assumes that
the availability is required for this first mission. It would be more in keeping with the STS
concept to account for those cases where multiple flights are used to accomplish a mission
objective. Two other factors would enter the algorithm,. One is that the mission itself, even
though it might not be a success, would contribute to the reliability growth of the payload
and this would have to be factored into the test program. The other is that the cost of re-

pair and refurbishment would have to be factored into the model.

13




(6) Introduce Greater Sophistication into the STS Cost Portion

The present model is greatly simplificd insofar as establishing STS costs, For instance,
only the costs that very evidently exceed $200,000 (e.g., OMS Kkits) have been included.
Less apparent costs — but ones that may far excecd $200,000 such as the cost for additional
power — should be included. An opposite approach using a user provided cost input, is an

alternative.

(7) Develop Marching Army Costs
The “Marching Army” costs (Appendix H) are based on very gross assumptions. It
would appear relatively simple to develop more appropriate costs based on existing models

for program cost as a function of time.

(8) Devise a “Finer-Grained” Model

This recommendation cuts across a number of areas and includés effort to do such
things as establish component test costs for various sized chambers, adding a smaller chamber
(e.g., 7 ft. x 8 ft.) to the system test group, break components into classes (¢.8., experiment
vs. non-experiment related or electronic, electro-mechanical, mechanical, etc.) and break
payloads into various classes. This would also result in a significant change to the model
itself since, with finer grained identification of components for instance, one would follow
the effect of degradation in a particular area to its impact on the mission. It could result
in the model treating the payload as a combination of series and parallel paths as is done in

Ref. 16. It would provide a way to better tailor the test plan to a specific program.

(9) Use the Analytical Model Form for the Space Environment

The analytical model currently takes the space performance of the payload as being an
average of the spacecraft in the data base. It is a relatively simple matter to input the mis-
sion values for period and temperature to more closely simulate the performance of a par-

ticular payload that is under study.

14




(10) The Availability Concept Should be a Subject for Further Study
As part of Appendix I, it was shown how thc concept of availability could fit actual
mission profile requirements, [t is believed that this can be further refined to become a

useful tool in itself in the development of other project criteria,
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APPENDIX A
GSFC DATA BASE, 109 COMPONENT LEVEL TESTS

In order to develop a model that is representative of a situation, one must be able to define
the situation as it exists, In the arca of thermal vacuum testing, a data bank cxists at GSFC that
has been compiled by the organization that has been responsible for thermal vacuum tesuing. This
data was begun in the carly 1960's until 1976 when a reorganization took place and the data bank
input changed, The data in the system prior to the reorganization contained information on all
tests conducted by the group in various sized temperature chambers, thermal vacuum chambers,
and solar simulation facilities, The tests were conducted at all levels of assembly of spacecraft,
As time passes, data is sent to storage where it is retained for a number of years and then de-

stroyed, Therefore, the available data includes a period of about 10 years.

The data bank itself consists of the handwritten records of the tests indicating such things
as the name of the project, the name of the item tested, the dates of the test, the TAR (Test
Action Request, authority for the test plus some data), the times at which temperature changes

took place, and failure information.

In order to imake this data amenable to computer operations, it was transcribed onto a mag-
netic tape cassette (Hewlett-Packard 9162-0061 Daia Cartrige) using a Hewlett-Packard 9831A
calculator (which was used for most of the analyses conducted under this study). 109 data files
were so established. Addendum A-A is a listing of the information in these files (with informu-

tion that identifies the particular item omitted).

The four columns listed in each data file include (a) the matrix row in whi-h that line of
data is contained, (b) the hour of the year at which the temperature change took place, and (c)
the failure status. Under “failure status,” a 1 indicates that an anomaly took place some time

between the hour indicated on that row and the hour of the next row; a zero indicates no




anomaly. The number “2" in that column indicates a break in the test, a ““3" indicates that no
functional tcsts were performed during the exposure, a “4” indicates the continuation of a test
beyond the last entered data, and a “5” indicates that the anomaly occurred somewhere within

the time period within which the “Ss” are noted.

Fig. A~1 shows the format of the array in which the data is stored. In order to simplify
various analyses, this data was compressed into two other arrays (72 col. x 50 rows each). The

format for these arrays is shown in Fig. A-2.

Addendum A-B is the program for storing the data and Addendum A-C is the program for

listing the data fzom file.
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COL. NO, ~o [ 2 3 4 [} 6 ? 8
CITRTIL oi1,2) 0(1,3) D(1,4) D(1,85) 0l1,6) DI(t7) Di1,8)
TAR NUMBER PROJECT NAME JOB ORDER NO. RETEST?
COL. NO. — ® 10 1 12 13 14 15 1
02,1) 0(2,2) 0(2,3) D(2,4) D(2,5) 0(2,6) 0l2,7) 0(2,8)
NAME OF TEST ITEM
COL. NO, —» 7 [0 " 20 n 2 23 2
o3, 0(3,2) 0(3,3) 0{3.4) D(3,8) D(3,6) D{3,7)(®) 0(38)
LEVEL OF ITEM TEST FACILITY NUMBER OF
ASS'Y TYPE MATURITY TYPE NUMBER OUTCOME | compONENTS -
COL. NO, —o 28 28 n 28 » 0 3 2
Dl4,1) D(4,2) 0(4,3) D(4,4) D(4s) D(4.6) WAS FIRST
TOTAL TEST NO. OF 112 TIME AT TIME AT 1/2 CYCLE -
TIME TIMAX) TOMIN) CYCLES TIMAX) T(MIN}  |HOT OR coLD
COL. NO, ——o 33 3 % 36 7 » » )
"m&’ EARLIEST TIME OF FAILURE LATEST TIME OF FAILURE TEMPERATUR
<
(<3 FAILURE #1 #2 #3 FAILURE #1 #2 #3 FAILURE #1
COL. NO, —o - «Q 43 “ '™ 48 o 48
AT EARLIEST NUMBER OF 1/2 CYCLES TEMPERATURE AT LATEST
TIME OF FAILURE AT TIME OF FAILURE
#2 #3 FAILURE #1 #2 #3 FAILURE #1 #2 #3
COL. NO. ~—o » 80 81 82 83 54 s [
TIMAX) AT TIME OF TIMAX) AT LATEST TIME
FAILURE OF FAILURE TIMIN) AT EARLIEST
FAILURE #1 #2 #3 FAILURE #1 #2 #3 FAILURE #1 #2
COL. NO, = 57 88 89 () 8 62 63 [
TIME OF TIMIN) AT L\TEST TIME NUMBER OF
FAILURE OF FAILURE TESTS OR MONTH DAY YEAR
RETESTS
#3 FAILURE #1 #2 #3
COL. NO, —o - o8 [ [ [ 70 n 72
TIME AT THE COMPLETION OF EACH 1/2 CYCLE
NOTES: (a) THESE DESIGNATIONS INDICATE THE CORRESPO

WHERE NO ELEMENT (S INDICATED, THE VALY
(b) MUST BE EQUAL OR

INDING ELEMENT FROM ARRAY DI(38.8) ;
E HAS BEEN COMPUTED FROM THE DATA.
GREATER THAN THE NUMBER OF FAILURES.

Figure A-2, Format of Array Al [50, 72)

A4




ADDENDUM A-A
SAMPLE DATA FROM 109 COMPONENT LEVEL TESTS




DRTA FROM FILE # 1

THR XX ¥X¥ JeOu KXR=KK=KH Prodt RBCD

Level: SSvsi Maturitys PFlt} Tyrpet Experd Items
Number of componentss 4
Tyre of tests TV Facility Nr. 239
Outcome of testt Undeterrined

Total test time: 109 hrs

Time at Tmax ¢ 40 ded CHt 32 hrs

Time at Tmin <~10 des CH: 30 hrs

Row Hour Tenrprdea C Failure Stotus
S 2901 es %]
6 2917 2% L%
? 29283 -10 1
8 2928 -10 0
S 2937 40 %]
10 2944 ‘40 0
11 2953 ~-10 %]
12 2978 -10 0
13 2984 40 (%]
14 3009 40 %]
15 3010 25 2]
DATA FROM FILE # 2
TAR RKKs XHuK Je0s KXR-KK-KK Prodt ABCD

Level: Comps Maturity: PF1lt} Tyret: Expers
Number of components: |
Type of testt TV

Item:

Facility Nr. 240

ODutcome of test: Undetermined

Total test times 98 hrs

Time at Tmoax ¢ 40 des C)t 36 hrs
Time ot Tmin ¢(-10 des C>: 36 hrs

Row Hour Temprded C Failure Status
S 2629 %)
€ 2635 40 @
7 2659 40 ]
8 2665 -1 %]
9 2677 -18 %]
10 2682 40 0
i1 2694 40 5]
12 2699 -1 %]
13 2723 -10 %
14 2726 2% 5]
15 2re? 25 %

5 . w AT . \

EFGH
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ADDENDUM A-B
PROGRAM FOR STORING DATA FROM GSFC DATA BASE




PROGRAM FOR STORING DATA FROM GSFC DATA BRSE

16 COM DIC3Ss8LPSLEY HUSCI6 LS4 TSIS I NEL4TCE20,08[14] .
28 REM - PROGRAM TO STORE DATA FROM CODE 7355 FOLIOS ‘
30 FORMAT "TAR No."sF3,8+"s»"1F4,0

40 FORMAT "J.0. No."sF4,08s"="+F3.,0s"="9F3,0

S0 FORMAT F3.0s2%sF3.0s 1XsF3.8s 1Xs F3.0s 3% F5. 016X F4. 0 8Xs F2. @1 11%1) 2,0

60 FORMAT F3.0:S5XsFS. 0y 7XsF4.0)9%Xr1F2.8511X:F2.0
70 MAT D=2ER[35,81]

80 LOAD KEY 2

81 CFLRG ©

83 DISP "List data from file"i
85 INPUT A

86 IF NOT FLAGO® THEN 99

88 SFLAG 9

98 DISP "FILE NUMBER"}

92 INPUT F

94 LOAD DATA #1,F

96 GOTO 489

99 DISP "File Nr. for storaee”s
16@ INPUT F

118 PRINT "File HNr."sF

120 PRINT

138 FIND F

149 DISP "TAR Nr. (AS RKKKEKM"}
158 INPUT J

160 DL1:11=INTCJ 10808

170 DL1,21=0-1000%D0 1,11

188 DISP "Prod nome (P$sy & SPA"S

190 INPUT P$ OF THE
208 TRANSFER P$ TO D[1,3] {\-\‘PRO\)UCIB ‘;le POOR
210 DISP "J.0. Nr. (RS XKXRKXRX)"$ a1amNAL FAC i

220 INPUT J 3

230 DL1,61=INT{J 10000)

240 D[ 1,71=J-10000+D[ 1,61

259 DISP "Retest? 1=Y,0=N "3
260 INPUT DL1,81

278 DISP "Item nome (N$s 16 SPRA"S

288 INPUT N$

298 TRANSFER N$¢ TO DL2s11

360 DISP "Lyl of ass’y (1=Cs2=88s3=5:4=TM) "}
319 INPUT D[3s11

312 IF D{3s1)=1 THEN 318

313 IF D[3s1)=4 THEN 320

314 DISP "HOW MANY COMP MAKE UP THE ITEM":
316 INPUT DI{3s71

317 GOTO 320

318 DL 3y7)=1

328 DISP "Item type (1=Hgkpas2=Expi3=Both or ?"}
330 INPUT DI3:21]

340 DISP "Moaturity (1=PFy2=PTs3=TM)4=UNKsS=FltAsE=SPARE}etc, "}
3568 INPUT DL3:3)

360 DISP "Test type (1=TV12=TCs3=TBs4=72"}
378 INPUT D341

388 DISP "Facility Hr. (RS HKEM"}

399 INPUT D351

400 DISP "Qutconme (1=Satr2=Unsats3=lndtrmd"}
410 INPUT DL3+61]

426 DISP "Tmoxs des C"§

438 INPUT Dl4:2)

449 DISP "Tmins des C"3

A-B-1.
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450
160
“M?70
480
490
00
Ses
Sie
520
930
o40
550
560
978
380
S90
€00
610
620
€30
640
650
660
670
€80
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
87e
880
890
900
203
910
920
930
940
9506
960

980

990

1008
1010
1820
1030
1840
1eSe

INPUT DL4y3)

DISP "Humber of half-cyclss")

INPUT DC4s4]

WRITE (2930)DL1+1 19D 1s2)

WRITE (2+4@)DL 196y INTCDL1573/100)9D0 197 1-CCINTCDL 1,7 1/108) 54100
PRINT "Projectt "3P$sSPR10,"Itent "IN$

IF FLAGO THEN 870

GOTO DL3s2] OF 560580600

GOTO DL3:3]1 OF 6201640,66056580: 700,720

GOTO DL3s1) OF 740,760,760

PRINT “Luvl of ass'yt “"IL$»"Maturitys "jIM$," Tyret "3T$

GOTO DI[3,4] OF 800)E620,840,860
T$="Hskpa"

GOTC S20

T$="Exper"

GOTO S20

T$="Both "

GOTO S2e

ME="PFl¢"

GOTQ S30

Me="Ptyp"

GOTO S30

M$="TMod"

GOTO S30-

M$="Unkn"

GOTO 530

M$="FltA"

GOTO S30

fiocths -
L$="Conmp" REPRODUCIBHJYYYSOEO()R
BaT9gade, OmTATNAL PAGE 1
GOTO 540

L$="Syat"

GOTO 5S40

Ce="Ty"

GOTO 878

Cs="TC"

GOTO 870

Cs="TB"

GOTO 870

Cg="20"

PRINT "Type of test: "iC$s" Focility Nr. “3$D[3:5]
GOTO DL3s61 OF 958,970,990, 1010

PRINT "Qutcome of testt “§0$

PRINT "Tmaxt"3D[4+2)3 "dea C. Tmins"iDL4s3)3"des C."
IF FLAGO THEN 1039

PRINT

DISP "USE FN KEYS TO CHRANGE OR CONT "

STOP

GOTO 1030

O$="Satisfactory"

GOTO 890

O$="Unsotisfactory"

GOTO 899

0¢="Indeterminate"”

GOTO 899

0$="Unknown"

GOTOD 890

PRINT “Culs 1 2 3 4 S

, é
PRINT “Row Mo Do VYr Time Tenrsdea C Sun
FOR I=5 TO 35S

Failure Status"

A-B-2




1889 IF FLAGO THEM 1220

1060 DISP "MorDos¥r CAMIRKIRRIIf endiDs@rpy "}

1070 INPUT DEIsi DL+ 229D01+3)

1080 IF DLI,»11=@ THEM 1240

1090 DISP "Hour (XXXX»"}

1160 INPUT DL1,41

1118 DISP “"Temrs dea C"}

1120 INPUT DL1,+5]

1130 IF D[3,/41#3 THEN 1160

1140 DISP "Sun on 7 i=Yess 0= MNo "3

1150 INPUT DIL1s61

1160 DISP "Fail btun now and next per? 1=Y,@=Ns2=Unknown"}

1170 INPUT DL1,71

1180 DISP “TEST INTRPT HNOW(1=Ys0=N>"}

1198 INPUT A

1200 IF A=0 THEN 1228

1210 DL 1:7)=2

1215 IF DI[I:11=0 THEN 1240

1220 WRITE ¢2+50)1sDLIs11sDLIs23sDLIs31sDLIs43sDLIs5)sDLI+63sDL1s7]

1230 NEXT I

1248 PRINT

1245 IF FLAGO THEN 1928

1256 DISP "USE FN KEYS 70 CHANGE OR CONT "

1260 STOP

1278 REM ~ This routine converts MoDaYr to Hour of Year C(addine last
REM - vear if the test crosses a vear.

1298 FOR I=5 TO 35

1300 IF DLI»11=0 THEN 1730

1310 REM - This section determines whether this is the same vear as at the

1320 REM - atart of the test and if that wes o leap vear.

1330 IF DISs31=C(DL1+31-1) AND INTC(DI[Ss31-4)=D[ 53174 THEN 1368

1348 IF DISs31=(DLIs31-1> AND INT(DLS:31/4)#D[(S»2314 THEN 1380
1350 GOTO 1400

1360 Y1=366

1378 GOTO 1410

1380 Y1=365

1390 GOTO 1418

1400 Y1=0 :

1418 REM - This section calc the hr of the vr (addine last vyr if rar*dd.

1420 Ti1=0

1430 FOR G=1 TO 12

1440 K=DC1s11-G

1450 IF K=0 THEN 1648

1462 IF K=1 THEN 1S40

AND INTCDLGs»31/4)-DLGs31/4 THEN 1589

1488 IF K=2 AND INTC(DLGs31/4)#DLGs»31/4 THEN 1600

1499 IF K=3 OR K=12 THEN 1540

1500 IF K=4 OR K=6 THEN 1560

1510 IF K=5 OR K=? THEN 1548

1520 IF K=8 OR K=10 THEN 1540 THE

153@ IF K=9 OR K=11 THEN 1569 oIty OF

1359 COTo. 1620 ruPRODUVTY G 18 POOR
" NAL

1560 D1=30 ARIGINA

1570 GOTO 1620

1580 D1=29

1599 GOTO 1620

1608 Di=28

1618 GOTO 1620

1620 Ti=T1+D1

1630 NEXT G

1640 Ti=¢T1+DL1,21-1+Y1)%24

1650 H2=INT{D[I:41/106)

-
H
-~
®
"
mn
=
r
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-

.660
1672
1680
1690
1700
1710
1720
1730
1740
1750
17¢€e
1778
{790
1800
1810
1820
1830
1849
1856
1860
1878
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1998
2000
2010
2020
2030
2048
2050
2060
2070
2080
2090
2100
2110

REM ~ Roundine vo the neoarest whole hour,
H3w<(D[ 114 1-H2%160)>/60

IF H3<8.5 THEM 1710

DLIv81sTi+H2+1

GOTO 1726

Dl1:81=sTi+HE

HEXT 1

REM - Calculate time @ Tmox ond Tmird alsc totol test time,
D(4+,51=Dl4+6 1=Dl 4y { I=L 10

FOR L=5 TO 38

IF DCL,»7182 THEN 1790

Li=DCL+1s8)-DLLsBJ+L1Y

IF DILy»11=0 THEN 1900

REM - Compute time @ Tmax and Tmin.

IF DEL»SI#DL4s2] AND DLLsSI#DL4»3] THEN 1880

IF DIL»S)=DL4s2) AND DLL-1,51=DL4,2] THEN 1850

IF DCLyS1=DBl453) AND DLL-1,51=D[ 4,31 THEN 1870

GOTO 188V

D[4,51=D(4,S)+DILs8I-DIL~1+81]

GOTO 1880

D[4:,61=D[4,61+DLLs81-DLL~-1:8]

NEXT L

REM - Compute total test time.
Dl4511=DlL~1s8)-D[Ss81-L1

PRINT .

PRINT "Col: 8 5 6 7
PRINT "Row Hour Temps desa C Sun Failure Stotus"
FOR 2=5 TO 35

IF D[2+11=0 THEN 1980
ﬂgi;Ez(z’ee)ZaDIZsBJ,DCZsSJsDEZsBJ,DtZs?]

PRINT "Total test timet "IDL4s113" hrs®

PRINT "Time at Tmax ("3D[4,233" dee C)t "$DL4,S51" hra"
gg%ﬁ; “Time at Tmin ("iDL4»313" des COt “3DL4+613" hra”
DISP "All OK (1=Yy@=N>? @ results in STOP"}

INPUT R

IF A=0 THEN 2899

STORE DATR #1sF

F=F+1

MAT D=2ER[35:81

GOTO 110

STOP

END

DISP "USE FN KEY 6 TO RETURN TO PROG."

2120 END

¢ THE
ol Lo pOOR
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ADDENDUM A-C
PROGRAM FOR LISTING DATA FROM FILES




PROGRAM TO PRINT C5FC DATA FROM FILES

10 COM DIC3Sy 8 PELEDINSLIEDILELA D TELS I NELA 1 CHL 2o 0% 14)
2@ REM - PROGRAM TO LIST DATA FROM CODE ?%% FOLIOS
38 FORMAT "TAR "+F3.,@r"s"sF4,@s" JoOo IF M -y F3, 00" =" F3, 0"

:B FORMAT F3.01 20 F3, @0 100 FS @ 1Mo F3,00 300 FS. 00 2HFS. 005 Fd. Ba 11 F2. 1

S0 MAT D=ZERL 25,8

60 DISP "ENTER fst & LAST FILES FOR LSTWUG"S

78 INPUT FisF2

80 FOR F=F1{ TO F2

90 PRINT "DRTH FROM FILE #"3F

100 PRINT

116 LORD DATA #1,F

120 Di=INTCDl[1+7 17100

130 WRITE (2+300D01+12sD01,22 001565 D1sDC1s71-D1%100,
140 PRINT P$

150 GOTO DL3s2] OF 200,220,240

160 GOTO DL3:3) OF 260,280, 300,320,340, 360

170 GOTO - DL 3s11 OF 388:400,420

180 PRINT "Lewelt "jL$3"} Maturitys
190 GOTO DL 3541 OF 440,460+480)500
280 T$="Hskpa"

219 GOTO 160

220 T$="Exper"

238 GOTO 160

240 T$="Both "

259 GOTO 1é@

260 M$="Prilt"

279 GOTO 170

280 M$="Ptvp"

299 GNTO 170

308 M$="THMod"

319 GOTO 170

3286 M$="Unkn"

339 GOTO 170

348 M$="Fly "

359 GOTO 178

360 M$="Spr "

378 GOTO 170

380 L$="Conp"

398 GOTO 8@

400 L$="SSys"

410 GOTO 1396

420 L$="Syat"

430 GOTO 130

449 Cs$="TV"

459 GOTO S1a

4¢3 C$="TC"

470 GOTO 510

4306 C$="TB"

499 GOTO 510

589 Cg=v2o"

518 PRINT "Mumber of componentst
S28 PRINT "Tvre of testt "JC$"
530 GOTO DL3+61 OF S560,530,680:620
548 PRINT "Outcome of testt “310%
559 GOTO 630

568 DfF="Satizfactory"

578 GOTO Sd0

520 0%="Unsatizfactory"

S92 GOTO %549

ELE S I Trres "§T$3"3
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Facility Mr. "3DL3+53sLING
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50ae™

610
62
(4e]]
£40
€50
6ED
670
630
£90
760
710
72€
730
750
760
770

e e e e o e 2 s

Of="Undetarmined”
GOTD 540
nE="Unknown"

PRINT "Totol test timet “3D0401 08" hrs”

T
PRINT "Time at Tmax ("IDE4s218" dea €3 "IDL4»5 1" hra"
PRINT "Tiwe ot Tmin ("3D04»3 1" dea Cos "ID04re 1" hrs”
PRINT
PRINT
PRINT "Cols 1 2 3 4 8 ] [
PRINT "Row Mo Da  Yr Ting  Hour  Temrrdea C Faillure Stotuz”
FOR I=S TO 3%

IF DC1s131=0 THEN 750
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APPENDIX B
CORRELATION OF COMPONENT FAILURE RATES
WITH TEST TEMPERATURES

There was insufficient data in the GSFC data bank (Appendix A) to establish a significant
relationship between temperature and failure rates. In view of this it was decided to take an ap-
proach that assumed a certain make-up of parts within an average component, compute fajlure
rates of the parts as a function of temperature using thermal characteristics based on Military
Handbook 217-B (Ref. 12), and thus arrive at a measure of component failure rates over a given

temperature range.

A “‘spacecraft component,” as used throughout this report, refers to a sub-section of a
spacecraft system which is essentially a self-contained combination of parts performing a unique

function within the spacecraft system.

General definitions of system subdivisions are given in Fig. B-1. As used herein, equivalent
failure rates of components within the system are implied. In an ideal situation, all identified
components would have the same failure rates or reliability characteristics. In actual practice
this condition does not exist. However, good analytical results have been consistently obtained
in the past using essentially a count of system components to represent the system complexity.
Also, this level of assembly is a convenient unit to use since it fairly well represents che system
complexity, and it is the level of assembly generally used in identifying failures or anomolies

that occur in space operation.

Parts for a typical spacecraft electronic component used in an unpublished presentation by
W. Smith, GSFC Product Assurance Division, were taken as a reasonable representation of a com-
ponent unit, or “black box.” Generic failure rates of these parts at temperatures from 20 to
100° Centigrade were then derived using the guidelines of Ref. 12. Table B-1 (output of com-

puter program, Addendum B-A) shows the piece part composition of the “‘average” spacccraft
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REEINITIONS :

System - A major subdivision of a given
launch vehicle such as a propulsion

system or spacecraft system, The system
embraces all its own subsystems including
checkout equipment and servicing equipment.

P

SPACECRAFT

Subsystem - The next functional subdivision

of a system and is generally composed of two

or more components designed to perform an
COMMUNICATIONS operation.

SUBSYSTEM

Somponent - The next functional subdivision
of a subsystem and generally is a self-
contained combination of assemblies per-

forming a function necessary to the sub-
system's operation.

Assembly - The next functional subdivision
of a component and consist of parts and
subassemblies which perform functious

necessary to the operation of the component
as a whole,

Subassembly - An assembly within a larger
assembly.

Paxt - An element of a component, assembly
or subassembly which is not normally
RESISTOR subject to further subdivision or dis~
assembly without destruction of the designed
use.

Figure B-1. Definitions of Subdivision of a Spacecraft
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Table B-1

Single Device Failure Rates/1@46 Hirs,
MONOL. HYBRID TRANS. DIODES RESIS.
9.0257. ©8.3121 ©.0007 0.0002 0.4003
0.0312 0.4512 0.0008 0.0003 0©0.0005
0.6388 ©0.63%2 0©0.0009 0.0003 ©.0007
0.0510 0.9024 0.0010 0.9004 ©0.0010
0.0681 1.2408 0.0012 0.0V05 0.06015
8.0941 1.6544 0.0015 0.0006 0.00823
B.124€ 2.1808 0.0018 0.0008 ©.0033
8.173« 2.8576 0.0023 0.0011 0.0049
8.2374 3.647z 0.9081 0.0017 0.0072

TYPICAL BLACK BOX COMPOSITION
PIECE PART

MICRO ELECTRONIC DEVICES~MONOLITHIC

MICRO ELECTRONIC DEVICES~HYBRIDS
TRANSISTORS

DIODES

RESISTORS

CAPACITORS
TOTAL

BLACK BOX FAIL. RATE-/1816 HRS.

MONOL. HYBRID TRANS., DIODES RESIS.

.75 33,39
+34 48.28
16 68.39
46 96.56
7.29 132,77
16.86 177,02
13.33 283.39
18.55 305.76
25.40 390,25

CREOPOOOS
COOOOOOO®
W NN e o e 0 =
CEEOPORO®
COHOOOOOO®
NI QIO N o a0
—_EPOOOOOO®
s » ®» ®» ® & @ »
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MO U~ o~ 0N
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. 0002
. 0002
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. 0002
. 0002
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. 0004

CAPAC.
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s ®» 8 © ®» @ 8 ® .o
00O

PXISISEISISISINE O

NO. OF PARTS

416,995




component, along with the individual part and component failure rates over the stated range of
temperatures, An exponential curve of the form, AeB(T+8) was fitted to the computed failure

rates with the constants as shown:
IT) = 7.9 x 106¢0.0306(T +32)
where T = temperature in degrees Celsius,

This function is plotted in Fig. B-2.

On the basis of these results, one would conclude that failure rates increase with increasing
temperature, and conversely, decrease with decreasing temperatures. Results of a study of ther-
mal vacuum test failures conducted by Timmins, Heuser, and Strain (Ref. 6), show that on an average
basis, hot temperature related test failures are greater than those exnerienced during ambient
temperature conditions: however, cold temperature related test failures are also greater and
moreover are essentially of the same relative magnitude as those experienced under hot tem-
perature conditions. These conditions can be discerned from Fig. B-3 (Fig. 5 of Ref, 6). A pos-
sible explanation of this is that the temperature function thus far developed applies only to the
reliability degradation of the physical/molecular mechanisms within the piece part; and that other
degrading thermal forces must be acting upon the larger structure of the *“black box,” or com-
ponent, such that there is an “equal” degradation of component reliability under colder than

ambient conditions — to those higher than ambient.

Using this hypothesis, a mirror image of the temperature function was developed, (iacreasing .
failure rate with decreasing temperatures), with the failure rates equal at 20°C. The sum of these
two curves results in an expression for the total effect of temperature on the component failure

rate given by:

h(T) = h(T,)(0.0306(T+32) 4+ ¢0.0306(72-T)),

where T = temperature *Centigrade and h(T ) = basic failure rate at 20°C.

B4
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I

PROBLEMS | i
MALFUNCTIONS
FAILURES j

AMBIENT TRANSIENT . CcoLo HOT

MALFUNCTIONS PER SPACECRAFT

6 8 10 12 2 4 6 8 10 12 14 2 4 6 8 10 12

TEST DAYS IN FAILURE ENVIRONMENT

Reference: NASA TN D-7408, Nov. 1973, “Analysis of Flight Model Spacecraft Per-
formance During Thermal-Vacuum Tests,” Timmins, Heuser, Strain

Figure B-3. Thermal-Vacuum Malfunctions per Spacecraft of Flight Spacecraft by
Day and Environment
The net effect of this transformation is shown in Fig. B-4. While somewhat arbitrary, it is
believed to be a reasonable approach to the total component temperature function, referred to
in subsequent sections of the report as part of the “environmental intensity factor,” E. A test

of its applicability was made through an independent analysis of the data in Appendix A, using

a rather unique approach.

While the data bank was insufficient to permit a straight forward determination of the re-
lationship, it was felt that some indication could be obtained by developing an indirect approach,

that is, by developing groupings that excluded certain failure probabilities.

