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MX MAINTENANCE MANAGEMENT SYSTEM DEFINITION

ABSTRACT

This activity exercised a structured decision process
to examine various scenarios for Fault Detection and Dispatch
of MX maintenance teams. The effort was the implementation
of the design methodology begun earlier. The multiple criterion
function structured during FY 80 was updated along with the
scenarios. These actions were taken to adjust the analysis
from the vertical protective structure basing to the Horizontal
Shelter Site (HSS) concept. The study evaluated and
ranked 81 candidate systems using 94 variables for each
candidate. thThe results indicated the currently planned system
- to rank 48" out of 81. Additional results, although prelim-
inary, indicate relatively low levels (25 to 50%) of automatic
. test equipment to be most effective for the six criteria defined
§ by BMO for this study. (See Section 5.0). Values of the
input variables for maximum system effectiveness were defined.

A computerized maintenance simulation program (SIMMX)
was developed and installed on the computer system used by
BMO. This program allows the study of various MX maintenance
problems and the examination of these problem effects on
multiple cluster system readiness.

AT i ane e o

In addition, initial estimates of maintenance information
traffic flow were provided (See Appendix B) as a resuit of
a preliminary study based on estimated operational requirements
and using available data provided by GTE, TRW, MM, and BMO.
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2.3 Candidate Systems
A candidate system by definition® includes each of the - __3
activities in Figure 2-3. Hence by identifying alternative methods for .
SN
accompliishing each activity, any combination of one method from each ,‘:.‘j;\,j}jf
DR
respective activity would constitute a candidate system. Co

e
L)
CONTROL DETECT DISPATCH TEAMS e
0B .25 Remote 0B Standard A
.75 Local ~. 4

ASC .5 Remote ASC Std. w/specialist
.5 Local Augmentation
OB/ASC .75 Remote ASC/OB Multi-skill/Std » |
.25 Local o]
3 x 3 x 3x 3= 81 Possible Candidate Systems -3
Figure 2-3: CANDIDATE SYSTEMS & SUBSYSTEMS

Since there are three alternatives for Detect, three for

Dispatch, and three for Team Type with three different options for

location of Control functions, there is a total of 3 x 3 x 3 x 3 or

81 candidate systems in the set (See Figure 2-4).

-

-

A B Cc 0

CONTROL DETECT DISPATCH TEAM o]
DR

1 1 1 1 o
e

2 2 2 2 U

3 3 3 3

81 Total Candidate Systems to be Analyzed .

Figure 2-4: THE SET OF CANDIDATE SYSTEMS
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2.2.3 Advantages of Control at ASC

1. Reduced Span of Control over all maintenance activities
2. Easier transition from Minuteman organizational structure
3. Reduces OCC staff requirement

4. Simpler Personnel Scheduling Problem

2.2.4 Disadvantages of Control at ASC

1. Coordination of Wing Requirements is difficult
2. Increased test equipment costs

3. Variable Supply Costs

4. Increased manning for maintenance control

5. Decreased control over maintenance by maintenance :
commander ".-f:",‘:
6. Increased pipeline complexity ;J;l
7. More command positions ‘
8. Increased C3 complexity f
S
2.2.5 Advantages of Control at OB/ASC combination - 4
1. Span of Control adaptable - J
2. Inventory, personnel, equipment, and vehicle basing |
flexible RS
3. Response to maintenance requirements faster .f'-.,"
2.2.6 Disadvantages of Control at OB/ASC combination -j 1
s
1. Increased inventory and equipment cost

2. Personnel support and control requires enhanced '»
coordination FE
AR
©
12 | 1




............................

The original scenarios’ addressed by the project were changed
during a meeting at which BMO, M/M and UH were represented.
Instead of looking at the location of the Fault Detection and Dispatch,
the level or location of control of the operational maintenance activities
is of interest. These levels of control now are considered as:
Control at the OB only, Control at the ASC only, and Control jointly at

OB /ASC combination.

The definition of control in this case would be to exercise
restraining or directing influence or to regulate. This would include
control of personnel, jobs, scheduling, vehicles, inventory, equipment,

and any other resources used in operational maintenance.

The scenarios' advantages and disadvantages are summarized

below :
2.2.1 Advantages of Control at OB Only
1. All levels of maintenance management at one location
2, Economies of expertise and skill levels
3. Centralized Scheduling and Control
4. Centralized Maintenance Decision Making
5. Reduced Test Equipment and Inventory Requirements
6. Limited location knowledge
7. Reduced span of control
2,2.2 Disadvantages of Control at OB Only

1. Parallel information processing requirement at the OB
and OCC for fault detection

2. Increased management problems

3. PLU compliance problem in limiting location knowledge

PO R I
PRICR AN ‘.".'-
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1. Automated Monitoring Equipment

[

2. Softwére and Procedures for FDD

3. C3 |

4. Flexible Dispatch Rules ,_

5. The Maintenance Concept __\

-

6. Monitoring Equipment to be easy to operate and o]

’ to maintain o]
7. Efficient Personnel Training Program :

-

8. Effective Pipeline for personnel and spares -i

2.2 Operational Scenarios

Figure 2-2 identifies the basic FDD activity sequence from

which assumptions can be made on the nature and location of these
activities. Basically, the detect function is the recognition of a fauit
or discrepancy in the missile force (including OSE). The precisenessw
of location (PS, LRU, etc.) is left to the subsequent development of
candidate systems. Once a fault is detected, the analysis function
consists of the process of defining the nature of the fault, its location
to the desired level of equipment, the requirements for resolving the
fault and the appropriate scheduling of personnel. Dispatch includes

the coordination of schedule implementation for command post, job

control, transportation, and security. When the maintenance personnel ;j::_:}
-]
arrive at the PS they clear security requirements ("Interrogate Security") T
v 1
for access to the missile or the associated equipment which may contain 7

the fault. The maintenance tasks are accomplished and verification

obtained by clearing with Maintenance Control. The maintenance crew Z:‘:l-1

LB

then proceeds to the next PS or returns to their point of dispatch as *—*‘

a function of the prevailing conditions. fj:;i:i

)

:

9 50

e T e T e e e e e e e, ~1
s ARy :-‘;;‘.L‘-::'::.;..:-':;;‘:L::.:-;:: ‘,-... "‘-‘s.':";,:l;-.L,-.A ............ T :_'_-:'_..::‘.:"-:*”.:_‘.: ........... :i




on any FDD system that a detail awareness of the accomplishment of

these activities must be considered in its development.

Initial consideration for FDD was identified by Boeing10,11
and for the most part still pertains:

1. In series site coverage
2. Individual trips to PS in sequence

3. Incorporation of PLU tactics

4. Computer directed Randomized Dispatch Schemes

Major FDD system outputs for MX Maintenance Control

have been defined’ as follows:
e

1. Each PS monitored at least once every 60 seconds
2. 95% of potential faults are to be isolated to one LRU;
the remaining 5% of potential faults are to be isolated

to 4 LRU

3. There is to be a high level of automation to ease fault

definition
4. Complete TO to be readily available (and highly automated)

5. TO Data easy to use

6. Efficient notification and dispatch ——y
7. Maximum utilization of maintenance teams and equipment \:
8. Effective skill level mix for team composition t
9. Minimum spares for planned system availability L]

Broad conditions prevailing as "inputs" for FDD are as

follows: X
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2.0 SUPPORTING RESEARCH AND DEVELOPMENT :'.;-:.':'-,‘j
s
2.1 Requirements RN
PR
DA
. The requirements for this activity are similar to those ::I:-:c-i
described in FY 80 (See pages 16-19, Reference #7). The Horizontal :j::::w
. Q-L.‘
Shelter Site (HSS) concept was used as the basic system deployment r o
. R
{  scenario. (See Figure 2-1).
Fundamentally, the requirement for this research was to .,_.J
identify the "best" approach to fault detection, analysis, dispatch, RS
and maintenance of the multi-cluster, MX wing. Hence identification
of the optimal Fault Detection and Dispatch System (FDD) will include
. the activities of Maintenance Control and those of the remaining
controls that are necessary to the efficient accomplishment of Maintenace
Control responsibilities.
Maintenace Control inclues:
1. Job scheduling, and material control for missile
maintenance, communication, Civil Engineering, and e
transportation. R
2. Direct line communications capability from each
. . . . =y
composite area to all interfacing agencies.
3. Monitor Force Status, dispatch and coordinate i
maintenance activities and missile decoy movement.
R
While the primary objective of FDD is to respond to item #3, it is S
N
recognized that the interaction of 1 and 2 have such a direct effect TS
- ::;'::"':
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R
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- The Maintenance Simulation Interpreter (SIMMX) was completed

for multiple cluster, MX deployment and demonstrated for BMO and TRW.

