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The radar designs recommended for UAR nad MAR displayed the greatest potential
for optimally satisfying all stated requirements. These designs are detailed
in Volume II of the report. The tJAR, a 60 nmi 2D radar , automatically outputs
target track data that can be remoted to manned logistics nodes and/or ROCCO via
narrowband communications links . It provides all altitude surveillance coverage
of a i r c r a f t  targets between 100 and 100,000 feet , and is configurable to be
sufficiently reliable to guarantee, to a >90 percent confidence level, failure—
free system operation for periods of time from three months to one year. The
MAR , a 200 nmi 3D radar, also automatically outputs target track data to
logistics nodes and/or ROCCs~~ It provides all altitude 3D coverage of a i rcraf t
targets between 100 and l00,Q 0 feet, and is configurable to be sufficiently
reliable to guarantee, to a >~ Q percent confidence level, failure—free system
operation for periods of time ~~om five days to 0.5 month.

Volume I provides an Executive S~.unmary of the Unattended/Minimally Attended
Radar Study . Volume II presents ~lternative approaches investigated and
details the radar designs recommended. Volume III presents data estimating
radar acquisition and Life Cycle co~ts.
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EVALUATION

The e f f o r t  reported is one of three parallel study contracts performed

under Project E233 by direction of ESD/XR. These reports identify alternative

concepts and activity necessary to support thc development of a short—range,

unattended radar and a long—range minimally attended radar. The short—range

radar is being viewed for application in DEW Line to replace the AN/FPS—l9

and the long—range radar is being viewed for application by the Alaskan Air

Command to replace the ~N/ FPS—93 .  These studies provide the assurance that

current technology can support the development of unattended/minimal],y attended

radars that offer improved performance and can significantly reduce operating

and maintenance costs.

These efforts were performed in accordance with 1978—1982 TPO III,

Thrust C Advanced ~Sensor Technology . The results will be used by ESD to

develop system acquisition strategy for SEEK FROST (Project 2448), PE

l2412F. It also provides supp lemental data supporting SEEK IGLOO (Project

96811) ,  PE 1232SF.

ADRIAN S. BRIGGS (/1
Project Enginaer
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1.0 INTRODU ( ’TION

This volume discusses life cycle cost (LCC) analyse s and data pertaining to a short
ra n ge, 2-dimension (2D ) unattended radar (UAR ) and a long-range , 3-dimension (3D) minimally
attended radar (MAR).

LCC emphasis has been placed on the UAR since it represents an extreme departure
from current radar support philosophies and involves a unique design approach. During evolu-
tion of the UAR design , LC’C analyse s wL. re performed on design alternatives utilizing two
computer math models : The RCA PRICE model and the ITTG OPSTOCKICONSUME model.
The PRICE model was used to assess the radar ’s acquisition costs and the ITI’G model was
used to assess logistics effects of the designs. Results of these analyses are combined in this
LCC study.

The UAR LCC data furnished is limited to that indicated by the study statement-of-
work (SOW ). The SOW indicated that  personnel logistics, power requirements , transp ortation
Is urf a ce and air ) ,  and disposal should not be included in the analysis. Reference has been
made to some of these items. hut they are not included as cost elements.

The LC(’ data was developed , in part. by cost estimating relationships and , in part .
by direct pricing analysis of the specific program elements. The derivation of system re liability
is documented in Volume 11. Unit level reliability data are based on unit planning documents
using MIL-STD approaches. Maintenance and personnel requirements were obtained trom the
math models and maintenance engineering analysis of the equipment in its intended operational
environment.

The LCC analysis data on the MAR is based on concepts and techniques employed
on a current ITTG product line radar which is optimized for low life cycle costs.

2.0 LIFE CYCLE COST ( LCC)

2.1 UAR Life Cycle Cost ( LCC) Analysis

A modi’ ied version of the standard LCC algorithm is used to describe the life cycle
cost aspects of the UA R program.

N
LC( = AT + 1 L + RL

i = l

where:

AT = Acquisition Cost Total
= Ini t ia l  Logistics Cost

Recurring Logistic Cost (Annual)

N = Numbe r of Years in the Life Cycle.

L. - ~~~~~~~ -.- --~~~~~~~---.-- -~~- .  - ---..- . --. .—.-.- ..- -
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2.1.1 Cost Elements Considered

The cost elements considere d in the LCC analysis consist of the following:

• Acquisition Cost Total
• Research and Development
• Prototype Development
• Performance , Environmental , Reliability Testing
• Production

• Initial Logistics Cost
• Spares
• Inventory Entry
• Personnel
• Training
• Tools and Test Equipment
• Technical Documentation
• Installation and Checkou t

• Recurring Logistic Cost (Annual)
• Spares Replenishment
• Inventory Management
• Personnel
• Training
• Depot Maintenance Manhours
• Maintenance Administration
• Tools and Test Equipment Maintenance
• Preventive Maintenance

. 1.2 Confi guration Alternatives Considered

The UAR study considered three reliability configurations which are defined by
reliability data furnished in Volume 11, and the equipment breakdown and LCC data listing
turnished in Section 2.2.2 of this volume. The three configurations are:

• Three-month system where the probability of zero failures in a three-month
interval is 0.931.

• Six-month system where the probability of zero failures in a six-month
interval is 0.908.

• And , a twelve-month system where the probability of zero failure s in a twelve-
month interval is 0.909.

1 he I..C(’ calculat ions are given in Paragraph 2.6. The three-month system has merit not
nlv on th e  basis of lower life cycle costs but also because it more effectively utilizes the

support organization. As indicated by Figure 2 .1-I , higher reliability configurations make
w~ r demands on the support structure , particularly in relationship to on-site maintenance

rc tuirem ents. If there is a problem associated with high reliability, it is the resulting inactivity
t maintenance personnel which causes boredom and gradual degradation of skills. The three-
un t l i  system is not a completely effective solution to this problem , but does improve

jer sonne l  utilization.