The data was analyzed without regard to time or the number of cycles and it was assumed
that the grouping was sufficiently homogeneous so that the effects of these other two stresses

would apply overall. It is possible to investigate the homogeneity but this has not been done as yet.
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A binomial approach was taken; that is, a component either passed or failed a test, If more
than one failure occurred during a test, it was assigned as another component. (No more than

three failures were encountered during any test; multiple failures were very infrequent.)

Since we were interested in failures (tests concerning binomial distributions generally deal
with successes and we simply interchanged the terminology), a computer program was written to
search through the data and determine (a) how many failures occurred out of n components
tested at temperatures down to (T —1)°C and (b) how many failures occurred out of n components
tested up to (T +1)°C. This is equivalent to saying for case (a) at <T and for case (b) at >T. A point
estimator, P, of the probability of failure was found by dividing the n..mber of failures by the number

of components. (This nomenclature and much of the following is consistent with that found in Ref, 13),

The confidence interval or band within which the true failure probability lies is (Ref. 13,

Chap. 2, Sec 3)

P-Zy, @3953"‘%{/2 B (B-1)

where P is the number of failures divided by the number of units tested, n ; §=(1-P); Za/z is
a standard normal random variable; and the choice of « determines the | — percent confidence
interval for p, the true probability of failure, By choosing a = 0.05, Za/, = 1.96 and the confidence
limits approach 95%: that is, we are 95% confident that p lies within the limits expressed by Eq.

B-1. (This approximation becomes subject to significant error when n is small or f or § approach

zero,)

Figs. B-5 and B-6 are graphs on which are plotted the 95% confidence bands within which
the probability of failure exists. These are shown as brackets open to the right or left and indi-
cate data based on the probability of failure above or below the temperature minus or plus one

degree. It can be seen that no significant difference exists between the two figures. Also plotted

B-8




is a bar that indicates the intersection of these two confidence bands, Since one band applies to
temperatures ST and the other to temperatures >T, the intersection provides an indication of
the location within which the probability of failure at T exists. The word “indication™ must be

emphasized.

Also plotted on each figure is the function
P(F) = 1.0088 x 10-2[(exp(0.0306(T + 32))) + (exp(0.0306(62 - T))] (B-2)

where P(F) is the probability of a failure as found earlier and T is the temperature in degrees Cel-
sius. The numerical values were adjusted to match an indicated minimum at 15°C suggested by

the data plotted in Figs. B-5 and B-6.

It is interesting to note that the function expressed in Eq. B-3 was developed independently
of the data and that the only modification was to select the point at which the minimum failure

rate occurs to be consistent with the data.
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ADDENDUM B-A
PROGRAM FOR DEFINING FAILURE RATES AS A
FUNCTION OF TEMPERATURE




LOR
LIS

19
2R
30
40
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?n

o
g

TN
P
Lt

..
o 1
o o T O

[N B TR R SR g
el

Py -
el AR

- a m n e oo
DT DS

e ot s om0 0

far
v 0 S
Do

Nl 8 vl OO) Ol S

bSﬁ
o0 %]

3 PRINT TABIQs "~ "y THBEW, ©

3 FRINT "=-ooe  —oeooe ———e
3 FOR I=1 TG 9

D#Es 1

T

DLt ARESs )

Fa=0

T=1h

DATI B, 13, B3, 2o by 2ol B0 1, P, S5 2, AR, 825y 30 3t Sade o L, T, e 2, B0
DATA V.60 3, 693, 7

FORMAT F“.t

FORMAT &F8.4

FORMAT aF2. 2069,

FOr I=1 TN

ToT+10

FERAD P1

AL I 1 d=T

AL Ie2 )@, el 0l ye

FERD P2

ACLs 320w, 0GPy

AE o Jam, a3 300 b rPuo 330+ T o733 v rL o - 112 v 3984 T
HE oS 17 urse e P oo 2484 T Q3B 1LV, Vet 2o 24+ T 00

HU Jsedse 2,98 LRt 9asbriP o2 e o THETI V34310 T2 3072V 30
HEEs P 1= 19, 510180 »EUP 2, S+ L THET I 2z 11s

HEWLT I

PFINT

DHTAR 198716871143, 180,75

PRINT THB1S, "SIHGLE DEVICE FHILURE FRATES. 101s HFE, "« LIHE
PRINT “"TEMFP."

FRINT “iol) MOMOL,  HYEFID  TRAMS.,  UIODES  FESIS.,  LAPARC, ™
FRINT "cemre e e e e e . e e e "9 LINI
FIXED 4

FOR I=1 TO 3

WRITE t2seBoRAlIs1 18

) FOR J=2 TO 7

WRITE (22 783RCT401s L
NERT ) ]gﬁ{ OF 1.
MRITE ¢ies Bﬂ”‘.‘ e Pk
HEXT 1 A

URITE 12,0 ORI

PRINT LIN1

STANDART

3 PRINT TRE1S.“TYPICAL BLACE BOW COMPOSTTIOH" LIHY

FRINT TAB1O«"PIECE PHRT" TREBSA."NO, OF PHFT-

FRINT TABS, "MICRO ELECTROHIC UE%ILE;~MUHULITHIP“aTHBB4~"1@?"
PRINT TABS: "MICRO ELECTROMIC DEVICES-HYHRIUS" THEE4, "107"
PRINCT TRBSn"TRHNSI&TUP'"'THEhﬁn"11"

PRINT TRES, "DIODES", TABES, "42"

3 PRINT TABS. "RESISTORS"TRABEd, "1np"”

PRINT THES: "CAPACITORS" « TRBES, "F5"

3 PRINT TAB1O«"TOTAL" TABES4 "SB3" s LTINS

FINED &

3 PRINT TRB1S, "BLACK EO. FRIL. FATE- 1818 HED, "sLINS

PRINT "TEMP."
FRINT “(old MOMOL.,  HYBRID  TRANS, UIHDE‘ RESIL.  CRFAC,  TOTAL®

RESTORE 2uw

3 WRITE C2,600RAC11 13

2 FOR J=2 TO 7 :

3 FERD P (\\ e
3 WRITE (280080 1y 14P3 en el

F2=F2+Al I+ 1P pUC
MEX +sﬂ R?PRO .

Ry "r\
WRITE (22 80)F2 ORIl
Fa=8

) HERT 1

WEITE (2s+2
FRINT “EHD",LIHZ
EHD
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APPENDIX C
DEVELOPMENT OF THE RELIABILITY GROWTH MODEL FOR COMPONENTS

This section of the report covers the development of a mathematical model chosen to reflect
the influence of time, tcmperature, and temperature cycling on the state of component reliability.
The need for the model was basic to this study since it was the means by which a quantitative
assessment could be made of the generation of failure and failure rates — the former required as
a direct input to the cost model and the latter required for projecting éomponent reliability to

space operations.

Several published reports were reviewed to arrive at an appropriate form of a failure proba-
bility function, F/N, from which failures and failure rates during tests could be derived. The
“power” functions developed in Ref. 1, with respect to time as a variable, served as the basis for

this work.

Other published reports verified reliability growth through temperature tests, with the num-
ber of temperature cycles as a variable. Ref. 14 is a report of an extensive survey of aerospace
industry practices for achieving high reliability including the beneficial use of temperature cycling
as a means to this end. High rates of change of temperature during the test were suggested. Ref.
15 is a report of experimental test results achieved by subjecting 200 units of avionics communi-
cation equipment to temperature cycling during burn-in tests at two different cycling rates; half
were tested using a cyclic period of four hours and the other half using six hours per cycle, The
conclusion reached was that the four hour cyclic burn-in resulted in the same effectiveness as a
burn-in with six hour cycles, but in 2/3 of the total test time. Unfortunately, mathematical
models showing the separate effects of time and temperature along with the number of temper-
ature cycles were not provided. These reports, however, were useful in establishing basic assump-
tions for determining thermal vacuum test effects on component reliability. These assumptions

are as follows:




(1) Thermal-vacuum test failures can be categorized according to the phase of the tempera-
ture cycle. High temperature failures occur during, and only during, the high temperature phase
(or dwell), cold temperature failures occur only during the cold test phase, and temperature tran-
sition failures occur only during transition periods. A fourth category is included to account for

those failures due to unspecified causes, Stated mathematically,
.- F=Fg +Fy + Fo + Fy (c-1)

where: F = total number of failures, F = failures due to unspecified causes, and Fy, Fc, Fp =

failures due to the cyclic phases of hot, cold, and transitiona! temperatures respectively.

(2) Reliability growth takes place in each of the cyclic temperature phases, to a degree de-
pendent on the amount of time spent in each phase. In other words, the specific failure rates de-
crease with total time within a specified phase using the models proposed in Ref. 1, this assump-

tion is equivalent to,

h(t), = KE,BtB-! (C-2)

and

F(t), = KE,NtB (C-3)

where: h(t), = a failure (hazard) rate function, F(t), = a cumulative failure function, N = num-
ber of components, K = initial cumulative failure rate at t = 1 hour (or day), t, = total time
spent in a specific test phase, x, and E, = environmental intensity of a specific test phase, x.

3

(See Appendix B.)

(3) Dwell times at the high and low test temperature are equal and in turn equal yp. The

total time spent at the maximum and minimum temperatures is:

n
ty =tc = 3 yp (C4)
where: n = the number of cycles (one cycle includes one dwell plus one transition), p = the

time for one cycle, and y = dwell time/p.

C-2

ke




(4) The environmental intensity factor during temperature transitions is equal to a function
of the average rate of change of temperature during the portion of a cycle equal to (1 ~y). Then:

A
Ty - Tc)
=G (C-5)
o ((1 “Vp

where: G = proportionality constant, z = an unknown power of the average ratc of change

of temperature.

These assumed conditions are believed reasonable in light of the analytical results presented
in the referenced reports. In particular, Ref. 6 reports failures classified in a similar manner and
shows the accumulation of failures separately for each class as a function of accumulated time

within the class. A general expression for the failure probability in terms of time, temperature,

and the degree of temperature cycling was developed using the relationships described above.

From assumption 1,

FIN = (F/[N)g + (F/N)y + (F/N)e + (F/N)y (C-6)

From assumptions 2 and 3,

(F/N)y = KEuth.

n
Letting ty = 5 yp and the total test timet = np,

y B
(F/IN)y = KEy («;) tB (C-T)
Similarly,
. J\B
(F/N)e = KEc -;) tB, and (C-8)
(F/N); = KE{(1-y)® t° (C-9)

Cc-3




From assumption 4, since
Ty -~ Te\?
£ = (;(.L_£> ,
I -yp

then

Ty - Tc\?
F/N); =KG<1—y)B((T- —) e (C-10)

By substituting Eqs. C-7, C-8, C-9, and C-10 in Eq. C-6, combining terms, and simplifying,
the final expression for F/N becomes:

y B B TH - Tc z
2 (1-yp

where: Ej; . E. = environmental intensity factor during the hot and cold temperature dwell phase,

respectively, as defined in Appendix B. (e.g., E; = exp(0.0306(Ty; + 32)) + exp(0.0306(62 ~ Ty)).)

Solution for the unknown parameters of Eq. C-11 were obtained by first normalizing the
data from Appendix A and then determining least squares solutions for K and B for each set of
values of (F/N),, v, G, and Z iterated over their expected ranges. Both Chi-Sauare and Kolmogorov-
Smirnoff (K-S), goodness of fit statistics were computed for each set of values in order to find

the best fit parameters.

The results of this exercise are given in the following equa‘ion as the solution for failure

probability:
y B TH - TC 1/2
F/IN =002 + K|(Ey + Ex)[—) + 3 - y)B{ ——— (t + y)B (C-12)
2 (-yp

where K =424 x 107¢ failures per unit-hour and B = reliability growth factor (0.7 for component tests).

Note: The actual least squares solution included an additional “location™ parameter,
(gamma). While this required an additional iteration for the solution, it was felt worthwhile since

the use of gamma helps to “linearize” initial time variations in the data.

Cc-4




Eq. C-12 is the equation used for determining the effects of component testing. It was also
applicd to the system test and space operations phases using the appropriate values of K, B, 7,

and E for each phase,

The computer program for normalizing the basic data in Appendix A is included in Adden-
dum C-A. The output of the program is shown in Addendum C-B. The program developing the
least squares solution for the unknown parameter of Eq. C-11, is shown in Addendum C-C. A

sample output is shown in Addendum C-D.

In conclusion, it should be noted that the acceptability of the analytical model was assesed
by using the K-S statistic. The computed value for the best fit case was 0.015. Since it is less
than the critical value of 0.086, the ability of this model to simulate component test conditions
can not be discounted on statistical grounds. Therefore, an inference exists for accepting ihe
model for reliability determinations. It would have been more convincing had this statistical
acceptance been supported by the Chi Square statistic as well; however, because of the relatively
small sample size of data, compared to the number of “data cells” and the large number of vari-
ables required, the number of degrees of freedom was equal to zero. Thus, no conclusion as to

goodness of fit could be reached with this statistic.

Additional data beyond the 109 files noted in Appendix A is required in order that an accept-

able number of degrees of freedom can be obtained.
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ADDENDUM C-A
PROGRAM FOR NORMALIZING THE DATA FROM ADDENDUM A-A
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Dhts 6

OFTIMIZ., TRAPE 11

COF DIC35:81PSLE1INSLI6LS(41sTSISMEL4DrCSL 215080141

DIN RSL7S:1219BSI7Ss1214ASL20]
REP.“PROGRAM REDUCES R

REM"IN #1»1 AND #1,2 OF TAPE II"
DICP “DATE"S

INFUT A$
DISP “CHANGE TRPES(C/E)>"}
S10P

¥=0,08306

MHET A=ZER

MAT B=ZER

FGR K=2 TO 75

ALKs1 )=6%(K-1)
BLKs 1 I=6%(K-1)

NEXT K

M=0

FCR I=1 TO 109

LCAD DATA #1s1

T=T7=0

N=DL 371

Ci=Dl4:21]

Cé=DL4:31]
Bl1:61=Bl1:61+N

CFLAG &

FCR K=5 TO 33

IF DLK+11=8 THEHN 398
If FLAGE THEN 350

IF DLKs51=C1 THEN 290
IF DLK,S14#C2 THEN 380
SFLAG &
Ti=D[Ks81-D[S5s81]

T=8

AL1s71=AC1s71+T7%N
AL1s31=AC1:71]

GOTO 380

IF K=5 THEN 380

IF DLK-1571=2 THEN 380
T=T+D[Ks81-D[K-1:81]
NEXT K

CFLAG &

M= M+N

K1=INT(T &)

IF Ki=Tr/6 THEH 440
Ki=Kl+1

IF K1<74 THEN 4€0
Ki=74

FCR K=1 TO 73

ALK 21=BLKy21=BLK,» 7 I=ALKs 11 1=0
RLKs41=RCKs51=0

HEXT K

FIR K=1 TO K1+l

Al K 2 1=H

HEWT K

FiR J=5 TO 35

If DL .Js13=0 THEH 18048
IF 45 THEMW 579

C-A-1

AW DATA FROM DI¢35,8>s AND COMPUTES AND STORES®
REM" INTERMEDIATE STATISTICS IN AS(YSy120}

REN"FOR FINAL SOLUTION OF F/N=flnstsTi. T

WITH FINAL DATA IN BS(75s120"
HESE ARRAYS ARE THEN STORED"
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e
590
€00
€16
620
630
640
6358
660
678
€30
690
708
718
720
730
740
758
760
770
780
798
gug
gle
820
83a
840
858
8o
8vo
880
890
908
9308
940
950
968
970
280
999
1606
1810
1626
1038
1840
10590
1860
ie78
1820
1999
1160
1118
11208
1130
1148

T1=Ta=T3=T4=0

GLTO 1836

IF DLJ-1s71=2 THEN 1038
Te=T1+D0 Js31-DLJ-1+8]
IF DLJ~1s71%#1 THEN 830
TE=(T1+T2) /2

IF TS >= T7 THENW 730
AL1sE1=AC1s61+1

FIR K=1 TO 75

GLSUB 678

NEXT K

GLTO 838
ALKs81=ALKy S I+1

IF K>K1+1 THEN 720
ALKs41=ALKs 4 1+1

IF ACKs2] <= 1 THEN 728
ALKs21=ALKs21-1

RE TURN

To=T5-T?

TE=INT(TS/6€)

IF T6#6=TS THEN 770
Te=TE+1

IF T6<74- THEN 798
Te=74

FCR K=T&+1 TO 75
GLSUB 670

NEXT K

ALTE+1+E6I=AL TE+1s6 141
Te=INT(T2/6)

IF T4#6=T2 THEN 86@
Te=T4+1

IF T4<74 THEN 828
Te=74

IF T1>T? THEM 938

}f 32 <= T? THEN 1826
FIR K=T3+2 TO Td+1

IF D[JyS 1425 THEN 970
Vi1=23

GLTO 936

Vi=DL.Js51]
B{Ks?1=C1-C2

ALKs 11 1=EXP (VY1432 0 +ERP (V% (82-Y1 )

FEXT K

13=T4

11=T2

PEXT J

FOR K=1 TO 795

TISP ISK3K1

IF K>Ki+1 THEN i11a

FLK«SI=ALKs»2 I+AL K 4]

IF K=1 THEN 1116
ECK81=BLKs3I+BIK 7 I#ALK S 146
F[P’1°]=ﬁ[h’1g]+ﬂ[P 11 15ACK S 1%6
FOKs 1B )=ACKs 10 1+AL KL 2]

FEXT K

Vl=HE=R3=0

[FLAG 1

C-A-2
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1150
11606
1170
1178
1178
11680
1199
1200
1210
1228
1230

1240

1250
1260
1270
1272
1280
1290
1300
1310
1320
1330
1335
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1445
1450
1460
1470
1480
1490
1500
1565
1507
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700

(FLAG 2
(FLAG 3
[FLAG g

FOR J1=5 TG 33

JF FLAG4 THEN 1820

JF DLJ1,21%0 THEN 1290
wsJi-1

JF FLAG! THEN 12508

JF FLAGZ THEN 127@
(0TO 1820

(FLAG 1

(070 1272

(FLAG 2

IF DL Jy81-K3-K1=P2 THEN 1820
(0TO 1540

J=Jl

JF DLJr7142 THEN 1360
(FLAG 1

(FLAG 2

»2=D[ J+1:8]1-DL Js81]
S$FLAG 6

S¢FLAG 3

(0TO 1540

IF  NOT FLAG1 THEN 1410
JF DL J»SI4C2 THEN 1720
(CFLAG 1

SFLAG 2

COTO 1540

1F DLJ»S51=C1 THEN 1510
IF FLAG2 THEN 1720

JF DLJs514C2 THEN 1720
SFLAG 2

JF FLAGE THEN 1505
1= J»81]
F2=DLJs81-D[5,81

(OSUB 1740

F=0

Fi=1

.OTO 1720

(FLAG 6

(OT0 1720

¢FLAG 1

1F  NOT FLAGZ THEN 1443
(FLAG 2
F2=DC Js 8 1-X3-X1

(osuUB 1740

IF P3<?74 THEN 1590
¢FLAG 4

F3=74

F4=6/(P2-P)

JF FLAGS THEN 1630
SFLAG 5
FL1s3)=AL 193]+ (P2-P)*N

FOR K=(Pl+i3 TO P3

ALKy 31=2AL Ky 31+ (P2=-P)*ALK) 5 1*6
E[K»21=2P4#AlKsS)

NEXT K

JF  NOT FLAG3 THEN 1700
H3=K3+K2

(FLAG 3

F=p2

C-A-3
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1710 F1=P3

1720 MEXT Ji

1730 (QTO 1820

1740 F3=sINT(P2-6)
1750 IF P3=P2/6 THEN 1770
1760 F3=P3+1

1779 FETURN

1820 (FLAG 4

1830 (FLAG 5

18408 (FLAG 3

1845 (FLAG 6

1850 FOR K=2 TO Ki+}

1860 ELKy31=BIKy3+BIK)2)

1870 MEXT K

1880 (FLAG 1

1890 (FLRG 2

1900 HEXT I

1910 F[1511=Bl1+11=AL1,91/BL1:6]

1920 FL1s33=AC1s3 1M

1938 FOR K=2 TO 79

1940 FIKs?1=C(ALKsBI+ALKs 1012 %6

1950 1F K>2 THEN 2008

1968 FLKs3I=ALKs?]

1970 ELKs41=B[Ks3]

1988 ELKs31=B[Ky8]

1990 (0TO 2850

2800 FIKs91=ACK-1:9J+ALKs 7]

2005 FLKy31=ALK-1»31+ALKs 3]

2019 E[Ks41=BlK-1+41+B[Ks3]

2028 FLKy121=ALK~1s121+ACKs 12

2030 E[Ky91=BLK-1+91+B[Ks8]

2050 ELKsE1=ACKs»9] AlKy1]

29355 ELKsS1=BLKs41/BLKsE]

2060 ELKs181=BLKs9 /ALKy 9]

2078 ELKs121=ACKs 121/ACKs 9]

2080 MEXT K

2090 FRINT TRABSSsA$sLIN2

2160 FRINT " TIME df F Nr dNT HT A
2110 FRINT * === - - - —-- = -t
2120 FORMAT SFS.0:F9.8,F8.0

2130 FOR J=1 TO 7S

%}gg ;EITE (2s21200AC D 1 HALJsE AL S8 AL Iy 18 1AL Js P 1AL S99 1HBL U+ 63
2160 FRINT LINZ

2178 FRINT * TIME  plcs2) H-r n? dio-C ftTENPJ“
2188 FREINT —eme secmee - el
2190 FORMAT F2.0sF10.4sF11.49F9.49F12,2:F13.3

2208 FOR J=1 TO 7S

2218 FLJs31=AC s 231/RAl Js 9]

2220 L RITE (2y21900BL. s 1 DAL Is31BLUsd 1Bl 1y S 19 Bl Iy 1819 BE 41121

2238 YERT J

2235 FEWIND

2249 FRINT LINZ

2258 11SP "TO STORE-(CONT.sEREC, )"}
2260 ¢TOP

2288 115F "CHHNGE THPES"$

2298 L TOP

2380 115F “INPUT #1 TRACK FILES":
2218 JHPUT H1.M2

2326 STORE DATA #1sN1sA

2320 FRINY

2349 "TORE DATA #1.H2,E

2399 FRINT "DATA I3 STORED IH To¥ OPTIMIZ, TAPE 11 RS FOLLONS:®

e
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2360 FRINT TRAB10» "ASC?5+12) IH#1s "IN

2370 FRINT TABLQ» "BSC?S9r12) IN #1»"IH2sLIN2
2380 LISP "RUN NOW COMPLETE!I!"

2385 FEWIND

2390 END

C-A-5




ADDENDUM C-B
NORMALIZED DATA FROM ADDENDUM A-A
|
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TINE

- - v

10

12
18
24
30
36
42
48
sS4
60
66

rs:]
24
98
96
182
108
114
120
126
132
138
144
158
156
162
168
174
188
186
192
198
84
a10
¢lé
pee
28
&34
40
£48
¢92
c98
: 64

Ny

TP 0 P P
R0 O30~
Lol Rl L R

o
-

U eaOal
Q@l.'{!@&QGG@Q@Q@G@NO@PJG’@QGQ@@@G‘O@Q@“QQ(&@’-‘PG@'—‘I\ QLMD H

Nr
198

163

a1

dNT
19895
1236
1230
1212
1182
1080
19892
1062
1050
1832
948
924
918
906
894
864
804
768
726
714
782
678
648
618
594
976
S70
570
o8
298
922
480
474
426
426
402
378
360
348
336
336
336
336
318
318
306
306
288
288
264
222

C-B-1

NT

1985

1236

2466

3678

4860

v940

7032

8094

9144
10176
11124
12048
12966
13872
14766
15630
16434
17202
17928
18642
19344
20022
20670
21288
21882
224358
23028
23598
24168
24726
25248
25728
26202
26628
27054
27456
27834
28194
283542
28878
29214
293550
29886
36204
38522
30828
31134
31422
31710
31974
32196

APRIL 38,

Mg’
199
{13
{13
204
203
198
195
193
191
188
185
183
18e
178
176
174
171
169
166
164
161
159
157
154
152
150

P P P Pt P P P Pl P

O G = 0= 0t 0o =0 0o =n
NAD D G0 B OV D

1979




P R IR S N T IR P T )

AT S DTGB OTOm

Pa 3 G I T e (50 D AL D 00—~ Ty T ) S fa (O LI T e e T
P L e e o A L Rt R X D R e g o

B oW S e Y O S O (ORI R U S8

. . T L I N S S S Tt T B )

24
a4
)
24
=4
ﬁ
M
a4
34
24
34

~
s

ARG TP TR A P Ta T TP Ta Ta &2

fax]
»

%}
1 Ja

=S Tl o Gy T3 D000 0y Ju—
335

(%]

T TO a0

OO OSOC oSO DIICTITOTY
P e kol el ol

AT ERTeRT R xR K R el ve ]

N Ty 3 oD 5 e T 03 AN Y

B g A C8

L
E -8

- 93
a4 ) ::;
': 4 ) g é

£ e oy =3 L0 o e o LA T

NN e 2o b o S GO0 DI LI 0ITI T T

34
34
34
34
34
34
34

24
34
34

921
36
89
8s8
a8
36444 7
36654 86
36864 85
1o crd ) 25
21 37284 24

Pt P Jul P Pt Gt Ph P Pk Peh Pt Pk Pt Pt
NI O O O U O TR - CO R S

BOICIEIGIEI LD EH DI LI L L LY L O LW LI LD L

W KD
E <N

o3 T o) o ol T

[N

3T
Pt
s G

Ty G AN
o T30 €20 00 TR

[y
Dol ]

._s.-sg.s.—n’_‘.—sg—s.ﬂ.—s.—s.—..—-.—..—..‘”pp‘“’-‘&:if_gjl:{!i}.
-
g
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R T AT ST T AR KL SR B SR
T Ee 1o 10— = D
ORDROTDERNOSS

-3
~1 =AU P PO
oy

o
D

ces
-1 )
b
Lae

- —_r-_— -

B. 0341
26,6262
26,5004
27,1386
27,2000
2¢.8282
28,1117
28, 3350
26,6102
23,8201
29,3656
29,8794
39,5155
31,1033
31.6659
32,2330
32,8561
33,4059
33,8628
34,3447
34,9001
35, 3446
35,7484
36,1158
36,4645
36,7317
36,9637
37.1159
37.2207
37.2751
37,3367
37,4207
37.3773
37,4028
37.4177
37,4439
37.4531
37,4303
37.4136
37.4132
37.4128
37.4125
37,3686
37,3480
37.2154
47.0929
36,9673
36, 8652
36,6717
36,4017
96, 1633
35,9679

PRGNS S IR PSS SO "

N-n

@.0000
£€3.0171
119,.6540
170.7588
214,5720
259.5000
3pe. 1180
351.9530
393.6440
429.8400
46%.4570
49¢€, 3900
528.0030
55€.8940
591.70¢60
€10.73%0
€26.6830
£41.5810
659.08156
675.85560
€88.40%0
701.4950
714,.25806
724.1169
732.8870
742.8329
755.£070
766.6430
7r7.3450
785.9440
793.5040
8p2.5160
8198.7160
818.91€0
824.9230
829,9300
834.1680
839.0400
841.9120
844, 7300
847.6480
850.5160
853.2770
85€.0380
859, 0870
263, 9850
2E%, 3748
6L, 2430
ge8. 2500
SE8. 6680
869,0877
869, 5M .

9.£971
9.8018
9. 9407
£.8893
6.2203
6.3478
£.4734
6.6066
6.7254
6.2453
$.9636
7. 8305
7.13949
7.3123
7.4390
7. 5664
T 6715
77796
78837
79874
8.8981
8.2074

C-B-3

dio=Co

- -t ——

fCTEMPY

-~

18,768
18,714
19.661
18,685
10,549
19.494
18,440
18,366
18,334
18,282
19,225
19,169
18,112
18,855
16,088

9,939

2,879




"2
318
224
%30
286
242
348
=54
Z60
266
a7
278
284
%90
296
402
408
414
420
426
432
438
444

35,7958
35,5459
35.3270
35. 1240
34,9235
34.7256
34,5301
34,3370
34.1462
33.9578
33.7717
33.5878
33. 4060
33.2265
33.084%0
32.8737
32.7004
32.5291
32.3597
32.1923
32.0269
31.8633

31.6838

869.9220
870.3400
870.3950
870.4490
870.5030
870.5570
870.6110
870.6650
870.7190
870.7730
870.8270
870.8810
870.93%50
870.9890
871.0430
871.0970
871.1510
871.20%50
871.2590
871.3130
871.3670
871.4210
871.4210

8.3155
8.4222
8.5240
8.6277
8.7300
8.8311
8.9309
9.8296
9,1270
9.2233
9,3185
9,4125
9.5054
9.5973
9.6881
9.7778
9.8665
9.9542

19. 0408

10. 1265

10,2113

10. 2951

18,3774

C-B4

44,97
44,69
44,42
44,16
43,89
43,63
43,37
43,12
42,87
42,62
42,37
42,13
41.89
41,65
41.42
41,19
40,96
40.74
40,51
40.29
40,087
39.86
39.64

9.819
9.760
9.702
9,643
9.585
9.528
9.472
9.416
9.360
9.306
9.252
9.199
9.146
9.094
9,043
8.992
8.942
8,893
8.844
8,795
8,747
8.700
8,653




ADDENDUM C-C
PROGRAM FOR LEAST SQUARES SOLUTIONS FOR TEST CYCLE PARAMETERS

P TR




¢ meny o

LOA
ToV

949

19a
119
126
130
140
158
188
165
17@
18@
198
200
218
228
239
233
234
248
245
258
268
265
ave
288
238
308
318
328
338
348
368
379
3:8
382
389
390
41%
428
4318
448
459
469
478
480
490
568
518
528
Sze
548

D#t 183
OF TIMIZ. THPE II

REl "PROGRAM TAKES COMP. TEST DuTAsF.-Ms TIMEs Tmaws Twirs Py ALD DOES A LERAST &, "
RE! "MULTIPLE REGRESSION ANAL. "0 SOLVE PARAM, OF: FoH=F ho+KE#(t~tal 1B, "
REI"WITH A LOGARITHMIC PROGRES:ION WEIGHTING, IT THEH GIVES GOODHESS OF FIT”
REF“STATISTICS (CHI SQUAREsNULI. CHI S0, AWD EOLMOGOROV-SMIRHOY s FOR
REN"ERCH OF THE VALUES USED IN THE ITERATIVE SOLUTION.”