. " e e a9 s « . - - -
-Jf..c'.")',-'.a'» OSFERN

(See Appendix A and reference #8). Mo d

oy

1.4 Program Constraints

RO

1.4.1 Some problems were encountered coordinating the parameter j!
o estimates with BMO. After some scheduling difficulties, an eight-day e
. meeting was accomplished at The Martin Marietta Company where inputs “
' to the UH model were estimated with their help. E o

1.4.2 The criteria remained unchanged from FY 80 and should be

reexamined in light of basing mode changes.

1.4.3 C3 data was extremely difficult to obtain prior to a meeting with
GTE, Martin Marietta, TRW, and UH at BMO. This resulted in the basic

data rate estimates that enabled the UH study to continue?,

: 1.4.4 A large number of computer processor hours (about 50) was used
. to identify the design space optimum criterion function value (CF). Toward
the end of the year a new algorithm was developed for searching a large

dimensioned hyperspace and this gives evidence of being effective in

=

reducing processor time dramatically for large dimensioned spaces.
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local estimates were used at the University of Houston to make the I;:-.".y

models operational and to debug the software.

[}
-—

Second, the MX System Maintenance study was developed as a :::‘»_::;‘
computerized simulation (SIMMX) of an MX Cluster of the Horizontal ._S
Shelter Sites deployment concept. This study uses a simulation language __~_j
_developed at the University of Houston to facilitate synthesis of simulation - ~.Z:‘j4
problems, and was written in Fortran for ease of transfer and use. 3
Development of this model was continued in FY 81. .

Finally, an initial study of Maintenance Control Information Flow

was made. This provided a preliminary examination of the operational

communications requirements in support of BMO/PMS.
1.3 Overview of FY 81 Activities

FY 81 was essentially a continuation of the FY 80 effort. The

multiple criterion function developed in FY 80 was modified to accommodate

parameter estimates provided by BMO and The Martin Marietta Company.

An optimal candidate system was identified and its parameters compared -

with those resuiting from a computerized search of the design space for

a maximum criterion function value, thus indicating the potential growth in ?."ﬁ"';
‘criterion performance possible from the optimal candidate. Of considerable __‘

33

interest are the methods developed to handle the large number of parametric o]

inputs and the optimization (See Section 5.0). .'5;5.‘:;

L

The Maintenance Information Flow Study was further developed H

and preliminary estimates of the data flow volumes were made at the Eilj-_i

- major "node" level of the information network (See Appendix B). _ :
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presented; knowledgeable trade-offs among the traditionally "hard" criteria
were made with "soft" criteria that related more directly to the human ___‘

resource environment; a clear delineation was achieved of the "best" &

“.-::a

candidate system of those considered; and finally, an explicit level of i

red

"growth" for each input variable ("parameter") was identified from a b,_:
computerized search of the design space. The latter provided management ]

guidance on where to allocate resources for performance improvement. ;'.'-:fZ

In view of the successful application to a small, hardware E“

system, the decision was made to apply the decision structure to a larger, lf{lzi

]

more sophisticated USAF system. After some review, the problem of o

processing maintenance status change through dispatch, completion of
corrective action, and post dispatch debriefing for the MX Weapon System

was approved by SAMSO (now BMO), AFHRL, and AFOSR1.

In FY 79 the Feasibility Study requirements were completed up
to and including the definition of Fault Detection and Dispatch Criteria,
their relative importance, and the set of parameters from which models

of the criteria could be synthesizedl. This study provided the opportunity

for researchers at the University of Houston to become proficient in MX :f'::Z

terminology and knowledgeable in the MX support situation.

In FY 80, three separate problems were investigated on the ’“
MX System7. First, the work on clarification of the Maintenance Mangement L.

System was continued. A six-criterion function was developed using 94 e
parameters to rank 81 candidate systems in their order of value. Time

precluded collection of data from the field to exercise these models, hence
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maintenance expenditures. Hence the need f:)r the equipment designer to
understand the impact of human factors implies the need to assure
° adequate recognition by all planning approval agencies of these factors in r'
the design decision structure.
A
An earlier publication5 provided a decision structure for the :_
development of a technological system which appears to be highly effective i
when used to design USAF equipment. The relationship between the
semantics of the design morphology and those of the USAF were clarified? .,
and related to the existing literature in both the human factors and the L'
engineering design areas.
The major thrust of the FY 78 research, funded by the Air Force :
Office of Scientific Research (AFOSR), was the application of the design
decision structure to a current, relatively small design problem, the
service stand for the Emergency Power Unit (EPU) of the F1-16 Aircraft$, :
The principal Investigator took on the role of advisor to the design
engineers at General Dynamics, Fort Worth plant and, by coordinating
with these engineers in regular and frequent sessions, proceeded to :
apply the morphology successfully. Acceptance of the human factors
requirements was dramatically demonstrated by defining a multiple
criterion function which included criteria that required human resource N
considerations in combination with hard, engineering data. The ease with
which the designer reviews were satisfactorily accomplished helped to
convince General Dynamics management that this methodology was effective :
when properly applied.
Specifically, accurate design requirements were quickly defined; r
a detailed record of design decisions was readily available and very clearly S
:
N
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1.0 INTRODUCTION
1.1 Statement of Objectives

1.1.1 The major purpose of this re ,arch was to demonstrate the
applicability of a design morpholgy to the definition of optimal methods

for MX System maintenance management.

1.1.2 A secondary objective was to identify the potential areas of
maintenance support improvement and/or growth potential from the
optimal maintenance management system for fault detection, analysis,

and maintenance.

1.1.3 Additional objectives of this activity were:
a. Extend the investigation of analytical methods for
integrating qualitative and quantitative information into
a multivariate criterion function.
b. Augment the current definition of human factors and
metrics which influence the design decision structure.
c. Clarification of the decision structure for development and

implementation of a high technology, large scale system.

1.2 Background

This activity is part of a continuingl.2,3 Air Force effort to

improve the techniques for designing aerospace hardware and systems.

4

Specifically, the difficulties of properly including human factors™ in the

development of Air Force Systems have often created both operational

problems in the field and less than desired efficiency in training and

.......................................................................................................
.................................................
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Figure 2-5 shows the candidate system which is closest to

the baseline system being implemented by BMO for the HSS basing mode.

CONTROL DETECT DISPATCH TEAMS
OB/ASC .75 Remote ASC/OB Standard
.25 Local

Figure 2-5: EXAMPLE CANDIDATE SYSTEM (BASELINE)

Figure 2-6 indicates a subjective evaluation of each scenarios

ranking in terms of its respective ability to accomplish the areas of

Integrated Logistics Support. Overall, this indicates that control

centralized at the OB presents maximum benefits to Integrated Logistics

Support.