2
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hgure 2. I — I  graphically depict s how o~
)crational avai Iahil,t~ Aopf is  .n hic~ ed

through a combination of re l iabi l i ty  and support availability. The hig he r re l iab i l i ty  e q u i p m e n t s
req uire less external  support to achieve avai labi l i ty  objectives for short term. However , the
Usc of redundancy to achieve hi gh re l iab i l i t y  increases the amount of hardw ar e , which trans-
late s  i n to  hig her acquisition . osts and more hardware to siir~~~r .

On the graph in I Igure 2. I — I . the  Aop A 5 c U r~es fo r  ( l i e  three configurations are
sh own wi th  solid line s representing the MUi R exclusive of travel t ime to  th e site , whi le  dashed
line s in clude the .21 —h our mean t r a i i ~~ r ta t iuni time. Assuming an Aop objective of Øo) and
rH InclusR e trav e! t i me  MTIR . . \~~ ~ U. ’~ b r  the 3-month system and 0.5 for the 6-month
~ st e rn .  When thi~ is t r an i s l a t e d  into risk for  shortage ot 0.25 and 0.5 respectively, it can be
use d to es t im ate  the cost ot i n i t i a l  spares required. (Reference Figure 2. 1-5.)

2.2 Program Variables

The LCC computat ion is based on the following program variables:

• Numbe r of Years in Life Cycle = 20 Years
• Number of Operating Systems = 80 Systems
• Operating Time per System = Full Time = 168 Hours/Week
• Operational Availabi l i ty  (Aop) Objective ~ 90 Percent

3
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2. 2. 1 Customer Factors

The following customer factors were inserted in the computer models to determine
support spare requirements and in the derivation of costs associated with other logistics
ele ments:

• Pipeline Time Node-to-S ite = 1.21 Hours
• Pipeline Time Depot-to-Node = I Month
• On-Site Repair  Tin ;c (MTTR) = 0. 17 Hours
• Depot Turn-Around Time = 6 Months
• Maintenance Manhour Rate (Depot) $20/Hour
• M ’in ntenance Adminis t ra t ion = $250/Depot Maintenance Action
• Personnel Annual  Attr i t ion = 100 Percent
• In ~entorv Entry Cost = $ l OO/ lte rn
• Invent or ~ Annual Maintenance Cost = $100/I tem
• Test Equipment  Annual  Maintenancc Cost Acquisition Cost x 5 Percent

2 1.2 Contractor Factors

Contractor factors arc correlatable to the LRU’ s and maint enan ce requirements as
) I \~ s:

• Line Replaceable Unit (LRU) Data ( see Table 2.2- I ).
• Equipment  Breakdown
• Quant i ty  of Each Type LRU
• LRU Failure Rate
• Node NRTS (Not-Repairable-This-Station) Rate
• Depot NRTS Rate
• On-Line MTTR
• Off-Line MTTR
• Uni t  Price
• Cost-t o-Repair

• Personnel and Skill Requirements
• Preve n t i~e Maintenance Requirements
• Tools and Test E quipment  Requirements
• Codification Requirements

2.3 Maintenance and Support Philosophy

To support 80 unat tended operating locations , a network of intermediate repair loca-
l io n s  (nodes )  and a single depot is recommended. Six nodes will be located at existing mill-
I i r .  site s which can accommodate airl if t , as well as helicopter operations. A single new node
s t e  is required.

4
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Each node will he a self—conta ined fa cil i ty capable of supporting a perm anent ly
manned maintenance and supply env ironment.  The following node assignments have been made:

Mean
Number of Travel

Node Node Sites Time
Desig n ato r 

- —- 
Location Supported To Site

N I  Point Barrow 14 1.27
N2 Tuktoyaktuk 14 1.4
N3 Cambridge Bay 13 1.3
N4 Hall Beach I I  1. IS
N5 Point Dyer I I  1.2

Saglek (New Site) 8 0.96
Goose Bay 9 1.26

7 80 System Mean 1.2 1

(;cnerally. nodes are centrally located in the cluster of operational sites they serve. The
,t\ rage distance between stations is less than 50 nmi and the maximum distance from node
to an opera t ing  sit e is 350 nmi. Helicopters , the prime means of node-to-site transportation ,
aic assumed to have an operational range of approximately 500 nmi. UAR depot repair
actions will he performed at existing facilities at McClellan Air For Base .

2.3. I On-Site Maintenance

Demands for maintenance action will be initiated by on-line , built-in-test-equipment
I B i l l : )  and reported through the communications link to the node. At this time a mainte-
I . . I I l ~~C team of two intermediate level electronic technicians and a power equipment technician
v. II trav e l by hel icopter to the site. A complete complement of line replaceable unit (LRU)
spares and assorted discrete Parts will  he stowed on the helicopter for use on site as required.
‘the helicopter will  also contain a complete set of common test equipment and tools necessary
I perfo rm o rgan i i a t i ona l  ma in t enance .  No tools , test equipment or spare s will he stored

‘ s i t C .

[he fau l t  i so la t ion  process involves use of the on-line BITE system. The BITE
.IOO , 1 h I Lj I ~ cs are compatible with LRU packaging which is to isolate 95 percent or more

i ll  ss  stem failure s to an LRU module(s) concept. These objectives are :

• System level BITE to report system perfo rmance status

• Subsystem level BITE to detect a fault in a primary equipment element and
to activate switching to backup equipments.

• BITE penetration to a single LRU for 95 percent of all system failure s

• Maximum BITE penetration within each LRU to the shop replaceable unit
(SRU) level to assist off-line repai r activity.

8
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At arrival on-site, th e electronic technician ( s) will check the subsystem status indicators and
replace defective LRU ’s. All individual subsystem tests will  be activated to determine the need
to replace other LRU ’s which failed since the last visit causing a “failed item ” report but
which , because of redundancies , did not resu lt in a “failed system ” maintenanc e demand.

Before departing the site , technician ( s)  will perform all preventive maintenance (PM)
normally scheduled for the near term to eliminate the need for the next scheduled visit if
possible. The waveguide drier (desiccant) element s will be replaced at six-month intervals or
during unscheduled vis its.