DIM ASL7Ss121sBS07Ss 120002920 DE2y1 sEL 21 FELVSs 12T R4020]

DIF THL40 15040 X$L2081s Y020 1L WELS]

DItP “"DATE"S

INEUT fi$

LCAD DATA #1+5.8

LOAD DATAH #1.6.8

N1=33

REDIM ACHIs12]

REDIM BLH1s12]

REDIM FLN1:121

N:=g4

GLTO 198

MFT PRINT A v a0
MET PRINT B3 R S R

DISP "IF ERROR-1s0K-8"3 L

It PUT 2 At

IF 2=8 THEM 233

DISP "MAKE CHGES--CONT.sEXEC.
%‘2? M I
18P "MAX. TIME"$ . oy OF
IHPUT T8 o ™o
EL2111=0.6 pEPRODUEE 0
FemRAl1s8] AT T
FIRMAT FS.2sF7.29F7.2
FURMAT FS.2sF3.3sF8.39F2.BsF3 3:F4.0sF6. B 2F7.3
F(R 2=@.5 TD 4.5 STEP @.2
PFINT LINZ
PFINT TRESSsA$sLINZ
FFINT TRE2B "GSFC COMPONENT T 57 DATA PRARANETERS"sLIN1
PFINT TAEZZs " (#18160" s TRE4Ss "HULL"
PFINT “ ¥ “3
PRINT " G BETAt LHMEDA Chi Sa-DEGR  Chi2 k-3 K-8#"
PR INT “-—-- "3
PRINT " ———m  mmmmm mmm—m-

FIR R=2.95 70 3.5 STEP 8.3
PEINT * 2"3TAB3s"A"
PFINT “~---"31TAB% "~

WEITE (2s258324R

¢ =100

FIR Y4=8.9 TO 8.9 STEP 8.1
PR INT “—-=-mmmmmmm e "

Fi:R G=-B.2 TO -8.4 STEP 8,1
FIR ¥S=1 T 2
ISP Z3IRIV4I0
MET F=H

GLSUB S40
GLSUE Y58
HEWT 5

HEWT G

HEXT 4

HEAT A

HEXT 2

GrTO 11ve

Fi=ilzyl=Fe=ia=y2=F3="2=M=L=0

Cc-C-1




550 GITO 574

568 L=9

578 FOR I=2 TO H1

988 L=L+LOGCBITy 1 1+G)

S99 M= H+L

680 FLI,S1=(AlIs81~-FB) Bl I+16]

€10 F=LOG(F[I;J])

620 E= (BLI»101-CAL1+31%C1-Y4)05¢2
630 E=E#A*{1-Y4)1E[ 21 ]

640 E-E+BLIs121%2%(Y¥4/2)PE[241]
650 Fl[1+41=E

668 X=LOGC(FLI,41>

€70 F=F-}

6388 FisFl+L+F

€98 Y:=LO0G(BLI+11+0)

788 Yi=Yl+lsy

710 Fi=F3+L#F+Y

720 YI=Y3+LEVEY

738 MEKT I
748 RETURH
¥58 Cl1s1]
760 Cl1,2
770 Dlis1
788 D21
798 Clas1
868 CL2:21=Y3

810 MRT C=INVY(C)

820 MAT E=C#D

830 IF E[1.11:2080 OR E[1,11<-208 HEN 388

840 E[1,11=EXPC(E[ 1,1

850 G(suB 998

898 Mi=M1-5

900 Di=1.22/¢(28810.5)

910 HI=2xN2-E[2+1]

920 REM"Di=K-S*% FOR @.1 LEVEL OF IGNIFICRHCE"

930 REM"Hi=NULL CHI S&. VALUE"

948 IF H>HS THEW 989

950 HFITE (2:2603¥4sGsEL291 10 CELL 1 1%10ME0sHsM1sH1+S1D1
960 H'=H

988 RETURN

998 M1=S1=H=8a

1600 F1=F2=

1816 FOR Ji=2 TO NI

1828 1'ISP Z3ASY43G3J1

1030 F=E[1s11#FCJ1+41%CBL 1+ 1 J+53 EL2s11]

1040 :2=ABS(F-FLJ1+S]

1858 JF S2<{S1 THEN 1670

1060 $1=82

1070 F=F*BLJ1+E]

1888 F=F-F1{

1898 1F F{S THEN 1158

1109 F1=F1+F

1119 F2=ALJ1+3])-F3-F8

1120 k=H+((Fe2-F3t2)-F

1120 F3=F3a+F2

1146 ti=M1+1 |
1150 BEXT Ji

1160 FETURN ‘
1170 FRINT LIM1

1180 FRIMT "tmax="iBIHLy1 I3 "HRS." TAB4S, (2+H2)§ "DEG. FREEDORM",LIN2 |
11908 LISP "WANT CDMPHPIS“N WITH DATA-CCAE>"}

1208 ¢TOP

1210 LISP "THRUTSYsGeBtskeC1OtE) "
12208 THPUT Y4sGsBEsK

1230 | =K. 1016

1248 I'ISP "ENTER:ZsA "3

<’n'n-rz
) s

nannun

d bt $d A

.,,
1]
"

[
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1258 THPUT 2yA

1268 FRINT LINZ

1261 FRINT TABSS:RA$

1262 FRINT "PARAMETERS ARES "sL.IM1

1263 FRINT “y="jv4

1264 FRINT "G="ig

1265 FRINT "B="}B2

1266 FRINT "K="3Kj"%1g1-6"

1267 FRINT "2="32

1268 FRINT "A=";A

1278 FRINT "F/N(E:p,T)=F/No+K*(2Ei?f2)TB+H(1~?)TB(Tx-Tn)/(1~v)p)Tz)(T+G)TBt"
1280 FRINT " TIME F/Ndata  F/NCE,T)™

1298 FRINT * e tutatatatetd "

1308 FORMAT FE.@s2F11.3
1310 FOR I=2 TO Nt

1320 E=(BLIs181/CC1-Y4)%AL 15 33) 240

1330 E=E#A%(1-Y4) B2

1240 E=E+24Bl[ 1,12 1%(Y4.2)1B2

1356 F=F8/BL 16 +K*E#(BL 111 J+G) 1B

1360 WRITE (251300>AL1511sAC1s81/BLIs61sF
1370 MEXT I ‘

1388 PRINT “THIS IS IT!i1",LIN3

1399 STAMDARD

1468 FEWIND

1416 END

L - -
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ADDENDUM C-D
SAMPLE OUTPUT OF PROGRAM FOR LEAST SQUARES SOLUTION
(ADDENDUM C-C)




-

-t - — - -

8.9a

@.38

tMax=

GAMMA

- - - -

228 HRS.

GSFC COMPONENT TEST DATA PRARAMETERS

BETA

8.654
8.653
8.656
B.656
8.657

8.655
B.65%
8.656
9.656
6.656
8.857
8.658

(%1916

)

LAMBDA Chi Sa/DEGR

420
442
441
439
437

432
429
427
426
424

420
419
416
413
4195
413
412

e . - -

C-D-1

1.460
1.451
1.441
1.431
B.412

1.458
1,446
1.4335
1.425
3,405

{.453
1.453
1.442
1.431
1.431
1.420
1.4198

-1
-1
-1
-1

%

-1
-1
-1
-1

@

-1
-1

NULL
Chiz

104
104
164
104
164

lv4
1e4
104
104
103

104
104
104
104
184
183
183

68

K-8

DEG.

K-S#

o - -

@.086
'8.086
0.086
0,086
@.086

8.086
8.086
@.086
6.086
@.0886

********************-‘.&******************************%

8,686
@.986
a,086
8.086
8,086
@.0886
@.886

FREEDOM



PARAMETERS FARE:

Y= 0.9 °
G=-0.4
B= 0.657
K= 4,24000E-04 *10t-6
2= 0.5
A= 3 )
F/N(Eap:T)=F/N0+K*(2E(?/2)TB+R<1-?>TB(Tx-Tn)/(I-Y)p)Tz)(T+G)TBt
TIME F/Ndato  F/NCEsT)
€ 0.044 0.044
12 0.063 0.059
ig 0.073 0.070
24 0.074 9.080
3¢ 0.086 9.089
36 0.108 2.098
4z 0.109 8.185
48 6.121 Q.113
54 0.127 e.119
17 0.129 0.126
66 6.131 0.132
[ 0.139 0.138
78 0.146 0.144
84 0.148 2.150
o¢ 0.167 0.155
%€ 0.169 0.161
18z 0.172 @.166
le¢ 0.181 8.170
114 0.183 0.17%
126 0.186 0.180
126 0,189 0.184
132 0.192 @.188
13¢& 0.194 0.192
144 8.197 8.196
135a 0.200 0.200
13¢ 0,203 0.204
16z 0.206 0.208
lé¢ 0.209 8.211
174 0.211 9.215
ige 0.214 0.218
18¢ 8.217 0.222
19z 0.234 0.225
19¢ 0.238 0.229
204 6.241 0.232
2la 0,260 0.235
2ie 0.264 9.238
2az 0,268 0.241
aze @.272 0.244
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APPENDIX D
DEVELOPMENT OF THE OVERALL RELIABILITY GROWTH MODEL

Component reliability growth functions within cach thermal vacuum test phasc arc discussed
in Appendix C. This appendix, D, covers the concept and development of mathematical expros-
sions which transfer reliability growth from one phase to another, (¢.g., component level testing

to system level testing and on to space flight).

There are two approaches that may be used for this purpnse. One method assumes a con-
tinuous function with time measured from the beginning of component testing all the way
through to the end of life:Jother function parameters are associated with given phases and are
used as needed. In the second method, separate functions are used to represent component re-
liability within each phase, and appropriate adjustments are made at the beginning of each phase

based on the end conditions of the preceding phase.

The first method results in o smooth transition of failure rates and total failures. In the
second method, a new time base is established for each phase. This results in a failure rate at
time t = O that theoretically approaches infinity: this is followed by a rapid drop so that at time
t = 1 the failure rate is equivalent to the final value achieved in the previous phase. As a con-
sequence, there is a slight increase in the number of failures over those generated when using

only one continuous time variable.

The second method is believed to represent the process that occurs between the three phases

considered in this study more correctly: it has been used for the following reasons:

(1) The functions for failure rate, h(t), and cumulative failures per component, F/N. for
cach phase were initially derived independantly, (Ref. 1 and Ap. O). The computed values of
the location parameter, gamma (7), used in each case did not indicate the need for further adjust-

ments to the time base.
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(2) Ref. 1 infers a correlation between final system test failure rate and the space failure

rate function at time t = |, Mathematically, this can be expressed as:

h(t)rest = (KEB)gpace (D-1)

where K, E, and B are the reliability growth function parameters defined in Appendix C.

Also, as in Eq. C-2 of Appendix C (but with t + 7 substituted for t), the function
h(t) = KEB(t + 7)B-! (D-2)

describes the failure rate at any time, t, during system test (sce Ref. 1).

(3) The ability of the model to simulate an increase in the number of failures at the start
of system test and also during space flight is a highly desirable feature that accounts for those
defects introduced because of the interactive effects of one component on another (resulting, per-
haps, from system integration and the disruptive or transient thermal stresses present during the
launch). In the techniques used in “failure flow analysis,” these perturbations are taken into ac-

count and added to the defect population in subsequent events (Ref. 17).

In the approach of the srcond method described above, an allowance for these initial anoma-
lies is automatically included at each successive phase. The first method does not simulate this

situation.

A graphical representation of this process is shown in Fig. D-1 (using a constant environ-
mental intensity). Both failure rate, h(t) x 104, and cumulative failure per component, (F/N) x
100, are plotted. Had these functions been plotted using full logarithmic coordinate paper, sys-
tem, they would both appcar as straight line functions of time. (This is a convenient character-
istic of a “power distribution” or the Duane growth model.) Note that there is a continual de-

crease in failure rate (increase in reliability), except for the time between successive phase.

As noted above, Fig. D-1 represents a reliability process with the environmental intensity

held constant for each phase. If the intensity factor in any phase were increased, the failure rate
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would be higher and more failures would be expected in a given period of time. A corollary to
thic statement is that the same number of failures in a test will result in a shorter period of time

if the environmental intensity is increased.

An interpretation of this relationship is represented graphically in Fig. D-2 which shows the

relarionship between time and failure rate on a loearithmic scale. Total failures are represented

D-3
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as the areas under the curves. Using the cancepts of failure flow analysis and the above, we can

write the following relationship;

(FIN), +(F/N)yy = (F/INy + (F/N)y (N-3)
where (F/N) is the number of failures per component and Jhe Roman numeral subscript indicates
the appropriate enclosed area in Fig, D=2,

d’ is chosen such that
(FIN)y = (F/Niy (h-4

Substituting the equations for F/N developed as a function of I and t (Appendix C. Eq. C=3)

into Eq. D=3, leads to the solution of the cquivalent time, d', a tunction of environmental inten-

k 18
d' = <-l-,-> d (D-5)

sity k.

i h'= KE'B
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Figure D-2. FEffects of Environmental Intensity Factor, E,
on Failure Rate




Thus, the failurce rate of an item under test at an environmental intensity of E for a duration q

results in a failurc rate of the item at an intensity of E' of

r\F
ht, E’)'—'KE'B('E,) (t + 7! (D-6)
wherc t+y=d.
As can be scen from Fig, D=2, the immediate effect of increasing environmental intensity
is an increase in the inherent failurc rate inferring a decrcased failurc rate (and a commensurate
increase in reliability) in subsequent operation assuming that the operating environmental inten-
sity is returned to the lower value, E. (It is assumed that no unrealistic failure modes are intro-

duced by the various values of the environmental intensity.)

This philosophy, together with Eqs. D-5 and D-6, was used in deriving the mathematical rela-
tionship for component failures and failure rates from component testing through space operation.
These relationships are given in Addendum A to this appendix. They are used within the total algor-
ithm contained in the computer program (see Addendum J-C) which, in turn, is designed to com-

pute component ieliability parameters in space as a function of the component and system test plan,

Fig. D-3 is a plot of failure rates gencrated by the analytical model. Typical parameters as
observed in the analysis of actual data from GSFC spacecraft programs from 1960 to 1970 were
used to generate these graphs. The results are in good agreement with the average values of the

data sample of 57 spacecraft (Ref. 1).

An environmental intensity factor for space of 14.26 is used in this model. This value was
arrived at as follows, First, a set of assumptions was made as to the average orbital conditions.

These were:

(a) The temperature ranges between 5°C and 35°C,
(b) It takes six months to go from one temperature to another,
(c) The temperature varies linearly with time,

(d) There is no short-term thermal cycling effect.
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In view of the very slowly varying temperature (30°C in six months), it was considered more
appropriatc to apply an *“‘avcrage temperature” approach to deriving an environmental intensity.
Eq. D-A-4 (of Addendum D-A) provides an equation for the environmental intensity at constant

temperature as

0.0306(T, + 32 0.0306(62 - T
e ( H/C ) +e ( H/C) (D—7)

EH/(‘

(The subscript H/C indicates a maximum or minimum temperature condition as appropriate.)

Over the range of 5°C to 35°C, Ey is approximately equal to Ec. One can then say that

Ey + Ec is equal to twice some average environmental intensity, E, that can be expressed as

- 1 Ty
E=ar L Eye 4T
1
(D-8)
1 Ty T
= — [ e0.0306(T +32) 4T + / 0.0306(62 -T) 4T
AT | Sy T
1 1
so that the environmental intensity can be expressed as:
Ey + E¢ = 2E (D-9)

Although the temperature profile actually consists only of very long transitions (of six months
duration) and zero length dwells, the value for y is selected as unity. This is done in consonance
with the concept that the very long transitions induce a stress comparable to that which would arise
from the application of an average temperature; the long transitions then become essentially dwell
times at the average temperature. What would normally be considered dwell time (the time spent
at a constant temperature) is zero for the triangular temperature functions. I'herefore, this
triangular function results only in a dwell (equal in length to the time to go from one tempera-

ture extreme to the other) and no transition. Since p is defined as transition plus dwell time and

y is defined as dwell time divided by p, y then equals unity.

D-7
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The bracketed term on the right hand side of Eq. C~12 of Appendix C may be seen to be
the total environmental intensity factor. Substituting Eq. D-9 and the value for y of unity into

this expression yields, as the total environmental intensity,

B(L) + 3 p(Tu = Te )™ 10

F‘TOTAL = (2E) Y + 31 -y) (—{-;—;r‘; (D-10)
The second term in the right hand side of Eq. D-10 actually accounts for stresses in the
transition phase and since, as shown before, the transition time is taken as zero, this term be-

comes zero.

Performing the integration of Eq. D-8 yiclds, as the solution for the average environmental

intensity,

— |
[co.oaos(rnm) (D-11)

0.0306(62-Ty,) 0.0306(T+32) 0.0306(62-T-)
E = e -¢ +e
0.0306('[‘“ -

c)
Taking Ty = 35°C and T = 5°C yiclds a value of Eqgpa = 14.26.

It is recognized that this method yields only an approximate solution for the space environ-
mental intensity. However, because of time limitation and a lack of data, further effort in this

area was not possible. Continued study and refinement should be pursued in the final phase of

study so that the parameter, E, may be determined for any specified orbital condition.
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ADDENDUM D-A
MATHEMATICAL RELIABILITY RELATIONSHIPS FOR
TEST AND SPACE PERFORMANCE




Definitions:

B,

P,

- ol

= 2,1,0,
| .
H,
c,

H/C,

Subscripts:

‘a,{']
1
ADDENDUM D-A
MATHEMATICAL RELIABILITY RELATIONSHIPS FOR
TEST AND SPACE PERFORMANCE '
Reliability growth parameter: equal to the slope (on a log-log graph) of the rela-
tionship between cumulative failures and time. (B, = 0.7, B, = 0.6, B, =~ 314)
Environmental intensity
Hazard or failure rate
Initial cumulative failure rate at time = |
Number of components
Dwell time + transition time: dwell time is the time that the item spends at the
hot or the cold temperature (taken as equal), transition time is the time that the
item takes in going from the hot to the cold condition or vice versa (taken as
equal in the two cases)
Temperature, degrees Celsius
Time within a specific phase (test or orbital); hours or days as appropriate
Dwell time/p
Gamma, location parameter: applied to a particular function so that it may more
closely represent initial variations in data. (Y, = -0.4h, 7, = -0.8 days, 7o = 3 days)
Component test, system test, or orbital phase related (respectively)
Transformation to space environmental intensity and time units in days
Maximum temperature condition
Minimum temperature condition ‘
A convention indicating the maximum or minimum case depending on whether \
the H portion or the C portion is considered
D-A-1




I. COMPONENT TEST PARAMETERS
. Failure (Hazard) Rate (see Eq. D-2)

h(ty, Ey) = K,E,B,(t, + ‘72)83'l failures per unit hour* (D-A-1)

9

Failures (see Eq. C~12)

Fy = 0.02N + NK,E,(ty + 7,)" failures (D-A-2)

3. Environmental Intensity

Eyc = 60.0306(’?“/0 + 32) re 0.0306(62 - Tyy ) (D-A-3)
B 112
y\™ Ty - T
E, = (Ey + Ec)(— + 31 - y)Bz(—H————S) (D-A-4)
2 (ad-y)p
4. Failure Rate Related to the Fnvironmental Intensity of Space, E,, (from Eq. D-6)
By-1
B E;\8; B,-1
hity, Eg) = (24 2) K, E B, (—E—’) Py + 1 (D-A-5)
0
where 24Bz is necessary to convert failure rate units from hours to days, letting
82“
B B E,\ 7B;”
K, = (247 K, (—’)(—’) 2 (D-A-6)
B,/\E,
then, the final failure rate can be expressed as
B,-1
h(ty, Eg) = K4EgB,(ty + 7,) 2 (D-A-7)

1. SYSTEM TEST PARAMETERS
A. Without Coniponent Test
1. Failure rate related to an environmental intensity of space, Ey,

Ky =K,

*Note: K, the initial cumulative failure rate for components, is taken as 424 x 1076, This is based on past history.
Yariations in the inherent failure rates that may accompany new techniques may cause this value to change.
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then,

E B, -1
It, Eg) = K, EoB, (El)k; , + A
0

2. Failures
F, = 00N + NKEy(t; + 7))
B. With Component Test
1. Failure rate related to an environmental intensity of space, Eo
K, = Koty + 1%
where t, is the final time of component test. Then,

B, -1
1
E,

B B, -1
h(tl, Eo) = Kl EOBI 'é— (tl + 7])

0

2. Failures

F, = NE,K,(t; +7)"

(D-A-8)

(D-A-9)

(D-A-10)

(D-A-11)

(D-A-12)

[il. SPACE OPERATION PARAMETERS AT AN ENVIRONMENTAL INTENSITY OF E,

A. No System Test
(a) No component test

1. Failure rate; using K, from Eq. D-A-6,
Ko = K4 (8,/By)
Bo"
h(to) = KOF‘OBO(tO + 70)

2. Failures

F, = 00N + NEgKq(t + 7o) °

(b) With component test:

1. Failure rate

D-A-3
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(D-A-14)
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B,-1
Ko = K4 (By/Bp) (t; + 7)) 2

where t, is the time at the end of component test

hitg) = KoEgBo(ty + 79) 0"

L1

2. Failures

= NoEgKq(ty + 10)P°

!
)
I

B. With System Test
(a) With or without component test

1. Failure rate
Bl -1

E\\ B B, -1
0

where t; is the time at the end of system test

B,-1
h(ty) = KoEgBy(ty + 7) °

2. Failures

B
Fo = NgKoEg(ty + 79) ©

D-A-4
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(D-A-17)

(D-A-18)

(D-A-19)

(D-A-20)
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ATPENDIX E
LAUNCH COSTS

The analytical model provides t' 2 user with the ability to determine thie cost of launching 4
payload, it includes a large number of options. Either an expendable launch vehicle or the Space
Transportation System can be selected. Payload project launch costs (e.g., manpower) are not

included.

In order to keep the program simple, only three expendable launch vehicle options are in-
cluded, the Scout, the 2900 serics Delta, and the 3900 series Delta. Other options can easily be

added to the model since they are simply fixed inputs,

Using the value of the 1978 dollar as a basis, the cost of a Scout launch (obtained from a
project that uses a Scout launch vehicle) is taken as 2.4 million dollars (abbreviated in this report

as $2.4M) of which $2.2M was for vehicle costs and $0.2M for support services,

The cost of using the 2900 series Delta (Castor 11) was estimated as $15.4M and the 3900
series Delta (Castor 1V) as $19.0M. Both of these costs were obtained as rough estimates from

the GSFC Delta project office; the costs include support service costs from the contractor.

STS costs were derived from Ref. 7. This reference describes the way in which STS costs
may be assessed against a user and contains a large number of options. The descriptions con-
tained in Ref. 7 lend themselves to an interactive computer approach and this approach was

followed.

Again, in the interests of simplicity, only certain of the options are included in the analyti-
cal model. Basically they include:
(a) a dedicated or a shared mission,

(b) free-flier atcached, or Spacclab payload configurations (small, self-contained payloads are
uot included),

e s st




(¢) if Spacelab, a dedicated or shared element. Also, whether palleis only or pallets and the
pressurized module are used,

(d) Orbital Maneuvering Systems (OMS) kits are availuble in the frec-flier or attached payload
configuration options (OMS kit weight and length are internally added as payload
parameters),

The model is designed to construct costs based on cither weight or length depending on
which parameter is determined as governing within the model. The volume parameter applicable

to the Spacelab payload configuration was not included in the interests of simplicity.

The model assum s a 60,000 pound STS capability and develops costs based on this. Also,
the user is considered as Civilian, U.S. Government. In the Spacelab configuration, only the long
pressurized module is considered. The number of pallets required is a user input and checks are

made internally to determine that Spacelab element weight constraints are not exceeded.

The user is also provided the option of adding an upper stage to an STS payload. Five con-
figurations are available. FEstimates as to cost. weight, and length were obtained verbally from
NASA Headquarters, They include support services. The values used (normalized to 1978 dol-
lars) are:

(a) SSUS-D: $3.2M, 7.500 Ibs, 7.5 ft.

(b) SSUS-A: $3.6M, 12,200 Ibs, 8 ft.

(¢) TUS-two stage: $12.4M, 32.000 Ibs, 16.4 ft.

(d) [US-twin stage: $14.5M, 48,700 Ibs, 21.8 ft.

(¢) 1US-twin stage + spinner: $15.3M, 55,900, 27.2 ft.

The section of the program that deals with launch costs is contained in File #2 and runs

from step 25 to step 2113 and subroutines from step 5990 to 7240 and from step 8000 to 9680.

E-2
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APPENDIX F
ESTIMATION OF PAYLOAD WEIGHT BASED ON COMPONENT COUNT

I instances where the payload weight is unknown, it may he estimated based solely on com-
ponent count. This is obviously @ very rough approximation but provides a nser with i wily of

exercising the program,

The estimating algorithm was denved by comparing the number of components in a number
spacecraft (taken from Refs. 1, 4. 5, and 0) with the total spacecraft weight as listed in Ret, 8.
Spacecraft from the time frame 1965-1069 (29 samples, Fig. F=1) and 1970-1975 (206 samples,

Fig. F=2) were compared using 4 least squares solution to an equtation of the form

y = ¢ expliny) (-1

tnasmuch as the data trom Fig, F-2 were the more recent and therefore felt to be more rep-
resentative, the cquation:

Payload Weight, pounds - 118.28 + exp (00301 x Nuiaber of Components) (-2
was used as the algorithm to establish payload weight tor a free-flice payload.

The instrument portion of a free-flier payload was taken to be 1/4 of the total payload
weight. This proportion was arrived at from data taken trom Table 1 of Ref. 9. Table 1 also

provides data on gross weight and experiment weight for 17 GSFC spacecraft,  This data is plot-

ted in Fig. =3 together with the straight line describing the relationship. This line is {itted by
eyc.

If the payload is an STS attached or Spacelab payload, the entire weight, as computed by

Eq. FF=2 is taken as the instrument weight.

The pertion of the program that performs the estimating is contained in the subroutine

steps 4000 to 4300 in File #2.
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APPENDIX G
ESTIMATION OF PAYLOAD RECURRING COSTS

The model requires ar: input of payload recurring costs. If the user is unable to provide this
as an input, it is internally gencrated based on the payload weight, the type of instrument in-

volved, and whether the payload is a free-flier or not.

If the payload is a free-flier, the payload weight is distributed as 3/4 to the platform and

1/4 to the instruments. The platform cost is then computed using the equation:
Platform Cost, M$ = 0.02498 (Platform Weight, 1bs)0-8! (G-1)

This relationship is taken from the recurring cost estimating relationship for the first unit as

found on page 1V-29 of Ref. 10.

Exhibit 5-1 of Ref. 11 provides cost estimating relationships (for the first flight unit, less
design, development, test and evaluation) for 18 types of instruments. 17 of these are based on
weight and one on power. In order to simplify the program, the relationship based on power
was omitted and the remaining 17 divided among three groups. The user of the program can
compare his particular case to the three groups (which name the instrument types) and select the
best fitting relationship. If none of the groups seem to fit as the instrument is unknown (as was

the case in developing the program), the user is instructed to select the average case.

If the payload is attached to the STS or a Spacelab mission, the entire weight is considered

as instrument and the cost computed accordingly.

The subroutine, steps 4430 to 4940, in File #2 performs the cost estimating portion of the

program,
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APPENDIX H
TEST COSTS

Table H-1 has been prepared based on data reccived from acrospace industry and government
sources. Since the basic data provided by the contractors contains information on the internal
company operations and since it was desired that this report be generally available, the data on
which Table H-1 is based has not been made part of this report; it is contained in a separate

document.

The nominal complexity of the payload indicated in the table is basically that of an earth-
orbiting, scientific spacecraft with a one to three year projected lifetime. It would be similar to
previous ones although requiring entirely new structure. However, very few, if any, entirely new
housekeeping function designs would be needed. Experiment instrument requirements during
test would be modest during test insofar as stimuli or test configuration constructions: for in-
stance, no critical alignments or special movements are needed. The spacecraft would contain

some 40 housckeeping components plus eight to ten instruments.

As a first approximation for simplicity, algorithms have been devised that base test costs on
the maturity of the item (i.e., protoflight, first flight unit, or follow-on unit) and on the number
of components contained in the item. Table H-1 is constructed from adjusted costs of nominal
complexity tests in 50000 ar< 1500 cu. ft. facilities and average component test costs in a 50 cu.

ft. facility, it presents the actual algorithms.

One cost that is included under test but is not immediately apparent is sometimes referied
to as a “marching army” cost. This is a cost arising in other project areas due to a delay caused
by the test program. The present algorithm contains only a rough estimate of this cost. It is
based on $120,000 per weck for a payload having 84 components or .120/(84 x 7) million <oi-

lars per component per day.



