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o ABSTRACT
) \ e
The HAVSTAR Global Positioning System (GPS) is a space gﬁgﬁ
5 based navigation systen. This systema is scheduled to be gf?@
installed in a variety of ailitary platforms. The receiver ...
systea for GPS will Le installed in US Navy surface ships 5S£3
tetween 1989 and 1996. \@fi

This thesis compares three alternative aethods of
completing this installation prograa: 1) iastallation during
a ships regularly scheduled overhaul, 2) installation by a
special teas of technicians, and 3) installation by the
ships assigned perscmnel. The strengths and weaknesses of
each method are discussed. A recommendation of installation
during regular overhaul is made.
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I. INTBODUCTION

Wbenever 2 new systea is developed for operational use
there are decisions that must be made regarding the intro-

duction of the systea. One of the most critical is the
method that will be used to introduce the new systea to
operational units. Regardless of the value of a systea

itself, it is useless, unless its capabilities can be used
by operational units. This problem becomes particularly
difficult when the nev systea Bsust be retrofitted on
existirg platformms. Consideration aust be given to the
method of retrofit, will a combat unit be removed from an
operational status for the retrofit, or will the new system
be installed vhile the unit continues in an operational
status. |

Decisions made regarding the installation will not only
affect the operaticnal forces Dbut will influence the
Frocurement rate for the nev systea, deteraine the manpower
reguirements for systea installation and maintenance, and
the rate of the intrcduction of the new capability.

The NAVSTAR Glotal Positioning System (GPS) is a new
navigaticnal systen. This system is scheduled for use in a
vide variety of situations. The GPS will be used by all
ailitary services to provide positioning iaformation to
combat and support upits. There are three different acdels
of the GES receiver. The existence of these three amodels
allows the system to Dbe used by all types of amilitary
forces, frca foot soldiers to supersoaic aircraft.

The GPS is scheduled to be installed in all US Navy
ships, commencing in 1989. The method that will be used for
this installation has not yet been deterained. There are
three sain alternative methods for accoaplishing this
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planned installation. They are: 1) installation during a
ships regularly scheduled overhaul, 2) using a special
installatica or tiger team, 3) utilizing the skills avai-
lible in the ships ccapany. Bach aethod has advantages and
disadvantages. With the scheduled installation date rapidly
approaching the detersination of the method to be used for
installation aust be sade soon.

This decision will be made by Coammander Naval Sea
Systess Comsand baseéd on the recommendation of the Joint
Program Office.

This thesis will examine these three alternative methods
of installation. The relative costs and the [potential
advantages and disadvantages of each amethod will be
explored. The goal is to provide a recomamended method of
installation of the Global Positioning System in US Navwy
surface shirs.

Regardless of the installation method that is used for
the majority of ships there will be special circumstances or
requirements, Ships wvhose installation priorities are so
high that cost and schedule reguirements will be of secon-
dary isportance. These ships will have the systea installed
in the guickest pmanner and are therefore not addressed
herein.

The determination of the installation method for the GPS
vill detersine the costs that will be experienced, and
thereby the funding profile needed to support the installa-
tion. The method chosen will also deteramine the schedule
that sust be followed. The different methods will experi-
ence different rates of installation and they will provide
differing amounts of flexibility. Since these alternatives
will provide differing installation rates, they will pose
different demands on the production schedule. They will also
require differing nuakers of technicians to support the GPS.
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The desire to introduce the system as quickly as
possible must be balanced against the planned production
schedule. The need to hold costs to a ainiaua must be
veighed against the needs of the fleet for the GPS. . These
needs and the effects of the system introduction on the
mangcver avialable to the Navy must be considered by the
Joint Prcgram Office in making their recommendation for the
installaticn method. The planning schedule currently in use
is reflected in the Program Objective Memorandua 1986 (PONM
86) [Ref. 1) This schedule is based on the use of the
tiger teasm installaticn method. The costs reflected in this
schedule vere detersined wusing the Shipboard Electronics
Equirsent 1Installation (SEBSTALL) - cost estimating acdel.
This =~del wvas Jdevelcped by the ARINC Reasarch Corporation
of Annapclis Md, for Commander Naval Sea Systems Command
[Ref. 2].