Scenarios

| N 11
Primary Control: ASC ASC/OB OB

1. Maintenance Planning 2 3

2. Support and Test Equipment

3. Supply Support

4. Transportation and Handling

5. Technical Data

6. Facilities (OCC, OB, DAA, CMF)
7. Personnel and Training

8

1
1
3
1
1
1
1
. Relative Costs 1
1

N NN N NN =N
W W W Wwww N w

9. Management Data
(1 is most desirable)

Figure 2-6: RELATIVE EFFECTIVENESS OF EACH SCENARIO
FOR EACH INTEGRATED LOGISTICS SUPPORT AREA
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2.3.1 Detect Function

Level of detect is defined in this case as the degree to
which faults are automatically reported to maintenance control without

the interface of personnel or large time delays.

Even with a low level of detect the critical LRU would be
the items with concentrated automatic or remote detect. As the level
of remote detect is increased then the less critical items will have

increasingly more automatic detection hardware dedicated to them.

Local detect is detection of faults which occur in the course
of daily activities carried on by personnel. This could be activities
for the main purpose of fault detection or in which fault detection is

coincidental.

It was recognized that the scale of Remote/Local detect is
continuous but for ease of handling it was deemed best to operate with
the three levels of .25R/.75L, .5R/.5L, and .75R/.25L detection

(R = remote detection; L = local or manual detection).
2.3.2 Dispatch Location

Dispatch location is defined as the facility or immediate
area from which a team is mobilized and moved to reach the faulty
location. The dispatch location may or may not be the same area at or

near which they are billetted or reside.

The three options for dispatch were taken to be dispatch

from the OB, ASC, or ASC/OB combination.
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..............
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Dispatch from OB or ASC meant that those were the sites
from which the dispatch had to occur. The OB/ASC combination meant
that dispatch may occur from either of the sites depending upon which
site was deemed most appropriate for the scheduled job or the teams

and equipment involved.
2.3.3 Team Type

Team type is defined to be the team personnel composition.
The standard team is the maintenance team similar to the present SAC

maintenance team.

The standard team with specialist augmentation is conceived
to be the SAC meaintenance-team type with certain specialists to
handle specific maintenance actions. These specialists will not necessarily
accompany the maintenance team on all of their actions but will be
utilized when their need is foreseen or encountered. Examples of
these specialist types would be hydraulic, micro computer, and environmental

technicians to name a few.

Multi-skill type teams would consist of personnel who are
cross trained in several skills, thus making personnel assignments

easier as well as making optimal use of a limited number of personnel.
2.4 Criteria

In order to evaluate the potential performance of the candidate
systems, criteria must be explicitly identified>. Since the FDD is only
one of many "sub-systems" in the MX program, within this constraint

more explicit measures must be identified. Hence a questionnaire was
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,’: developed1 and opportunity was provided for the respondants to add, 3
b . delete, or change criteria. Ten key individuals identified by BMO/PIMS ___j
: were given the questionnaire, and the following criteria resulted: L“'j
= =
~:_:: 1. Availability - the MX force operational availability '.}f_::

2. Comparative Costs - the cost of a given candidate

system relative to a standard cost

3. Team Utilization - the level of activity of the maintenance 1
teams measured as a fraction of their available time "*j
or other suitable metric. {

4. Vebhicle and Equipment (V & E) Utilization - the ‘-<
level of activity of all vehicles and equipment necessary :"‘j

for MX force readiness measured as a fraction of their

available time or other suitable metric.

5. Preservation of Location Uncertainty - the ability of
the candidate system to preserve location uncertainty.

6. Strategic Arms Limitation Verification (SAL VER) - the
ability of a candidate system to support SAL VER as

identified by an acceptable metric.

These criteria will be used to explicitly evaluate the performance of the

81 candidate systems.
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2.4.1 Definition of Relative Importance

'::- ) The questionnair'el provided the opportunity for respondants

to identify their opinion regarding the relative importance of each
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Discussion of the response to the questionnaire is

n presented in references 1 and 7.

Figure 2-7 then represents the criteria and their respective

LY
F

P ":"'

C IR

relative importance. Each criterion will be modeled in terms of measurable

(or estimable) variables of the candidate systems, all described below.

MEAN
i Xj RANKING aj

H 1. PLU 9.650 0.231
2. Availability 9.150 0.219
3. Comparative Costs 7.895 0.189
E: 4. Team Utilization 7.554 0.181
| 5. V & E Utilization 6.938 0. 166
6. SAL VER 0.600 0.014

———

H 41.787 1.000

Figure 2-7: DESIGN CRITERIA, {xi}, AND
THEIR RESPECTIVE RELATIVE WEIGHTS, {a;}
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2.5 Parameters and Submodels

In order to approach the quantitative estimates of the criteria a f:j-.‘j:

set of "elements" is synthesized for each. The various models have been 1
&

significantly refined and updated to reflect the current baseline concepts

in the MX maintenance operations. Both the parameter set and the sub-

model set have been adjusted to reflect the current modelling results
and Figures 2-8 to 2-13 show the respective constituent submodels (zj)
and parameters (yk) for the given criterion (xi). The computerized

version is shown in the program printout of Appendix C.

*"parameter" is defined to be a directly measurable or estimable character- —l

istic of the candidate system. -_.;j-_.j

- 5
\.c:‘-i

"submodel" is defined to be a characteristic requiring synthesis of one or e

: more parameters to estimate the value of the characteristic. o
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PRESERVATION OF LOCATION UNCERTAINTY, (PLU)

1!
Submodel z, - Number of personnel for FDD
23 - Task Time (minute)
z, - Dispatch Time (minute)
zg - Number of actions per month

Element of Yi!

x

NoOOnMEWwWwN

10
1
12

13
18
19
21
23
24
25

29

30
31

35
36
37
38
39

Description

Number of OB
Number of multiple skill teams
Number of MMT
Number of shuffle teams
Number of MOSE teams
Number of COMM /security
repair teams
Number in multiple skill team
Number of PM teams
Number in shuffle team
Number in MOSE team
Number in COMM /security
repair team
Number in PM team
Distance between PS (feet)
Missile emplacement time (minute)
Number in CREV/DREV team
MGCS repair time (minute)
MOSE repair time (minute)
Number of maint. personnel
knowing any missile loc.
Number of C/M no launch
failures/mon. per missile
Number of R/S no launch
failures/mon. per missile
Number of MOSE no launch
failures/mon. per missile
Speed of helicopter (feet/minute)
Speed of T/L (feet/minute)
Speed of van (feet/minute)
Number of ROSE repair teams
Number in MMT

Figure 2-8:

CRITERION x
LOCATION UNC

=

47
50

52
55

57
58
59
60
61
62

63
64
65

66

67
68

81

82
86
87
88
89

Lk

Description

Number of MGCS N-L failure
per mon. per missile
Missile removal time (minute)
R/S repair time (minute)
Delay (minute)
Number of ASC
Distance between dispatch Location
and CMB (feet)
C/M repair time (minute)
Distance between CMF and PS (feet)
Number in helicopter team
PS ROSE repair time (minute)
Number in van team
Number of PS ROSE failures
per mon. per missile
Number of FDD personnel per OB
Number of FDD personnel per ASC
Fraction of no-launch failures
req. helicopter
Number of persons at CAMMS
need to know missile loc.
Time to enter/exit site (minute)
Time spent at each PS for
PLU (minute)
SAL verifications (at least once
per year)
Number of CREV/DREV teams
Number of helicopter teams
Number of van teams
Number of FDD security team
Number of FDD security team
Number in ROSE reapir team

PRESERVATION OF
TAINTY (PLU)

P
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X5, AVAILABILITY

Submodel z3 - Task time (minutes)
z, - Dispatch time (minutes)
zg - Number of actions per month