Table H-1
Test Cost Algorithms

I. Component Level Tests: (S0 cu ft chamber)
1. Protoflight or Qualification Unit or Follow-On unit
Cost, $ = (N9 + F2) x (R68 + 25.2x T2)+ F2x Q!
2. First Flight Unit Costs = 2 x Qualification unit component test costs
11. System Level Tests:
A. Large Chamber (30,000 to 50,000 cu ft)
1. Protoflight or Qualification Unit:

Cost, $ = (N9 x 3,400 + 147,000) + T1 x (N9 x 177 + 17,000) + Q2 x (N9 x 158 + 6,160) + F1 xQl
+Q3 A N9(T1 -T1/1.34)

2. First Flight Unit:

Cost, $ = Cost for a qualification unit test (same times and failures) + (N9 x 861 + 40,300) + T1 x (NS
x44.5+7,000)+Q2x (N9 x 158 4+6,160) + FI x Q1 + Q3 x N9 (T! - T1/1.34)

3. Follow-On Unit:

Cost, $ = (N9 x 158 + 6,160) + T1 x (N9 x 44.5 + 7,000) + Q2 x (N9 x 158 +6,160) + F1 x Q1
+Q3 x N9(T1 -~ T1/1.34)

B. Medium Sized Chamber: (1,000 to 2,000 cu ft)
1. Protoflight or Qualification Unit:

Cost, $ = (N9 x 2,86C + 69,800) + T1 x (N9 x 96.4 + 1,240) + Q2 x (N9 x 133 + 2920)+ F1 xQt
+Q3 x N9 (T1 - T1/1.34)

2. First Flight Unit:

Cost, $ = Cost for a qualification unit test (same times and failures) + (N9 x 679 + 19,100) + T1 x (N9
X24.2+516) + Q2 x (N9 x 133 +2,920) + F1 x Q1 + Q3 x N9 (T1 - T1/I 349)

3. Follow-0On Unit:

Cost, $ = (N9 x 133 + 2,920) + T1 x (N9 x 24.2 + 516) + Q2 x (N9 x 133 + 2,920) + FI x Ol
+Q3 x N9 (T1 - T1/1.34)

Legend:
N9 = Number of Components
T2 = Test duration, hours; F2 = Nr. of failures in component tost
T1 = Test duration, days; Ft = Nr, of failures in system test
Q1 = Repair Costs/failure ($5,300)
Q2 = (Nr. of system tests with retests)/(Nr. of system tests with and without retest)
= 27/39; based on GSFC data base
Q3 = Estimated Marching Army cost, $120K/84 component system/weck = $120/(84 x 7)
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APPENDIX |
DETERMINATION OF AVAILABILITY

In Ref.2, the Planning Research Corporation developed a parameter that they iermed
“availability"*® to describe the uscfulness of a spacecraft system as the mission progresses. A,
the instancous availability immediately after the nth anomaly, was defined in terms of the

degradation due to the anomalies up to the point as

A= ifl (1 - D) (1-1)

where Di was defined as the mission degradation that results from the anomaly when compared to

a perfectly functioning system.

This approach allows for the continuing operation of a payload even with a number of de-
grading anomalies.
For simplification, each anomaly was assigned a mission effect code with a corresponding

degradation as follows:

Mission Effect Degradation
Code (Per Cent)
1 2.5
2 20
3 50
4 80
5 97.5

Ref. 4 presents data based on a study of 57 spacecraft (all under GSFC cognizance). In
Fig. 5 of Ref. 4, the author presents a chart indicating the criticality of the total space malfunc-

tions (analogous to the PRC term “‘anomaly”) of the §7 spacecraft in the form of bar graphs.

Note* This usage of the term “availability” is different than that generally found in standard
reliability texts.



The criticality of cach malfunction is divided as follows:

Criticality Percentage Loss
1. Catastrophic >90
2, Major Loss £0-90
3. Substantial Loss 10-50
4. Minor Loss ' 0-10

The data is presented in Ref, 4 considering the existing conditions i.c., with such red undancy

as existed during the mission and without redundancy. In the case including redundancy, the values

shown are:
Criticality Percentage of Malfunctions
1 2.1
2 1.9
3 1.4
4 84.6

Addendum I-A presents data concerning the variation of the criticality of malfunctions with
time; while a formal proof was not undertaken, it was felt that there was sufficient evidence to
support the thesis that the criticality of a malfunction was invariant with time. With this hy-
potheses, one should be able to describe a single value of criticality, D*, that can be assigned to

each malfunction of a particular spacecraft such that

n
(1-D*)" =2 (D) (1-2)
i=1

where n is the number of malfunctions up to some time.

If D; assumes m number of different values of which any one can occur w to z times, then

Eq. (1-1) may be expanded and written as:

A= -a% x (1 -b x... x (1-m). (1-3)

1-2



Recognizing that n =w + x + . . . + z, we may take the logarithms of Eq. 1-3 and 1-2 and
by dividing one by the other and rearranging terms, we can find the value of the criticality, D*,

- based on actual data as

D*=1 = cxp[:? (win(l -a) + xn(l -b)+ ...+ 28N - m»] (1-4)
Substituting this value into Eq. I-1 the availability can be ¢xpressed as
A=(1=-D*" (1-5)
Ref. | provides the bridge needed to determine spacecraft availability as a function of time.
Eq. 3 of Rer, | expresses a relationship (based on a study of 57 spacecraft programs having an
—1'-. average of soime 65 components por spacecraft) that determines a cumulative failure rate as;

= F

Ap = —————— = K. (t +v)"2 failures per da; -6
pX N(t+7) olt+7) p y (1-6)

where: F is tiie number of failures during time t, N is the average number of components per
spacecraft, ¥ is a “location parameter” similar to that used to fit a Weibul} distribution, and a
is the slope of the line ( a growth rate).
The negative sign in the exponent is based ¢ a convention of referring to a as positive in
sign. However, the sign of ¢ in the reliability growth case is negative and so the sign in Eq. 1-6 should
: stually be positive. To maintain the mathematical treatment correctly, Eq. 1-7 which follows

Al the rest will consider the sign as positive. Therefore, rewriting Fq. 1-6 we have,

b F
‘: ———— K t+ «Q 1-7
N(t+7) olt+7) 0
Multiplying both sides by N(t + v),
F = NKg(t+y)t*o (1-8)

Again remembering the change in the sign convention for o, Ref. 4 defines a term

B=1+a (1-9)



and substituting this in Eq. 1-8 yiclds

F = NKy(1 + 8 (1-10)
This cquation was derived for failures; however, it can be modificd for malfunctions (i.c.,
any performance outside specified limits) by determining the ratio of malfunctions 10 failures,
FFrom Fig. 2 of Ref, 1 it appears that the ratio of malfunctions (M) to failures (F) is relatively
constant with time. Since Ref. 4 indicates 438 malfunctions of which 239 were failures, one

may define malfunctions in terms of failures for that group of spacecraft as,

438
= — F = |. -11
M 239 F = 1.833F (I-11)

Also, Ref, | defines values for ¥ as 3 (using days as the unit of time) and B as 0.311. The
value for K, in that report is given as 0.00918. This was based on an analysis considering an
average of 65 components per spacecraft. More recent analysis indicates that a value of 67.54
components per spacecraft would better suit the data. Since KoN is a constant, then the value

for Ky, based on N = 67.34, is 0.00886.

Substitution of these values in Eq. 1-10 yields, as the number of m.- . ootions at time T,

M

U}

1.833 x 0.00886 N(t +3)031
(1-12)

0.01624 N(t + 3)031

The development of the factor 7 in Ref. 1 stemmed from a need to account for a large num-
ber of early failures. Without this apparently high initial rate, the expression to describe the later
failure parametes could exclude the 7. Since early failures can be expected to include the pre-
ponderance of failures due to the mechanical stresses of launch (vibration, shock, etc.) and the
later failure can be considered as representative of the thermal vacuum environment, the ¥ factor
is deleted in this study in order to characterize those failures arising from the thermal vacuum

environment,

Addendum I-B provides additional information as to this assumption,

1-4



Combining Eq. I-5 and I-12 and deleting the v factor, the instantancous availability payloads

can be described as

A=( l.._,Dm)O.OI624N(t0’3l l) (1-13)

One apparent problem with the model for availability described by Eq. I-13 is the fact that
the availability is so directly tied to the number of compouents, One would intuitively believe

that as the number of components increased, the apparent criticality of a failure would decrease.

In order to develop a model to describe this phenomenon, it was decided to use 31 of the
33 spacecraft contained in the PRC model; the two that vrere omitted failed shortly after launch

and were felt to be not part of a family intended to describe thermal vacuum associated anomalies.

The data plotted in Fig. 1-1 depicts the expected criticality of a failure for each of the 31
spacecraft as a function of the number of components in that spacecraft. Through that data was

fitted an exponential curve and the best fit was found to be described by the equation

D* = 0.273 exp (-0.0086 N) (1-14)

Substituting this function in place of the coefficient (1 — D*) in Eq. I-13 (determined as in
Eq. I-5), the following equation is developed:

0.311)

A = [1 - (0.273 exp (-0 0086 N))] 0.01624Nt (-1¢)

Fig. I-2 presents a comparison between an average instantaneous spacecraft availability and
the analytical expression shown as Eq. I-13. The plot indicated as “PRC data” was constructed
from information obtained from PRC on 31 spacecraft that were contained in the GSFC data
base. This permitted a common ground for comparison purposes. The plot was constructed by
developing an instantaneous spacecraft availability for each of the 31 spacecraft and then averag-
ing these individual instantaneous spacecraft availabilities. If a spacecraft fell below a 5% availa-

bility, it was maintained as part of the sample at whatever availability it had although it was

1-5
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considered as being basically “dead.” In other cases, data was unavailable beyond some point in
time. In these cases, the spacecraft was removed from the sample and a new average computed
from that time forward; such a drop-out ic indicated by an “x" plotted on the graph. The plot
was terminated when the number of spacecraft fell below 10. Addendum I-C contains a listing

of the progra.n used to generate the plots and the data that was taken from the PRC data sheets.

It is felt that this comparison indicates a good correlation between the model which, except
for the function defined in equation I-14, was derived independently from the anomaly criticality

analysis performed by PRC.

One may describe a term A, based on Eq. I-14 as

Ag = 1-D* (1-16)

1 - 0.273 exp (-0.0086 N) (1-17)

The instantaneous availability, A, at the end of some time T, in orbit can be expressed as:
A = A, 1833KENID) (1-18)

where: K = cumulative failure rate at day one, E = environmental intensity of space*, N = num-

ber of components that comprise the system, and B = 1/3*#*,

If one were to define a desired instantaneous availability at some time t, then the value for

K can be derived from Ec. I-16 and 1-18 as

K = 2n A/(1.833 EN 2n A,tB) (1-19)

*This is a factor (such as the factor # and 71 of Table 2-4 in Ref. 12) that relates the failure rate to the
environment,
*#A value of 1/3 is used rather than 0.311 as indicated in Eq. I-15 so that an integration can be performed. This
error is not considered serious since it applies 1o all cases investigated and since comparisons are used for optimi-
zations equivalent errors would be second order. Fig. -3 shows the variation in availability with a change in B.
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The value of instantancous availability, A, cannot be directly used in the optimization model.
Moreover, it is a rather difficult concept to convey or to use in defining mission parameters. An
average availability, A, is a much more useable form of the availability concept. It can be looked
at as that portion of the information that is obtained by the payload as a function of that portion
that would have been obtained had there been no malfunctions. This then is a parameter that can
be used to define the effectiveness of a mission or its cost effectiveness if one can attribute costs
in an acceptable manner. It is also more tractable as a concept as to the performance of an item

during its mission.
The total availability, A,, may be defined in terms of the instantaneous availability as:
t
A, = f Adt (1-20)
(1}

where the limits of the integration go from launch (time = 0) to some time, t, considered the end

of mission life,

The average availability, A, would then be

~ A,
A=t (1-21)

It can be seen then that if there were no failures A would equal 1;if the item failed completely
at launch, A would equal 0. The average availability then can range between 0 and 1 and depends
on the number of failures accumulated by time t and their significance. The development of the
criticality of a failure, D*, from Eq. I-17 permits one to proceed without assigning differing

effects to each failure.

Addendum I-D contains the integration indicated in Eq. [-23 and 1-24. Fig. I4 is a graph
on which is plotted both average and instantaneous av:ilabilities. Fig. I-5 is a graph of the in-

stantancous availability as expressed by the equation

I1-10
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A = [1 - (0.273 exp (~0.0086 N))] 2-0162¢Net!3) (1-22)

showing its variability with the number of components,

Fig. 1-6 is a graph of the corresponding average availability, A, as derived in Addendum I-D.
Since it is based on data from GSFC missions, it may be used as a point of reference for one who

wishes to select a particular average availability for a mission.

Addendum I-E contains the results of a short study into the development of an approach
for assigning an average availability for a mission in which the payload is operational for the en-
tire length of the mission but opportunities for taking data are limited. Of thosc opportunities
for obtaining data, only a portion is required in order to achieve mission objectives. For instance,
the first case noted on Tabis I-E-2 is one in which the mission is 14 days long (such as on the
STS). 42 opportunities for observation present themselves during this period with each oppor-
tunity 2h long; a total of 8 h of successful observation is needed for mission success. The program
for determining the average availability (Table I-E-1) depends on an iterative process and so the
results are not exact but the closeness of the resulting solution (successful observing time =
7.979h) to the desired performance of 8h seems satisfactory. This addendum then presents a

way of applying the availability concept.
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ADDENDUM I-A
VARIABILITY OF THE CRITICALITY OF A FAILURE
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ADDENDUM I-A
VARIABILITY OF THE CRITICALITY OF A FAILURE

The following data was derived from information received from the Planning Rescarch Corp-

oration rcgarding 33 spacecraft that are part of the 57 that make up the GSFC sample.

While a forma! statistical test has not been performed due to time limitations, the data does
appear to demonstrate a consistency as to the distribution of the criticality of malfunctions based
either on a function of time or on a count of malfunction. The two following tables provide

some of the data.

Table 1-A-1 was developed by counting the number of anomalies of the various classifica-
tions for 5,000 hour time increments and determining the percentages among them. Table 1-A-2
was developed by counting up 10 anomalies for each category and determining what percentage
they form of the total. In Table 1-A-2 only categories 1, 2, and 3 are depicted since less than

10 category 4 or 5 anomalies exist in the sample.

I-A-1
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Table 1-A-2

Percentage of the Towal Number of Anomalies Encountered when
Counting up to 10 of a Particular Criticality

(PRC Data on 33 GSFC Spacecraft)

Time ae Which
10 ar¢ Counted

Percentage of All
Anomalies in the Interval

(hours)

Cutegory |
| 0.556
7 0.500
120 0.588
385 0.556
790 0.500
1150 0.714
1500 0.667
1800 0476
2300 0.588
2880 0.556
3631 0.435
4380 0.769
7130 0.416
7934 0.769
8760 0.769
11520 0.455
14300 0.769
23040 0.476

Category 2
| 0.345
100 0.417
462 0.417
1330 0.286
2000 0.250
2664 0.526
3400 0.400
4800 0.357
8700 0.263
13140 0.313
23400 0.370

Category 3
1790 0.072
18650 0.058

1-A-3
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ADDENDUM I-B
ADJUSTMENT OF ORBITAL MALFUNCT ION PREDICTION TO ACCOUNT FOR
NON-THERMAL VACUUM ASSOCIATED EFFECTS

Eq. 1-12 of Appendix 1 has within it a term, “(t + 3).” The number 3 was found by the
analysis in Ref. 1 to provide a reasonable fit to the empirical data used in the preparation of that
document. This term is similar to the location parameter (generally designated by the Greek let-
ter gamma and herein referred to as “G") of the Weibul distribution. Its use infers the start of a

process at some time other than that indicated by the time function.

In the case of Ref. 1, the later period data seemed to be part of some common process:
that is, it complied with a particular function of decreasing failure rate. However, the failure rates
encountered during the early portion of the mission did not appear to foilow this same function
and seemed to be of a different family. In order to describe both of these phenomena with a
common equation, a gamma of -3 was employed. (The form of the equation is generally given

with the value as (D - G) and so a value of -3 would yield (D + 3).)

It would appear reasonable to take those early failures as some evidence of launch failure
phenomena such as those arising from vibration or acceleration. They would be generally evi-
denced immediately after the equipment was activated. On the other hand, that class of failures
that would occur after some period of time in orbit could be ascribed to the class of thermal
vacuum failures (recognizing that there would be sonie residual number of failures due to the

launch environment and due to non-thermal vacuum causes such as electromagnetic interference).

Failures due to the thermal vacuum space environment are taken as very broad in scope as
are those failures uncovered during thermal vacuum testing. Many of these failures are due to
neither the temperature nor vacuum environments nor to a combination of both, but many may

be due to operating procedurcs, faulty parts, design error, or similar problems. However, since




this type of problem forms a significant part of that group uncovered during thermal vacuum
testing, they are considered as being detectable in that environment. It is possible that one
might develop separate functions that separate failures due to the environmental stresses from
those that are simply uncovered during environmental exposure: however, the data used in pre-

paring this report did not permit such a differentiation.

In order, then, to describe failure rates in orbit that vere ascribable to the thermal vacuum
environment, the factor gamma, or G, was set to zero and in that way the function is believed
to best describe those failures due to the thermal vacuum environment. Fig. 1 (based on 67.34
components) shows the effect of setting G = 0 when establishing spacecraft availability. It is
interesting to note that the availability, although larger during the early periods with G = 0 as
opposed to G = -3, does not go to 1.0 for the first day. Rather, the equation indicates some
number of failures occuring during the first day. This appears quite reasonable since one would
not expect that only the launch mechanical stress environments would cause early failures. One

would expect other failures to be evidenced and the model exhibits this characteristic.

1-B-2
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ADDENDUM I-C
PROGRAM TO OPERATE ON PRC DATA AND DATA LISTING




520

620

Prosram used to operate on PRC data,

REM- Call up PRC dato ¢stored in filel5 as watrix B)s conpute dotos ond rlot,
REM: Plot Routines semi~los plot
DIM ASLIZ21sB$L 321 H$( 321 Y[ 321 _
REM- Label statements set for 6 in. hi x 9 in. wide fiela.
DISP "Enter plot titles 32 spoce max. "3
INPUT R$
DISP "Line 2% 32 max. Enter spo if no.”
INPUT B$
we=" TIMEs HOURS"
Ye=" S/C AVYAILABILITYs PER CENT®
Yi-"“"@.z
ye=1.2
Y3=0
Y4=1
Y3=0
X1=08.1
R2=1000009
®3=1
¥4=10008008
%®5=1
Si=10@
$2=0.1
SCALE LOGK1:LOGH2s:Y1sY2
DISP "PLOT TITLES? Y¥-260s N-388"
STOP
PLOT LOGXS+LOGS1sY4+482s1
CPLOT 9s0
LABEL (#>A%$
LABEL {(#:B$%
DISP "PLOT FOOTHOTES? Y-328s N-39@
STOP
PLOT LOG2:8.25
LABEL (#:1.5:2:8,8.67)"NOTES:"
LABEL (#>" *®X* INDICATES S-C DROPS OUT™
LABEL (#>" OF SAMPLE"
LABEL (=#3"
LABEL (#>" PRC DATA ENDS WHEW NUMBER OF"
LABEL (%" S/C IN SAMPLE FALLS TO < 18"
DISP "PLOT SCALES? Y-410s N-688 "
STOP
¥AXKIS ¥Y5s:L0GS1sL0OGKIs LOGKY
FOR I=2 TO 16
PLOT LOG{I%X3),82/28
PLOT LOGCI*X3>s8s-1
NEXT 1
YAXIS LOGXS»S2sY3sY4
LARBEL (#+1.7+2:09:0,.67>
EEgTX;LegX? TO LOGX4 STEP LOGS!
] H .
o St
A #JEX Y VAT D Y :
PLOT LOGKS+LODOGS1sY3s1
CPLOT 9s-3.5
LABEL (*)X$
FOR Y=C(Y3+32> TO (Y4-52> STEP 82
PLOT LOGKSsYe 1
CPLOT -6+-6.3
LABEL (#>Y
NEXT ¥
LABEL ¢+%s1.5+2:P1-2:8.67)
PLOT LOGHSsYS+S82s1

-s

1-C-1
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630
€40
650
€60
€70
€380
698
780
710
2o
730
749
750
760
°7e
7’88
790
860
810
820
838
840
858
868
8vo
830
890
900
910
928
938
944
950
360
978
98e
990
1008
1010
1620
1830
1840
1950
1960
1870
1080
1896
1100
1110
11ze
1130
1140
11358
1160
1170
1189
1198
1200
1210
1220
1230
1240
1250
1260
1270
12e8

CPLOT 85

LABEL (#)Y¥$

LABEL (%31.5:12+1008.67)
DISP "TO COMP AND PLOT
STOP

REM- Anoalysis of PRC datad meon avoilability based on

y CONT &80

REM- the overose of all the S$/C avoilability ot o siven time.
"H3"sFE,.Bs2Ks "ECS"sF2.0s 3Ky "ES "

FORMAT "S-/Cs"sF3.8s 3K
DIM BSL360:41

MAT B=ZER[360s4]

J=0

LOAD DATA 15»B

DISP "SORT #1: BY S/C»
SORT BsCsis2

REWM- Find hishest S/C
FOR I=1 TOQ 368
N=B[Is11]

DISP N

IF N <= J THEN 838
J=N

NEXT I

REM~  PRINT "MRX S/C

BY TIME"S
# (= nr. of S/0).

# ="3J0sLINL

1FE, 532K

REM~- Determine individuol S/C cumulative effectiveness

A=8

FOR I=2 TO 368
BlIs21=BlIs;21+R
A=R+0.008081

IF BLIs1I8%BCI-1,11 THE
BlIs41=BlIs41#BL[I~1+41
NEXT I

H Sz2@

REM- Compute avera9e S/C availability as ¢{time) whers
REM- D=sum of all availabilitiess M=auverase availability=D-J

DISP "SORT #2s BY HOUR":

SORT B:Cs2

CFLAG ©

I=J

EEM— Compute ava effec
=1

FOR I=1 TO 268

IF J<1© THEN 1348
DISP 1

REM~ liminish divisor
IF B[ 1+31=6 THEN 10676
GOTO 1119

J=J-1

IF J<18 THEN 1348
D=D-Bl[1s41]

GOTO 1268

REM- Find next erior time S5-C # oppedrs in the matrix

FOR B=I-1 TO @ STEP -1
bISP 1.B

IF B=0 THEN 1180

IF BLIs114BCBs1] THEN

C=B[Bs4]

GOTO 1199

C=1

D=D-C+BL 141

M=DJ

REM- PLOT:Cthiz times

PLOT LOGBLIs21sF

ELST LOGBLIs21sM

IF BL1+318#6 THEN 1320
PRINT “S/C #“3BLIs123"
CPLOT -8.3+~0.3

LRABEL ¢#3"y"

tivenesss ECI6 = 3till runhinag.

by 1 when B(IsS)

1318

T =

deod

last avail.dsithiz times thiszs avail.)

drors out at"SINTBLI21

1-C-2
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1299 IPLOT @0
1300 GOTO 1326
1319 HEXT B
1328 NEAXT 1
- . 1339 PRINT
. 1340 PEN
: 1350 END
1368 FOR I=1 TO 15 STEP 0.2
1370 T=E#PI
1389 D=T/24
1390 A=0.54381(67, 340, 0088641, 8334 (D+3)10, 311
1400 IF A<O THEN 1440
. 1419 IF T>100000 THEN 1448
1420 PLOT LOGT:A
1430 NEXKT I
1448 PEN
1450 END

: 1C-3




LISTING OF DATA TAKEN FROM PRC DATA SHEETS

egd EC = | indicates 8,025 loss of remainine S/C awa@labglgtw
o EC = 2 indicates 0,208 loss of remainine S-C aunglubglgtw
EC = 3 indicates 0,580 loss of remoinins S-C auu}lab;l}tw
EC = 4 indicates 0.800 lozs of remainine S/C auo;lab;lltw
EC = 5 indicotes 8,975 loss of remainine S/C auvailabilaty
EC = 6 indicates S-C 2till oreratings no more info availoble
EC = 7 indicates S-C failed ar availability < 5 par cent
Row S/C 4 Times h EC Cl-eff.)
1 i 1 1 8,975
2 1 1 2 a.869
3 1 1776 3 6,500
4 1 1968 2 0.3888
] i 2364 3 6.500
6 1 2385 2 8.880
7 | 2654 2 a8.808
8 1 30648 2 8.800
g 1 3480 2 a.366
10 1 4512 2 8.36008
11 1 5592 2 @.800
12 1 7488 2 8.800
13 i 8670 i 8.97%
14 1 18469 4 6.200
15 1 21696 2 0.800
16 1 22727 S 8.825
17 1 22728 7 1.008
18 2 252 1 B8.975
19 2 720 P4 B8.800
2a 2 17592 6 1.6008
21 3 3320 2 a.30608
22 3 3530 2 8.300
23 3 2820 2 8.808
24 3 37671 6 1.008
25 4 1 2 8.808
26 4 S 2 0.800
27 4 1448 2 @.800
28 4 S840 2 B.800
29 4 8760 2 a.200
30 4 €570 2 8.800
31 4 13900 2 8.8600
32 4 17500 2 8.28680
33 4 20180 2 8.2300
34 4 2951@ € 1.008
35 S 1 1 8.97S
36 S 1 1 8.97S
37 =] 1 2 8.800
38 S | 1 8.97%
39 5 190608 2 8.800
49 ] 12134 6 1.000
41 6 46 2 0.860
42 (9 190 2 2,800
43 6 2020 e g8.866
44 6 32209 2 8.800
45 6 4000 3 8.5066
46 & 4760 2 8.800
47 [ 9740 2 8.806
43 6 7220 g 8.825
49 6 7221 T 1.000
54 7 154 2 6,800
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930
1960
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1978

g3.800
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8,975
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3,809
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a.808
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8,979
6,975
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INTEGRATION OF INSTANTANEOUS AVAILABILITY TO DETERMINE
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ADDENDUM I-D
INTEGRATION OF INSTANTANEOUS AVAILABILITY TO DETERMINE
THE AVERAGE AVAILABILITY

The initial program contained a value for B (see Appendix I) of 0.311. In order to deter-
mine the average availability, A, a numerical integration method was introduced. Because of the
relatively long integration time that it required, it was decided to accept the error introduced by
setting B = 1/3 so that a closed form solution could be developed. The following analysis pro-

vides that solution.

From Eq. 1-20 of Appendix I,

t
A = [ Adt (1-C-1)
0
From Eq. I-18 of Appendix I,
)
A= Ao(l.833 KEN)"™ 7~ (1-C-2)
or,
fn A = 1.833KEN(tB)n A, (I1-C-3)
Let
C = 1.833KENfn A, (I-C-4)
then,
A=ect (1-C-5)
and
t B
A, = f et at (I-C-6)
()}
If one lets u = tB, then
tB
du = Bt— dt {-C-7)

1-D-1




butt = ul/B,

then Eq. I-C-7 can be rewritten as:

(I-C-8)
= Bul-V/B) d¢

and

1
t= ———— du
Buf(l-1/B)
. (I-C-9)
—du

-
=

B

If now B = 1/3, then

dt = 2d
t = — -C-9

Substituting this value for dt into I-C-6, one obtains:

()
uZze®v du (I-C-10)

_l
A'-E

%)

A 1 fu2e® 2 pug
= — - — Cu
t B C C [ uet® du

(0)

1 [u2eCu 2 feCu )
Bl ———— - — T Cu- I)
B C c\C u(0)
Substituting for u, cu, and ecu,

A 1 (t’BA 2A | t
=2 - — (n A - ) “—C-]:)
"Bl C c3 0

nA = ctB (I-C-13)

Integrating,

(I-C-11)

Since, from Eq. I-C-5,

1-D-2
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Eq. I-C-12 may be rewritten as:

1 (128
Ar = -—---—-(CtB- l)}c ] (1-C-13)

{[—— - l (CtB - 1E| -— (I-C-14)
C3
From Eq. I-21 of App. I,

=M. (us 1y 2 (1-C-15)
t T ‘

For an initial number of failures, Fy,

t2B 2
A= A;—t <@ 1)] ect® --—} (I-C-16)

If A is given and C is known, Eq. [-C-15 may be rewritten as:

2
= (BtA + 2/C3)/ ((t28/C) - —(—; (CtB - 1)) (I-C-17)

If C is unknown, we may let C = 2n A/tB  Therefore, the average availability may be solved as:
1 1 2 2 2

A= - + A - (1-C-18)
Bi\fnA (2nA)2 (2nA)3 (2n A)3

2
[(Qn A2 - 2nA +2 —-X-] (1-C-19)

B(%n A)}

1-D-3



ADDENDUM I-E
DETERMINATION OF INSTANTANEOUS AVAILABILITY BASED ON
INTERMITTANT OPERATION DURING MISSION LIFE




160
119
120
130
135
140
158
160
170
1806
196
280
210
22e
230
240
250
269
27e
280
298
308
310
320
325
330
340
350
360
3693
366
378
380
390

Table I-E-1

Program for Computing Instantaneous Availability for
Intermittant Operations During Mission Life

FORMAT F10.0,2F10.3
DISP "ENTER NR COMPONENTS"3
INPUT N9

DISP "ENTER MISSION DURATIONs DRYS"S
INPUT 09

DISP "ENTER TOTAL NR OBSERVATIONS."$
INPUT M

DISP "ENTER TOTAL OBSERY.HRS RAVRAIL"}
INPUT O

T=0/M

P=09/M

DISP "ENTER OBSERY. HRS REQUIRED"S
INPUT R

PRINT “"NR OF COMPONENTS="3§N9

PRINT "MISSION DURRTION="3Q93" DRYS"
PRINT "NR OF OBSERY, ISs"iM

PRINT "DUR. OF ER.OBSERY¥="3T3}"HRS."
PRINT "TOTAL HRS OBSERY.AVAIL="303"HRS."
PRINT "TIME BETWEEN OBSERV.IS="jP%24
PRINT "OBSERYATION HOURS REGD="jR
E=14.26

K=(8838sE>

B=0.314

C8=1-0,273+EXP(~-0.0086%N9)
§5;1.833*N9*E*K*18T(-6)

FOR I=1 TO M

R=T#CBT(KS*#(P+1>1B>

D=D+A

NEXT 1

FIXED 3

DISP ASDSINTCKS

IF D>0.998%R AND D<1.888%R THEN 368
D=D+(R=-D)r2

Y=LOGCR/DD(KS#LOGCCE) v+

K=Y#%K

GOTO 240

PRINT LIMI

PRINT TAB?s "K"iTAB1S: "AVYAIL, "I TAB2Sy "TOT.H"
FPRINT TRB?s "~"ITAB1S) "==———- “ITAB2Sy " mwmm== "

WRITE t2»100KsAsD
FRINT LIN2
END

I-E-1



Table I-E-2

Typical Outputs for Program of Table I-E-1

MISSION DURATION= 14 DRYS

NR OF OBSERY. 18= 42

DUR., OF EA.OBSERV= 2 HRS.