A. RBETHCDOLOGY

There is limited available documentation concerning the
installation options for the GPS. Accordingly the methcd of
research utilized in this thesis is primarily the personal
intervievw. This thesis collects the applicable knowledge of
pumerous people throngﬁout the United States. The majority
of the <%echnical installation information was provided by
the grpersonnel at the Joint Prograa Office for the GPS
progras in los Angeles and the Naval BElectronics Systeas
Engineering Center in San Diego California.

Analysis and conclusions are based on the authors under-
standing of statements and comaents gathered through inter-
views and telephone conversations. The analysis and
conclusicns are the result of interpretations of the infor-
mation availible witbin the research time franme.
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Judgyements and aralysis of the author reflects and is

3 based on bhis personal experience as a Surface Warfare ;EQ
' Officer, which includes a regular overhaul as a member of pacd
e ships coapany. g%f
‘ This thesis is primarily directed to those readers who e
I are familiar vith the GPS program and systeam. If further ?ﬁé

tackground informaticn regarding the GPS is required refer
to reference 3.

B. TBESIS ORGANIZATICH

_ Chapter two provides a summary of the significant events
" in the history of space based navigation systeas and
discusses the NAVSTAR GPS coamponents.
Chapter three exaaines the general problems that will bde
encountered regardless of the installation method. Ry
Chapter four examines the overhaul method of installa- N3

tion, the tiger teaam method is exaained in chapter five, and ]
chapter six examines the ships force imstallation. ;i;
Conclusions and recommendations are presented in chapter ° SRK

seven.
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II. BACKGECUND AND SYSTEM DESCRIPTION

The NAVSTAR Global Positioning System (GPS) is a highly
accurate satellite based positioning and navigation systea.
GPS has been under development since 1973. It is a joint
rrogram, with the Air Force acting as the lead service. The
system [frovides three dimensional positioning (latitude,
longitude, and altitude), velocity, and time informaticn to
its users.

The GPS is nct tle first space based navigation system.
The idea has been developed over several decades. The
inpetus for the space based system has been the desire for a
highly accurate navigational system that could meet the
needs of a rroad spectrum of users. {

The Navy initiated the ﬁavy Navigational Satellite %li
System (TRANSIT) in 1958. This system was primarily )
intended to provide navigational information to Fleet
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Ballistic Missile sutmarines. This system became opera-
tional in 1964. The RNavy also sponsored TIMATION, a
research progran tc advance the development of high
stability oscillators, time transfer, and two dimensional
navigation. Concurrently the Air Force conducted prelimi-
nary concept formulation and system design studies for a
three disensional navigation system called the system 621B.

In 1573 the Deputy Secretary of Defense directed ccabi-
nation of these research efforts. The Air Force was desig-
nated as the Executive Service to coalesce the concepts into
a single comprunensive, Department of Defense system. This
reduced the duplicative design effort and has reduced the
Government expense Ly producing one system that nmeets all
needs rather than producing several service specific
systeass.
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A. SISTEM DESCRIPTICH

To provide navigational information the GPS uses three

lajor‘ segments, the space segment, the control systea
segment, and the user systea segment.
f The space segment includes a navigation package and an
a8 integrated operational nuclear detonation detection systes.
For full operation this segment requires 18 satellites in 6
orbital planes 10900 nautical ailes above the earth. In
addition, ekack up satellites will be placed in orbit to
ensure 100% system availability in event of satellite fail-
ures. Current plans call for the satellites to be launched
by the Space Shuttle.