Element of Yi:

k Description

18 Distance between PS (feet)

19 Missile emplacement time (miniute)

23 MGCS repair time (minut

24 MOSE repair time (minute)

29 Number of C/M no launch failures/mon.
per missile

30 Number of R/S no launch fialures/mon.
per missile

31 Number of MOSE no launch failures/mon.
per missile

35 Speed of helicopter (feet/minute)

36 Speed of T/L (feet/minute)

37 Speed of van (feet/minute)

47 Number of MGCS N-L failure per mon.
per missile

50 Missile removal time (minute)

51 R/S repair time (minute)

52 Delay (minute)

56 Distance between dispatch location and
CMF (feet)

57 C/M repair time (minute)

58 Distance between CMF and PS (feet)

60 PS ROSE repair time (minute)

62 Number in van team

65 Fraction of no-launch failures req. helicopter

67 Time to enter/exit site (minute)

68 Time spent at each PS for PLU (minute)

81 SAL verifications (at least once per year)

Figure 2-9: CRITERION x3, AVAILABILITY -_?;I:tfia
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X3, COST
Submodel z, FDD equipment and facilities cost ($)
zg FDD personnel cost ($)
zg FDD vehicle cost ($)
z, FDD operating and spare cost ($)
Element of Yi!
k Description k Description
1 Number of CMF 49 Personnel cost per ROSE
2 Number of OB repair team ($)
3 Number of multiple skill teams 53 Number of STV
4y Number of MMT 55 Number of ASC
5 Number of shuffle teams 63 Number of FDD personnel
6 Number of MOSE teams per OB
7 Number of COMM /security 64 Number of FDD personnel
repair teams per OB
9 Number of PM teams 69 Average pay for OB
14 Number of helicopters assigned personnel ($)
to FDD 70 Average pay for ASC
15 Number of vans assigned to FDD personnel ($)
16 Number of T/L 71  Cost per STV (%)
20 Personnel cost per PM team ($) 72 Cost per CMF ($)
26 Base operating support cost ($) 73 Cost per OB ($)
27 Personnel cost per helicopter 74 Cost per ASC ($)
team ($) 75 Equipment cost per CMF ($)
28 Personnel cost per van team ($) 76 Equipment cost per OB ($)
33 Total gross CREV/DREV in 77 Equipment cost per ASC (%)
dispatch area 78 Spares/supplies cost per
38 Number of ROSE repair teams CMF (%)
40 Cost/van ($) 79 Spares/supplies cost per
41 Cost per T/L (%) 0B (%)
42 Cost/helicopter ($) 80 Spares/supplies cost per
43 Personnel cost per MOSE ASC ($%)
team ($) 82 Number of CREV/DREV teams
44 Personnel cost per MMT ($) 85 Cost per CREV/DREV (%)
4s Personnel cost/multiple 86 Number of helicopter teams
skill team (4) 87 Number of van teams
U6 Personnel cost per shuffle 88 Number of FDD security teams
team ($) 90 Personnel cost/FDD security
48 Personnel cost per COMM/security team ($)
repair team ($) 91 Personnel cost per CREV/DREV
team ($)