TOTAL HRS OBSERY.AYAIL= 84  HRS.
TIME BETWEEN OBSERY,IS= §.008000000
OBSERVATION HOURS REGD= 8

K AYAIL. TOT.H

18578 B.073 7.979

MISSION DURATION= 14 DAYS

NR OF OBSERY. I18= 2@

DUR. OF ER.OBSERY= 4.2 HRS.
TOTAL HRS .BSERY.AYAIL= 84  HRS.
TIME BETWEEN OBSERY,IS= 16.8
OBSERVATION HOURS REGD= 8

K AYAIL. TOT.H

- o o - - m. -

18325 0.166 7.984

MISSION DURATION= 14 DAYS

NR OF OBSERY. I1S= 1@

DUR. OF EA,OBSERY= 8.4 HRS,
TOTAL HRS OBSERV.AVAIL= 84  HRS.
TIME BETWEEN OBSERY.IS= 33.6
OBSERVATION HOURS REQD= &

I-E-2
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APPENDIX J
THERMAL VACUUM TEST OPTIMIZATION COMPUTER PROGRAM
(PHASE 1 VERSION, 1979) AND EXAMPLES

The program is written in an expanded form of BASIC devised by the Hewlett-Packard
Company. The calculator used is a Hewlett-Packard 9831A with an attached 9866B printer. An
expanded memory (7677 word nominal capacity) is needed. The plotting routines use a Hewlett-
Packard 9862A Calculator Platter (which requires a 98223 Matrix-Platter ROM). The program is
stored on magnetic tape (Hewlett-Packard 9162-0061 Data Cartridge) which is also used for stor-
ing the data developed by the prograin. The programs are stored in four files on track #0 of the
tape: track #1 is marked for a minimum of 21 files of 350 words each for matrix storage. Table

J-1 is a listing of data as stored on the tape.

Addenda J-A through J-D contain listings of the four files that together make up the
Thermal Vacuum Test Optimization (TVTO) computer program. Addendum J-E provides the

format of the matrix in which the data is stored.

The program is written to be user interactive: certain information is provided the user, ques-
tions are posed. and answers are requested from the user. The user inputs may be the answers
yes or no (which are input to the program as a one or a zero) or a numerical data input, When
questions are not applicable, the user is requested to enter a zero: a zero entry also indicates a

need for the computer to develop a result (such as payload weight) internally.

The program automatically proceeds from one file to the next under internal control (LINK
statements). Fig. J-1 provides a general flow diagram indicating the major portions within each

segment of the overall model.

Table =2 contains a list of questions options that are presented to the user as he proceeds
through the program. Not all options are available in all cases (for instance, the user may not

add an upper stage to a Spacelab mission); the program selects the appropriate questions.

J-1




Table J-1

Listing of Files
€ ze .
File File rren ne MNumbers
Mo, Tvpe Wrds ords [EN
TLIST#0
0 3 2000 13 10 20
1 3 3000 2020 10 1020
2 3 6500 §92% 10 9680
3 3 6006 5185 i0 Séo0
4 3 4000 2836 10 6230
] %) e %) e %)
TLIST#1
e e 350 %] %) %]
1 2 350 336 1 %]
2 2 350 336 1 e
3 2 350 336 1 0
4 2 350 336 1 0
S 2 350 336 1 %)
6 2 350 336 1 %]
? 2 350 336 1 a
8 2 350 3386 1 a

(Continued for 100 files for stor.sc)

Lesend:

File Type 01 Unused
File Type 2t Pata
File Type 31 Frosram

Addendum J-F is the output of a typical run. The calculator has been placed in the PRINT
ALL mode; this results in statements that are normally only displayed being printed. This is seen
as a statement or question followed by a question mark and followed again by the user input.
This PRINT ALL mode was retained until a point in file #3 where it would have resulted in a
lengthy (but not informative) output; this is noted by an asterisked statement. The pages are in
the order in which they are printed by the printer. Page J-F-4 is the summary output of the
first run; page J-F-6 the summary of a variation.

J-2




81
£ (]
AUN

FILE )

ENTER MIESION DURATION AND AVERAGE
AVAILASILITY ICOMPUTED IF AEQUESTED)
NUMBER OF PAYLOAD COMPONENTS AND
MATURITY, TEST PROGRAM PARAMETE RS

LINK 2

- - LET Y

r
FILE 2

ENTER LAUNCH VEHICLE OPTIONS,
GENERATE COSTS INTERNALLY

{

ENTER PAYLOAD WEIGHT AND COST
DATA; GENERATE INTERNALLY If
REQUIRED

LINK 3

LIMIT LENGTH OF COMPONENT TEST ]
PROGRAMS TO BE INVESTIGATED J

|

DETERAINE THE RE oreR no | FOR EACH OF 10 COMPONENT
— QUIRED RELIABILITY AVERAGE TEST LENGTHS ISTARTING
AT LAUNCH Py WITH 2ERO) DETERMINE THE
RELIABILITY AT LAUNCH FOR
‘ EACH OF 10 SYSTEM TEST
PROGRAMS (STARTING WITH
2ERO) AND ALSO THE NUM.
CALCULATE 10 COMBINATIONS BER OF FAILURES
OF COMPONENT AND SYSTEM
TEST PROGRAMS TO RESULT IN ‘
THIS RELIABILITY STARTING
WITH 2ERC COMPONENT TEST. e TR AVERAGE AVATL
DETERMINE THE NUMBER OF
ABILITY IN ORBIT FOR EACH
FAILURES DURING TEST AND
ALSO DURING THE MISSION CASE AND THE NUMBER OF
EXPECTED FAILURES
8 L

FOR EACH CASE DETERMINE
THE COST OF THE TEST PRO-
GRAM AND THE TOTAL PRO-
GRAM COSTS. INVESTIGATE
THE MINIMUM OF THE LOST
VALUE EQUATION AND RE-
TAIN THE SIGNIFICANT

NOTHING
NEW

PARAMETERS, STORE ALL
ENTER NEW AVERAGE THE DATA GENERATED ON
AVAILASILITY, TEST FILES
TEMPERATURE AND
CYCLING CRITERIA {
1 END I LiNK 4 l
FILE 4

PRINT OUT MISSION, PAYLOAD, AND TEST
PARAMETERS FOR COST OPTIMIZED CASE

?

PERFORM PLOTS OF THE DATA ON FILE
OENOTING MINIMUM LOST VALUE POINT IX}

!
{me2 ] oF THE

Y
mROWUO‘?X\‘.' g PR
Figute J-1. General Flow Diagram oo )
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Table J-2

Questions Presented and Options Awailable to the User

(The numbers opposite the statement indicate the appropriate program line number)

File #1:

90
360
400

440
520
650
850
920
950

File #2;
70

9560

290

301

306

340

420

470
706, 900
800, 950
8030
8070
8100
8130
8160
8190
8310
4090
4150
4350

4600

Additional information needed to execute the program?

Number of components in the payload?

Minimum acceptable average availability (zero to be entered if no minimum is
defined).

Mission duration

Component test transition time and dwell time at temperature?

System test transition time and dwell time at temperature?

System level minimum and maximum test temperatures®

System level test chamber size?

Maturity of the payload (protoflight, first flight unit, or follow-on unit)?

An STS or an expendable launch vehicle mission?

(If an expendable launch vehicle is selected, only question from line 9560 is
posed regarding launch)

Scout, 2900 series Delta, or 3900 serics Delta vehicle?

(If an STS mission is selected, the applicable of lines 290 to 8310 (below) are
posed)

Free-flier, an attached payload or a Spacelab payload?

Will the payload be reflown?

How many reflights?

Is the mission shared or dedizated?

The percentage of the payload weight on the pallets?

Are Spacelab elements dedicated or shared?

Number of pallets if a long, pressurized module is involved?

Number of pallets with no pressurized module?

Is upper stage required?

SSUS-D?

SSUS-A?

IUS two stage?

IUS twin stage?

IUS twin stage plus spinner?

How many OMS kits are nceded?

Payload length?

Payload weight?

Payload cost (1978 millions of dollars)?

(If payload cost is unknown. the following additional question is posed: line
4600)

Instrument class (based on data presented in the program)?
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Table )-2 (Continued)

File #3:

130 Date?
190 Maximum number of component test hours to he investigated?
210 First file number into which data will be stored?
250 Is a reliability data printout desired?
300 Is a cost data printout desired?
=~ (It File #3 has been accessed from File #4, questions from lines 2162 to 2400
are posed)
2162 Try a new average availability?
2168  Input a new desired average availabilu,' (must be greater than 0.04),
2178 Try new test temperature conditions?
2210 Enter new system minimum and maximum test temperature conditions.
2260  Enter a new increment difference between component and system test
temperatures,
2180  Change test transition or dwell times?
2360  Enter new component test transition and dwell times,
2400  Enter new system test transition and dwell times,

File #4:

5800 Input the starting and ending file numbers to be plotted.
6170  Further plots desired?

Figure J-F-1 is typical of the plot that results when zero is entered in response to the first
question as to the desired average availability. The ordinate (lost value in millions of dollars) is
scaled so as to maximize resolution and the abeissa length is set equal to the maximum number
of cormponent test hours to be investigated. The abcissa is divided into 24 or 48 hour periods,
Two curves are automatically plotted. The first is the one that results from having no system
level test: this is indicated by the *0.0” following the curve under the heading “PLANNED SYS
TEST DAYS.” The X" indicates the minimum computed point on the curve (recognizing that

the curve is based on 10 computed points),

The second curve is drawn from the files and is the one that contains the minimum value of
all the values that were computed. This point toc is indicated by an “X* on the curve labeled
*88.3" days planned for the system test, Page J-F-4 indicates that this data is located on File

#26.




Figure J-F-2 contains the same data but has, in addition, plotied data from other files. These
files contained system tests o/ 23 | AT 01 and 333 days. The minimum points of these com-
binations are all greater than the one on File #26, It can ne seen that as the system 1ost length

is increased, the lost value decreases until a lenpth of §9.3 days is reached: after that point, costs

increase with increased test time more quickly than any pain due 10 increased averape availability,

In general then, as the test program length increases, the average availability in orbit increases:

however, overall costs reach a minimum at some point during this continual availability increase,

The plot on Fig, J-F=3 results from the user's having input a desired average availubility,
Whereas on Fig, J-F-2, availability is constantly varying, in Fig. J-F-3, availability is fixed. In
Fig. J-F-3, individual points are plotted against an abceisss of component test hours. Fach point
has associated with it a number that indicates the.number of planned test days: the combination
of system test days and component test hours results in the desired average availability. The
optimum point is again marked with an **X" plotted over the “+" mark used to designate the
point. The data that is plotted is contained on page J-F-S§ and the corresponding parameters

for the optimum program arce contained on page J-F-6.

It the optimum program is listed in the last file, it is an indication that longer test times
may be nceded. This may be done by entering a longer maximum component test length or in-

creasing the system test transition or dwell times.

If onc operates the program so that the average availability is initially entered as zero and
then subsequently changed to some trial value, the points as plotted in Fig. J-F-3 may be owver-

laid on the curves as plotted in Fig, J-F-2,

This overlay format can be seen in Addendum J.<. In that addendum, the payload param-
cuwers have been held constant except for length. A variation in length results in varying the STS

launch costs, The lengths have been entered as 10 feet, S feet, and O feet (the latter restlting in

J-6




u launch cost based ca payload weight), The resulting data may be secn on pages J-G-1, J-G-2,
and Fig. J-G-1, pages J-G-4, J-G-5, and Fig. J-G-2, and pages J-G-7, J-G~-8, and Fig. J-G-3
respectively. The average availability required for optimization can be seen to decrease with the
launch cost as docs the minimum lost value. In the foregoing cases, a medium sized chamber
was selected for the system test: pages J-G-10 and J-G-11. and Fig. J-G-4 show a case with a large

chamber for a 10ft, long payload.

Addendum J-H presents a case where the average availability is varied. Fig. J-H-1 shows
the case of an average availability of 0.75 as comparec to the case where the overall optimum
was sought; no system level test is found to be required for the 0.75 average availability. In Fig.
J-H-2, average availabilities of 0.75 and 0.85 are compared. It is interesting to note that by in-
creasing the required availability, a system level test was found needed to achieve optimization.
The apparent discontinuity in going to the no-system-test optio 1 is due to the deletion of start-

up costs for the system leve] test.

One of the test parameters accounted for within the analytical model is the test cycle, that
is the time the unit takes to go from one temperature extreme to the other (the transition time)
and the time spent at temperature (the dwell time). These may be entered in any combination
by the user. If the user enters *0,0”, indicating no particular choice. the program with automat-
ically enter a 3 hour transition and a 6 hour dwell time for the component test and an 8 hour
transition and a 12 hour dwell for the system level test. There is no apparent “best choice” to
input based on inspection of the algorithm inasmuch as temperature levels enter into the consider-
ation. Addendum J-1 contains a comparison of three combinations, all summing to the same

period.

Addendum J-J presents data tor a case in which the ratio of transition to dwell time is
constant but the period is different. As indicated elsewhere (Ref. 14 ct al.), one would expect
the shorter period (resulting in a greater number of cycles over a given time) to result in a more

effective program and this is indicated by the data in Addendum J-J).
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Inspection of the algorithm would indicate that savings could be accomplished by increasing
the range over which the test temperature is cycled, This is evidenced in Addendum J-K. It
should be recognized that the modcl assumes that no new failure modes are introduced by in-
creasing the temperature (in fact, by any test program parameter change). In practice, one would

have to make sure that this is in fact true.

This Appendix can be extended indefinitely because of the infinite number of variations that
the model can accomodate. However, it is considered that the foregoing data provides an insight

as to the way in which the analytical model operates and depicts some trends indicated by the

model.
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ADDENDUM J-A
PROGRAM LISTING, FILE #1

e




LOAD!
LIST

18 REM: #1 FILE FOR TYTO PROGRAMs PHASE-I YERSION 1979
15 DIM A$L191sTSL 1251473

20 FIXED ©

38 REM: FLAG @ affects print-out of informotion

48 CFLAG ©

S8 REM: FLAG 1 set when P/L lensath =83 deletes comporisons bosed on lensth
68 CFLAG 1

79 A=A9=B9=C5=D7=D8=N3=09=T3=T4=T7=T8=n

90 DISP "If vou need 9en’l infos enter 1 i
196 INPUT A

119 IF R=1 THEH 138

120 SFLAG ©

136 PRINT LIN1

148 IF FLAGB THEN 3690

1380 PRINT "In order to use this prosroms the user must know or estimate o
168 PRINT “"number of items to be used 18 prosram inputs, "LIN1

180 PRINT "As o minimums the user must knoyt"

199 PRINT "a) the number of comporents in the pavload ¢P-/L"

218 PRINT "b) the mission time in orbit”

220 PRINT "c¢> the type of item} prototlishts first flisht items or follow-on"
230 PRINT "d» whether an exrendable launch vehicle ¢ELY) or Shuttle ¢(STS)"
248 PRINT " is involved’ if the lotters whether its a Free-Flier or o"

256 PRINT * Spacelab missior."

260 PRINT “e) the minimun and moximum test temperatures, "SLINL

270 PRINT "The user will also be asked to input vorious other data. If the"
280 PRINT "answers are unknows the user should input 83 in this case the”
298 PRINT "prosraom will provide avercee value estimates or will skip over"
388 PRINT “"that item."LINi

318 PRINT

320 PRINT "Questions should be answered with 1 for ves and 8 for no."sLINt
330 PRINT “F

or auestions that are not applicobles enter 8."sLINI
348 PRINT “When two values are reauesteds enter them with o comma inbetween"LIN}
358 PRINT TAB2Ss"% % % % % % % % % * % % "+LINZ

368 DISP "Nr. of components in the PsL"$
379 INPUT N9

386 PRINT “The P-L hos" N33 "components., "LINI

3990 PRINT “"Input minimum acceptable P-L ov3Ierade availability os o decimols®
395 PRINT “i

input B if unkrown or full optimization run desired. "LIN1
490 DISP "Ninimum acceptable auva, avail.”s
462 INPUT R9
404 IF A%=0 THEN 438
406 IF R9>0.87 THEN 412
488 RA4=R9/2

410 GOTO 414 11y OF THB
412 A4=R39-0,AS ()DUC‘BU‘ 15 POOR
414 A3=LOGA4 QEPRUD T pAGE

416 D3=(3%A4/A313)*(A3P2-2#A3+2-2/A4) ORIGINAL

418 IF ABS(D3-AI) <= §.9804 THEN 424

420 A4=A4-(D3-A9)/2

422 GOTO 414

424 B7=A9

426 PRINT “"The minimum acceptable availability input 0s"§A9% 1083 "L "LIN]
428 A9=R4

429 GOTO 440

430 PRINT "The minimum occeptable availability input as"3IA9%1083 "% "LINI
435 B?=A9

440 PRINT "Input mission time in orbit,"LIH1
45@ DISP "Mizgion time in orbit ¢doysy"}

460 INPUT 09

470 PRINT 093 "davs reauired in orbit, "LINt

490 PRINT “Input the estimarved minimum tine an averade component will toke to®
S80 PRINT

L3t from one temperature extreme to the other durina test and the"
518 PRINT "minimum dwell time at temperature. Enter @'z where unknown, IN1
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928 DISP "Comp:Trans times Duwell time (ho"3
530 INPUT T?,D7

S40 IF T7=0 THEN Seo

558 GOTO S?7e

568 T?=3

9570 IF D7=0 THEN S9@

580 GOTO é/e

590 Dr=¢

688 PRINT "Comronent test profile contoins"3TPs"
610 PRINT “and“3D?3 "hour lona dwell times, "LINI
620 PRINT "Input the estimated minimum time it will take the P/L system to"
€30 PRINT “"set from ohe tenperature extreme to the other durine test and the"
648 PRINT “"minimum dwell time at temperature, Enter @'s where unknown. "LINI
658 DISP "Syst: Trans times Duwell time Chy“i
€60 INPUT TS8,DS

670 IF T8=8 THEN &%90

€88 GOTO 798

€98 T8=g

7808 IF DS8=8 THEN 720

710 GOTO 730

720 D8=12

?38 PRINT "Svystem level test profile contains"3T85 "hour transition”
748 PRINT “times and"iD83 “hour lons duwell times. "LINL

838 PRINT "Input the seneral minimum and maximum system level test"
840 PRINT “"temperatures in des C,"LINt

838 DISP "Sys lvl test TrninsTmax C(des CH"}

868 INPUT T3:T4

870 IF T3>T4 THEN 898

880 GOTO 910

898 PRINT "Twin must not exceed Tmax., "LIN2
808 GOTO 939

910 PRINT "Svstem test temp. levels: Tmin="§Ta3", Tmax="$T45 "des C"LINI
912 GOTO 916

914 PRINT "A 1 OR A 2 MUST BE ENTERED. “LINZ

916 PRINT “System level tests can be conducted in a large chamber"

917 PRINT "¢in the order of 30 ft in diameter and 68 ft hishds enter q 15"
918 PRINT "or in a medium sized chamber"

919 PRINT “"¢in the order of 12 ft in dianeter and 1S ft hish)s enter o 2."LINt
920 DISP “Larse (1) or medium (23 chamber"}

922 INPUT CS

924 FRINT C5% "has been entered. "LINL

926 IF CS#1 AND CS#2 THEN 914

930 PRINT “The P/L may be o protoflisht (enter 13y a first flisht"

948 PRINT “"unit (enter 22y or a follow-on unit (enter3), "LINI

958 DISP "Pflt (1) Flt#l (2% or F-0 (3>"3

960 INPUT B9

970 IF B9=1 OR B9=2 OR B9=3 THEN 199@

988 PRINT "vOU MUST SELECT EITHER 152y OR 3,"LIN2
990 GOTO 959

1096 PRINT B93"has been selected. "LIN1

hour transition times"

1818 LINK 2
1820 END
KREF
A$ 1S
TSC1 15
A 7@ 1ee  1ie
R9 7B 402 484 406 408 412 418 420 424 426 438
430 435
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70 960 978 970 978 1080
924

B9

922 926 926
596

530

70
70

€18

570

) re
8

660 70 720 740
380

370

78

78

N9

470

460
860

78

09
T3
T4
T?
T8

910
910

gve

70

g6ée 878

530

7e
70

5606 608

540
670

730
416

660 €90
416

412

78

420 428

429

414

408

A4

414 416 416 416
418

416

A3

420

D3
B?

435

424
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ADDENDUM J-B
PROGRAM LISTING. FILE #2




LOA
LIS

469

. A TR »s"—

D2
T

REM: #2 FILE FOR TYTO PROGRAMs PHASE-1 YERSION <1979)
REM: Thiz rportion develors P/L and lounch costs

REM: Decizion 0z to tvyre of launch vehicle
CFLAG 7

CFLAG &
a;Cﬁ;CQ=D1=D5=D6=EB=E9=IS=19=K8=K9=L=L1=L2=L3=L4=L5=L9=M=N=G
?;R:Rg;g=T=U?=U8=U9=V=V9=N=N1=N2=N3=N4=N5=N?=N9=B

= .
PRINT LIN1s"The followine auestions pertain to the launch vehicles"
PRINT "Shuttle (STS) or an expendable launch vehicle ¢ELY)."LIN1
DISP "STS (enter 1) or ELY C(enter 2)"%
INPUT ¥9
IF ¥9=1 OR ¥9=2 THEN {20

PRINT “YOU MAY ENTER ONMLY 1 OR 2"LIN2

GOTO 78

IF ¥9=2 THEN 1090

GOTO 150

PRINT "¥OU MAY ONLY ENTER 1s 2+ OF 3"LINZ

PRINT "This is an 8T8 mission."LIN1 ‘
PRINT LIN1

IF FLAGO® THEN 268

PRINT "This proerom considers only parload weisht and lensth., Full"

PRINT "computation of STS launch costs includes considerotion of pavload”

PRINT "volume} this has been omitted to simplify the effort. If lensth"

PRINT "was entered as B only weisht will be considered."LINI

PRINT "OMS kits are only considered for Free-Flier and attached"

PRINT “"non-S-<L pavloads in this model."LINI

REM: Dimensions should bet weisht-lbss lenath-f¢

REM: M4= OMS kit wt» WS= upper sts wts LS= uprper ste lnath

PRINT “This may be o Free~Flier P/L (F-F): enter 1"

PRINT “an attached but not Spacelab PsL ¢Att)s enter 2" ‘
PRINT "or o Spacelab Ps/L (S-/L>s enter 3.°LINI j
BISP "F-F ¢1>s Att (2> or S7L (33"3 !

P Thr
INPUT C9 RODUCIBILTY OF 1
?:&I?'ET g%ll PsL be reflown"} %gGIN” PAGE IS PQUR
R3=RS+1

IF RS=1 THEN 319 ‘
PRINT "“1f the number of reflishts is unkrowns enter 1."LINI i
DISF "How many reflishts"s

INPUT A

RS=R5+A~1

PRINT (RS5-13$"reflights are expected.,"LIN1

IF C9%#1 AND C942 AMD C943 THEH 149

PRINT “The flight movy be dedicated to this PrL (enter 1"

PRINT "or shared with other FsL*s {enter 2)."LINI

DISP “"Dedicoted ¢1) or shored ¢2)"t

INPUT D1

IF C9#2 THEN 1088

REM: Spocelab computations

REM: Foll subroutine to develor FsL wts lnaths and cost

GOSUB 4008

PRINT "This wmodel makes decisions on rallet and pressurized module factors"
PRINT "based on weidht distributions., If there iz no pressurized modules"
PRINT “"azsume all the weiaht is on the pallets even thousht some moy"

PRINT "be in the aft flisht deck. Enter fraction of weisht on the pallet"
PRINT “plus the aft flisht deck as B,4¥ for 1.00 if aprropriated. "LINI

DISP "% wt on ralletis)s enter as ¥ ®8"$

INPUT P

IF Di=1 THEH 8506

PRIMT "%-L elements <pallsts or press., mod.) con be"

PRINT "dedicoted to the F-L Center 1) or shored with others denter 2)"LIH1
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470
480
490
506
%10
52a
30
540
950
560
Sv
586
590
€066
610
€20
€38
€40
658
660
676
680
690
708
783
786
r’le
(="
730
740
758
760
7’78
[4-1"]
790
808
810
826
830
849
85e
8€8
870
836
g89a
895
968
91e
920
930
948
956
968
9ve
98@
996
1696
16016
1926
1838
1040
1858
1660
1870
1938
1938

DISP "Dedicated (1) or zhored (23"§

INFUT E9

IF E9=1 THEM 556

IF P28 THEH S48
GOSUB £260
CA=C L3220 4L 451,67 0515
GRATO 2064

IF P=1 THEMN 628
GOSUB £BHa
GOSUB &206

IF L1+L3>1 THEN 688

CasCiL14L20#224¢L4%1, 67041250, 3399415
GOTD 2086
C3=C22+4C(L4%1,670+(L2%8,33) %15
GOTD 2v98
GOSUB epoe
C3=((L1420,30+(L248, 330515
GOTO 2000

IF P»3 THEHN €98
GOSUB 6608
C3=(L2%22+1,67)>%15
GOTO 208006

IF P=1 THEMN 7?99
PRINT “S/L missions with the lons preszurized module may have"
PRINT "no more than 2 pallets."LIN1
DISP "NHumber of rallets (<=23"%

INPUT M
GOSUB 6408
GOSUB €6vg

IF <{L1+4L2>>1 THEN 77@
C3={CL1+L2)%22+1.67+CN%8,33))#]5
GOTO 2080
C3=(22+1,.67+(N#0.333)%15
GOTO 2800
PRINT
DISP “"Number of pallets ¢<=53"}

INPUT N
GOSUB 6400
C3=((L1%20.32+(N%@,33) 2515
GOTO 2800

IF P>@ THEH 888
C3=(22+1.67)%15
GOTO 2960

IF P=1 THEN %48
PRINT "S/L with lons pressurized module moy haue”
PRINT "no more than 2 pallets."LINt
DISP “"Mumber of rallets ¢<=2)>"%
INPUT H
C3=(22+1.67+(N*8,33))*15
GOTO 2000
PRINT "$-L without pressurized mo
DISP "Number of pallets ({=5)"%
INPUT N
£3=(28,3+(N*8, 333315
GOTO 2000
REM: Free-~Fliers or attached P-L's
GCOSUB 8pbun

GOsuUB 4880

IF D1=2 THEN 1858,

£3=18+15

GOTO 2080

GOSUR ?oaa

C3=A%18+15

GOTO 2000

REM: ELY orerations

GOSUB 9509
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GOSUB 4aae

GOTD 2a06

REMS Outrut mission costs
FISED 3

IF ¥9=2 THEMN 2106

FRIMT LIH1

T=LI+S+R+ED

B PRINT "STS LAUHCH COST IS"3T8" MILLIOM «1378) DOLLARS . LIN1

IF C9=3 THEN 2999

IF S=8 THEW ZB5S

PRINT “Upper zto9e portion ="35%

IF K9=0 THEN 2076

PRIMT K98“0MS kitzi total cost ="$K8

IF R=88 THEN 2116

PRINT "Reviszit cost iz included at"$Ri"million <1978 dollars, "LINI
GOTO 2120 '

PRIMT LIMg

PRINT "ELY LAUHCH COST IS"$T3" MILLIOM ¢1973) DOLLARS"LIN1
GOTO 2120

PRINT LIN1

PRINT "PAYLOAD COST IS"iU9S"MILLION <1978 DOLLARS."LINI
IF C9=2 OR (C9=3 THEMN 2169

IF FLAGZ THEN 2186

PRINT "Inszstrument cost ="jU?

PRINT "Platform cost ="3US

PRINT LIN2

LINK 3

END

REM: Subroutine for determining PrL dimensions and cozts $¥SEE35FFEE8558%08
FIXED @

PRINT "PrsL dimensions are to be determined, "LIN1

IF ¥9=2 OR C9=3 THEN 4130

PRINT "Prec .oram internally adds OMS kit ond urrer stase datal eavload"
PRINT "weisht or lensth inputs should not include these factors."LIN1
PRINT "Enter FrsL lenath Cin feetd$ if unknowns enter 8, This model does"
PRINT "not estimate PsL lendath when ® is entered’ oll subseauent STS"
PRINT "computations are based omn weisht alone."LINI

DISP "Ps/L length (festd"}

INPUT L9

PRINT "Ps/L lensth (feet) entered as"iL3+LINL
GOTO 4148

L9=0

PRINT "Enter P-L uweisht Clbsi3 enter O 1f unknoun."LINL
DISP "Ps/L weisht (lbs)"}

INPUT W9

IF WS40 THEN 4380

REM: Dewvelor P/L wt from comporent count bosed on

REM: rearession of 26 S-C from the period 1978-1975 whuse
REM: component count iz established.