The control systes segment consists of a master control
% station, three ground antenna stations, and five monitor
- stations to maintain control and accuracy of the satellites.
: The user system segment consists of one of three tyres

of receivers which f[rocess the satellite data to deteraine
position, velocity, and time. To deteraine this infcrmation
. the receiver gathers ranging data froa four of the 18 satal-
O lites in orkit. It then can compute position to within 16
: meters, velocity to 0.1 meters per second, and time to 100

nanoseconds. The type of receiver used depends on the

regquirements of the hcst vehicle. While stationary all sets RS

perfora with egqual accuracye. The low dynamic set is a one E;;
2 channel receiver. It gathers ranging data from each of the gﬁj
) four satellites reguired for the solution of the naviga- ;ii

tional prroblem sequentially. Because the information is

: RN
3 gathered sequentially the receiver is more affected by rlat- a;-
b fora smovenment. If rlatfora velocity exceeds 25 meters fer ggg
| second (approximately 50 kmots) the onme channel receiver o=
N cannot select the four satellites fast enough to solve the E%
S pnavigational problea. This receiver is scheduled to be used Er.
N in the manpack and in vehicles. The mediunm dynaaic set is a g;g
g a N
y LA}
X * "b p
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two channel receiver. It gathers ranging data froa two
satellites simultaneocusly then selects two others to cktain
the four required for the solution of the navigational
problen. The two channel receiver is limited to a platfcrm

et T R R I -
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velocity of 400 meters per second (approximately 775 knots) hﬁfé
. AL
or less. The twvo channel receiver is scheduled tc be Ty

- !-' |' .0 N
. .‘..l. .

installed in ships, ratrol aircraft, transport aircraft, and
helicopters. The high dynamic receiver has five channels.
It gathers ranging data from all four satellites required
for positioning data simultaneously. This provides essen-
tially real time positions. The five channel receiver is
scheduled fcr installation in submarines, £fighter, boaber,
and attack aircraft.

As the capability of the receiver increases the price
increases. This is one of the main reasons that the five
channel set is not scheduled for use in all applications. '

The Air Force awvarded a single source, multiyear
Frocurement contract can a fixed price incentive basis to the
Rockwell International Corporation in May, 1983 for the
production of the GPS spacecraft and related eguipment. In
Septesber 1980, the Air Porce entered a firm fixed price
contract with the 1International Business Machine (IBN)
Corporation to develor the comtrol segament.

The contract for manufacture of the receivers has not

yet been awvarded. There are currently twvo coapeting

receiver designs undergoing full scaie developaent. The -
cospeting manufacturers are Magnavox Advanced Products and ‘::;
Systeas Company of 7Torrance California, and the Rockwell ﬁ?ﬁj
International, Collins Government Division of Cedar Rapids }?E
Iova. The Defense Systeas Acquisition Review Council mile- ﬁgﬂ

stone III reveiw (DSARC III) for production of the receiver e
systes is currently scheduled for early 1985. JV

These two competing designs are different in apprearance E:ﬁa
but they have the same basic components and are of siailar )

13 ~




Chadn

A Y

. g
0N

Y WXL
>
3

i Il 4
S

" n":‘" AR

RIS

RRERSTIRU - Aty ~u S~ it o v i

e

N

"

Ccaplete descriptions of all components
.

o ﬂ
.«
|
) - e
: - ,
Al »
.4 . .-\ J
: m &
4 r\ A
' nnw \ ....
. g N
) R
o o *
A “
: @
4 o M Y
vl [ [ Fa
h 5 5 :
] ™ :
g o o
, - N
! = 'j
" el !
! LY N
i [~} .
g ™1 “ [} r..
. @ . X
] 5. -
'u pq-f

n

)

< Mo Ik
-
&,

)
e
~d'.'