..............
..............
~~~~~~

Figure 2-10: x3 -

e

COMPARATIVE COST
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Xu,

Submodel zg

.....................

TEAM UTILIZATION

Element of Yk*

K

SNSonmeEWwN

10
11
12

13
18
21
22
23
24
29
30
3
34
35

36
37

Descrigtion

Number of OB

Number of multiple skill teams

Number of MMT

Number of shuffle teams

Number of MOSE teams

Number of COMM /security
repair teams

Number in multiple skill team

Number of PM teams

Number of shuffle team

Number in MOSE team

Number in COMM/security
repair team

Number in PM team

Distance between PS (feet)

Number in CREV/DREV team

Number of ROSE failures per
mon. per missile

MGCS repair time (minute)

MOSE repair time (minute)

Number of C/M no launch
failures/mon. per missile

Number of R/S no launch
failures/mon. per missile

Number of MOSE no launch
failures/mon. per missile

Number of COMM /security
failures /mon. per missile

Speed of helicopter
(feet /minute)

Speed of T/L (feet/minute)

Speed of van (feet/minute)

Figure 2-11:

.............
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CRITERION x

Eadir e

38
39
47

51
55
56

57
58
59
60
62

63
64
65
68
81

82
84

86
92

93
94

y’

...............

..................

Number of actions per month

Descrigtion

Number of ROSE repair teams
Number in MMT
Number of MGCS N-L failure
per mon. per missile
R/S repair time (minute)
Number of ASC
Distance between dispatch
location and CMF (feet)
C/M repair time (minute)
Distance between CMF and PS (feet)
Number in helicopter team
PS ROSE repair time (minute)
Number of PS ROSE failures
per mon. per missile
Number of FDD personnel per OB
Number of FDD personnel per ASC
Fraction of no-launch failures
req. helicopter
Time spent at each PS for
PLU (minute)
SAL verifications (at least once
per year)
Number of CREV/DREV teams
Number of CREV/DREV dispatched
to CMF
Number of helicopter teams
Number in FDD security team
Number in ROSE repair team
ROSE repair time (minute)
COMM /security repair time (minute)

TEAM UTILIZATION

St e Lt

T T ————r

''''''

.................
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Xg, VEHICLE AND EQUIPMENT UTILIZATION

Submodel zg - Number of actions per month

RS R
S T
LA M )
s : L

l"’
8

Element of Yik:

k Description
14 Number of helicopters assigned to FDD
15 Number of vans assigned to FDD
16 Number of T/L e
18 Distance between PS (feet) ey
22 Number of ROSE failues per month per missile .
23 MGCS repair time (minute)
24 MOSE repair time (minute)
29 Number of C/M no launch failures/mon.
- per missile
30 Number of R/S no launch failures/mon.
per missile .o
31 Number of MOSE no launch failures/mon. N
per missile
33 Total gross CREV/DREV in dispatch area
34 Number of COMM /security failures/mon.
per missile ‘
35 Speed of helicopter (feet/minute) —-
36 Speed of T/L (feet/minute) e
37 Speed of van (feet/minute) S
47 Number of MGCS N-L failure per month e
per missile AR
51 R/S repair time (minute) —
56 Distance between dispatch location and g
CMF (feet) i
57 C/M repair time (minute) e
58 Distance between CMF and PS (feet) s
60 PS ROSE repair time (minute) R
62 Number of PS ROSE failures per month o
per missile -t
65 Fraction of no-launch failures req. helicopter N
68 Time spent at each PS for PLU (minute) R
81 SAL verifications (at least once per year) A
84 Number of CREV/DREV dispatched to CMF y
93 ROSE repair time (minute)
94 COMM /security repair time (minute) -
- :'_:
Ol
:\‘1_1
Figure 2-12: CRITERION X, VEHICLE AND T
EQUIPMENT UTILIZATION e
:
i
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Xgr SALT VERIFICATION

Element of Yk'

k Description

32 Availability of CREV/DREV force

33 Total gross CREV/DREV in dispatch area

83 One day CREV/DREV reliability

84 Number of CREV/DREV dispatched to CMF
...'4't4
~
L
N

Figure 2-13: CRITERION x., SALT VERIFICATION
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3.0 SUBMODEL
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DEVELOPMENT

These submodels are developed using the parameters defined

and identified in Section 2.5, Figures 2-8 through 2-13. The submodels

developed for the set of criteria are:

Section

3.1 - z,

................

-~ Number of personnel for FDD

- FDD equipment and facility cost ($)
- Task time, (minutes)

- Dispatch time (minutes)

~ FDD personnel cost ($)

- FDD vehicle cost (%)

~ FDD operating and spares cost ($)

- Number of actions per month

..........................
............
..........................
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3.1 Number of Personnel for FDD, z,

AT s

ettt

P e .
L P

This submodel is a compilation of the total number of personnel
required for FDD, and is synthesized by summing the products of the

type of team and the number required of that respective type:

St e
hoslp g b0t

1
RN A

2, = Y3¥g tYyY3et Ys¥y0 t Ye¥11 T Y7¥12 T Y2 Ye3

* YssYeu * Yso¥ge T Y1 %7t YesYes t Yi3Ye T Ya2¥2

T Y3g¥g2 (Eq. 3.1) .

Figure 3-1 shows the printout of the constituent parameters, Yk 1

and the model of equation 3.1. .4
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By multiplying the above costs by the number of OB and ASC
(i.e.. y,. y55) the FDD personnel cost not associated with a team is

obtained. Adding yields 2g:

Zg = (1.33)(6.7101) [y46y57 +Y3Y¥ys5 * YyYyu7 * YeVu3
*YYug t Yi3¥uy Y Y3gYye t YgeY27 * YagYser
* YY62Y68 * Y2Y63Y69 T Ys5YeuY70 T Y88Yo0

+ Y82Y9-| + st] (Eq. 3.5)
g is adjusted by the manning factor of 1.33 and further assumes an MX
life span of 10 years. Therefore, an equal payment series present worth

factor is 6.7101. The parameter y,. is defined as the base operating

support cost that incorporates general costs not directly associated with SN

FDD but required to support FDD activities. -

Figure 3.5 shows the computer listing for zg including the zj".z:g

Fortran version of equation 3.5. "'“'i

u1 TR

.................................................

.....................................................................................
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3.5 FDD Personnel Cost, Zg
FDD activities are performed by specialty teams which vary in —
e
size and composition according to the task to be performed. They type

of teams, their numbers and costs have been defined as:

Cost Per 7
Parameter Team : j:j{._';‘]
- Multiple skill team Ys Yus
- MMT team Yy Yy _ A i
- MOSE team Ye Yy3 . :
- COMM/SEC team Yy Yug "{;}.??f_ ;
- ROSE repair team Y38 Yug , ‘
- Shuffle team Ys Yue . ]
- CREV/DREV team Yg2 Yo1 :
- Helicopter team Yg6 Yo7
- FDD/Security team Ygs Yo
- Van teams Yg7 Y28
- PMT team Yo Y20

By multiplying these number of teams by their respective cost

per team, the total cost of teams for a candidate system is evaluated. . - 4
I
To the team cost is added the cost for FDD personnel stationed :
in each OB and ASC. They are identified as follows:
Average R
Parameter __Pay ,VQ_,.___W
- FDD personnel per OB Y63 Y69 Lt
- FDD personnel per ASC Yeu Y70 :_Z‘:Ef_
L
Ly
LADRRAS
[ J
40 SR }
e e S
S o e o L S .




Average numper of trips between PSs, for shell games, in J
retrieving and installing a missile == 33, =]
driefiny anl preparation time =-- 9], minutes "
2CL) = Y(S56)( Y(65)/Y(35) + (1.0D0-Y(65))/Y(37) ) Sd
N + 3.000%C Y(S3)+1,1D12(Y(18) ) Y/Y(36) + -~

13 5«70003%( Y(29) + Y(81)*( 1.003/71.2D1
£ ~ Y¥Y(272) ) Y/Z(8) + Y(52) + 9,001 + 3.301*Y(63) ~—
RETURN .:ﬂ
\ s
END \_-:\_?
Figure 3-4: z, Printout hi‘_':fl
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Coasnranmun (L) == QISPATCH TIMNE saxwwaknnn
C
SUGRVJTING DIsSPCH
¢
IMPLICIT DOUILE PRECISION (A-CsE-H,0-2)
¢

2B aNalalsRalalsEaleRaleles e e iniainlalaRaleNEasNaNaEa e EaRakaRakalaNaNelaNaNaNal ol el