2 .3.2 Nude Maintena nce

All det e ct ive  LRL T ’s for a given com ple x of sites will be evacuated to the node for
repair , disposa l , or fur ther  evacu ation to the depot. Each node serves as a repair and supply
support center an~d will  be fully equipped to perform those functions. A two-year supply of
I R L ’ s SRU’ s and re p ai r parts will he stocked at each node to support its complex of sites.
The repair t’aci l i tv consists of a bench environment and will be equipped with tools., test equip-
me rit and test f ixtures  necessary to test and repair the LRU’s.

2.3.3 Depot Maintenance

LRU ’s/ SRU’s not repairable at the node will be returned to the depot for repair
or disposal. The recommended UAR places no special demands on the depot. Special tools
and test equipment will be CFE furni shed.

2.3. 4 Maint enance and Support Manning

~sodcs N I  and N I which have the largest number  of satellites , will each support
14 opera t ing sites. Based on system failure rates and standard Poisson distr ibution (see
I igure 2.3-I . the numbe r  of yearly demands from 14 operating sites will he less than one-
p er-month for the three-month reliability configuratio ns. This low demand rate and a PM
schedule having a m i n i m u m  three-month interv al indicates that  a single maintenanc e team can
e.isi I~ perform all on-site and node maintenance tasks. The extremely low statistical proha-
l i l i t y  of simultaneous failure of two UARs fur ther  supports the single team concept.

A three-man node electronics team is recommended. Two men would travel to the
‘, IIes when needed to per form maintenance. The third man would remain at the node to
~i u n m t o r  the status of the remain ing  operating systems. A three-man team provides its own
hack-up in e~ent of illness.

E lectronic technicians will  have LRU repair skills involving the use of bench enviro n-
ments  and hand tools as well as the system skills necessary to accomplish on-site maintenance
lbr all electronic equipments.

Power equipment  will  be maintained by a power equipment specialist assigned to
the node n n ai nt cna nce  team.

2 ,4 I &
~ 

u iPmcn t Installation

lmi st alI at ~oni nI UAR equipment is complicated by the number of sites involved and
t h e  hostile enviro nmental  conditions that  prevail in the Arctic. With a time window of only
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Figure 2 .3-I.  Failur e Probabilities

4 m Onths in which to accomplish this  task , a great deal of emphasis will be placed on
developing an installation plan compatible with program requirements and schedules. A pre-
I m n m i n a r y  schedule is described in Figure 2.4-I .

2 .4. 1 Instal l a t ion Planning

The instal lation plan has been segregated into smaller planning elements to provide
greater cost and schedule vis ibi l i ty .  Costs associated with installation elements are contained
in Paragraph 2.6. A final plan will he developed ea~’Iy in the RDT&E program that includes

tis tomer recommendations and guidance.

2 4 2 UAR Installation Sequence and Schedule

The UAR site installation sequence is based upon the following assumed conditions:

a. The towers and other structures to support the antennas and other radar
equipment are completed and in place.

h. Each tower will be able to support and provide mounting interfaces t’or a
lightweight modularized crane.

c. I’rime power sources and distribution systems will be available to support
insta llation activities.
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d. The microwave or other comm unications systems will be installed and ready
for use or will be installed concurrently with the radar so that they will be
ready for use when the radar installation is completed.

When the equipment and the team is on-site , the installation sequence is as follows:

a. l~ portable crane on the tower.

h. Lst-’ ’ six 1 5-foot long sections of back-to-back antenna reflector with feed
array support beams attached. (Two 15-foot sections make up one leg of the
tn -form antenna confi guration.)

c. Install each 27-foot long antenna feed section on its mount.

d. Install the 12 diplexers on the antenna tower deck and associated waveguide
runs to the antennas.

e. Install the 12 11:1. ’ antenna horn s, the omni an tenna  amid associated waveguid e .

1. Install electronic equipment shelter on or in the support structure provided.

g. Position th e shelter , and install the 13 vertical waveguide runs.

h. Complete power and remoting connections and initiate the electrical checkout.

i. Disassemble and remove the c m’ane.

The pre l iminary plan is to install  46 systems dur ing  th e first year (1984) . and 34 during the
second year ( 1985) . as shown in l :igti re 2 .4-I. These schedules are ambitious , but feasible
with sufficient logistics support. I t  is projected that a live-man cre w working 12 hours a day
.an complete an installat ion in I 5 days. Checkout will take two men an additional five days.

2.4.3 Installation Support

Instal lat ion support encompasses thre e basic areas:

a. Preliminary tools and equipment  choices will be made and later refined during
prototype installat ion.

b. Personnel logistics support including safety equipments will be provided.

c. Transportation of personnel and equipment to and from the Arctic areas will
be accomplished through use of commercial air carriers on scheduled or
chartered operations. A minimum of four cargo-type helicopters will be
require d to support six installation teams.

.~n option available is to use a demothballed aircra ft carrier or similar ship as a floating support
Ise for the majority of installation work along the Eastern seaboard . This vessel , equipped

‘s~m th two helicopters , could provide the required housing and logistics support.

12
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2.5 LRU Stockage Model

‘rhe init ial  and recurring investment in LRU’s is a logistics LCC element. The
selection and al location of main spare units was accomplished using math models to optimize
the dollars invested to achieve an operational availability (A 0~ ) ~ 90 percent. Three models
~ ere used in the optimization process.

• OPSTOCK - Optimum Stockage for multilevel maintenance environment ,
Optimization based oil risk for spares shortage vs operational
availability

• ( ‘ONSt JMI Consumable item require m ent based on stockage objectives and
stmpp o rt pip el imi es

• ()-FACTOR . A subroutine based on maintenance and logistic time distri-
butions which establishes a risk for spares factor.

2,5,1 Support Variations

The math models accommodate variations in the number of sites supported by each
node and provide separate printed stockage lists for each node. The models also consider
depot turn-around time and the need to fill the pipelines. Identical kits of on-board spares
for the node ’ helicopters has been assumed.