VA

e b g,
-
.
L4

L : .
Twr T} Far gl ot tstas AP a8 T8 oS, ORI VIR AW ¥ AR NEA LR DRYOR Y RN WV YY Ny 8, Sy, YN MM M ]

Ty,



IXI. INSTALLATION PLABNING

The GPS is scheduled for installation in a wide variety
of military vehicles. The aedium dynamic set is scheduled
for installation in all US Navy surface ships between 1989
and 1996. [(Ref. 1]. GPS will provide these ships wvith a
highly accurate all -wveather navigation systea that is
currently not available. It will replace the Navy
Navigaticnal Satellite Systea currently in use aboard scae
ships. GPS will expand the satellite navigation systea to
all Navy ships, replacing less accurate radio based systems
such as OMEGA and Loran as the primary electronic navigation
systeas.

A. PCIENTIAL PREINSTALLATION iROBLBHS

There are three rreinstallation problems that will be
present regardless of the installation method that is
chosen, they are: 1long lead time item procurement, secure
storage, and the evolution of the navy electronics suite.

Several of the connectors and much of the cabling that
is used in GPS installation are long lead time frocurement
itenas. These items require advaace planning in ordering to
ensure that sufficient stocks are on hand when installation
begins. Time between placement of the order and receipt can
be in excess of one year. These 1long lead iteas are esge-
cially critical if the installation is to be conducted
during regular overhaul. If a ship does not receive GPS
during the specified overhaul, because of the unavailability
of parts, it will tLe about five years before that ship
enters overhaul again. This delay could force some ships to
have ¢the GPS installed in an alternate method to remain
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within the desired installation time window. Unavailability
of rparts would also affect the scheduling of the other
instiallation methods, although not as drastically.

Belated to the froblea of long lead times is one of
storage. There ar¢ currently no dedicated GPS storage
facilities. Rither special storage must be constructed, or
it aust re arranged through Maval Supply Centers. The long
lead items in particular and the GPS eguipament in general
must have secure storage so that vhen an installation
commences all reguired iteas will be availidble. One central
warehouse would provide ease of control over the supplies,
and ease reorder decisions because the exact quantity on
band would be known. On the other hand several dispersed
storage facilities would provide faster service to the
installation in progress and lover shipping costs because of
shorter distances invclved. ’

The uncertainty of design evolution of the FNavy elec-
tronics suite is a ccncern because the GPS aust interface
with several key electronics systeas, such as the Bival
Tactical Data Systes. As the systeas that GPS interfaces
with are modernized care aust be taken to ensure that no
changes make the systea incoampatible with GPS.

B. POTENTIAL INSTALIATION DIPPICULTIES

There are also three installation probless that must be
addressed regardless of the method chosen. They are inter-
facing with shipboard systeas, drawving inaccuracies, and
differences between ships of the same class.

The first problea is interfacing with other shiploard
equipsments. The GPS will interface with a variety of
systeas such the Naval Tactical Data System (NTDS), Carrier
Bavigaticn System (CVNES), the gyrocoampass and the electro-
magnetic log. The de¢sign of the GPS receiver system is not
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firm enough at this point in time to plan the =methcd of
interface. There are currently two possible methods. The
first sethcd of interfacing is through a Plexible Module
Interface (FMI). The FMI would be unijuely designed for
each specific reguiresent. This entails a separate design
for each different ship type, with the design depending on
the electronic configuration of each ship. This approach
has the potential of becoming very expensive. Because of
this potential expense this curreantly appears to be the less
likely approach. The alternative to the FMI is the fixed
PMI or serial data ports. These ports would provide a stan-
dard output which wculd then ke used to interface with any
shiptoard systea. A common interface unit is planned for
follov on production. This coamon interface will simplify
installation in the later years. Until the method of inter-
facing is determined exact installation plans can not be
made.

