
General Disclaimer 

One or more of the Following Statements may affect this Document 

 

 This document has been reproduced from the best copy furnished by the 

organizational source. It is being released in the interest of making available as 

much information as possible. 

 

 This document may contain data, which exceeds the sheet parameters. It was 

furnished in this condition by the organizational source and is the best copy 

available. 

 

 This document may contain tone-on-tone or color graphs, charts and/or pictures, 

which have been reproduced in black and white. 

 

 This document is paginated as submitted by the original source. 

 

 Portions of this document are not fully legible due to the historical nature of some 

of the material. However, it is the best reproduction available from the original 

submission. 

 

 

 

 

 

 

 

Produced by the NASA Center for Aerospace Information (CASI) 



Cf^"Z)_ 10(01

f r	 -
(NASA-CR - 175781) COST PREDICTYON MODEL FOR 	 U65-26842
VARIOUS PAYLOADS AND INSTRUMENTS F0. THE
SPACE SHUTTLS OEBITHR Final Report (Hoffman
(F. P.) and Assnciates) 36 p HC A03/MF A01 	 Unclas

CSCL 22B G3/16 21241

Cost Prediction Model for Various Payloads

and Instruments for the Space Shuttle Orbiteg

FINAL REPORT

FEHA Report No. 84-08-01

,.t

i^
August 17, 1984

F

	

	
Y

This report was prepared for the Jet Propulsion Laboratory,
California Institute of Technology, sponsored bV the
National Aeronautics and Space Administration.

Under JPL Contract No. 956778, Mod. One

and NASA Contract NAS 7-918

Prepared by

	

	 F.E. Hoffman & Associates

3830 Orangedale Ave.,Suite 4

Montrose, Calif. 91020

(818)	 248-1631

O .^ ev L_

r

"i

11 i

ii



10.

FEHA 8/7/84
	

i i.

Table of Contents

IIntroduction .............................
	II	 Description of the Model .................

Payload Classes ........................
Technologies/Cost Classes ..............
Reliability Requirements Cost Amplifier

REAF ...................................
AFRF ...................................
Hardware CERS ..........................
DDCCERS ...............................
Hardware Cost Formula ..................
DDCCost Formula .......................
Standard Cost Modifiers ................
New Cost Modifiers .....................

	III	 Illustration of the Model ................
VenusMapping Radar ....................
Galileo Imaging S.S ....................
ATMOS..... ............................
SIR-B ..................................
Super Fluid Helium .....................
DDM ....................................

Page
1

3

3

5

7

8

11

14

15

16	 i

17

18

12

22	 ?

23
I

27

28

29
30

31

	IV	 Discussion of the Results...............	 26

	

VReferences ..............................	 32

Appendices

IGlossary	 ............................	 33
	II Input Form Blank .....................	 34

.



FEHA 8/7/84	 1.

I	 Introduction

The primary objectives of this final

report under JPL Contract No. 956778, Modifica-

tion one are as follows:

1.) To develop a cost prediction model for various

payload classes of instruments and experiments

for the Space Shuttle Orbiter.

2.) To show the implications of various payload
f

classes on the cost of: 	 (i

Reliability Analysis	
,fff

iQuality Assurance	 {
1

Environmental Design Requirements

Documentation	 I

Parts Selection (

Other Reliability Enhancing Activities

The model will have the following characterics:

* Predict Design / Development Costs	 (DDC)

* Predict Hardware Costs	 (HUC1)

* Show Results in FY 1984, 	 $,	 106

* Allow Manpower Level/Organizational Implications

to be quantified	
I

* Utilize a Technology/Cost Class and Reliability

Requirements Approach.

* Use Standard cost modifiers such as:
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I	 Introduction (cntd )

Technical risk factor
Development schedule factor
Inflatic.a factor

* Introduce three new cost modifiers:

Yield in manufacturing
Yield in radiation hardness testing
Failure rate category number for parts
and assemblies

f

I
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II DescriEtion-of-the.Model

The payload classes are A, B , C, and D as de-

fined in NMI 8010.1 and redefined in a form useful

for this study in Reference 2.