The models determin e stockage req ui rements  on basis of the detailed LRU data
described in Paragraph 2.2.2. Not-repairable-this-station (NRTS ) rates for the node and depot
have also been assigned which influence stockage quantit ies and account for attri t ion of the
most vulnerable items.

2.5.2 In i t i a l  Spares

t he cost ot i n i t i a l  spar es , r ep ai r ahk ’ s and consumables ,  is based oil the Operational
.-~o .im l ah i l i ty (A 0~ ) objective. Assuming a risk for shortage of 0.25 (see Paragraph 2.1.2 )  for
.1 3-month con f igurat ion.  the cost of ’ i n i t i a l  spares can be determined using t h e  graph in
l’ m g ure 2 .5 - I .  A 0.25 risk translates to an LRU investment of approximately 470,000,00 dollars.
\ (s-month conti~uration with the same A0~ object ive would require a 220 ,000.00 dollar
In’, L ’ St i i i Cf lt .

Figure 2.5- I indicates the dollar amount and the computer program prints a corre-
sponding list of LRUs. For a two-year stockage objective this initial spares dollar amount is
added to the cost of consumables expended in two years as determined by the CONSUME
model.

Life Cycle Cost Computation

All LCC dollar amounts shown are in constant Januar > ’ 1977 dollars without dis-
counting.  Prices used in these computations are based on an 80 system build , with a concurrent
b u i l d of ’ all spares for the life cycle. Common test equipment cost computations were based
on current catalog prices.

The system contains a single l i fe  l imited item , the wavegu ide desiccant elements , and
(lie demands tor th is  item were processed at the replacement rate. All other items were
processed at the failure rate. Redundant systems were assumed to be in “cold” standby.

13
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Figu re 2. 5-I. UAR Risk versus Investment

All support calculations were based omi all systems operating in a full performance
mode, full  t ime for the life cycle.

.~~ T , I Life Cycle Cost Summary

This summary includes three equipment options and two node manning options.
I’he data is presented in matri x format in Table 2 .6-I.

2.6 .2 Acquisition Costs

The RCA PRICF model was used to obtain acquisition cost data for the UAR. This
is a parametric cost modeling technique that provides reliable estimates of system acquisition

Is t s especially during the conceptura l phase of a program. ‘PRICE inputs are primarily phys-
I . . aI characteristi cs SUCh as size , weight . type of componetry , power dissipation , and construc-
t i on  typ e.  Prototype and production quantities are also required inputs. PRICE model outputs

Ju de  recurring and nonrecurring costs for development and production phases. It also pro-
I I , I L ’S an cnginecr~ng schedule , and it has numerous internal checks to verify reasonableness cf
i i l e  various results.

Printouts from the UAR PRICE Model are given in Appendix A. Greatest accuracy
i’ ot t amne d  from the model when a system is broken down into small constituent parts. In

d t l i t p o n , purchased items are handled most effectively by being considered separately . This
.I..Is done in the UAR modeling with the receiver , exciter , and synthesizer purchase parts
Itwiped in to  a single purchased item. As a consequence , it is difficult to determine the total

14 
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‘FABLE 2 .6-I. LIFE CYCLE COST SUMMARY MATRIX

3-Month Configuration 6-Month Configuration 12-Month Configuration
USAF Contractor USAF Contractor USAF Cont ractor

LCC Cost Category Technicians Technicians Technicians Technicians Technicians Technicians

Acquisition Cost 51 , 124,952.00 51 ,124,952.00 54 ,058 768.00 54,058,768.00 59,283,659.00 59,283,659.00

InItia l Logistics 17 ,306,806.00 17 ,924,862.00 16,956,806.00 17,674,862.00 16,736,806.00 17,454,862.00

Recurring Logistics
Ii 18 Yr s 12 ,627, 144 .00 23,595 ,912 .00 12 ,627 ,144.00 23 ,595,912 .00 12 ,627, 144 ,00 23,595 ,912.00

Totals $80,958,902.00 92,645 ,726.00 $83,642,718. 00 $95,329,542.00 $88,647 ,609.00 $100,334,433.00

cOsts Of these individ ual items from the printo uts. Table 2.6-2 gives the cost breakdown of tl ;c
units with the appropriate purchase item cost added to th e PRICE estimate of the unit.

The baseline system is the minimum system capable of performing requir ed radar
operations. It  contains no redundancy other than that inherent in designs of the individual  mod-
u les . The pl at t ’orm factor (PLATFM of 1. 95 used for the PRICE runs implies a very high reliabi-
l i ty  design , using components that  roughly satisfy the reliability requirements discusse d in Vol-
time I I .  In  order to meet the 3-, 6-, and I 2-month reliability goals , module redundancy is also
needed. The req u ired redund ancy for these three cases aiid their cost impacts are given in
Table s 2.6-3 through 2.6-5. In each case , the needed redun dancy is specified relative to the base-
line sy stem. Also , an addit ional I S  percent of the cost of redund ant  items is added to the total
to account for increased switching and other miscellaneous equipment that may he required.

TABLE 2.6- 2. BASELINE VAR PRICE BREAKDOWN ( 5K )

Development Prod uction Total Cost Avg Prod Cost/Unit

RE Receiver (2 Req ’d) 632 800 1432 4.994
IF Receiver 338 419 757 5.232
Radar Exciter 178 432 610 5.407
1FF Receiver 254 413 667 5.157
1 FF Exciter 178 353 531 4.407
Syn thesizer 440 830 1270 10.371
Signal Processor 4171 5167 9337 64.588
Power Supplies 1020 1177 2197 14.713
Radar Transmitter 1821 4365 6186 54.563
1FF Transmitter 660 871 1531 10.888
Waveuigd e Switch 667 727 1394 9.088
Waveguide 63 2538 2601 31.725
Antenna 2053 10930 12984 136.625
Data Processor 34 1366 1401 17.075
Ir lie gra tlon and Test 348 1357 1705 16.963
Total Baseline 12859 31744 44603 396.800