A second problem is the lack of accurate drawings or
tlueprints for all ships. Major changes are norsally
reflected, in the blueprints, however, over time changes
made to the ships have not been reflected in the drawings.
Taken individually the effect of each of the unreflected
changes is insiqnificant, in total they may cause probleas.
During the installaticn of GPS in the USS Kitty Havk several
probleas were encountered with inaccurately labeled interior
comnunications switchitoards (used in interfacing with the
gyroccapass and the electromagnetic 1log) and many probleams
resulted from drawing inaccuracies regarding bulkhead pene-
traticas. This problem is amplified on an installationm as
large as a carrier. Each new penetration requires special
care to ensure that the vatertight integrity of the ship is
not reduced. Probless such as these lengthen the planning
stage by making physical ship configuration checks mandatory
for all ships before any wiring plans can be drawn. The
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time Dbetween the shir check and the actual installation sust
te held to a miniaum, or location and space for eguipsent
decided on during the configuration check may be used for
another purrose and not be available. On the Kitty Havk
probleas vwere encountered because bulkhead penetratioas
sarked for GPS installation during the ship check vere used
‘for another purpose Lefore the installation began.

The third major problem is that ships of the same class
are seldoa identical. The GPS signal is belov the back-
ground noise 1level. For the receiver to have sufficient
signal strength for deteraining position inforsmation the
antenna sust be relatively free of electromagnetic interfer-
ence (EMI) froa other shipboard equipaent. To ensure no
significant EMI is present the antenna position for the GPS
sust .cften vary. The correct placement of the antenna again
requires a ship configuration check.

C. IBSTALLATION REQUIRENENZS

- The actual installation of the basic GPS receiver is
fairly sisple. The components of the receiver systesm are
all light and compact enough so that movement by hand is
possible. The heaviest component is the Master Control unit
vhich wveighs 130 pounds. Moveaent of components can Dbe
siaplified through the use of a crane, also, antenna flace-
sent is easier with a crane but not required. The antenna
veighs 20 to 30 pounds depending on the model that will be
ultiaately selected. The most difficult material handling
problea is the cabling. For the most extensive interfaces
the cabling required is 64 wire cable. The weight of this
cable is aprroximately 10 pounds per foot. MNovement of this
cable froa the pier tc the ship will reguire a crane.

The rrimary skills reguired for the installation process
are: electronics technician, interior coamunications
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specialist, and shipfitter. The skill levels are roughly
equivilent to GS-11 for the electronics technician, WG-10
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for the interior coamunications specialist, and WG-9 for the
. shipfitter [Ref. 8). The number of personnel reguired A
depends on the size of the ship, the length of the required ‘"
cable runs and the number of interfaces. The teas required B
for an aircraft carrier is about 12 people [Ref. S5].
D. GPFS PROTOTYPING IN SURFACE SHIPS
GES has been installed in and then subsequently was
removed froam the USS Kitty Hawvk (CV-61). The installation
vas ccnducted as a two phase process. The cabling and the
foundation work was installed during regular overhaul by The
Baval Shipyard Breamerton. The final systeam installation vas
conducted by Naval Rlectronics Systems Engineering Center, o
San Diego. . i
Planning is currently being done for the installation P'..,
aboard the USS ‘Constellation (CV-64). Installation will be ’
done by the MDS Company during regular overhaul. IR
Since these shigs were part of the testing process \.'5’.:
within the full scale development (PSD) phase, neither the A
Kitty Hawvk nor the Ccnstellation installations fit exactly
in one of the three methods outlined earlier. It is Sy
possible however, to use the experience gained in these _.}t
installations to identify potential problems that may arise '-’:’.;'-"E"-
during future installations. They also provide a basis for '
estimates regarding installation time, costs and skills A
regquired. The SEESIALL model [Ref. 2] and planning data E:
prepared for the Constellation has been used as the base for &-.\
cost comparisons expressed herein. Experience from the St
Kitty Hawk test installation has been used to highlight P
potential problems during the planning for the actual XS
installations. ;:4':
Eas
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At this vriting plans for development do not include hl
further fprototype testing on surface ships. By evaluating Eﬁk
the GES cn a carrier vhere the most coaplex electronic envi- ol
ronment in a surface ship exists it is believed that any .352
potential problems vill be discovered [Ref. 6]. Although no §§§
further prototyping is intended the first ship of each class ﬁ{%
to receive the GPS will undergo special testing. This O
testing will be to ensure that the installation on that !33?
particular class of ship is satisfactory. Thea all cther ' Eﬁﬁ
installations for shifps of that class vill follov the same &;f

tasic installation plan [Ref. 7).