The cost Model is based on two basic premises:

(1) a building block approach is used ; and (2) a

technology / cast class approach is used. In this

way many combinations of technologies and cost

classes can be utilized in costing new instrument

systems using a building block data base rather

than a sub-system data -base history which is

usually unavailable. The technologies and cost

classes are described in Tables 1 & 2.

The quantification of a cost amplifier, based

on reliability requirements, is shown in Table 3 	 j

and is taken from Reference 1. 	 ti

Since the central purpose of this new cost
I

model is to show how the costs may vary with 	
I

traditional reliability theory and activities,

several new parameters have been introduced. These	
R

are : Reliability Enhancing Activities Factor,

(REAF) and Allowable Failure Rate Factor (AFRF). 	 a

The development of REAF is shown in Tables 4

and 5 ; and the results , shown in Table 6, are

shown to be a function of payload class only (ICN).

Thus the manpower levels shown with each payload

class lead to a very important cost driver; namely

REAF .

The development of AFRF is shown in Tables 7

and 8 , and the results , shown in Table 9 , are

shown to be a function of Failure Rate Category

Number (FRCN) only. Table 8 is presented primarily

to assist in the selection of FRCN as required to
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II	 (contd)

select AFR.T̂ .' from Table 9.

The cost estimating relationships ( CERS) for

DDC and HUM represent the data base for this model

as taken from Reference 1 and updated in 1983. These

CERS are shown in Tables 10 & 11.

The Hardware Cost Formula and the Design Devel-

opment Cost Formula are shown in Tables 12& 13. These

tables along with the data base CERS represent the

backbone of this cost prediction model.

The standard cost modifiers are :

IHDF or TERF

INFN

DESF

SLAT and are presented in Tables 14 through 17.

The new cost modifiers are :

Y1 = YM Yield in manufacturing

Y2 = YRH ' "	 " radiation hardness testing

FRCN	 Failure Rate Category Number

and are presented in Tables 8,9,12,& 13.
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Table	 10 0111

® TCCM: HUCl CERS OF POOR C " t•.,
l^

_ TECHNOLOGY/_ _ _HUC1
Cost Clase lOb3 b, FORMULA

F1 ®W= 100
-- --- --

a.
Nlr 	^-	 -,

I T1
11

Fs]aECTRONICS
- ^	 4.o

_ w
-0,602666' 10 .011888-'Ccl

2

3 12 CC2 4•.0 ..0.4602;060. .;002970 , .10 ...04752.
4 13 CC3  4.0 0-4602!060; .005940 10 .09504.

5 14 CC4 4.0 002!060 .0118801 10 .19008

6 T2	 - OPTICAL D„ V,2CE15..

3 ..21  CC1- _y_	 4.0 - 0.602060 _ .001069; 20 .617104	 -

6 22 _	 CC2	 _  4.0 _0^60J060 _ X004277 . 20 X468432_.

9 23 _ _	 CC3_ __ _.	 9=0_ _ OL60206.0, m00.8554-: .20. -._1368,6A_.
10 24 CC4 4.0 0:602060 034214 20 .547424

n T3 MECHANICAL _; ,	 .	 .	 , ;	 __.; ___	 _.	 .

12 31 Ccl	 _ 4.0 O} 602060; .000267;	 _ 10__ ._-004272
13 32 CC2	 _ _ _	 4.0 0.602060 +000351. 10 085i6

14 33 CC3 9, 0 0.60206-0, _	 X 002138	 _. 10 2^0$-
15 _- 34 CC4 4.0 0. 602OL 60
16 T4 - - FLUID SYSTEMS_ _. ..	 .	 .. --- l

f7 41 Ccl	 ._ ;	 A-0- . 0 ..602 .060 ;000119.	 --- • 3-0-- ---Be1go4---
,a 42 CC2 4.0 0.602060, 0002.38,	 _.. .20., _...003$08-.
IS 43 CC3 4.0 0..602060 ;00475 20 07600_

-.304'1620 _	 44 CC4 j	 4.0 0.602060 .001901 20

22

27
- --

24 _- _._ --^ .. _.