There are several points which should be mentioned in regards to these data.
I ’hii ’ i. ust figures given are factory cost and are not the actual sell price of the equipment.
Als o , these are radar costs only, amid they do not include costs of communication equipment.
she lter , prime power , environmental  control equipment , or purchase and installation of the
:t i l t e f l f l a  tower. In addition , the costs related to a Reliability Verification and Modification
I’rogram during and after system deployment are not included. It is impossible at this time

IS
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TABLE 2.6-3. UAR THREE-MONTH CONFIGURATION

Redundant Items

1 Central Timing Unit $ 1,930
1 Control Monitor /Proc. Interface 3.040
1 Communication Interface 3,225
1 Doppler CFAR Proc. 4,630
2 Clutter Maps 5,520
1 Correlation Detector 2.120
1 CPU Assembly 3,875
4 PROM Boards 6,000
2 RAM Boards 3,600
1 Power Supply 16,513

Cost of Redundant Items 50,453
15% of Cost for Switching and Misc. 7,568
Total for Redundancy 58,021
Baseline 396,800
Total for 3 Mo. Configuration $454,821
System Acquisition Costs (80 Units)

Development $14,739,272
Production 36,385,680
Total $51,124.952

TABLE 2.64. VAR SIX-MONTH CONF IGURATION

Redundant Items

1 Central Timing Unit $ 1,930
1 Control Monitor/Proc. Interface 3,040
1 Communication Interface 3,225
2 Doppler CFAR Proc. 8,260
2 Clutter Maps 5,520
I Correlation Detector 2,120
2 CPU Assemblies 7,750
4 PROM Boards 6,000
2 RAM B ‘ards 3,600
1 Power Supply 16,513
I Frequency Synthesizer 10,371
1 A /D Converter 4.820

Cost of Redundant Items 73,149
15% of Cost for Switching and Misc. . 10.972
Total for Redundancy 84,121
Baseline 396,800
Total for 6 Mo. Configuration 480,921
System Acquisition Costs (80 Units)

Development $15,585,088
Production 38,473.680
Total $54,058,768
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TABL E 2 .6-5 . UAR TWELVE-MONTH CONFIGURATION

Redundant Items

I Central Timing Unit $ 1,930
1 Control Monitor/Proc. Interface 3,040
1 Communication Interface 3,225
3 Doppler CFAR Proc. 13,890
2 Clutter Maps 5,520
1 Correlation Detector 2,120
2 CPU Assemblies 7,750
4 PROM Boards 6,000
4 RAM Boards 7,200
1 Power Supply 16,513
1 Frequency Synthesizer 10,371
1 A/D Converter 4,820
1 Radar RCVR , RF 4 994
1 Radar RCVR , IF 5.232
1 Radar Exciter 5,407
1 1FF Receiver 5,157
1 1FF Exciter 4,407
1 1FF Target Detection Unit 2,430
1 1FF Buffer 2,510
1 Jamming Detector 1,052

Cost of Redundant Items 113,568
15% of Cost for Switching and Misc . 17,035
Total for Redundancy 130,603
Baseline ‘ , 396,800
Total for 12 Mo. Configuration $527 ,403
System Acquisition Costs (80 Units)

Development $17,091,419
Production 42,192,240
Total p. $59,283,659

to evaluate  the e\tent of such a pr ogram: however , it is almost inevitable that design changes
w i l l  he requ ired ~n order ,to meet the rel iabil i ty requ irements. Depending on the dep loyment
~~hcdu lc , t h e  r el i . tb il i tv conUj ej ice level desired, and amount of ’ redesign require d , a possible

~. rease in the sy stem i c I l u i s I t i l i n  cost b y 25 percent seems reasonable.

2. i .3 l i i m t i a l  Logistic (‘ost

1 he cost e lements  d irect ly  related to the initial deployment of’ 80 UAR systems are:

2. i .3 I Sp , i r e s L 4 - \ l I i n t h )  3-Month 6-Month I 2-Month
LRU / SRU (Node & l)epot ) $482,870.00 $232 ,870.00 $12 ,870.00
Rep air  Parts 36,496.00 36,496.00 36,496.00
Total $5 19 ,366.00 $269 ,366.00 $49 ,366.00

l i i i t m ; i l  qu a n t i t i e s  of L R U / S R U  spares was determined by the OPSTOCK computer model. LRU/SRU
I~~~

) n : , r t s  .~ ‘re J e t e r m m n e d  by a maintenance demand calculation and summed with  a percent
.1111 II. i t ’ ’  Iii tot itlier piece—parts.
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2.6.3.2 In v e n t o r y  E n t r y  (( ‘odif ic at i on

L R U / S R U s  ~66 Line I t ems )  $ (,.o00.00
N on stamid ar d ParI s (750 E st imated)  75 ,000.00
Total $8 I ,ô00.00

Inventor y entry was calculated at $100.00/ item.

2.6.3.3 Personnel (Node )

USAF Electronic Technicians (24 M en) $414 ,000.00
or

Contractor  Electronic Technicians (24 Men) $1 , 154 ,400.00
t~SAl ’  Technicians are in the E4-E6 pay and allowance categories
(S525.00/mo. + S30.00/ day )
Contractor Technicians calcula tions includes base pay, allowances
and con t ractor st tppor t & transport ation.
A 56-hour work week is assumed.

2 ± ’  ~.4 F r a m n u i g ( 2  each. 14 week Courses-Contractor Training)

Tra in ing  Data . Ins t ruc t ion . Facilities $256,000.00
USAF Technician Pay & Allowance s (24 Men) 135, 240.00
Total $39 1 ,240.00

or
Tra in ing  Data . Ins t ruc t ion , Facilit ies $256 ,000.00
Contractor Technicians (2 4  Mcmi ) 112 ,896.00
Total $368 ,896.00

‘i~t r a c t u r  t echn ic ians  are not paid al lowances dum ring t ra ining.  At t r i t ion  of 3—men prior to or
du r u i i ~ assignment is assumed.