COMMUN /DEVICE/S X(6),Y(100),2(10)
2(4) -= Dispatch time (minute)
(%) ~- Number of actions per month
Y(1%) == Distance tetween FS (feet)
Y(29) -- Humoer of (/™ no=launch failures per
month per missile
Y(35) == Speed of helicopter (feet/minute)
Y(36) == Speed of T/L (teet/minute)
Y(357) == Speed ot van (feet/minute)
Y(52) == Delay (minute)
Y(56) -- Distance between dispatch location and
CAFf
Y(53) == Distance vetween (MF and PS (feet)
Y{65) -= Fraction of no~ldunch failures reguiring
helicopter
Y(O8) == Time spent at each PS for PLU (minute)
Y(as1) == SAL verifications (at least once per year)
Assumption ¢
1. P.S.ROSE faitlures are considered N/L failures,
2., The missile is taken tu CMF during all N/L failure
repairs dnd is removed and implaced with the
shell jame shuffling,
5. If a failure occurs at nightsrepairs will not begin
until daylight,
4, T/L spends certain amount of dJdwell time at each PS
gurinyg the shuffle for PLU.
Se. There is one C/H per cluster which implies that
if the C/M fails then the barrier has to be
npened and SALVER 1s performed.
Oe LRJ R/R is not allowed at the PS,
7« Y(31) = 1,if Y(29) is yreater than 1./12.7/
0 otherwise.
8. Helicopter services a small portion of N/L failures.

Constants used :

4 days of waiting time for salver § closure of portholes
- 4 %24 %5}, minutes
Number of (MF=-PS trips == 3,
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1 (4 x 24 x 60)
Yer|1z ~ Y29 Tz, (Eq. 3.4.9)

RN

or in terms of parameters: '..':::f::
i

A

8 ~-4

}

The ¢or yg, being 1 if Y29 is less thanr} and 0 if Y29 is equal to or

greater than 1—1 . The factor 4 x 24 x 60 is the 4-day SALVER in minutes. S
B

The remaining item contributing to waiting time is any other j

delay which is not handled elsewhere. An example would be delay to _,_‘_j
start operations u:til the next shift or daylight. If there is a probability 4
distribution associated with these delays, it is assumed that the expected *
value is used. The element representing delay is Ys53¢ Another item of _“__M

delay which has its own element designation is delay on each of the 33

trips for PLU purposes when each PS is visited to check up or leave a

missile. This element is Yes: Note that the delay for PLU purposes is
included for only 22 out of the 23 PS in each cluster since it is covered by
missile removal and emplacement time in submodel z;. The resulting expression
for total SALVER, waiting time, and delays is:

(¥ia':'temg) = (4 x 24 x 60) [st Yo bz - YZJ] lg + Y5y * 33Ygg
(Eq. 3.4.10)

The complete submodel for dispatch time, including travel, briefing,

SAL VER, waiting and delay times is:

Yes | - Yss] 3

2, =y =2 4 — ]+ = |y +11y]

$ 786Ly3s Y37 Y36 L 38 18 )
M [Y 29 * Vg1 [1_ Yz%] *¥5p * 33y + 90 (Eq. 3.5.11) S

-

Figure 3-4 shows the printout for Z, listing the parameter :__1

major assumptions, constants, and a Fortran listing of Eq. 3.4.11. ;f:"I:j
i

ey

-:_..1




---------------

The wait for SALVER occurs at least once per year for each
missile or whenever the cluster barrier is removed. This removal is neces-
sary when the C/M fails, because the down missile has to be replaced by
a good missile. Such removal is no longer necessary in the case of RS
failures as in the previous model since RS is considered as an LRU
that can be changed out at CMF. Since the modeling is for one missile,
the proportion of the booster failures out of the total failures that occur

for one missile is needed. This proportion is:

(No. C/M N—L)

failures/mon./ _ Y29
otal -L 2g (Eq. 3.4.6)
failures/mon.
Where z_, is the submodel of the total number of no-launch failures per

8
month for one missile.

When the barrier is removed, the total time spent for SALVER is
four days. Expressed in minutes in this model, this results in the
following:

Y29,
-?8—( x 24 x 60) (Eq. 3."'.7)

Since this modeling is on the basis of one missile a method is

to add SALVER if the barrier was removed less than once per year per

missile for repair operations.

If the total number of failures that requires barrier removal is
less than once per year or in this model 1/12 per month, the total has to

be increased to the needed 1/12 per month. This is done by the following

factor:
¢[_1_ _ [#CIMN-L ) (4 x 24 x 60
12 Failures/Mon zg (Eq. 3.4.8)
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The time spent for retrieving and transporting the missile by the
T/L is composed of the time to pick up the down missile, the time to
transport it back to the CMF, and the time to get it back to the PS.

Therefore, there are three trips between the CMF and PS with the MSS:

(Time between)

(Three trips until Distance between)
CMF & PS

End of N-L Status CMF and PS
(Speed of T/L)

3Ysg
Y36

(Eq. 3.4.3)

There is time spent travelling between PS for maintaining PLU
and emplacing the good missile in a PS on a random basis. All PS are
visited on the retrieval trip. With 23 PS there are 22 trips between PS
on the retrieval of the down missile. With an equa! random chance that
the good missile will be placed at a given PS, the average number of
trips between PS is 22 divided by 2 or 11. Therefore, the total average
number of trips between PS is 33.

33 Trips between Ps )(bDistance

(Time between) =(until end of N-L status/\between P )__ 33y
. PS for PLU (Speed of MSS) - Y36

( Eqg. 3.4.4)

Combining all the travel times resulted in:

Travel Y65 (1- YGS)] 3 [ ]
. = — o+ —] + = + 11

( Tlme) Yss[y35 Y37 Y36 Ysg Yi8] (Eq. 3.4.5) -_:;_;E
M

Waiting time as modeled is composed of time waiting for Strategic -—--a

Arms Limitation Verification and any delay not covered by SALVER, travel

times, or briefing. e
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3.4 Dispatch Time, zZ,

Dispatch time is defined as the time spent on travelling, briefing,
and preparation, or waiting, from fault detection to end of no-launch
status.

Dispatch\ _ Travel) , [Waiting N Briefing and

Time - Time Time Preparation Time

(Eq. 3.4.1)

Briefing and preparation time is assumed to be constant at
90 minutes. Travel time is composed of any time spent on travelling
between the dispatch location and CMF, between CMF and PS, and among

PS for the shell game.

The original modelling on helicopter usage between dispatch
location and CMF was for situations where an extra part, equipment, or
personnel were needed because of unforeseen occurrences at the cluster.
This has been changed to reflect helicopter dispatches mainly for critical
faults on emergencies, instead of as an after thought. The fraction of
no-launch failures requiring the use of helicopters is designated as Y65
Thus, the time for a crew to travel from the dispatch location to CMF is
a weighted average of the travel times when van is used versus the case

when helicopter is used.

(Distance between Dispatch)
Location and CMF
(Speed of Helicopter)

Time from Dispatch) _ [Fraction of Action)
Location to CMF ~ \Helicopter is Used

Distance between Dispatc

1
M

+ _ Fraction of Action ( Location and CMF
Helicopter is Used (Speed of Van)

Y56
Yes 7, * (17 Yes)

Y56
Y37 (Eq. 3.4.2)
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Craennnrnnnn 7(3) == TASK TIME *kakdhkdknn

L] C
SUBROUTINE TASK
¢
IMPLICIT ODOUBLE PRECISION (A-C,E-H,0-2)
C

COMMON /DEVICE/ X(6),Y(100),2(10)

2(3) ~- Task time (minute)

2(38) ~-- Number of actions per month

Y(19) -- Missile emplacement time (minute)

Y(23) == MG(S repair time (minute)

Y(24) =~ MOSE repair time (minute)

Y(29) -- Number of C/M no launch failures/month
per missile

Y(30) ~- Number of R/S no launch failures/month per
missile

Y(31) -- Number of MOSE no launch failures/month per
missile