1 WI=118,28%EXP B, B8381*N3)

IF C3=2 0OR C9=3 THEN 4278 \ T
PRINT "Estimated rlotform weisht {lbs i "il333-4 ,«n"ﬁ*
PRINT "Estimated instrument weisht <lbs) $"3N9-4

Cal

-~ | S -
PRINT “"Estimated total P/L weisht (lbs) £"$U9LINL oD Vr . g 3 :
GOTO 4310 AL £
H9=W9-4 NSRRI
FRINT “Estimated P/L weisht (lbs) 3"3WSsLINI v
GOTO 4310

PRINT "PrL weight <(lbsz) input az"iW9

REM: Foll determines Ps/L coszts

FIKED 3

PRINT “Enter P~sL cost in million: of 1972 dollors
PRINT “"unknowns erter 8,"31LIN1

DISP "PrL cost (1978 M$»“§

INPUT U9

IF U948 THEN 4390

if the amount iz"
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4360

GOTO 4426

4398 SFLAG 2
4408 PRINT "PrL cost (1973 M$) input as"$U0% LIHL
4410 GOTO 4946
4428 REM: Generate the P/L cost
4425 IF FLAGH THEH 4€ao
4433 REM: Recurrinag Platform costs Cigs less instrumentzs per SAMSO model
4440 PEM: "Unmonned Spacecraft Cost Model". TR-78-61s Feb 1978
4450 REMS Dato odiuzted to 1978 coszts
4460 REM: Inztrument costs based on Plonnine Rezeorch Corep. Tech Brigt Ho. 48
4479 REM: "Scirntific inztrument Cost Model”s PRC L-21%8s Dec. 1511978
4430 REM: Data trom GSFC ®-213-73-66r Feb 1973 indicate: 1nztrument we1aht
44908 REM! ic roushly 174 of the F-L weiaht
4500 PRINT LIN1s"Instrument costs may be eztimoted based on the type"
4510 PRINT "oand weisht of the instrument."
45208 FRINT “"The followins closses applyve”
4530 PRINT closs 13 Interferometers"”
4540 PRINT “ closs 23 Telescopes Sepectrohelicsrorby Poszsziuve Microwaue”
4558 PRINT " Rodiometers Fhotometers Spectrometers T-Y Lowmsras”
4560 PRINT * Masnetometer”
4578 PRINT closs 33 Active Microwoves Mass Measurements Plazma Frobe”
4580 PRINT " Charse Detectors Film Camera"LIMi
4598 PRINT "If tvme is unknowns use closs 2 a3 an overose. 'L INt
4600 DISP "Instrument closss 1s 2y or 3“3
4618 INPUT 19
4620 IF I9=1 OR I9=2 OR 19=3 THEN 4658
4638 PRINT "OHLY THE NUMBERS 1+ 2, OR 3 MAY BE SELECTED"LINZ
4649 GOTO 4£88
4650 FIXED ©
4668 PRINT “"Instrument class"3I93"is selected."LINI
4678 FIKED 3
4680 REM: If attached or S-L P<Ls branch over
4698 IF C9=2 OR C9=3 THEN 4798
4700 W?=KH9-4
4710 GOSUB 19 OF 4859s4890s4920
4720 PRINT "Eztimated instrument cost (1375 M$d s iU7?
4730 REM: SAM30 models US= platform coczts wt= P-L*3-4
4748 US=(0.02492*([9%3-421t0,.311%1,555-1, 307
4750 PRINT "Estimated plotform cost (1978 M$y 1°3US
4760 U9=U3s+U7
4770 PRINT "Esztimated total PrL cost <1973 M$> 1 3U9LINL
4788 GOTOD 4948
47990 REM: Compute costs for attached or S.L P-L
4388 W7=W3
4319 GOSUB 19 OF 4259,4899,4920
42828 PRINT "Estimated P-L cost (1978 M$s $"3U7PSLINY
4830 U3=U7?
4840 RETURH
4859 REM: Compute cost of on instrument baszed on class
4360 REM: closs 1
4878 U7=0,027*l718.953
4280 RETURN
4398 REM: class 2
4900 U?=0,03*l710,.776
4910 RETURN
4920 REM: class 3
4930 U7=0,037%W710.65:
49408 RETURN
4950 END
5990 REM: Subroutines for Load Factors & Lopad Froctions $3$#333rssssiissssssssss
€000 REM: Pallets Shored Elements Lood Facrvor & Lood Froction
6019 W=H1-(19559%0,75°
6020 M=0.91
€930 A=W
6040 GOSUB 6809
6V50 Li=R
J-B4
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[x< R Ruf

W
X3 ACRATE SR g
Whr= O

™
B N
&

rese

W=W1l- (489040, 75)
M=0, 34

A=W

GOSUE cB0
L2=R

H=0

RETURH

EHD

REM: Fressuri
WeWZ - (1406540
M=0,81

A=W

GOSUB 5200
L3=A
H=W2-(14865+0, 75

M=8.04

A=W

GOSUBR &390

L4=R

A=0

RETURHN

END

REM: Folletis)s Dedicated Elements Lood Factor
W=iH1+C2747 %M 0 7L 32008+, 75)

M=p,91

A=W

GOsSUE ezpe

Li=A

W=8,24N-0.7S

M=6.81

A=W

GOSUB és08

IF L>A THEN €528

l.1=H

H=8

RETURN

END

REM: Prezzsurized Modules Dedicoted Elements Load Factor
W=CH2+17934 7. 2200048, 75

M=a, 81

A=l

GOSUE €300

L2=R

IF L2>9.62-0.75 THEN &680

L2=B8.862-8,75

A=3

RETURH

END

REM: Subroutine to det*m'n if 1<{=RA<sM and adiust az reauired

IF A1 THEH &24a

IF R<M THEN €268

GQTD é27p

A=1

GOTD es?e

A=HM

RETURN

END

FEM: Subroutine to develor F-F and Att, F.L Load Foctors $£55588aass cossass
FEM: Conrute total PeL charsecble weiaht

IF L9#D THEH Y059

zed Modules Shared Elementy Lood Factor & Load Fraction
7O

3 =0
3 GOTO P68
3 L=l 2+K9%9+L5

W3=W3+H4+WS
REM: Lood Factors
H=W3 (6900040, 75)

J-B-§
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1F L2=8 THEN 7118
YeiL+0, 5/ PRRA120 00,700
M=, 67

REMS Det'n’'n loraer of W oor ¥
IF W=08 THEH 7226

IF L9=8 THEN 7190

IF!N>V THEH 7196

H=Y

B GOSUB £308

GOTO 7230

RETURN
EHND
REM: Subroutine tor STS extrozi URREL stagae: CPoL revisitde ORS kits 84w
IF C3=2 THEH 3238

REM: SSUS-Dy SSUS-Rs IUS

DISP "ls urper StQ3¥ reauired”s

$=0

THPUT &

IF 5=0 THEH 2248

DISP “SSUS-L"S

INPUT R

IF A=1 THEH 2498

DISP "SSUS-A"3

INFUT R

IF A=1 THEN 2548

DISP "IUS tuo ztase”’

INPUT R

1F R=1 THEH ScBY

DISP "IUS tuin stose”}

INPUT H

IF A=1 THEH S&60

DISP "IUS twin sto3le +spinner”s

INPUT R

1F A=1 THEHN 8728

FRINT LIMis"THERE ARE NO OTHER CHOICES [H THIS MODEL"sLINZ

GOTO 5838

PRINT "Moo upper sto9e i3 used. "sLINL

REM: PsL rewizit

REM: DISF "Doesz wission need PrL revisitts

REM: INPUT R

REM: IF R=@ THEN 8319
REM: PRINT "There is
REM: R=B,35#I%

DISP “"How many OMS kits (ur to 3

INFPUT K9

1IF K9=8 THEH 9459

REM: OMS kits weishtt 1 16302y 20 29468, 3) 43033
REM: Thev are each 9 feet lon3

GOTO K9 OF 2379,53%0,3410

W4=16202 *
GOTO 8428 '
W4=29468

FJTO 2420

W4=43033

PRINT K93 "ONMS kits ore uzed in this mizzion.sLIHL
REM: Kit + inztallation time costs
K8=K9*@.82*I5+((K9*44)-34)*(B.813?5*15)
RETURN

END

REN: Routine for upper Stase infotmetion
PRINT “"Mizzion uzes SSUS-D"«LTHI

REM: SSUS-D cast in 1980 $':z3 lensth=7.9 tt.s wt apkros 79508

o PeL renisit elanned for thiz mizsion. " sLIHL

__..~—~_._.—.—....H-.._..........._._.....__.—‘..._.._.._..__....._....
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8530

be~y

SR 51,501,078 1, 308
WS =750

LO9=7, %

GOTD 2290

BS540 PEMS SUUS [ cuct gy 1970 4903 Irtatbs® ot 8 at =E2004400L for crodle
8550 PFINT "Mi-aaon uses S5U5-A" L IHL

2995 D=2

85960 =3y, 302 1,092

87N WS=12200

35980 LS=2

8999 GOTN @ %n

BEO0 REM: TUS tuo stoaes 1936 §':y |epath UpBera 1mated

8610 PRINT "Mizzion uzes IUS b “taes "L IHY

8619 De=3

gezn
8e 20
2649
652
8E€n
8670
8675
8820
8630
aroa
a71u
720
8730
8735
3740
8750
3780
8vva
3729
95K
3518
9515
2529
2530
9548
9559
9560
9570
2530
9598
9680
9605
9610
96208
9630
9635
9649
9650
660
9665
9670
9680

HREF

et

W&= 32001
LS=16, 4
GOTO &2%0

REN: TUS twin ztaaey 1980 $':9 lenath QEREFOE LMt ed

PRINT “"Mizzion uses IUS twin ztoas"sLINI

DE=4

S=(124607+1,0878-1, 338

WS=42708

LS=21.2

COTD 323530

REM: TUS twin stase + zspinners 1930 $'z. )
z i

rath appro.imatsd
PRINT "Mizzion uses IUS twin stose + Rin

gy LINT

Ie=95
S=C1346 0 0PE1, 328
WS=553a48

REM: Subroutine tor develorment of exrepdoble
FIXED 2

rRS=1

PRINT “Thiz wmizzion uses oq e.pendable lounch wvehicl
PRINT "0Onlv three wehicles are included in thiz mode
PRINT "1 for a Scouts a 2 far o 2999 series Deltas”
PRINT "and o 3 for o 23999 zeriez Delta, "LINL
DISP "Exmrendable launch vehicle code”’

INPUT DS

GOTO DS OF 95909520, 9550

REM: Scout is approx 2.2M + .2M for SURROE?S
T=2.4

FRINT "A Scout launch wehicle hos been selected, "LIHL

GOTO E7H

RET% 2988 series Delta CCaster IIde includes SURROPt zerices
T=15.4

PRINT "R 2980 series Delta lounch vehicle hos bech selected, "LINL
GOTO 9670

REM: 39860 zeries IDelto vCastor IV, includes zupport ssrvices
T=19

PRINT "R 3980 serigz Delta lounch wehicle hos been zelected, "LIM
RETURN

e RF)PR’ "DUICIBILITY Qp THE

A
knﬁ?vU,PASEYRPWnp

loaunch vehicle (ELY) co:sts

“LINL

€.
13 enter a"

service

13

40 397 £ 1ue0 €030 C0S8  €BRB S108 6116 6230 6250
6280 63080 6318 €430 450 6480 500 510 €520 6CIB E65
EE20 6510 €B28 6540 £360 F16e  TI%0 7220 9080 8099 S1io
2120 5148 8159 2170 2188 8200 8210
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Lo

131
DS
ng
ES
E9
15

19
Ke
K9

L1
L2

L3
L4
LS
L2
M

uy
e
e

46
978

48
4226

49
40
44
49
49

40
928

49
40
40
40
40

40
670

40
49
40
48
40

48
6460

526
1930

388
4690

356
9578
8495

480

45
970

4618
2825
2855
€560
Sve
Ss6

S28
528
7858
4168
6026
rle

41
438
2825

g0
1866

3108
1690

440
9560

430

920
1836

4620
2060
2860
7038
See
556

=Yg
Sg8e
852,
4116
€870
758

4216
Sae
2eve
383
2645

2039
4720
4748
43648
v158

600
2025

318
8n1e

1620

8615

6258
£08
85886
4138
6228
vre

540
20388
383

2038

i

BE7S

c0n
2448

4620

8328
7188
748
638

6300
2648
828
5278
1@

LY
4820
4768
4480

638
8440

46606

83386

rg=1"]
678

8raes
7838
6420
238

678

4718

8360

g83a
748

g8vea
fa%a
€478
91a

750

4810

8428

60858
?50

7148
6620
9z0

&se

309

8566

4300

830

2130

778

8446

6458
€186

O
T
o=

4830

3440

€51a
€650

E8ER

X

202N

xa

920

4228

6668

vily

€418

SESK




We

4799

96

€030
€610

6RE0
6260
veze
8370
8510
4500

4170
4500

90

6R50
6630

6410
ce18

1268

6830
rose

2419
363
4908

<Y
L)
(]
<

3698

4244

J-B-9

arsa

e,

6260 £286 6418 £439
7198
4279 4278 4268 4300
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ADDENDUM J-C
PROGRAM LISTING, FILE #3




LOAD
LIST

18 R
28 R
39 R

3

EM: #32 FILE FOR TYTD PROGRAMs PHASE~T YERSIUN (1979 _

EMs Proarom computes humber of comnponent test foilue:s v, tine and 30=ten

EMt tezt time and foilures for sither o fixed launch failure rate or {or N

40 REM: a foilure rote based on a 3iven instantaneous avallability
50 A2=AS=A6=F5=M1=M2=M3=14=15=1E=RE=0

D4=5

78 CFLAG 1
80 CFLAG 2
90 X7=0

%8=29=1019
%9=0
IF FLAG? THEN 2160
DISP “DATE";
INPUT A$
PRINT LIN2
PRINT TRBSS:A$sLINZ
g§1N¥ "Enter moximum number of component test hours to be investigated.”
IN
DISP “"MAXIMUM NR COMP TEST HOURS"3
INPUT TS
DISP "FILE NR. FOR 1ST DATA ARRAY"}
INPUT FS
gsm;ng IS A FILE NUMBER COUNTER FOR STORING ERCH iRRAY
8=
A1=A%
DISP "WANT RELIABILITY DATA PRINTOUT"S
INPUT 2
é;LSEIITHEN 290
Y2=D7/(T7+D7) @ b
DISP "WANT COST-PROJ. DATA PRINTOUT": qu O,M
INPUT 2 . CSgXS 5 R
éngzl THEN 248 1 S -
2 Y
MAT T=2ER ‘?fZ”J"“
C2=T4+D4 “F
C1=T73-D4
E2=EXP (B, BRB6% (C2+32) Y +EXP (0, AZBE* (S2-020 )
E1=EXP (0. 0306%(C1+32) )+EXP (0, B306%(62-C1))
E2=E1+E2
B2=0,7
E2=E2# (Y2, 2)tB2+3%C1-Y2)tB2%C(L2-C1)-((1=Y23#(T7+D7 D )116.5
K2=2424%184(-6)
H2=K2%B2sE2
REM: K2= EXPECTED VALUE OF IMITIAL CUMULATIVE FRILUCE RRTE FOR UNTESTED®
REM: COMPONENTS.
FIXED 1
REM: PROGRAM INITIALLY SETS COMPONENT TEST TEMPERRTFES TO SYSTEM TEST
REM: TEMPERATURES +/~ 5 dea G
TC1s11=C1
TL1s21=C2
TL1:31=T3

V1= Ddf'T?+Dd

E4=EXP (0, 03064 Td+32 1+EHF(O, DINEX(E2-T4)
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oo by
By

E3=EXP (R, 206 (T3+323 ) +EXP (R, A30E% (E2-T3))
E1=E3+E4
Bl=@.6
E1=E1#0Y 1 23 1B1435 1=V 10 TEL#0 (T4=T3/( 1~Y1#(TE+DE D TH.D
TC1s122=E1
E=14, 26 y
K=(R8509%101¢~6))E )
B=0,314 ,
C8=1-8, 27 3%ERP( -0, DOIEFHD ) o
REM: PROGRAM NOW COMPUTES COMP. TEST FAILURES ¥S. # OF CYCLESs AHD INITIALS
REM: SYSTEM TEST K(DAYS)
FORMAT FB.192F9. 8 FE. 1sF9,1sF10,1:F10,29F7.3
IF FLAG1 THEN 796
FIXED 2
PR§N¥ "ECCOMPY="3E23 TAB2B "ECSYS)="3E13 TAB40, "EiSPA E2="3E
PRIM
PRINT "C.TEST (HRS)  PLANHED ¢DAY¥S) h .
PRINT "HMO.OF 1-2 COMP,  SYSTEM SYS.T  COMPONENT SYSTEM MISSION EWD”
PRINT "PERIDDS TEST T CYCLES EC(T» TEST FAIL TEST FAIL RAYAIL-FACTOR"
PRINT "=mmmmmm  mmeeeme memme— mmmeee e s e e
N1=0
Y=p9=1
CFLAG 9
IF T3+D8>24 THEN £5@
Po=2 {
zoan=a TO 48 STEP P9
1= :
FOR A=8 TO TS STEP (TS-/1@)
K4=(241B2)%K2% (B2 B1)*#(E2/E>T{(B2-1)-B2)
IF A#@ THEN 998
T2=1=F2=0
F3=0,02+H%
K1=K4
GOTO 1116
T2=fA-18
F2=0,02%N9
A Fa=0 ‘
IF T2 <= 8.4 THEN 1068 |
F2=F2+HIsK2#E2*(T2-0,4)1B2 ‘
1=T2/(T7+D7) :
%F T2>1.4 THEN 1690 ‘
=0 i
K1=K4 !
GOTO 1100 |
Kd=K4%(T2~-0. 43 (B2~1) ‘
K1=K4
T2=T2+16
IF A9=0 THEN 1690
K=C¢E*LOG(CSY#1,833*N9# (09 1B
KS=(LOGCRD -0, B2%N3*LOG(CE ) » 7K
A7=A%
K=LOG(AS) <K <
IF K#B >= (K1#B1) THEN 1149
IF ¥>1 THEN 127@
%F i<5*B)<(Kl*Bl*(El/E)TC(Bl-l)fBIJ) THEN 1270
i=
PS=F4=0
SFLRG 9
F1=F3
GOTO 1370
SFLAG 9
T1=F1=P5=0
IF A=0 THEN 1220
} F4=0
IF (T2-18) »= 1.4 THEN 1168
T2=1@
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F2=0,025H9
1=6
GOTO 1370

T2=(K#B/ (K2#B2#(241B2)) )11 (Ba-12)

T2=((E/E2)1(1/B2))#T2+0
1=T2/¢T7+D7)

T2=T2+10

IF T2410.4 THEN 1157

F2=0,024NI+NI#K2#E2%(T2~108.4)1B2

GOTO 1378
F4=0,02%N9
GOTO 13ve

T1=C¢K*B/CK1%B1))1(1/¢B1~1))

Ti=¢CE/E1)P(1/B1))#*T1
T1=71+0.8

T1=T1/1.34
PS=INT(T1%24/(T8+D8))

IF PS=T1%24/(TS+D8> THEN 13449

PS=PS+1
T1=T1#1.34

F1=F3+N9%K1#E1#{T1-8.8>1B1

F4=0

GOSUB 1390

GOTO 18378
Hi=K1#E1%B1
H=K*E#*B
F=sF4+N9#K*E% (09218
R3=1-K#E%(09) 1B
E6=LOGR?

D=(3*A7/E6T3)*#(E6T2-2%E6+2-2/A7)

N=1{-D
DISP I8JiD3IF9

A1=CSt(F4+1,833*K*EXNI*091B

Y=Y+l

TCYs1l=1r2

IF  NOT FLAGY THEN 1516
TLYs21=T2

GOTO 1520

TLYs21=A

TLY¥s31=F2
TLYs131=D
TLYsS)=PS-2
TLYsE61=T1
TLYs?1=F1
TLYs8I1=H1
TLYs161=H

TCYs11 J=R1
TLYs121=F

IF FLAG! THEN 16680

o4

HRITE ¢2+738)IsTLYs21sPSsT1sF2sF1sAlsD

Ni=Ni+l

IF N1<S THEN 1670
PRINT

N1=0

RETURN

END
Ti=1,34%)#(T8+D8) 24
PS=.J

IF J#@ THEN 1760

K=(K1#B1/BY*C(E1-E>4((B1-1)/B1J

F1=@

F4=F3

GO0TO 1890

IF T1>1.2 THEN 1&10
Fi1=F3

F4=0

J-C-3
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1790
1800
18160
1820
1830
1840
1250
1855
1870
1880
1885
1896
1900
1916
1920
1938
1940
1956
1960
1978
1980
1990
2800
2ele
2812

2015

2817
2020
2030
20408
2050
2070
2080
2100
2l1e@
2120
2130
2140
2150
2160
2162
2164
21686
2168
2178
2175
2178
2180
2190
2209
2218
2220
2230
2248
2250
2260
22?1
2288
2290
2380
2318
23za
2330
2348
2350
2368

Ke(K1#B1/Br)#(E1/EXTC(B1-1)/B1>
GOTD 1850

F4=0
K=(K1#B1/B)#(EL1/EXT((B1~-1)-B1>
K=kK%(T1-8,8>1(B1-1)
F1=F3+N9#K14E14(T1-0.8)1B1 .
A7=C81(1,833%(F4+K*E#NI*09TE) )
GOsSUB 1390

NEXT A

Y=1

CFLAG ¢

GOSUB 4000

GOsSUB Seoe

STORE DRTA #1,F9sT

FOR I=2 TO 12

FOR T1=1 TO 14

17 Is113=0

NEXT I1

NEXT 1

F9=F3+1

IF FLAG1 THEN z8@e

PRINT LIN1

IF A94#0 THEN 2100

IF FLAG1 THEN 2679

FIXED 2

g§§g¥ "ECCOMP)="1E23 TAB2@: "ECSYS)="FE131 TAB48s "E(SPHCE)="3E

PRINT "C.TEST (HRS)> PLANNED (DAYS)

PRINT "NO.OF 1-2 COMP, SYSTEM SYS.T  COMFOMEN = SYSTEM MISSIOHN END"
PRINT "PERIODS TEST T CYCLES E(T» TEST FAII. TEST FAIL AYAIL<FACTOR

PRINT "--cmmmc meccce cmccre mmmem e e e e
NEXT J

PRINT LIN1

FIXED @

PRINT "RUN(S)> COMPLETE."sLINZ

PRINT “LAST DATA ARRAY IS STORED ON TRACK#1IFILE # F<F9-12sLINZ
LINK #8:4

CFLAG 1

CFLRG 2

PRINT

DISP "CHANGE AYG. AVARILRBILITY"S

INPUT A3

IF A3=0 THEN 2178

DISP "NEW AYG. AVAIL.{must be >0.84) "}

INPUT A9

GOSUB 2470

DISP "Try new temperature conditions"s

INPUT 2

IF 2=8 THEN 2280

PRINT "Current nins max svstem test temperatuyress Jes, CI"3IT3II"s"$T4sLINI
DISP "Enter new svstem test Tmins Tmox “§

INPUT T3,T4 .
PRINT

PRINT “Component test temps are now incremented”iDii“des, L hisher-lower"

PRINT “than the system test temperoturss, Input v temr. increment "LIN1
DISP "Enter new comp., temp., increment “i

INPUT D4

DISP "Chanee transit'n or duell times"}

INPUT A

IF A=1 THEN 22230

IF 2=0 AND A3=0 AND R=0 THEN 2420

GOTO 219

FIXED ©

PRINT LINLls"Current component test tranzition and Jduell timez Chourz are”
PRINT T78"s"3DPsLING

DISP "Comr test transs duwell timess b8
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23ve
2380
23960
2400
2410
2420
2430
2440
2459
2460

INPUT T7sD7

PRINT LIN{"Current svatem test tronsition and duwel. times ‘hours) are”d
PRINT T83“s"$DB8yLINI

DISP "Svg test transy duell timesy h"}

INPUT T8sD8

GOTO 218

PRINT "END"sLINZ

CFLAG 7

CFLAG 8

END

2470 2Z=R

2475
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2575
2580
4000
4010
4020
4030
4049
4050
4860
4070
4080
4090
4100
4110
4120
4130
4140
4150
4160
4170
4190
4190
4200
4210
4220
4230
4240
4250
4260
4270
4280
4290
4300
4310
4320
4330
4340
4350
4260
4370
43890
4390
4400
4410

=fA3

1IF A9>8.07 THEN 2500

R4=R9/2

G0TO 2519

A4=R9-0.05

A3=LOGA4

D$=(3*ﬂ4/ﬂ3?3)*(3312—2*H3+2—2/ﬁ4)

1IF ABS(D3-R9) <= ©,0004 THEN 2569

A4=R4-(D3-A9>-2

GOTO 2516

B7=A9

A9=AR4

A3=2

RETURN

REM: Subroutine for developing test costs

REM: Qi= repair costs failures G2s bosed on histor .col datas=
REM: (svs tests uwith retests)- (sys tests with and nithout retests)
REM: Q3 is estimote for marchine—-army costs of 1201, per ueek for 84 comp.
P1=5300

02=27-/39

A3=120000/(84%7)

FOR 1=2 TO 12

REM: Comp level test costsl 1.78 comprstest already included
IF TC1:21840 THEN 4120

TLI1+41=0

GOTO 4150
T[Is4l=((N9+TtIa3])*(TtIa2]*2$.2+868)+(T[I;S]*@l))ﬂiBTG

1F B9#2 THEN 4159

TC1+41=2%T[1s41

REM: Svys level test costs

IF TC1,6140 THEN 4190

TL1s91=0

GOTO 4518

1F CS=2 THEN 4220

GOTO B9 OF 4238,4270:4330

REM

GOTO BS OF 4370:4410,4470

REM: Larse chambers Protoflisht unit
T[Is9]=N9*3400+14?008+TtI;6]*(N?*l??+1?889>+@2*(ﬂ9r158+6158)+T[I9?J*Ql
Ttl99]=(TtIs9]+Q3*N9*(T£I;G]*@.S4!1.34)>#10T6

GOTO 4510

REMt Larse chambers Qucl tests + Flt unit #1
T[Is9]=N9*3400+14?009+T[I;6]*(N9*1??*1?@BG?*Q2*(H9r158+5169)+T[Is?]*&1
T[Is9]=(T[Is9]+@3*N9*(T[Is63*6.34f1.34))
T[1,9]=T£I;9]+N9*861+40388+T[1;6]*(H9*44.5+?B®9)
T[Is?]‘(T[Is9]*QZ*(N9*153+6163)+91*T[Is?]+ﬂ3*N9*£T|Ip61*0.34¥1.34))flaf5
GOTO 4510

REM: Lorse chambers Follow=-on umt
T[1s9]=((1+Q2>*(N9*158+61601+T(I-ﬁ]o'u9044.3+reuan~T[1,?)§a1)
T[Is?]J(T[139}*@3*Nq*f7[196]*0.?4 1, 24 1ute

GOTO 4%19

REM: Medium chamnbers Prototlisht ana?
T[I:9]=N9*2868+69800+T[106]"N9**>.4‘}‘Jv [SENEXEIEE Aa+292EY+TE 17 32010
T[Is9]=(T[159]+Q3*N9*(T[1'6]'0.;4 1, 4 10t

GOTO 4510

REM: Medium chamber: Qual + Fl1t e W

1S

e T T A e v amvme,




4420
4430
4440
4450
4460
4478
4480
4490
4500
4518
4520
4530
4548
4550
4550
4570
5000
5818
5620
Sese
Se40
Sa50e
Seeo
5070
Sege
5090
S1e8
Si1e
5126
5136
S14e
158
S1€8
S1ve
Sige
51986
5200
S210
S22a
5230
5248
Sase
5260
5265
Save
5230
5282
5284
5286
5290
5300
5310
5320
5338
S3ve
5373
5376
S380
9390
5400
5418
5420
5430
5440
5450
5460

TEIs91=N9%2360+5980RB+TL 1+ 6 15 CHI%IE, 4+1 2400 +02 % ( NI+ 23+2924: 4
TCIs1=CTCIo 9 1+Q35NI%CTL I 6 150, 341, 340 ’
TEIySI=TU IS I+NIES7+HIDIB04TL 126 14 (NGs24, 245160 +02 - CHI# 133429203+ TL 1, 7 1501
TEIeD)=(TL I D I+QA35NI5CTL 196 150, 34-1, 34051016

GOTO 4518

REM: Medium chambers Follow-on unit

TETsD)=C1+020% CHI%1 33429200 +TL o8 I HI224, 2451604 T! 197 1401
TOIs91=CTL LoD I+AI%NDHCTI I 6 150, 341, 340021016

REM: Total fliaht costss H$

A2=R

IF RS=1 THEH 4540

A2=1 .