.o. ~~. 5 Tools and Test Equipment

(‘ -- mmon lo o t s  at N odes (7 nodes) $479 ,000.00
l L S t  I-quiipment (7 nodes) 630,000.00
Common Tools at Depot 7,300.00
Test Equipment & Fixtumres , Depot 85, 700.00
l oca l  $1 ,202,000.00

\~ ide q u d n  ti t ies  inc lude  helicopter kits. ‘ I

2. . . ± ‘  Technical Documentat ion (TOs)

Preparation and 100 sets $600 ,000.00

i lisists ( I f Ope ra t io n s, Service. Operation , IPB To USAF Standards

18



2.6 .3.7 In . s t a l l a t i omi  and Checkout (80 Systems)

Labor 52 .11 4 ,400.00
Special Tools & Installation Eq t m ipt .  I , 280,000.00
Personnel Logistic s 6 10,000.00
Transportation (Installation & Personnel) 2,636,200.00
Transportation of Radar Sets 7,358 ,000.00
Total $13 ,998,603 00

I - m g h t ~ I 80) sets, cacti h aving  10 ,875 cubic feet & weighs 16.200 lbs (does not include spares ortest equip ment ) .  Six (‘ontr ac tor teams wil t per form the installation.

2.6.3.8 Total of All Ini t ial Logistics Costs

3-Month 6-Month 12-Month
Al l I t ems  & USAF :
Tech, Option 17 ,206 ,806 00 16 ,956,806,00 16 ,736 ,806.00
All I tems & CTS Option 17 ,924 , 862.00 17 ,674 , 862.00 17 ,454 ,862.00

2±’.4 Rec-urr ing Logisti c Cost

The cost elements direct ly related to sus ta in ing  operational performance of UAR sys-
te nt s  on an a n n u a l  basis a m e

2.6.4. 1 Spares R e p l e n i s h m e n t

LRU SRU s (Nod e & DepoD S 6,435.00
Repair  Parts Nodc & Depot; 18 ,248. 00
Total  $24 ,86100

[RU . SRU quant l ~tes were determ ined b\ the  CONSUME computer model. LRU !SRU repair
pa r t s  were determined hv a maintenance demand calculation and summed with  a per cent
.i t l o c a t m i ) n  for other piece —parts.

.(L 4. 2 Invc ntor ~ Management

L R L S R V  (6~~L ine l tem i is)  $ 6,600.00
Nonstandard Parts I 750 Estimated) 75,000.00
Total $81 ,600.00

In cc r I t ,  r~ Management  ca lctm lat ed at  SI  00,00/1 tern /Year

2. n .4. 3 Personnel (Node )

USAF Hect r oni e  Technic ians  (24 Men) $4l4 ,0OO~~O
or

Contractor  I , k c t r om ij c  Technician (20 Men ) $962 L000.00

R e l e r  to I tem 1.6.3.3 for rates
( Ifl~~(,-~~~~~((j~~ technic ian  a t t r i t ion  is 83 percent .
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2.6.4.4 i r a i n i u g  ( 2  each , 1 4-week Courses - USAF Training)

Training Fquip mem it & Support $23 ,553.00
Training Instructors USAF (4 Men *) 7,360.00
USAI : Technician P~r~ & Advances (24 Men) 44,160.00
Total $75 ,073.00

*l 4 F6 Rate

Tr a in ing Eq u i p m e n t  & Support 23 ,553.00
Cont rac tor  Training (20 Men) 112 ,896.00
Itt a l $136,449.00

.\ traiu mmig svsteni should be procured: Train ing equipment calculated at 1/20 of acquisition
C ‘St. Support cost based on 16 hours per day equ ipment  uti l ization .  Training set , of con—
t i . i c t t i r s  si te, is “b am led ’’ equ ipmen t .  (‘om itra cto r t raini n g of 20 men includes four instructors.

2 .4,5 Depot Main tenance

Manhours $ 1 , 1 48.00

~l , t mn tem ia m i c e  calculated at 520 /manhour  -

2 y 4 .6 Maintenance Adminj stratjomi

Depot s 7, 174.00

iteila nee Adminis tration calculated at $250.00/repair action at depot.

- 
4 ~

‘ Tools and Test Equipme nt Maintenance

No des and Depot $35 ,250.00

\ l w t c n a n c e  ci~~~t ca lcula ted  at 5 pere em it of acquisitiom i cost/year.

2 r~.4 ~ P re ’em i tm ’ , e Main tena nce  (Materials )

Ott Site (80 s i t e s )  $62 ,400.00

~ ‘ 4 ’ ~
) Total I ) t  All Recurring Logist ics Costs (Annual)

A ll It ems and U .S.A.F. Techniciam i and Training $701 ,508.00
or

All I tems and (‘omitr actor Techni cians and Training $1 ,310,884.00
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3.0 MAR LIFE CYCLE (LCC) COSTS

Two of the three factors in the LCC algorithm are logistics dependent , e.g.,

N
LCC = A~~ + 1 T  + ‘s” R

I L .~~~~~~~t = 1

where
AT = acquisition cost total

= initial  logistics cost

RL = recurring logistics cost ( a n n u a l )

N = number  of years in the life cycle.

In order to quant i fy  thc3e logistics factors , a specific systems deployment and m aintenance
Phil o sophy must be defined, Such a p lan has not been developed for MAR . consequently its
LCC cannot  present l y he determined. An estimate of MAR ’s acquisition cost , however , has
heen made based on a production run of 20 systems. Furthermore , certain aspects of a
suggested maintenance philosophy . l)ased on ac it ievin it  a low L(’C, have been addressed .

The acquisition cost of MAR is estimated as follows:

Average unit  cost based on a quanti ty of 20 units = $2 ,! 10K
(for the 5-day reliability configuration)

The acquisition cost total = 20 x 52 , 1 10K = $42.2M

The maintenance philosophy suggested is presented in the following paragraphs.