Y(47) -- Number of MGCS no launch failures per
month per missile

Y(50) =-- Missile removal time (minute)

Y(51) =~ R/S repair time (minute)

Y(57) == C/M repair time (minute)

Y(60) == PS ROSE repair time (minute)

Y{(62) == Number of PS ROSE failures per mnonth
per missile

Y(67) -- Time to enter/exit site (minute)

Assumption :

1. tLaunchable faults are handled whenever a no Z::;
launch failure 1s acted on, R

2. Any maintenance action occuring on site or at S
the CMF is part of task time,

3. Inspection of poth AVE and OSE occurs during -
each action. IR

4. MOSE repair team repairs PS ROSE failures, J—
Se P.S.ROSE failures are considered N/L failures. e

6. The missile is taken to CMF during altl N/L failure
repairs and is removed and implaced with the
shell gaime shuffling,

OO OO OO OO OO0 OO0

2(3) = Y(87) + Y(19) + Y(50) + ( Y(62)«Y(60) +
& Y(31)*Y(24) + Y(29)xY(57) + Y(30)~Y(51) +
& YC47)*Y(23) )/2(8)

RETURN

END

Figure 3-3: z, Printout o
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Using the element designations and combining with missile removal, e
"
emplacement, and enter/exit times, the final form of task time is: e
2, = yg + Y29Y57 * Y30Y51 * ¥31Y24 * Yy7¥23 * Ye2Ye60 s
‘s i
(Removal) RemovelRepIace) :Z.:'.:Z;
Time Procedures A
T
+ Y19 + Y67 n
Emplacement Enter /Exit'
Time Time (Eq. 3.3.4)

Figure 3-3 shows the printout of the constituent Yk and Equation 3.3.4.




any of the missiles' subsystems. These inspection times are included in ;-.~_'.-IE

the individual subsystem remove/replace procedure times.

Removal and emplacement time, and the time to enter/exit a PS

site are taken to be the same for all types of actions requiring site

access and Yso- Y19 and Ygg 3T€ the respective designations for these e

times. T

The time for remove/replace procedures corresponding to failure e

o

of the missile is taken to be a weighted average of the individual subsystem -
repair times, where the weights are the corresponding subsystem failure

rates divided by the missile failure rate, Zg. That is:

(Remove/Replace Time) =<Subsystem i) X (Subsystem i )
from Subsystem i Repair Time Failure rate

Number of Actions)

per Month (Eq. 3.3.2)

Resulting in:

Remove/Replace | _ (C/M x (CIM e)
Procedures Time Failure Rate Repair Tim
(RIS « GR /s )
Failure Rate epair Time,
( MOSE ) . ( MOSE )
Failure Rate Repair Time
. ([ Mccs . ( MGCS )
Failure Rate Repair Time
, [ PS ROSE ) y ( PS ROSE)
Failure Rate Repair Time T
. (Number of Actions S
per Month (Eq. 3.3.3) T
: ]
v
RS
)
32
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3.3 Task Time, 23

. Task time is defined to be the time spent on removal and emplacement
of the missile, remove/replace procedures, and entering/exiting site.
Task time does not include any time covered by the submodel dispatch
time; such as travel, waiting, briefing, and delay times.

Taskl _ [Removal + (Remove/Replace)
Time/ ~ | Time Procedures

. (Emplacement) N (EnterlExit)

Time Time (Eq. 3.3.1)

The definition of each of the above is:

Removal Time - Time spent in extracting the missile from the PS.

Remove/Replace Procedures - Time spent in removing a faulty
[J LRU from the missile and replacing the LRU with a good unit, plus time
taken to inspect, test, calibrate, and adjust any part of the missile.
| If there are any other repair type activities, their times would be included

i here.
Emplacement Time - Time spent in replacing the missile in the PS.

Enter /Exit Time - Time spent in entering and exiting the PS HRAIRSS

and its perimeters.

The original modelling for this submodel began with the baseline
concept of having AVE and OSE which could be separated from each other
at the PS. This baseline was changed to removal and transport of the
downed missile to the CMF for remove/replace procedure. Missile inspection

is assumed to occur whenever any type of corrective action is taken for
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Conwwnxnawinnr 2(2) ~= FDD EQUIPMENT AND FACILITIES CUST #wawsudanns

C )
SUBROUTINE EFCOST L
¢ )
I14PLICIT DOUGLE PRECISION (A=-C,E=-H,0-2) ﬁ;:
C e
COMIMON /DEVICE/ X(6) Y (130),2¢10) ]
¢ ol
C 2(2) =-- FOoD eyuipment and facilities cost 'f:.-;
C Y1) == HNumver of C(HF RO
cC Y(2) -- Number of 0y L
C Y(55) == Humber of ASC
C Y(72) =-- Cost of each (MF (%)
C Y(73) == Cost of each v3 (3)
s C Y(74) == Cust of each ASC (%)
: ¢ Y(75) =~- Ejuipment cost per CHMF (%)
. € Y(76) == Eguipment cost per 0B (%)
- C Y(77) ~- Eguipment cost per ASC ($)
5 C
ki 2C2) = Y(1)w(Y(72)+Y(75)) + Y(2)x(Y(76)+Y(73)) +
& YCSS)YX(Y(74)+Y(77))
RETURN
END
=
:::: Figure 3-2: z, Printout
D.
30
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3.2 FDD Equipment and Facility Cost, z,

z. is defined as the sum of the costs of facilities and equipment .

2 o
for the CMF, OB, and ASC and is modelled as follows: i::}

2, = Yqolygp ¥ ¥g5) * Yolyg3 + ¥qg) o

+ YSs(y7u + Y77) (Eq. 3. 2)

[

S IR

Figure 3-2 shows the printout of the constituent parameters, Yk

and the model of equation 3.2.
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Crarwnnnwnsr 7(1) ~= NUI'GER OF PERSONMEL FOR FDD wawwsnshanw

T — Y VY - W e
.
‘al

. s e e e -
. T TSP SR

C
SUBROUTINE PERSON
. C
f IMPLICIT DOUBLE PRECISION (A-C,E-H,0=2)
¢ .
COMAIN /DEVICE/ X(6),Y(100),2C10) -
C X
¢ 2(1) -~ Number of personnel for FDD f
C Y(2) -- Number of 0B P
€ Y(3) =~ Number of multiple skill teams o
€ Y(4) -~ Numper of MMT T
¢ Y(5) -~ Number of shuffle teanmns O
C Y(8) =-- Number of MOSE teams -
C Y(7) -~ Number of CO0MM/security repair teams .
C Y@ -= Numoer in multiple skill team i
C Y (9) -- Number of PM teams
C Y(10) =-- Number in shuffle team .
C Y(11) -- Number In MOSE team ;
¢ Y(12) -- Number in COMA/security repair team :
C Y(13) -~ Number in PM team "
C Y(21) == tumber in CREV/DREV team “,
C Y(38) -- NHumber of ROSE repair teams T
C Y(39) -- Number in MMT -
C Y(55) =-- Number of ASC -
C Y(59) -- Number in helicopter team -
C Y(o61) =- Numper in van team -
€ Y(63) -- Number of FDD personnel per 0B ;
C Y(84) -- Number of FDD personnel per ASC s
C Y(§2) -- Number of CREV/DREV teams -
C Y(86) =- tumber of helicopter teams o
C Y(87) -- Number of van teams M
C Y(83) -- Number of FDD security teams o
C Y{(£9) -- Number in FDD security team i
C Y(722) -- Number in ROSE repair team R
C .
ZC1) = Y(3)aY(3) + Y(4)*Y(39) + Y(S)*«Y(10) + Y(6I*Y(11) "
Y + Y(7)xY(12) + Y(2)*Y(63) + Y(S55)«Y(64) .
5 *Y(59)%Y(86) + Y(H61)*Y(37) + Y(B83)*Y(89) -
" + Y(13)«avY(9) + Y(82)+xY(21) + Y(33)«Y(92) »

RETURN
END

-y T
»

o =
[ ‘-.
- :_?
. , ®
.
. Figure 3-1: z, Printout g
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Chrrambnnxkn
C

SUyRdUY
¢

IMPLIC

(o)

coMvoN

2(5) -~
Y(2) -~
Y(3) -~
Y{4) -~
Y(5) ==
Y(¢) =--
Y(?7) ~--
Y(sy --
y(au) --
Y(26) --
Y(27) =--
Y(238) =--
Y(38) --
y(63) =--
Y(44) ==
Y(45) --
Y(46) --
Y(48) --
Y(49) ==
Y(55) =--
Y(v3) --
Y(6L) ==
Y(69) ~=-
Y(743) =--
y(az)y -~--
Y(£B) ~-
Y(B87) ~-
Y(8E) ==
Y(90) =-
Y(?1) =~

CONSTANT
10 Years

1.33
6.7101

ﬁﬁﬁﬁhﬂﬂﬁﬁﬁﬂﬁﬁﬂﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁhhﬁﬁﬁﬁﬁﬁﬁh

2(5) =
&
&
o
&
&
RETURN
END

- A LA S g At v

20(5) == FOU PEISONNEL COST #rxxawdkaxusk
TIak PCOST

1T DOUILE PRECISION (A=-C,E-H,0-2)
JDEVICE/ X(0) Y1) ,2(10)

F)D personnel cost

Numoer of OB

Humper of multiple skill teams
Nunber of WHT

Number of shuffle teams

Number of ™JISE teams

Number of COM1/security repair teams
Numoer of Pl teams

Personnel cost per PM team (3)

Base operating support cost (%)
Personnel cost per helicopter team (3)
Parsonnel cost per vdan team (3)
Numver of ROSE repair teams
Personnel cost per MOSE team
Personnel cost per MMT

Personnel cost/multiple skill team
Personnel cost per shuffle teanm