TCIs141=T+UI/RS+A2-TL 1+ 12101 71818

NEXT 1

RETURM

END

REM: Subroutine for data printout

IF FLAGZ THEN 52¢£6

PRINT LIN2

FRINT "DATA ON TRACK#1s FILE#"3F9

PRINT LIHL

FORMAT "Tmins de9 C: "sF4,0s12K%s"Tminy des Gt "sF4 &

FORMAT "Tmaxs dea C: "sF4,0:12%s “Troxs des Ct “sF4 @

FORMAT “Transition times hi"sF4.Bs6¥:s "Transition t mes ht"sF4.0
FORMAT “Duwell times hi"sF4.0+6%: "Duell time: :"yF4.0
FORMAT Proarammatic”

FORMAT F4.8sF5.08s" /" sF4.0sF5.0sF2,39F6, 18"~ " sF3.0+16. 1sF4, 8 F3.3:FB,.2+4F9.3
PRINT “Component Test Prosram"SPA?"System Test Proaram"

WRITE (2:s5850)TL1s11sTC1+21

WRITE ¢2:5068)TL1+s2):TL1:41

WRITE (2s5878)TC1:5):sTL1s71

WRITE (2:s50R@>T(1s63:TL 1818

WRITE (2:58%u)

PRINT Mo—mmmme e e i e e -="3
PRINT "=m—meme—eme——— "

PRINT

PRINT "Test Nr of Hr"SPR18"Plonhned Actual Hr"SFA19"Lost”
PRINT "Dur, tests of Cost  Dur-Crc Dur., of Cost Ruwa®i
PRINT *“ Yalue" .

PRINT " h plansact Fail M$ davs dars Fail M#$ Huail,
PRINT " Ms$"

PRINT

FOR I=2 TO 12

IF T[1s131=0 THEN 5566

IF ®?>TLIs2) THEN 5296

XP=T[ 1421

IF TL1:21848 THEN $5298

2=21=0

GOTO 5310

2=N9-1,.78

Z21=(NS+T[1+s31)-1.78

22=T[1:61°1.34

23=1-T[Is131

Z24=TLIs130TL1+s1424TL1s41+T(Is91

IF 29<{24 THEN 5479

AS=T[Is111

AE=TI1:13]

29=2

M3I=22

M4=T[Is4]

MEe=(R3%xNI*TL 116 1%0,34-1,34)°19%6

MP=T(1+121%1,833 .

MS=TL[ 1+91-ME

FS=F%

Me=T[1s21]

RE=1

JC-6
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7470 IF M1:22 THEH 5498
3488 M1=22
5490 IF ¥9:24 THEHW 5510
5508 K9=s24
§519 IF B8<24 THEW 5539
5520 KB=24
630 29=TL 1,91
5540 IF FLAGZ THEM 9569 o
§550 WRITE (2:51800TCIa2 152921 TLIo3 s TETIsd1s22sTL oS Dy Clee DaTE Do Db 4sd
5560 NEXT 1
5563 GOTO S574
SS66 PRINT LINLs"ROM"SIS"s COL 13 =@"LIH1
S5708 IF FLAGZ THEN 9590
5588 PRINT LIN1
598 RETURN
" @8 END

AREF

A2 5@ 4519 4538 4548
AS 58 9373

A6 58 5376

FS =15 5440

M1 58 5478 5488

M2 58 5450

M3 1t 5396

M4 S8 5480

M5 Se 5430

Me S8 54168 5434

D4 €0 350 360 2248 2270
He 28 5278 5Sz30
He 180 S51@ 5520

380

29 1 5378 S
9 118 S498 35500

T8 2aw o 918

Fa 22 239 1479 1918 1979 19ro 2120 5038 5448

A1 248 1428 1599 lezw
A9 248 SPB 1110 1114 1115 1120 2000 2176 247S 24E0 J60
2530 2548 29en 257e
J-C-1
= =T T TRy = - M _




U

S

B T T

B 2470

TY
P}
=J
n
n
T
o
4
o
T

L
Dx

2% 418 539 1334 1180 2358 2370

340 490 500 S1H  S2@ 530 540 S5O 56 S57B (g
998 935 860 1500 1506 1518 1520 1520 1540 1550 1560
1578 1380 15930 1600 1620 1910 1940 4090 4100 41°0 4120
41200 4120 4140 4140 4160 4170 4240 4240 4240 4250 4250

4250 4280 4280 4280 4390 4290 4290 4300 4300 4306 4318
43108 4310 4310 4340 4340 4340 435 4350 4050 4380 4380
330 4390 4299 4390 4420 9420 4420 4430 4430 4423 4440
4440 4440 4440 4450 4450 4450 4450 4480 4430 4490 4490
4498 4540 4540 S120 S120 S130 S138 5140 9146 5158 S1S50
SZE5 G270 S2E0 5232 S300 5318 5329 5330 933@ 5230 5330
9373 5376 S400 5410 S428 S430 SIS0 5530 S556 55958 SS50
5358 S55%5@ SS%e

358 38 3P 418 Sap

358 520 5190 £18 ES@ 2208 2220

368 3238 380 410 490

368 518 620 620 &58 2208 2220

33@ 398 410 418 439 590 743 915 1932 1178
380 398 €30 €SA  £S50 gel 43 1126 1280 1358  139@
1728 1790 1828 184w 2015

480 418 4109 430 s #19 ED 918 1832 18%9 1160
1160 1160 1170 1200

420 430 915 1832 1168 1208

S€ 1 500 €8a 6548 a20 1310 1228 1699 239¢ 2410
59 2560
£ 1 (312 58 &S0
=1 538
B2t 530
B4t 550 50 219 1122 1122 1126 1126 1270 1&78 1e8e
1330 1390 1728 1720 1730 1799 1799 1790 1829 1826 1820
12 1840
Xl 5&80 T43 919 I1e 1126 1170 1380 1400 1410 1929
140 1720 1799 1820 1850 =01
B2 1 1114 1120 1120 1122 1160 1270 1400 1410 14260
14 1720 17990 1820 1830 1830 1SSe
691 TS 1122 1IEE 1160 (370 1400 1410 1420 1480 1724
17| 12320 1280
J-C-8
r
- “\‘ . -

|




ca Tan 1112 1114 1486 18350

H3 van 956 1060 183 Y112 1114 1IS7 1208 1200
14 6 1420 1840 1890 4128 4240 4240 4240 4250
4210 4290 4300 4300 4318 4310 4348 4740 4358
4330 4390 4420 4420 4420 4430 4440 4948 4440
4440 4490 5299 S300  S419

H1 799 870 1530 1830 1640 1660

Y 28 1124 1490 1490 1500 1506 1519 1528 1936
1508 1570 1580 1599 1500 1620 1826

3] 2o &30 2950

J 8541 1470 1299 {798 1710 2870

A a1 aza 390 1152 1510 187v0 2299 2300 2410

k4 91 960 1878 19099 1898 139%

T2 931 990 1838 1032 1634 1949 19%9 1108 1140
118 1170 117@ 1189 1198 1193 1195 1200 1506

1 93n 1834 1860 1156 11388 1470 1508 1620 1920
40°'0 4099 4100 4120 4128 4120 4120 4149 4146
4248 4248 4240 4250 4250 4250 4280 4280 4280
4216 4300 4200 4390 4310 42310 4310 4319 434@
4310 4350 4350 4328 4380 4380 4290 4398 4396
44°0 4430 4430 4430 4440 4440 4340 444D 4450
4410 4480 4480 4490 4490 4490 4540 4540 4550
S52'e@ 52890 5232 5360 310 9328 5339 S33@ 5336
3376 5400 5410 S420 5430 5453 S460  S539 5550
556 5558 S5S5@ SS60  SS6é

Fe A3n 18608 1832 1932 1157 1200 1520 1528

F3 35 18919 1134 135¢ 1748 1778 1840

K1 961 1879 1095 11232 1126 1278 1358 1298 1,2¢@
1810

09 11.2 1418 14280 142808 1250

KS 11 4 1128

R? 11 5 14390 1440 1440 135@

T1 118 11%e 127 1286 1280 129 1299 1398 1390
1348 1348 13590 1559 1620 1690 17€0 1330 1548

FS 1149 1150 1319 1320 13390 1320 1549 1820 1,°A0

F4 11:9 1153 1220 1388 1410 1489 1740 (730 1510

Fi 11:4 1150 1359 1568 1620 1720 1770 1840

H1 13w 1570

H 1419 1550

F 14 @ tevd

F3 149

Es 149 1440 14490 1440

J-C9
. . - . S e

1220
280
43080
4450

1154

1940
4160
4290
43240
4420
4450
S26a
533w
S556a

1738

1858

105

115

1960
4170
4290
4348
4420
4450
5265
5373

5550

1329



1456 1450 1470 1530 J62p
1948 1959

SlEE 23100 2470 2000 20EM 2GER 0 2600 pne
CEHR2NIR 29200 S0 240 D4 SN Th

259300 20460

ALI0 a0 4280 430 bl sl 2 ddel adln 4t
A0 4288 3100 4340 43300 G40 il dd0R

SO I da10 BENE 430 a0 N0 44w Sd i

4200 4o0m

IG5

SITE O SI8W 5490 SEON SS1n 8520 Se6

JC-10




ADDENDUM J-D
PROGRAM LISTING, FILE #4




LOAD4
LIST

18 REM: #4 FILE FOR TYTO PROGEAMs FHASE-T VERSIOH « 1974
12 REMS LISTING OF PROGRAM PARAMETEF= AND PLOT POUTIHE
15 CFLRAG 7
o 20 PRINT A%sLIMY
- 38 PRINT "PROGREAN PARAMETERSS "sLIN.
- 48 FIVED @
. 59 PRINT "PAYLORD:"sLIM1
I 63 LOSUE B9 OF V26200320
. . 7?8 PRINT "Number of coumponentzs"in
. 28 PRINT "Pavlood meiahty lbst"3H9
X 98 FIXED 3
100 PRINT "Fowvlond costs MES"3UD
7 102 FIXED @
. 164 IF RS=1 THEN 183
1€ PRIMT (RS~-1)i"reflishts are plarned 1t addit1on to tha, ti 3,
188 PRIUT
118 PRINT "MISSION PARAMETERS:S "sLIH1
128 PRINT "Mizszion lensths dayszt"309
148 FIXED 2
198 IF T[1:12)=0 THEN 186
ok 188 PRINT "Desired overoae awoilobilit s "3T01+13)
" 178 GOTO 196

— 138 PRINT "Ruerase avoilability not zrecitred.”

— 198 PRINT "Expected number of wmolfunctions ouer the miszion dupat yont "800 1)
o 288 PRINT "LAUNCH VEHICLE INFORMATIOHS:"sLIH1

i 219 GOSUB VY9 OF 850,890

e 226 PRINT

238 PRINT "TEST PARAMETERS:"sLIH1
240 FIXED @

250 PRINT "Component test transition time

voduell times hoogra s TEITEL L
e 260 PRINT "Svstem test tronsition s dwell times hourzs"$Tad v ine
L 262 PRINT “"Component test mins wmox temperaturess dea 01 if 187 "0
. 264 PRINT "System test mity m0x temperaturezd des C3"3T387 "1 T4sL1HI

268 GOSUB ©S OF 13008.1328
, 270 PRINT "Maximum component test lensth inveztizoteds hoor 1%
- 280 FIXED 1
. 298 PRINT "Maxiaum elonned swvztem test
292 PRINT "OPTIMIZED PARAMETERS: "LIN1
296 FIXED @
3808 PRINT "Minimum cost Rrocarams other thab Tere tests ob tale "3FS
382 FIXED 1
2385 PRINT "Componsht test lenaths hours:”iM2
316 FIXED 1
315 PRINT "Planned system test lenaths davzt M2
320 FIKED 3
325 PRINT "Component test proaram coste M
338 PRINT “"Svstem test mprosram costs MEL“IMS
335 PRINT "Marching army costsy M$:"INME
348 PRINT "Mission averoee ownilabilive"$:1-A5.

lenath 1neestiaateds dnozt M1 THY

LARE

. 345 PRINT "Mission end instantaneous availabilbivi"$AS
. ‘ 358 FRINT "Minimum lost values MEI“§Z9.LIHE
., 286 GOTO Seesn o
- 396 FIXED 3 .“5lp
. 490 PRINT "Thiz iz an attached ‘non-Spacelob: po.lood,” N
. 418 IF Di=2 THEHN 458 6* N
e 428 PRIHT "Thiz 15 o dedicatsd misziond cozte M 3T Q<o
433 GOSUE 197e A )
“ 448 GOTO 476 A
A 458 PRINT "Thiz 12 o shored mizsiond costs MES"IT 4$bﬁ‘\
- 468 GOSUB 18va Q.O o
= 478 RETURN s AR
. 429 PRINT “Thiz iz o Spacelaob mizsran.” N5
' 438 GOSUB Dl OF S26,S7e 'h
y J-D-1
- ¥
.y - e : m e ez e .
v . e o = " e e Y. > o




S0
S0
S0
520
30
a0
LT Y]
IS

P
RAR WG

J

-
'’ et Tt

P A
DO DD DT DT D T T D T T

BN R DR RV R 1 JE B NPT TN R W A, I R SO R
=

£
Do

D DD

OE O T TGRS B ENESEIES RS RS RS BT X 0 080 0 00 - . S O B

on
[

2ce

o
-
=

290
906
9l
928
930
94
95
968
ava
980
998
1008
1018
1826
1836
1940
1a5@
lage
1878
1873
1938
1938
1100
1110
1115
1126
1125

FETURH

EHD

FILEDL

FEINT “Thy. 1.
FILED 0

LOSHR e
LOTH wd
FLED 2

FRINT “Thys 1:
GOSUE Ko
FETLIFH

EHD

LF P o AHD H=0 THEH e7r e
FLLED o

IF E3=1 THEH e

H=1

FRINT H3"roiler
IF F=1 THEH can
FRINT f-Prstoad”, o the £
FETIIFH

EHD

S dedreated

Wo_hred wy -

o lodd maizrant STS costoe e -s T

Aiond AT Casre MESUIT

Pare wEed wathUSPelint T oy 1 he PO doad el aht

O thew, ™

dolond werabt 1z o0 the Prezzurdi2ed podiyle,

FEINT “The ea.laed wzes o dedicated ejepment,

GOSUE n2G
GOTO 7en
PRINT "The ro.lond zharez o
BOSUE 20

FETURH

EHD

FEINT “Prototll skt Umat
FETURH
FRINT "Firzt tlisht it
RETURN
PEINT “"Follou-on unit”
FETURH

EHD
FRINT “Shuttle launch”
GOSUB C9 OF 930,398,430
FRETURH
EHD
GOSUE DS OF 220540, 960
GATQ 226
END
PRINT "Mizzion uses a Seaut
RETURH
PRIMT "Mizzion usez a 2988
RETUREH
PRINT "Mizsion usesz a 2980
RETURN
END
PRINT "Thiz is a Free-flier
GOSUE D1 OF 18308, 1240
RETURN

EHD

FIXED =

PRINT “This miszion is
GOSUB 1870

GOTOD 1120

IF DE=p THEH 1oee
GOSUB DE OF 1138:11508:1179
IF K9=0 THEM 11oo

PRINT K93“0MS kits are use
IF R=8 THEN tiz@

PRINT “A revizit cost is i
RETURN

RETURH

EHD

troelemeny "

lounch ushicles cozts M7

ri

243

143
"

g Deltas costy M3 T

se¢ries Deltos costs MES“IT

pavload, "

dedicated to this pavlond? STS cozts MEFI"ST

s 1198 1219
di costs M$:iKo

noludedd costs HEs"3p

J-D-2




- on Pt P
=3I H A
[~ R uxf ]

eI

P G Pt Pt P Pl Pt Pl b Pumh
- DD

[0 Kl oy

—
ro
2 M
L)

‘-t

1250
12ée
1270
1220
1308
1310
1320
1320
1340
5000
5910
5020
5030
5S040
5045
5950
S060
Save
5980
5090
5100
5119
5128
S5130
5140
5156
5160
S170
5180
5190
52008
5218
5220
5230
$240
5250
5260
5270
52808
5290
5300
5310
5320
5338
5240
53958
5360
5370
5375
5360
5390
54090
5530
5540

-
n
F S
=

PRINT “"Mizzion uze

265 A SSUS-D upper ztaaed coazts ML -
RETUREH
PRINT "Mizzion uzes a SSUS—H upper 2toast cozte HES'S
RETURN
PRINT “Mizzion uzesz an IUS two zrtaaed cozts MES"'ES
RETURM
PRINT "Mizzion wzezs an IUS twin ztaaed cozts MES"$S
FETURN
PRINT "Mizsion wzeszs an IUS twin stoas + zpannerd oo 1. Mis"e,
RETUFH
END

FIVED 3
PRINT "Thiz mizzion i
B0SUB 197

L1

FETURN

EMD

PRINT "Svatem test 1z ronducted 1n o lovas ve, 3, 30t
RETUEN

PRINT "Svstem tezt 13 conducted 1 o medium Ce.3, §291
RETURN

END
REM: PLOT ROUTINE
FIXED @

FORMAT 13ns"
FORMAT 134"
FORMAT F&.1
IF FLAGS THEM 5378
Ke=H?
Y3=INTKE-1
Y4=INTHI+2
#l=-0, 244
we=1,3%44
%3=0

®5=0
VE=Y3-8,2%(¢4-¥3)
Y7=Y4+0, 3% (Y4-42D
Yo9=Y3

IF K4>248 THEN S126

S4=24

GOTO 5199

84=43

A=Y4~-%3

IF A<l THEH S26@

IF A<2 THEN S280

IF A<S THEHN S388

IF A<18 THEN S228

IF A<20 THEH 5348

GOTO 5360

85=8,1

GOTO 5370

595=0.2

GDTO S378

$5=0.9

GOTO 5379

58=1

GOTO 5379

39=2

GOTD 5370

$5=5

SCALE H1aH2sYEs YT

IF FLAGS THEHW 57%9

ARKIS Y3954 K3 4

YAKIS HSsSSeY¥Y3sY4

LABEL <%s1,591.72040.7)

FOR RE=(RX3+454) TO (X4-%84 STEF 4

"sF4,08:sF7.0:F10,.8sF11.0
"sF4.8sF7.8:F10,8sF11.0

PLOT Hes¥Ssl

J-D-3

zhored with other pacloodzs T3

Lty MESUST

Ryt tac1la

1St boca




4k

.3

-

5550 CPLOT ~-2,501-1.5

5560 LABEL c¢#3¥

5570 HEXT He

5580 PLOT XS5s7Ss1

5990 CPLOT 20+-3.5

$600 LABEL ¢#)"COMPONEMT TEST DURATION, H"

5601 IF R340 THEN Sé1@

$602 PLOT "‘d4s¥dy

5604 CPLOT 343

5606 LABEL (*>"PLANNED"

5607 LABEL ¢=»"5Y¥S TEST"

5608 LABEL ¢*»" DRYS" ‘
S610 PLOT K2sésl

5620 CPLOT -2@41

9630 LABEL (="A$

5640 FOR Y&=Y3+35 TO Y4-55 STEP S5
5850 PLOT XS»vSsi ‘
S6€0 CPLOT -5.5,-9,3

5670 IF $S:1 THEM S€9n .

S68@ FIVED 1 ‘
9590 LRABEL %1783

S700 NEXT '8

$718 PLOT “S:¥Sel

§720 CPLOT -7+8

S?30 LABEL (#+1,5:1,7yP1-2:0.7 "

5740 LABEL «#>"LOST YALUEs M$"

S750 LABEL ¢%+1.5+1.7+9,0,7)

9752 CFLRG S

5753 SFLAG €

9795 REM: Flot onl. zero test file and win test t1)e
9760 FOR BS=F2 TO FS STEP (FS-F&°

SVER GOTO SS820

5799 PEM: Plot an, 11le

D800 DISP "Stortinas endin? t1le number:"s

5210 INPUT EE«ES

5815 IF BE=0 THEH £210

5220 LOAD DATA #1.BF.T

9230 21=1a19

S840 FOR I=2 TO 12

5858 A=TUIa13)«TO o143+ TL I 43470 1
9866 IF TCI+21:49 OR A-Y4 THEM c0on
Sa79e IF A9=D THEH S9%&@

9872 IF TOI-1421=T01+21 THEN &000
5320 PLOT TLI«21sA01

52885 CPLOT -0.3,-0,7

S2%a LABEL ="+

$968 IF I#> THEMN S99

5918 CPLOT A, 2

5928 GOT0 S94a

S930 CPLOT -4,z ‘
5940 LABEL 38480 T01:53-1, 34 |
9958 GOTOD S9ss |
5968 PLOT TLI«21sR

9965 PEM! Find coordinotez of wmin pont 1
5976 1IF 21 A THEN 590

S92 21=A i
5990 22=T(1:2] |
€800 HEXT 1

6813 PEH

6028 PLOT a4t

6029 CPLOT 2+-8.3

6348 IF A:'Y4 THEHM 120

6050 IF RA9#0 THEHW &Bve

BHEE LAREL vSa403 ¢TI I-1+1621, 34

6@7H PLOT 2292141

€820 LPLOT -8.3-9,3

J-D4




66090
c1aa
6105
6110
61195
elaa
6130
6146
6156
6lcn
6170
6130
€199
€209
6214
€228
€230

HREF

M7

LABEL c#3"y"

IF FLAGS THEMN 61.:2@
IF A948 THEH w219
HEKT Bi

SFLAG 5

GOTO 6176

BE=Bot+l

IF Be=Ec+1 THEH oled

GOTO 5328

PLOT H2+¥3 1

DISP "Further plotz"s
IHPUT H

IF A=0 THEH &218
GOTO S208

SFLAG 7

LIHK 3

EHD

Tt
L]
n
[
L
=

—
o
[0

DX

(a0
o)

nan

[

£
unl
LN -
Do

o
Fupn
e Fon
o

Joe N
Do)
e
Dol

J-D-5
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N
D

T
Daog

458 S39 San 320 EL DT AN 1a4a
cE8 EY0 629

LT B Y

197S

—
=
U
<

1158 1170 119 1716

SRE0 S99 S1S00 SIE0 S50 Seps SEE
S128 S120 S130 S140 S190 S390 S640
D120 9130 S139 S190 S3I90 Send  Sedn
53760

S37H S4B o160

9398 5580 SeSw STie
5370 S5e1e

5370

9388 9548 5538 5710
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%180 S380 3%30 9930 %530

5200 %210 %220 S230 5240 5850 SgED S580 930 CaTh
£OzZR €040 £180  £190
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ADDENDUM J-E
MATRIX TS (12, 14]

&..,3$\A\.,..‘_.-.,V e -

=l



Cl
sheq
siey Yiduay | sIpAk)
1sa) ‘fleay ey piezeyy 1591 4 (v) SaPA)
peojAeg | -peay puj piezeyy 150) 1501 | sonpeyg | [emioy | pauueig| 1s0) | sampeq |uonesng| sag z
» -uon saapicd | paind aedg 19, | wais4g 1821 191 1891 1831 1S3 1891 ~Jwo)
youne | adesaay | aovdg -wo) [enug | woisdg | enag | waisAg | wiaisAg | washg | -dwo) ‘dwo) | -dwo) 1n4
a 4 iv H 11| id IL T/sd <d Al o
Augqeqe acy | Aupqe () (v)
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ADDENDUM J-F
EXAMPLE OF PROGRAM RUN




LOADY
RUH
It sou reed 3sn'l anfosr enter 1 ™1

In order to uze thiz prodrams the us&r wuzt bnow or §gtinate o
number of 1tenz vo be used 0z RrodIrom 1nPULs,

Az 0 mindedme the wser @ust know!

02 the number of comrornerts in the paslood P L)

by the mizzion tire iIn orbit

cr the tvre ot 1temd protofliahts t3rzt ¢1li9ht 3t&my or tollow-on

d)» whether on cxrendoble lounch vehicle CELY '+ or Shuttle =TS
i inuoluedd 1t the lottery whether it: o Free-<Flier or
Srpacelab wmizsien,

€r the minimun and Mo 1mdm LEEL tEMRErAtUreS.

Q

The user will also be asked to inrut various other dota, It the
ONSWErsE are unknows the user should 1rrut 81 1n this coze the
proaram will rrovide overogde value estimates or will zkir ouer
th".lt it»el‘]o

Questions should be onswered with 1 for vez and @ tor no.

For auestions thot are not aorplicobler enter 8,

Hhen tuwo walues are reauesteds enter them with o commd inbetween
LI I B R R

Hr. of compronents in the P-L?30

The P-L has 20 COMPONENt S,

Input minivmum acceptoble PrL avgerage ovoilability 9z o decimall
input B if unknown or full oprimization run desired.

Minimum accertable ous. auail.?0
The mininum accertable avoilability input ag 9 %

Input mizszion time in orbit,

Mission time in orbit (dars)?36S
365 dav: reauired in orbit.

Input the sztimared minimum time an averoae romponent will toke to
et from one tempsrature extreme to the other durins test and the
minivum duell time at temperature, Enter 0's wvhere unknown,

CompdtTrans times Duwell time Ch)70e@
Conrponent tezt rrofile contains 2 haur transition time:
and & hour lon3 duwell timpes,

Input the estimated minimum time it will take the P-L zvstem to
et from oneg temperature extreme to the other during test and the
mininum duwell time at temperotures, Enter 8'2 where wunknown.

Svad Trons times Duwell time Chy»?8.43
Svystem level test profile contains S howr transition

-

bimez and 48 hour lon9 duwell times.

Input the general minitoum and moximan zvatem leuvel test
teqperatures in dea (.,

J-F-1




Co
D

2 1 1
DeEtEm Ve

Toirs Twa s v dea 70y 40
temp, levelas Temans 0 » Trmo.s 4@ dea L

SeEten levgl vesv: can be conducted an o larse chowber
San the arder of 30 4 diometer and G0 ¢ Fraakise
O oan 0 wedium 212ed chonber

AN the arder ot 12 4t in diamerne ond 1% 41 haabos &ntgr o

Lavae ol ar wmedium 2 chambe r o2
Ky ba: becn entersd,
The F L wa. e a praot ot laahr vt ey

Low 0 t1ray ¢ )iake
HOLY et ar 2w ar 0 ol nean )t T

tetterd

Ftlr o loe FLO#L 20y op F- ISR |

! ho: bern ielected,

The tullowind auezt ton: Fertaln ta the Jounch vehieles
Shuttle STSe or an & pendable lourch vehicle vELY Y,

2T vemter Looor ELY venter 2000

Thiz wmigs1on uze: an expendoble lounch vehaele,
Only three vehicle: ars included 1 thas wodsls enter o
1otor o Scoute 2 2 tor o 2900 zerics Deltas

ond 0 I ter o 3300 zeriez Delto,

E rendoble lounch vehicle code™]

R Scout launch cehicle oz besr zelected,

PL direnzion: are te be dstermined,

Enter P L neiaht o Qhs o8 Enter B o1+ unb rewe,

Pl omerakr o lbsaoaar
F-Lowersht o lbzy ireur as 337

Enter F L wozt 1n million
Unknouwns spter 9,

gl

FoL ocozr 1973 MEon

Inztrument cosztszs woy be estimoted bozed on the tvee
and weiakt of the IMEt rument ,
The tollowming closses CRRLE

€Enter o

20t 1378 dollarst 1t the amount 1z

class 18 Interferometers

clazss 2% Telescopes Spectrohelioararhs Pozzive Micraouauve
Fodiometers Photomet e SpECtroneters T=Y Cameras
Maoarnetometer

clazz 3! Active Micromoues Moze Measurement s Plozma Frobe

Choras Detectore Film Camera

“

It tvpe 15 unknowns use clogz O oz an overaae,

B
Instrument closss 1y 2y, op 392 o %
Ihetrument closs 2 iz selected, NAJPRRR
‘\3‘;\\ . \) s
Estimoted 1nstrunent cost (1973 Mgy 3 B, 936 V§$J\i:d
Eztimoted plotforn cost (1978 M$s : 2,631 .4ﬁ§3 '
Estivated total P L cost (1978 Miy 1 3,967 x e
A
J-F-2
v
n - . L - P “‘l“;".”— . - “.w‘A.MMMA*{A;%_:”.:; “ I :-_-‘-n:m-— - —
- o 7 . E— a - e v »




ELY LAUHLH COST 1S 2,400 MILLIOH 1976 DOLLARS
PRYLOAD CO2T 1% 2,567 MILLION ¢ 1973 DOLLARS,

PATE™1- 1 9

Enter ma dendn ek of womeongnt tEit e g 1o b

PR THUN HE COME TEST HOURL G50
FILE HF, FOM 15T DRTH ARFAY™L
WANT FELIMEBILITY DATA FRINTOUT O
MANT COST PROS, DARTA FRINTOUT™

wees Caleudotar toben out ot FRINT HLL wode, +eee

FUNY S COMPLETE,

LAST DATH ARFAY 19 STOFED OM TFACE#1FILE & 41

AT s e i g

1nvs gt 1 a0ted,

L e \.A- P,
o . . .J T Viu

‘:\él:__.“ L




11

FEQGEAN APANL TR

PRV

Fooaroat byt Hig

Hugmbe v ot Combogp Y 80 20
r'sl ' lc:nllj e ) Hhat l’_L | S Z:,‘
'.’d . llulu‘ R R "‘:.‘Zlf»:‘

LS ul PORRRE T F e
MYy den bonathe oot en

Howra e v ol Lot ot e 34100,

E mecrod toambo o mo b t pon e the s el o pond 1, LS

LHIHEH YUHTOLE THEORNKT IO
Mizeron vowe o Scout Tounch o hite Jow onts MES Jedi
TEST FHFAMETER S

COomPanent teit Lranzitgon time o duell ¢ Do

4 .
Sortenm LI S NI T T ARSI B WY S % (RT3 1 B IR WTITH fpwgr 805 « 43
ComBPonent Te_t mitie o teppetot Ube e e ) K-k v 45
SoItEn teCt mane w0 toperature s dea Fi i « 40
SoEtem test 1 cobducted 10 0 mEdium e, 4, POy 1540 o ot
Mo teie comeonent tesr lepath et raateds hoyrss 48y

Mo reuem elovned = oztem te-t lepmath thive st ot eds g o8 9
OFTIMIZED FAFAMETERS:

Mitidemem ozt praarame other than
Companent tezt lerathe Rourss
Flarhed =, g tezt lenatbn
Component EYORFOAF0 ozt
Soztenm tezt py

“OAFAM costs MF
Marchina avrm. cozty M 8,121
t e

TEFD testy o $1le 2k
s 0

-

t
t

Mizzion averoze ovnilabily
Mizzion end 1hstontanconz aug

Mindewae lozt valuey ME: 2,223

J-F-4




Zo . )}J};«

ot

ECCOn=5= 18,01

E"

S¥5r= 14,32

E-GPACEY= 14,26

C.TESY CHRS) PLAHHED «DRYS
HO.OF 172 CONP, SYSTEM  SWE.T COMPOHENWT SYETENM M1SSIOH END
PERIOCDS TEST T CYCLES ET» TEST FRIL TEST FARAIL AYAIL/FACTOR
9.0 (< v S3.4 a,.0 e2r.n p.19 ©,700
4,2 432 e G2 3.2 1.7 9.1% . 700
9.6 9a e 3.7 S.2 8.9 0,19 8,700
14,9 144 1 2.9 6.9 8.7 9.19 ©.700
29.2 192 1 2.9 2.4 8.9 n.19 8,760
29.6 &4 i 2.2 9,8 0.4 8.1%9 0.708
38.9 288 1 2.8 11.1 0.4 B.19 0.798
36.2 336 i 1.9 12.3 8.3 B8.13 8,780
40.4 374 %] 8.0 13.2 a.9 8.12 ©8.789
4@.4 3? 9 3.3 13.2 858 0-19 8.-’33
48.4 374 @ 8.9 13,2 9.8 .19 0.789
DATA ON TRACK#1. FILE# 42.00
Component Test Proaram Svysten Test Prosrom
Twins dea C -3 Tmins de9 C3
Tmaxs des C3 45 Tmoxs dea O 48
Tronzition times ht 3 Tronzition times hi 2
Duell times $ & Iwell time, ht 48 Prosrammatic
Test Hr of Nr Plonhed Actual HNr Lost
Dur. tests of Cost DursCve Dur. of Cost Av3 Yolue
h plansoct Fail M davys dars Fail M$ Avail. M$
5] B/ 5] (5] Q.ene &2.27 14 83.4 27 8,778 a,38 4,933
48 17+ 19 3 8,036 4,74 1 6.2 2 8.2a8% a,38 4.486
-1 177 28 5 B.14% 2.8 1 3.7 1 8.187 8.308 4.505
144 17s 21 7 8,282 2.2, 1 2.9 1 8.120 9.38 4,558
192 177 22 8 A,263 1.8 1 2.5 1 B, 177 9,30 4.616
240 174 22 1a 8,327 1.6/ 1 2.2 a @.173 f.38 4.677
238 177 23 11 @, 392 1.5 1 2.8 a B.174 8.38 4.741
336 172 24 12 @.450 1.4 1 1.9 5] 8,173 8.38 4,883
274 177 24 13 a.21% 8.8, 8 8.8 5] 8,800 9.38 4.690
374 17~ 24 13 8.91% B.as @ 8.8 e 8.980 8.30 4,698
274 1ve 24 13 B,51% B.8s @ 8.9 2 ©.000 9,38 4.698

4433 COMPLETE.

LAST DATH RREAY

15 STORED ON TRACK#1HPFILE & 42

J-F=5
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FROGEANM FARAMETERS:

FAYLOAD:

Frotatlisht Unat

Humbier of comporentst 20
Fovlond weiakht s 1b== 337
FPavlioad cozts MY 2,567

MISZTON PARAMETERS:

Mizzion lendths davzt 365
Dezired auvernas availobility?: @,

0
-‘
Expected rumber of molfunctions o

e the miszion durat
LAUHCH YERICLE IMFORMATION:
Mizsion wzes o Scout lounch wekhicles coszts MED 2,48

TEST PARRMETERS:

-:npOeﬁnt test transition time s duwell times hourst 3
Svitem test transition » cdwell times hoyrs: H v 48
CrmnonﬁnT test mins mon teppesraturess dea -5 v 45
Svetem L3t Miny Moy temperatuyres’ dea O @ s 49

Svatem test 1z conducted im o wedium re.a. 129t 215810
Mn.imum component test lenath investiaarteds howrst 488
Maximum planned system test lemsth irnveztianteds davs

OFTIMIZED PARAMETERS:

we (T

Minimum cost prodrams other thon Zero tests on file 42
Component test lendths hourst: 4£.8
Planned zvstem test lenaths davs:! 4
Component test prosram costs ME: A,
Svatem test proaram costs ME: 8,135
Marching army costs M$: 9,918
Mizsion averase availability: @, 308

Miszion end instantancous ovailabkility: &,188
Minimum Inst walues ME: 4,468
J-F-6
‘.

ion: V.18

.
[0

focility.
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ADDENDUM J-G

EFFECT OF LAUNCH COST




1°1779
PROGRAM PARAMETERS:

PAYLORDS

Protofliaht Unit

Number of components! 32
Po-'oad weights lbs? 04
Pe .cod costs M$: 4,009

MISSION PARAMETERS:

Mission leneths davsd 3&5
Average availability not specified,
Expected number of molfunctiors over the mission durationt 1.21

LAUNCH VEHICLE INFORMATION?

Shuttle lounch
This is o Free-flier pavleoad.
This mission is shored with other pavloadsy STS costs M$: 5.468

TEST PARAMETERS!

Component test tronsition time » duell times hourst 3 s ©
System test transition ¢ dwell times hourst 2 s 48
Component test mins max tempero.uress dea C:-5 s 45
System test mins max temperatu-esi des cs 6 sy 40

System test ie conducted in o medium (e.9. 12¢tx15¢t 2 facility,
Maximun conponent test lenath investioateds hours! 480
Maximum Plonned system test lensth investigoteds dayst 93.3

OPTIMIZED PARAMETERSS

Minimum cost proarams other than zero tests on file 35
Component test lenaths hourst 336.0

Plonned system test lenaths dayst 79.3

Component test proaram costy M$t 0.491

System test Rroaram costs M$: 0,657

Marchine army costs M$: 0,176

Migssion averase availability? ©.81!

Miszion end instantaneous ovailakilityi 8,795

Minimun lost values M$: 3,112

I-G-1
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1°1/29
PROGRAM PRARAMETERSS

PAYLOADS

Protoflisht Unit

Number of comronentst: 32
Pavload weishts lbst 450
Povload costs M$: 4,000

MISSION PARAMETERS:

Mission lenath, doys: 265 ¢
Desired averase ovailability: 9,30
Expected number of molfunctions over the mission duration: 7.24

LAUNCH YEHICLE INFORMATION:

Shuttle launch
This is a Free-flier ravload.
This mission is shared with other pavloads} STS costy M$: 5,468

TEST PRARAMETERS!

Comnponent test transition time » dwell times hours: 2

s €&
Svstem test tronsition » dwell times hours: & s 48
Conponent test mins max temperoturcss des C:-5 sy 45
Srstem test miny max te.peraturesy des C: O y 40

System test is conducted in a medium Ce.9. 12F 4 x15¢¢) facility.
Maximum component test leneth investisoteds hours: 486
Maximum pPlanned system test lenath investisateds davs: €9.8

OPTIMIZED PARAMETERS:

Minimum cost Prosrams other than zero tests on file 1
Componen® test lenaths hours: 48.0

Planned . .tem test lenaths davs: 5.1

Component test prosram costs M$t ©,091

Svstem test prosram costs M$: 0,207

Marchine army costs M$: 0,011

Mission averase ovailability! @,360

Mission end instantaneous availebility: @, 186
Minimum lost values M$: 6,935

J-G-2
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171279
PROGRAM PARAMETERS:

PAYLOADS

Protofliaht Unit

Number of components: 32
Povload weighty lbst 450
Pavload costs M$: 4,000

MISSION PARAMETERSS

Migssion lenethy davs: 365
Averade availability not specified,
Expected number of malfunctions over the mission duratiorn: 1.39

LAUNCH VEHICLE INFORMATION:

Shuttle launch
Thigs is a Free-flier mavlood.
This mission ig shared with other ravloadss STS costs M$: 2.864

TEST PARAMETERS!

Component test transition time » dwell times hours: 3 v 6
System test traonsition s duell times hours: 8 y 48
Component test mins max temperoturess des Ci-S y 45
System test mins max temperatures! des C: 0@ y 40

Systen test is conducted in o medium Ce.9. 12Ftx15¢ft) facility.
Haximum component test lenath investigateds hours: 480
Maxinum Plonned system test lensth investisateds davs: 93.3

OPTIMIZED PARAMETERS:

Minimum cost Proarams other than zero tests on file 28
Component test lensthy hours: 288.0

Planned svstem test leneths davs: €3.0

Component test proaram costs M$: 0,418

System test Progrom costs M$: 0,559

Marchine army costs M$: 0,140

Mission averasge availability: 0,786

Miesion end instantaneous availability: 6,724

Minimum lost values M$: 2.586

1G4
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RUN(SH COMPLETE.

LAST DATA ARRAY 1S STORED ON TRACK#1IFILE # 1 °
171479
PROGEAM PRRAMETERSS

PAYLOADS

Protofliaht Unie

NHumber of comronentss 32
Pavylood weiohts lbst 450
Payload costs M$: 4,000

MISSION PARAMETERS:

Migssion lenaths davs: 365
Desired averase availability: 8,30
Expected number of molfunctions over the mission durations 7.24

LAUNCH VEMICLE INFORMATIONS

Shuttle launch
This is o Free-flier pavload.
This mission iz shared with other ravloadss STS costs M$: 2,864

TEST PARAMETERS:

Component test transition time » duell times hours: 3 €
System test transition » dwell times hours! g s 43
Component test mins max temperaturess des c:-5 s 45
Svetem test mins max temperatures’ ded C@ 5] s 40

System test is conducted in a medium (e.d, 12¢tx1Sft) facilitv,
Maximum component test lensth investisateds hourss 489
Maximum planned system test lenath investigoteds dovst 69.86

OPTIMIZED PARAMETERS:

Minimum cost Proarams other than zero tests on file 1
Component test lenaths hourst 48.0

Planned svsten test lenaths davs: 5.1

Component test Rroaram costs M$: 0.091

Svatem test RProaram costs M$: 6,207

Marchine army costy M$1 6,011

Mission averose avoilability: 0,300

Mizssion end instantaneous availability? 0.186
Minimum lost values M#$: 5,113

3-G-5
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121,79
PROGRAM PRARAMETERSS

PAYLOADS

Protofliaht Unit :

Number of conrorentz! 32
Parload weiahty lbst 450
Pavlood cost, M$: 4,000

MISSION PRRAMETERS:

Mizgior lenaths days? 3265
Avera3ze ovailability not zpecified.
Expected number of molfunctionsz over the mizsion duration: 1.55

LAUNCH YEHICLE INFORMATION:

Shuttle lounch
This iz o Free~flier pavload.
This migzion is shored with other ravlcods! STS coszts M$: 1.S576

TEST PARAMETERS!

Component tezt transition time s duell timer hourst 3 » &
System test tronsition s dwell tipes hours?: S y 48
Component test minsy max temperoturesy ded -5 y 45
System test mins mox temperatures’ dea Ci 0 r 48

Svstem test iz conducted in o medium Ce.a, 12Ftx1S5Ft) focility.
Maximum component test lenath investigoteds hourst: 488
Maximum planned svstem test lenath investigateds davs: 93,3

OPTIMIZED PARAMETERS:

Minimum cost rprosrams other than zero testy on file 25
Component test lenaths hours! 240.0

Planned svstem test lenaths davs! 56.0
Component tezt prosram costs ME&: 8,348

Svystem test Proarom costs M$: 8,518

Marching ormy costs M$: 8,124

Mission averase availability: 8,766

Mission end instantaneous ovailability: 8,698
Minimum lost values M$: 2,296

J-G-7
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FROGRAM PARAMETERS:

PRYLORDS

Frotofl i3kt Upit

Humber of comporentazt 32
Pavlood weiahts lhat 45@
Paylood coszts N§SL 4,000

MISSION PRARAMETERS:

Mizzion lenaths dawvs: 3ES
Dezired averase owvailabilitvy: 9,36

Expegcted number of molfunctions ouver the misziun durationd

LAUNCH YEHICLE INFORMATION:

Shuttle lounch
This iz a Free-flier ravlood.

Thiz mission i3 shared with othsr povloadss STS coo o M$:

TEST PARRMETERS:

Component test transition time » duwell times
Syatem test tronsition » dwell times hous -
Component test mine max temperatures A

System test miry max tenperaturesd ' . 0 @

System test i conducted in o medium Ce.9. I12FtxlSit
Moximum component test lenath investigated:r hours: 4
Maximum rlanned system test lensth investisated y

OPTIMIZEL FARAMETERS:

b gk

s 45

48

dininum cost pro3rosm: other than zero tests an file 1

Component test lensths hours! 48.9

Planned svstem test lenaths dovss S,.1
Component test pro3rom costs M$: 8,091

Srystem test Rrogram costy M$: 9,267

Marchins army costs M$: 8.0811

Mission awverase availability? 9,380

Misgsion end instantaneous ovoilability: ©,186
Minimum lust valuezs M$: 4,207

1-G-8
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171779
PROGRAM PARAMETERS?

PAYLOAD:

Protoflisht Unit

Number of comnponents: 33
Pavload weiahts lbst 450
Pavload costs M$: 4,000

MISSION PARAMETERS:

Mission lenaths davs: 365
Averase availability not specified,
Expected number of malfunctions over the mission duration: 1.77

LAUNCH VEHICLE INFORMATION?

Shuttle launch
This is a Free-flizi+ povload.
This migsion is shared with other pavloads! STS costs M$: 5.468

TEST PRARAMETERS?

Component test transition time s dwell times hours: 3

y B
System test tronsition » dwell times hours: 8 y 48
Component test mins max temperatures: des (-5 sy 45
System test miny max temperotures! des C: @ sy 40

System test is conducted in o large (e.9. 30Fftx60ft) facility.
Maximum component test lenath investigoted:s hours: 480
Maximum planned system test lenath investisateds days: 93.23

OPTIMIZED PARAMETERS:

Minimum cost pProsrams other than zero tests on file 12
Component test lensths hourst 432.08

Planned system test lendths davs: 25.7

Component test prosrom costy M$: 8,642

System test Prosram costs M$: 1,057

Marchine army costs M$: 0,057

Misgsion avervose availability: 9,737

Mission end instantoneous availability: ©.663

Mininum logt values M$: 4,246

J-G-10
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PROGRAM PARAMETERS!

PAYLORD:

Protoflisht Unit

Number of components: 32
Pavload weishts lbst 458
Pavload costs M$: 4,000

MISSION PARAMETERS:

Mission lensths days: 365
Desired averoase availability: 9,30

Expected number of moalfunctions over the mission duration: 7.24

LAUNCH YEHICLE INFORMATION:

Shuttle launch
This is o Free-flier pavload.

This mission is shored with other pavloads! STS costs M$: 5.468

TEST PARAMETERS:

Component test transition time s dwell tires hours: 3

Srstem test transition s dwell times hours: 8
Component test mins max temperaturess des Ci-S
System test miny max temperatures? dea Ct 0

Svstem test is conducted in a large (e.9. 3BFtxEBFL) focility.
Maximum component test lenath investisoteds hours: 480
Maximum planned systen test lensth investigateds davs: 69.6

OPTIMIZED PARAMETERS:

Minimum-cost prosrams -other than zero tests on file 1

Component test lensths hours!: 96.0

Plonned svstem test leneaths davs: 3.0
Component test prosrom costs M$: 8,153

System test Prodgrom costs M$: 08,362

Marchine ormy costs M$: 8,007

Mission averose availability: 0.300

Mission end instantaneous availability: @.186
Minimum lozt values M$: 7.146

J-G-11
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ADDENDUM J-H
EFFECT OF AVAILABILITY
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171779
PROGRAM PARAMETERS:

PAYLOAD:

Protoflisht Unit

Number of componen.gt 1S
Pavyload weighty lbst 200
Pavload costs M$: 1.831

9 reflights are planned in addition to this $light,
MISSION PARAMETERS:

Misgion lensths davys: 7
Averoge availability not specified,
Expected nunber of malfunctions over the mission duration: 8,52

LAUNCH VEHICLE INFORMATION?

Shuttle lounch

Thig is an attached (non-Sepacelab’) pavload.
This is o shared mission’ costs M$: 1,570

TEST PARAMETERS!.

Component test tronsition time s dwell timer hoursd: 3 y &
System test transition s dwell times hourst 8 y 12
Component test mins mox temperaturess dee Ci1-95 s 45
System test mins mox temperatures’s des C: 0@ » 40

System test is conducted in o medium C(e.a, 12ftx15ft) facility,
Maximum component test lensth investisoteds hours: 240
Moximum Plonned system test lenath investisateds dayst: 33.3

OPTIMIZED PARAMETERS!

Minimum cost prosrams other than zero tests on file 9
Corponent test lenaths hourst: 96.0

Planned svystem test lenaths davs! 13,3

Component test proerom costr M$: 06,072

System test Prosrom costs M$: 0,171

Marchine army costsy M$: 0,814

Migsion averase availability: 0,899

Migsgsion end instantoneous availobility?: 8,867
Minimum lost values M$! 0,434

J-H-1
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171/79
PROGRAM PARAMETERS:

PRYLORAD:

Protoflisht Unit

Number of components: 15
Pavload weishty lbst 200
Pavlood costs M$: 1,831

Q reflights are planned in addition to this fliseht,
MISSION PARAMETERS:

Mission lenaths davs: 7?7
Desired averose availobility: 0.75
Expected number of malfunctions over the mission durations 1.41

LAUNCH YEHICLE INFORMATION:

Shuttle lounch

This is an attoched (non-Spacelob’ payload.
This is a shared mission’ cost» M$: 1.578

TEST PARAMETERS:

Component iest transition time s duwell times hours!: 3

y &
Syetem test transition s dwell times hours: 8 y 12 '
Component test mins max temperoturess des Ci-5 s 45
Svstem test mins max temperotures’ des £ O y 40

Svstem test is conducted in o medium (e.9. 128t x15¢f¢ 7 focility,
Maximum component test lenath investisateds hours: 240
Moximum Planned system test leneth investisateds days: 30,3

OFPTIMIZED PARAMETERS:

Mirimum cost proarams other than zero tests on file 1
Component test lensths hoursg! 136.9

Planned system test leneths days: 0.0

Component test prosram costs M$: 0,096

System test Prosrom costs M$: 0,000

Marchine army costs M$: @,000

Mission averase avoilability!: 0,750

Mission end instantaneous availobility!: ©.679
Minimum lost values M$: 8,535

J-H-2
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171779
PROGRAM PARAMETERSS

PAYLORAD:

Protofliaht Unit

Number of components: 1S
Povload weighty lbst 200
Pavlood costs M$: 1,831

g refliohts ore plonned in addition to this flieht.
MISSION PARAMETERS:

Migssion leneths davs: 7
Degired averose availability: 9,85 _
Expected number of molfunctions over the migssion duration: 8.80

LAUNCH VEHICLE INFORMATIONS

Shuttle launch
This is an attoched (non-Seacelrb) povload.
This is o shared mission?! costs M$: 1.570

TEST PARAMETERS?

Component test transition time » dwell timesy hourst 3 y 6
Srstem test tronsition s dwell times hours: 8 s 12
Component test mins mox tenperaturess des Ct-5 s 45
System test miny max temperotures’ dea Ct B y 40

System test is conducted in a medium (e.9. 12Fftx1D5Fft) facility,
Maximum component test lensth investisoteds hourss 240
Moximum planned svstem test leneth investiogated) davst 125.0

OPTIMIZED PRARAMETERS:

Minimum cost Prosrams other thon zero tests on file 2
Component test lensths hours! 48.0

Planned system test lensthy dovs: 8.8

Component test prosrom costs M$: 0,843

System test proarom costs M$: 0,154

Marchine army costs M$t 0,009

Misgion averade availability: 8,850

Mission end instuntaneous ovailability: 9,804

Minimum lost values M$: 6,470

J-H-3
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ADDENDUM J-1
EFFECT OF TRANSITION/DWELL RATIO
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171,79
PROGRAM PARAMETERSS

PAYLOADS

Protofliaht Unit

Number of componentsl 32
Pavlood weiahts lbst 750
Pavyload costy M$t 5,000

MISSION PARAMETERS!

Missiorn lenaths dovsis 3695
Avercse availability not specified.
Expected number of molfunctions over the mission durationt 2.20

LAUNCH VEHICLE INFORMATIONS

Shuttle lounch
Thig is a Free~-flier ravload.
This mission ig shar~d with other pavloads STS costs M#t 1.578

TEST PARAMETERS!

Component test transition time » dwell timer hours: 8
System test transition » dwell timer» hours: 8 s 16
Component test mins max temperoturess dea Ci-S y 45
Syatem test miny mox temperatures’ dea Ct: O y 40

s 16

System test is conducted in o large (e.s. 30ftx60ft) facilitwy.
Maximum component test lensth investisateds hourst 480
Maximum planned system test lenath investisated) davs: 49.0

OPTIMIZED PARAMETERS:

Minimum cost prosrans other than zero tests on file 11
Component test lenaths hours: 384.0

Planned system test lenathy davst: 20.0

Component test proaram costs M$t 0,535

System test pProaram costy M$: 0,884

Morching army costs M$: 0,044

Mission average avoilabilityt 0.685

Misgion end instantaneous availability: ©.608

Minimum lost values M$:. 3,533

J-1-1




174779
PROGRAM PARAMETERSS

PRYLOAD

Protoflisht Unit

Number of componentas 32
Povlood weighty lbas 750
Pavload costr M$t 5,000

MISSION PARAMETERS!

Micsion lenathy davsé 365
Averoge availability not srecified.
Expected number of malfunctions over the migsion durotiont 2.60

LAUNCH VEHICLE INFORMATION:

Shuttle launch
This is a Free~flier ravload.
This mission is shared with other pavloadsy STS costs M$: 1,570

TEST PARAMETERS!

Component test transition time » duell times hours: 22 y 2

System test tronsition » dwell timer hours: 8 y 16
Component test mins max temperaturess des Ci-S y 45
System test mirny max temperotures) ded C: @ y 40

System test is conducted in a large (e.9. 30Ftx60ft) facility.
Meximum component test leneath investisoteds hours: 488 X
Maximum planned svstem test lendth investigsoteds dovs: 48.8

OPTIMIZED PARAMETERS:

Minimum cost prosrams other than zero tests on file 13
Component test lenaths hours: 480.0

Planned svatem test lensthy davs: 24.0

Component test proaram costy M$t 0,549

System test proarom costs M$: 1.011

Marchine army costy M$: 0.0%53

Mission averase availobility: 9.548

Mission end instantaneous availability: 9,54¢€

Minimum loz: wvalues M$t 3,989

J-1-2



171,79

PROGRAN PARANETERSS . q@_&fy" e

S wp' WW
PRYLOADS P

FProtoflisht Unit v w
Humber wof conronentst 32 4 .
FPavload weigahty lbzt 750 -

Fovlood cozts MEt 5,000
MISSION PARAMETERSS

Mission lenaths davsd 365
Averase availability not seecified, i
Expected rumber of malfunctions over the nmission durationt 2.18

LARUNCH YEHICLE INFORMATIONS

Shuttle launch
This is o Free-flier rpavlood.
This mission ig shored with other pavloads) STS costs NM$: 1,570

TEST PRRAMETERS!

Component test transition time s duell timer hourst 2

y 22
Svatem test tran;ition y duwell times hourst 8 y 16
Component test mins max temperoturesy des Ci-5 y 45
System test miny max temperatures? des C: @ y 49

Svystem test is conducted in o laree ¢e,9. 38ftx68ft) facility.
Moximum component test lensth inuvestisoteds hourst 430
Moximum plonned system test lendth investisateds doys: 40.9

OPTIMIZED PARAMETERS:

Minimum cost rrosrams other than zero testy on file 11l
Component test lenath: hourst: 336.8

Planned svystem test lenaths dovst 20.9

Component test prodram costr M$: 0,485

System test Program costs M$: 0,884

Marching army costs M$t 0,044

Mizsion averosde ovailability? 3,687

Miession end instantoneous availability: 9,803

Minimum lost values M$t 3,467

J-1-3
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171,79
PROGRAM PARAMETERSS

PRYLOAD:

Protoflisht Unit

Number of componentst 32
Pavyload weisht: lbst 750
Pavyload cost» M$: 5,000

M1SSION PARAMETERS!

Mission lensths days® 365
Avercde availability not specified.
Expected number of malfunctions over the mission durationsi 2.04

LAUNCH VEHICLE INFORMATION:

Shuttle launch
This is a Free-flier pavload.
This mission is shared with other povyloadss STS costs M$: 1.57@

TEST PARAMETERS!

Component test trahsition time » dwell times hourst 1 1 2
System test transition » duell times hourst: € s 16
Component test mins mox temperoturess dea Ct-8 sy 45
System test mins max temperoturesy dee C: @ sy 40

System test is conducted in a laree (e.9. 30Fftx6BfL) facility.
Moaximum component test leneth investivsateds hours: 480
Moximum planned system test lenath investisoteds davs! 40.9

OPTIMIZED PARAMETERS!

Minimun cost prosrams other than zero testy on ftile 32
Component test lensaths hours? 288.0

Planned svstem test lensthy davst 20.0

Component test prosram costy M$: 8.457

System test program costy Ms 0,883

Marchine army costs M$i 0,044

Migsion averase availabilitys? 0.7083

Mission end instantoaneous avoilabilitys 0,622

Minimnum lost values M$ 3.334

J-J-1




121779
PROGRAM PARAMETERS:

PAYLOAD:

Protoflisht Unit

Number of components: 32
Pavload weights lbs: 750
Pavlood costs M$: 5,000

MISSION PARAMETERS:

Mission lensths davst 365
Averase availability not specified.
Expected number of malfunctions over the nission durotion: 2.20

LAUNCH YEHICLE INFORMATION:

Shuttle launch
This is o Free~flier povlood.
This mission is shared with other povloods} STS costs M$: 1,570

TEST PRARAMETERS!

Component test tronsition time » duwell times hours! 8 y 16
System test tronsition » dwell timesy hours: & y 16
Component test mins max temperotures: des Ci1-5 1 45

System test mins max temperatures’ dee C! 0 y 4@

Svystem test is conducted in a lorse <e.9. 3OFftx60Ft) focility.
Maximum component test lensth investisateds hours! 480
Moximum rplanned svstem test leneth investisated; dovs: 40.0

OPTIMIZED PRRAMETERSS

Minimum cozt Prodrams other thon zero tests on file 11
Component test lensths hourg! 384.0

Plonned system test lenethy davs: 20.9

Component test prosram costs M$: 8,535

Svystem test Progrom costs M$: 0,884

Marchine army costs M$: 6.044

Mission averose ovailobility! @,.68%5

Mission end instantoneous availability: @,600

Minimum lozt wvolues M$3 3,533

J-J-2
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171779
PROGRAM PARAMETERSS

PAYLORD?

Protoflisht Unit

Number of componentss 32
Pavload weiahts lbs: 750
Paylooad costs M$: 5,000

MISSION PARAMETERS!

Mission lenaths davst 365
Rverage availability not specified.
Expected number of malfunctions over the mission durat:on: 2.28

LAUNCH VEHICLE INFORMATIONS

Shuttle lounch
This is a Free-flier payload.
Thig mission is shored with other pavloads) STS costs M$: 1.570

TEST PARAMETERS!S

Comnponent test transition time s dwell times hourst 8 s 16
System test transition » dwell times hourst 8 s 16
Component test mins max temperaturess dee Ci1 5 y 45

System test mins mox temperatures’? des C: 10 y 40

System test is conducted in o larse (e.9. 30Fftx60ft) facilitvy.
Moximum component test lendth investisatedy hours: 480
Maxinum Plonned system test leneth investisateds davys: 40,0

OPTIMIZED PRARAMETERS:

Minimum cost prosrams other thon zero tests on file 33
Component test lensths hours: 3584.0

Planned system test lendths davst: 22.0

Component test prosrom costs M$: 0,522

System test Prosram costy M$: 8,945

Marchine army costs M$3 0,049

Mission averose ovailobility?: 0,676

Migssion end instantaneous availability: 0,589

Minimum lost volues M$t 3,644

J-K-1




171779
PROGRAM PARAMETERS:

PAYLORD:

Protofliaht Unit

Number of components: 32
Pavload weights lbst 758
Pavload costy, M$t 5,000

MISSION PRRAMETERS:

Misgsion lenaths davs:t 365
Averase availability not sepecified. . '
Expected number of malfunctions over the mission duration: 2.49

LAUNCH VYEHICLE INFORMATION:

Shuttle lounch
This is a Free~flier pavload.
This mission is shored with other pavloads! STS costs M$: 1.570

TEST PARAMETERS:

Component test transition time s dwell times hours: 8 s 16
System test tronsition » dwell times hours: 8 s 16
Component test mins max temperaturess dea (i § y 35

Svstem test miny mox temperatures’ des C: 10 sy 30

Svystem test is conducted in o larse <e.9. 30Ftx60¢t) focility.
Maximum component test lensth investisoteds hours: 480
Maximum plonned svstem test lenath investisateds days: 40.0

OPTIMIZED PARAMETERS!

Minimum cost prosrams other than zero tests on file 12
Component test lenaths hours! 432.0

Planned svstem test lendths davs: 22.0

Component test program costy M$: 6,569

Svystem test proeram costs M$: 0,944

Marchine army costs M$: 0,049

Mission averase ovailability: 8.652

Mission end instantoneous availobility: 8.560

Minimum lost volues M$: 3,849
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