3.1 MAR Maintenan ce Philosophy

3. 1 . 1 M aintenance Structure

Based on MAR architecture , BITE penetration , (number of systems involved), and
Is sum ing full-time operation (168 hours per week) a two-tier maintenance structure is recom-
mended : these two levels are the organizational level (on-site) and the depot level.

Investigations , involving life-cycle cost (LCC) analyses , indicate that consolidation of
t h e  l trst three echelons of repa ir at the organizational level is a viable cost-effective option.
o n-s ite mainten ance of certain LRU repairables that  involve removal and replacement of low-
cost consumable material s is recommended , instead of a flow of these repairables through a
repa ir loop. All LRU ’s will he individually considered to .letermine how they best “fit” into
stockage and repair aspects of the maintenance system.

3 I .2  Organizational Maintenance

All organizational maintenance can be performed by a single trained technician.
( er t a in  maintenance activities may require more than one man because of safety or physical
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size/weight of an item involved in the maintenance action. However , this assistance to the
technician does not require any system skills. The on-site maintenance will be an intermedi-
ate level technician (USAF Level 5) with certain bench skills involving use of soldering tools
and standard test equipment.  The on-site techni cian will he responsible for all preventive
maintenance , corrective maintenance , certain LRU repairs , and performance testing of the
system subsequent to any corrective maintenan ce actions or modification of equipment.

a. Preventive maintenance (PM) - - The off-line radar preventive maintenance inter-
vals are greater than 168 hours. This preventive maintenance (PM) features is
in keeping with an operational avai la b i l i ty  objective exceeding 90 percent for
one week of continuous operation, A small amount of daily on-line PM con-
sisting primarily of monitoring BITE indicators or metering devices is
recommended.

h . Corrective Maintenance (CM) . The BITE minimizes skill requirements , need
for special purpose test equipment  on-site , and reduces the requirement for
standard test eq uip ments.

All faulty digital modules and digita l portions of the hybrid modules used
throughout  the MAR are repaired on-site to the maximum extent feasible.
Each site is furnished a digita l test set to facilitate rapid identification of’ failed
integrated circuit devices . The on-site technicians remove and replace defective
items using repair materials from on-site stock. Certain repairable analog-type
LRU ’s used in the t ransmit ter  are repaired on-site when possible.

LRU ’s in antenna or transmitter high-voltage areas which cannot he safely
repaired and tested on-site are evacuated to the depot facility. Analog modules
of the receiver are repaired at the depot where the required analog test station
and test fixtures are available. All electro-mechan ical LRU ’s removed from
major subsystems are returned to depot facility for repair and subsequent
testing.

1 .3 E)epot Maintenance

The pnme responsibility of the depot is to provide operating units with a constant
so ir ce of equipment spares. The depot meets th is responsibility by maintaining stockage
q:i. n t i t es which :neet all demands and fill all pipelines to the operating satellites. To per-
:. rrn th is  function in a cost-effective manner , the depot is fuliy equipped and manned to
‘i t  ct rep air  of items returned from the field . Pipeline tim e between the depot and oper-

i i ~~g sites is a fa c t o r  in determining spare s requirements.

The depot is equipped with a digita l dual disc base console to facilitate repair of
dl digital  modules used in the radar. This test console provides the depot facility with the

~kii p capability of fault isolating and repairing all digital modules. The digital test cor.~~le
. t the  depot also serves to support the portable digital tester used at the sites.

The analog test station includes a complement of interfacing test fixtures necessary
t a c i l i t a t e  fault  isolating, alignment , and testing of all analog modules. Those test fixtures

qm mi rcd  to fault isolate, align, and test modules in the transmitter high voltage area , which
. ‘n no t  he tested safely on-site, are available at the depot. 

- . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - .-- -.- , —-- .- .----. .,



3.1 .4 Maintenance Manning

On-site maintenance , including repair of certain modules, can be accomplished by
one man per maintenance shift. Assuming full-time operations of 168 hours per week, the
work week could be divided into three , 56-hour shifts which would indicate the need for
three technicians.

However , high system reliability results in few maintenance demands for both
on-line and off-line actions, and the total “downtime” due to preventive maintenance is less
than 25 hours per year.

Based on those system maintenance requirements and the remote status/alarm sys-
tem (reference BITE , paragraph 2-2) the equipment does not require a man in constant
attendance . A technician must be on-call however , and the distance between the radar set
and standby area should be compatible with the 0.5 hour MT1’R objective. If this condition
is satisfied . a single , standard , 40-hour maintenance shift is recommended during which
scheduled daily PM and other nonscheduled PM is performed and all bench repair activities
accomplished. The work schedule could consist of one standard 40-hour maintenance shift
an d a “standby ” maintenance shift for the remaining time.

Recommended MAR Site manning is: 2 men , AFSC 5. With modernization of the
Dew Line installations , the USAF has an option open to them that could reduce their elec-
tronic m aintenance manpower costs by as much as 25 percent. The maintaina h i l i ty and
packaging design of all new equipment is rapidly reducing the technicians ’ requi rement for
higher levels of system knowledge. Under the LRU remove and replacement concept , a tech-
nician need only be capable of interpreting the system BITE indications. Therefore , by cross-
training electronic technicians , further manpower reductions can be realized.

3.2 BUILT-IN TEST EQUIPMENT (BITE) CONCEPT (Figure 3.2-1.)

The MAR BITE design is basically a two-tier system that is automatic and on-line.
rhc first tier collects status information from the subsystems , relays it to a remote center
and displays it on the local maintenance console control and status panel.

The second-tier monitors all critical su bsystem parameters , reports to the first tier
and displays the :nformation on local equipment group panels.