Personnel cost/COMM -~ security repair team
Personnel cost/ROSE repair tean
Number of ASC

Number of FDD personnel per 03
Number of FDD personnel per ASC
Averaye pay for 08 personnel (3)
Average pay for ASC personnel (%)
Number of (REV/DREV teams

Number of helicopter teams

Number of van teams

Number of FD’ security teams
Personnel cost/FfDD security team
Personnel cost per CKEV/DREV team

USED

-=- Life span of MX program once developed.

-- Manning factor for 754 use of personnel.

-~ Present value of an annual =2xpense for 10
years at 3 % per year compounded annually,

(1.33D0%(Y(48)*Y(S) + Y(3)*Y(45) + Y(9)*xY(20)
+ Y(UI*Y(43) + Y(7)»Y(48) + Y(4L)*Y(44)

Y(26) + Y(38)*Y(49) + Y(86)I*xY(27)
Y(23)*Y(R7) + Y(2)*xY(63)*xY(69)

Y(SS)*Y (H64)«Y(7D) + Y(88)*Y(90D)
Y(32)*Y(91))*1,D00)*6.7101DD

+ + + +

Figure 3-5: zg Printout

IR St Sl e ahie ) S il ot o

PR REAS SN I

, .




BERE P N N A S A A N AL A A A N W M A S e U Mot i el it A o P e ok s Pt -

..............

3.6 FDD Vehicle Cost, z,

This submodel computes the cost of vehicles assigned to FDD at =
each CMF, OB, and ASC. The type of vehicles, their numbers and custs

are represented as follows:

Type Numbers Costs '

Helicopters Y14 Yy
Vans Yis Yuo
TiL Y16 Yy 4
STV Ys3 Y7
CREV/DREV 5Y 43 Yas

This vehicle cost for a given candidate system is:

26 = Yg¥u2 * YisYuo * YieYur * Ys3¥7 * SYgsYa3 (Eq. 3.6)

Figure 3-6 shows the computer listing for ze and equation 3.6.
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Crarasnnnnnx 2(4) == FDD VEHICLE COST *ddmkwinnx
o

SUBROJTINE VCOST
C

INPLICIT bOUBLE PRECISION (A-C,E~H,0-2)

(]

COM4ON /DEVICE/ X(8),Y(100),2C¢10)

2(6) -- FDD vehicle cost

Y(14) == Humber of helicopters assiyned to FDD
Y(15) -- Number of vans assigned to FDD

Y(1¢) == Humber of T/L

Y(33) -- Total jross CREV/DREV in dispdatch area
Y(40) -- Cost per van (3)

Y(41) == Cost per T/L (3)

Y(42) =-- Cost per helicopter (%)

Y(53) == Number of STV

Y(71) == Cost per STV (3)

Y(45) ~- Cost per CREV/DREV (3)

ASSUMPTION:

1. CREV/DREV'S are dispatched from ASC'S,

sl s N aNaNaNala Nl aNeNallaNalNalale e

2(6) = Y(14)xY(42) + Y(15)*Y(40) + Y(16)*Y(41)
& + Y(53)xY(?71) + 5,0D0*Y(§5)*Y(33)
RETURN

END

Figure 3-6: zg Printout
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3.7 FDD Operating and Spares Costs, z,
I . This submodel computes the spares inventory cost associated
. with each CMF, OB, and DAA. Their symbols are:
b} .
: Y78 Spares/Supplies cost per CMF
Y9 " Spares/Supplies cost per OB )
ey
Yo ~ Spares/Supplies cost per ASC f-_j;ﬁ:f‘_
i The FDD operating and spares costs for a given candidate :
system is obtained by multiplying these costs by the respective number
of CMF, OB, or ASC: . ]

- 27 = Yi¥78 * Y2¥79 * Y55¥go (Eq. 3.7)

Figure 3-7 shows the computer listing for 2.
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Coamnantnnx 2(7) == FOD OPERATING AND SPAKE COST #xhwaswwws

C

C

()

a2NaNeNaNalNalNaNalel

PO OO OO

te) e,

ERP SR AP B IE AP IS SO N AP N N P AR R T 'ﬁ“‘_: e

SUNRIDUTINE 0SCOST
IMPLICIT DOUBLE PRECISION (A-CrE~Hs0-2)
COMAON /DEVICE/ XK(H),Y(131),Z2(10)

2(7) =-- FDD operating and spare cost
y(1) -=- HNumpner of (NMF

Y(2) -- Mumber of 04

Y(55) == iiumuer of ASC

Y(73) -- Spares/supplies cost per CMF (3)
Y(79) -- Spares/suppties cost per 0B ()
Y(oU) =-- Spares/supplies cost per ASC (%)

2(7) = Y(1I)*Y(78) + Y(2)*xY(79) + Y(55)*Y(80)
RETUJRN
END

i
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Figure 3-7: 2z, Printout
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3.8 Number of Actions per Month, zg

This submodel is defined as the total number of no-launch failures Lo
per month for one missile. The missile subsystems are divided into
booster, reentry system, and MOSE, and MGSC subsystems. PS ROSE

failures are treated as no-launch failures. Hence:

Number of _ .
Actions /Month Number of no-launch C/M failures/month

+ Number of no-launch RS failures/month
+ Number of no-launch MOSE failures/month
+ Number of no-launch MGCS failures/month

+ Number of no-launch PS ROSE failures/month

or
= + + + + o P
23 = Y29 * Y30 * Y31 * Yy7 * V2 (Eq. 3.8)
Figure 3-8 shows the computer listing for 2g.
u7
R G TR R A G VT R L R O R e




B
el
DN
Ta = 4
r:;-t"
Covwmannren 2(3) == NUMSER OF ACTIONS PER YMONTH *wwtsawnws BORY
¢ e
SUBROUTINE ACTION S
C o
ITAPLICIT DOUSLE PRECISION (A-C,E-~H,0-2) E v d
¢
COMMON /DEVICE/ X(6),Y(100),2¢1) Ty
¢ ]
C 2¢(8) == number of actions per month ﬁ}f
C Y(Z2?) =-=- Number of C/M no launch failures per Y |
C month per missile g
C Y(30) -- Humber of R/S no launch failures per o
C month per missile e
C Y(31) =~ nNumber of MOSE no launch failures per S
C month ner missile e
C Y(47) =-- Nuwver of MGCS no Launch failures per .
C month per missile
C Y(62) == Number of PS ROSE failures per month
C per missile
C
C Assumption
C
C 1. Launchable faults are handled only when
C no launch failures are acted upone.
C 2. P.S.ROSE failures are considered N/L failures.
C
2(8) = Y(29) + Y(30) + Y(31) + Y(4?) + Y(62)
RETURN
END
.-:.:1
DA
Figure 3-8: z3 Printout <
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4.0 CRITERION MODELS

Section 2.4 identified the criteria to be used for evaluation of
candidate system performance as well as the relative importance of each

criterion. The sections below develop each criterion model.

4.1 Preservation of Location Uncertainty (PLU), X,

PLU is defined to be the indiator of location uncertainty reten-

tion or non-degredation. It was decided that PLU was related to the ':—"f
number of FDD personnel, other personnel who had to know missile ‘
locations, the time of maintenance actions (task time and dispatch time), -
and time of deceptive actions. r:
As the number of FDD personnel increases, the number of ways ‘

that personnel can be used to reduce the fraction who are aware of ;___:
missile location increases, hence achieving better levels of PLU. However, -“1
the increase in the number of personnel knowing missile locations decreases
PLU because of the increase in interaction among the personnel. The longer u--i
and more frequent maintenance activity requires increased exposure time M
so that detection of anomalies becomes easier by unfriendly forces.
)

To handle the personnel factors: i

(Number of personnel for FDD) 1

Number of maintenance' Number of CAMMS = Y25 * Y6 -
personnel knowing +| personnel who need ) “an)

missile locations to know missile location _}

(Eq. 4.1.1) ~

-.".1

Maintenance times are: 3
Total Time _ 13200 (Eq. 5.1.2)

( Number of Task _ Dispatch ZBhB + zui q. %1 "
Actions/Month/ \ Time Time ""3;“

(Note that these factors are dimensionless). 5
¢
l‘-...‘
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Summing the personnel factor and the maintenance factor provides

a PLU index which is Xyt

Z
1 43200
X, = t Ty (Eq. 4.1.3)
1 Ya5 * Y26 2glzz + z,

Figure 4-1 shows the computer listing, x

1.




T T R A T T R Ty
Ry
7
+)
Cawessenans X(1) == PRESERVATION OF LOCATION UNCERTAINTY ssxwwannws R
¢ AR
SUBRIUTINE PLU oy
¢ e
IMPLICIT DOUSLE PRECISION (A~CsrE-H»s0=-2) rﬁR
¢ T
COMION /JDEVICE? X(6),Y(100),2010) }?q
¢ S
€ X(1) =-- Preservation of location uncertainty s
C 2(1) == iHumver of personnel for FDD v d
€ 2(3) == Task time (minute) -
C 2(8) -=- Dispatch time (minute) :
¢ 2(3) -= Number of actions per month
C Y(Z25) == nNumber of maintenance personnel knowing missite(s)
C location(s)
C Y(uL6) -- ilumper of personnel at CAMMS need to know missile(s)
o location(s)
o
C CONSTANT USED:
C
C TO0TAL -- Total number of minutes in 30 days = 43200
C
TOTAL = 64,3204
XC1) = ZC1Y/(Y(25)+Y(66)) + TOTAL/(Z(B)
4 *»(2(3)+2(4)))
RETUKRN
EHND
C
Figure 4-1: x 1 Printout
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