-FUC1 =_x=a.1.^ToLb1^-T =.. liu,c3

-^	 I
1

_ I

^'w..... m..........	 07500 O11[94	 BB2	 nnr. +..

I

2

s

fi

a

9

I	

1

14	 f,

16	 '

I'

1e

21	 j

22 '	 t

23

24

25

26

27

28

25

3C

31

3:

3J

3!

3F

J;

31

3'.

4C
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h
TCCM: DDC CERS OF P00 2% QUi Lill ^^ 

_

_	 _T CHN0JAMYL_
---b ARC FORMULA DDC

o _ Cost Class_ 10 2 b2 a2
F2

W= 100^®	
-	 -

I MC
2	 T1 ELECTRONICS

3 15 ccl 2.0 0.gg 91no .0564 1.80 .2236
4 16 CC2 -	 . 2.,0 0.301030 {	 .2257	 i 1.80 9028
5 17 CC3	 2,0 0.	 01 .4815 1.80 1.806

4

6 18 CC4 -2.0 0.801030,E

• 

9029_' 1.80 3.6116_ 6
7	 T2 .-.- OPTICAL -0-

	 -_^
.._

6 2 5_ __	 _ CC1	 ..- ^KQ_.. ^.3.Q1-630 0 
X3.2-

.2-3	
1 ...1.50 _	 ,.3328_..

9 26- -- -CC2	 _ _l --2-0,-.	 _ 0..301.030. .3^2.7- J	 - : -1-aQ 1 .330a - 4
10 _ 27 CC3 2.0 0.301030 1.50 2.6612 3

11 28 CC4 2.0 0.301030_ .6	 11-i 1	 50 10.6444
r2	 T3 MECHANICAL- - -^ - ._	 _

_r	
- -...

13 35 CCl 2.0_ 0.301930 .0446 I 1.00_ .17¢4
14 36 CC2 2.0 0.301030 0891 1.00 ^^ _356x4 i
15 ,37	 CC3	 T 2.0 0.901030 .3564 1.00 11.4256 5
16 38, CC4 2.0 0.301030 1.0	 92 1	 1.00 4.27 8 6-- _..
17

6	 T4 SYSTEMS- FLUID --_

19 45 CCl 2.0
-

0.3 01.030
_	 _-,

.0178
_

1.00 .0712
e

01
20_ 46 CC2 X2.0 0 .301030 .0357,' 1.00 .1418

21	 ,47_ CC3 _T 0.301030_2.0
_

.0713-. 1.00 .2852
20

2•
^	 I

22 48 CC4 2.0 0.301030 .2851 1.00 u -1.1404_ -	 -  - --- - - 2:	 4
23

24

25

26

27

28

29

30

31

32

33

34

35

36

7

38

39

40-

I

--DPCC

^__T	 -

t)$?	 MADE IN U.6 A.

2.

24

25	 j	 d

26

27

28

29

30

31

32

33

34
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j6

38
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III	 Illustration of the "yodel

The cost model is illustrated by showing

the detailed input calculations and the results

for a previous design ( VOIR III )of a Venus

Mapping Radar in Tables 18 19 4 2S'.

I

I
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IV	 Discussion-of-the-Results
----------------------

Cost summary ;results ar q shown in Tables 20

through 24 for the following Shuttle Orbiter pay-
loads

Galileo Imaging S.S.
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Super Fluid Helium	 I
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Appendix I Glossary

Hardware First Unit Cost

Design/ Development Cost

Inherited Development Factor

Technical Risk Factor

Inflation Factor

Yield due to manufacturing

11	 11 radiation hardness testing

Cost Amplifier due to technology and

reliability requirements

Development Schedule Factor

Reliability Enhancing Activities Factor

Allowable Failure Rate Factor

Instrument Class Number

Failure Rate Category Number

Cost Class for assemblies or Components

HUC1

ADC

IHDF

TERF

INFN

Y1

Y 

RELF

DESF

REAF

AF RF

ICN

FRCN

cc 

^i
F

I:

A
	

Component failure rate per million (106)

hours
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