3.2. 1 BITE Objectives

The BITE penetration design objectives are to isolate faults to:

• A single LRU , on-line , for 75 percent of system failures
• Three LRU’s, on-line , for 90 percent of system failures
• A single LRU , off-line, for 95 percent of system failures.
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SY STEM BITE
STATUS PROVIDED
TO OPERATOR

CENTRAL COLLECTION
OF SYSTEM BITE STATUS
(LEVEL I BITE )

LEVEL 1
B lIE
STATUS

MAJOR EQU I PMENT
GROUP
TIERED SUBSYSTEM
BITE STRUCTURE
(LEVEL 2 BITE)

Figure 3.2-I . General BITE Concept

3 7 2  System Status Panels

The system status panels will use green, amber , and red indicators for the following
co ndi t ions:

• Green = Status Satisfactory
• Amber = Subsystem in Maintenance Mode

or
Subsystem Requires Maintenance

• Red Status Unsatisfactory .

I~ the  system includes backup equipment , each channel will have a separate set of indicators.
~ t i ou ld a fault occur , the BITE system will initiate an automatic switch-over sequence to the
sr ind by channel. The indicators will show which channel is on-line.

Status of the following equipment groups will be shown on the system status panel:
“ ‘ nn na . Receiver/Synthesizer/Processor , Transmitter , and 1FF.

L 
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3.2.3 Subsystem Status Panel

Each subsystem will have a local second-tier BITE status panel. The antenna ,
because it is physically separated from the remaining equipment will have its status remoted
to the receiver/processor panel.

The Receiver/ Synthesizer/Processor panel (Figure 3.2-2) is a samp le of an equipment
group panel. As an example . consider the following:

I . A fault in the RCVR/SYNTH/PROC group is reported on the system status
panel.

2 . The technician checks the local panel and observes that FAULT 2 SYN A is
il luminated.

3 Using the thum hwhee l  selector , he sets the fault  code to 02.

4. The ENTER / SEQUENCE switch is activated and the LRU designator appears.

5. If the sequence involved two or more LRU ’s. the multiple fault indicator
would be illuminated. The LRU with the highest probability of failure would
appear in the FAULT REF DESIG window .

6. Depressing the sequence switch would enter the next LRU designator.

This sequence is summarized in Figure 3.2-3 .

3 .2.4 Display Console

The Maintenance Display Console is provided l’or the purpose of monitoring MAR’s
ou tpu t  target message data qual i ty .  [he display is not considered mission essential hardware.
In the event of a remoting system malfunction , the display will assist in the fault isolation
p rocess .

3.3 Supportability

Su pp ort cost could be a significant element in the life cycle cost for the MAR. These
custs , which are a consequence of design, can be determined for a given equipment assessed
in a given operational environment and when taken cumulatively, define the supportability
charact er ist iL of the design. To quantify this characteristic, however, requires considerable
customer and contractor data not presently available in the form necessary to complete this
study.

Suppoctability can also be measured in less specific terms by evaluating various
aspects of design and their logistic effect. In following paragraphs , the consequence of our
selected MAR design approach have been summarized in supportability terms.

__________ — -—  ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~
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Figure 3 .2-3. Faul t  Isolation Example Summary

3.3.1 Modula ri ty

The MAR baseline maintenance design involves modular packaging of the equipment
to facilitate removal and replacement maintenance  on-site. The radar set will consist of
approximately 200 LRU’ s. These 200 LRIJ ’s will represent 95 percent or more of the sys-
tems failure rate .

3.3.2 Commonali ty

All like i tems will be direct ly interc hangeable.  Where possible , common solutions
viii he usc ] to reduce the number of d i f f e r e n t  items. The processor for example , will con-

tain  app ro x im att ’Iv  60 hoard s of five dif feren t  types. Power supply commonality has been
ici i i t ve .! 1~v using the best tolerance , regulation , or capacity where common voltages are
required. Blower motor commonali ty is achieved in the same manner. There are approxi-
r a t e l v  160 different LRU types in the radar set.

3.3.3 Repair abi l i ty

Approximately 75 to 78 percent of all failures on site will he corrected without
involving the depot. This is achieved through a combination of on-site repair of digital
LRU ’s and discard of consumables on failure . Twenty-two to twenty-five percent of system
Failures involve electronic LRU , and three percent of less are mechanical item failures. These
LRU’ s wil l  be repaired at depot.
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3.3.4 Maintainabil i ty

The on-site M T1’R is 0.5 hour achieved by modul ari ty and BITE compat ib i l i ty .
Ninety-five percent ot’ system failures will occur at the LRU level and the BITE will penetrate
to these L.RU’s.

Preventive maintenance totals approximately 450 man-hours per year of which only25 hours require the system to be “down”. Preventive maintenance materials consist of low-
cost consumables estimated at approximately $ 100/system per year.

All maintenance , corrective and preventive , can he accomplished by a single AFSC-5
level technician. No outside assistance involving higher skills is involved. Certain maintenance
actions could require unskilled assistance due to safety requirements or weight/ size of a main-
tenance item.

3.3.5 Reliability

High reliability techniques and solid-state technology are used throughout the
design. The system also contains relatively few life-limited items. At present , these have
‘ L’en defined as TWT, CRT , Spark gaps , TR limiter, blower and coolant pump motors. All
these items exhibit  some condition of wear and can be scheduled for replacement. The
TWT is repairable as are all motors and pump s.  System reliabil ity is described in Volume 1!,
the technical description.

3.3.6 Test Equipment

All common test equipment required exist in the USAF inventory . No special tools
and test equipment are required on-site. A commercially available digita l tester will be fur-
nished as CFE for each site. Depot special hi-cost test equipment , consisting of six items
will be CFE. No special tools are required at depot.
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APPENDIX A

PRICE MODEL PRINTOUT S FOR ThE
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Figure A-R. Si gnal Processor
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MISSION
of

Rome Air Development Genie?

RAX pl ans n-nd conducts research , exploratory and advanced
development pr.,qrams in command , control , and communications
(C3) activities, and in the C3 areas of inf ormation sciences
and intelligence. The prIncipal technical mission areas
are coz,-gnunicatj ons, electromagnetic guidance a,nd control ,
surveillance of ground and aerospace objects, inteJ.ligence
data collection and handling, information system technology ,
ionospheric propagation, solid state sciences, microwave
physics and electronic reliabilit~j , maintainability and
compatibility.
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