20

P A A L L QU ST CT LK, SR N (X LN R SN SN LN NN, SO0




- e N R

o Wg Wt o R ol A Ot Sl o AN i bt iy S R P SRR st O e R SR A S g

-
e

D X
2]

IV. SHIRXARD JESIALLATION

R U —

. t

A. SHIPYARD CAPACITIY éﬁg

' The U.S. Department of Transpértation Maritime :5‘
N Adainistration conducts annual surveys of the shipbuilding PR
: and repair facilities in the United States. The survey for . §§§

1983 [Ref. 8] reports that there are currently 587 ship- (A8
building ways in excess of 475 feet, and 139 repair facili-
ties with berths in excess of 300 feet. These facilities do
not include Naval shipyards vhich would increase the
capacity even furtbher. There is sufficient civilian
capacity available to place all Navy ships scheduled to
receive GPS in a special yard period at one time. This is
of course inconsistant with the with requirements for the
defense of the nationm, but it could be done.

There are currently approximately 155,000 E€orle
employed in the shifruilding and ;epair industry [Ref. 9]).

The skills required for the GPS installation are available %ﬁ?
for hire if additional eaployees vere reguired by the GPS ?i&'
installation programe. According to the US Bureau of lator o
statistics there were 203000 unemployed electrical workers, E;;
142000 unemrloyed fabricated metal workers, and 79000 unem- ;&;
ployed coamunications and other public utility workers, in gfi
December 1983. This unemployed labor pool is large and (]

should be able to provide any employees required by the GPS
installations. The rroblea with mass hires of personnel by

L.
" ~
AT
P e 'y
O

; shipyarde and repair facilities is that as the pool of unem- {;;
ployed labor shrinks the high level of demand aay increase  T‘

.- the ccmpetition for the available labor forces driving vages f?ﬂ
a up. There may be lccal difficulty with the availability of ﬁfi’
labor. Although shipyards have historically shown fairly f'ﬁ
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stable employaent patterns in the aggregate, emplcyment at
individual yards fluctuates widely depending on the work-
load. There are mass hires during high activity periods amnd

. sass layoffs as activity slacks. Shipyard wvorkers have also Lﬁé‘
shown an historical reluctance to move, even for guranteed g%;
jobs elsewhere. The labor force that is availible in the ;;E}

local area is all that the shipyards have been able the draw
upon. This 1lack of labor amobility could impair an indi- i

vidual shipyards ability to hire workers to install GPS. 1In ' %f%&

the general case a shipyard has the capability to install P2

Ges. -

B. PROPOSED PLAN OF ACTION: SHIPYARD INSTALLATION {,

The installations vill not be conducted enmasse because L

of the adverse impact on national security. HNor would it be !!!

sensible to place a ship in a yard facility solely for the Eﬁf
installation of GPS. The skills required for the installa- ﬁéf

tion of the GPS are available elsewhere. Use of other ey

‘ installation methods would allov the installation to be !!!
f completed without the incurrance of the significant overhead _ﬁkf
E fees that are incumbent in the maintenance of the large &ig
‘ asount of fixed capatility required by a shipyard. Navy RO
ships routinely enter shipyards for regular overhaul with ;::

most ships scheduled to wundergo an overhaul every five Q%E

years. Adding the installation of GPS to an overhaul would E:;i

be only a smatter of an addition to a contract for overhaul ‘;:;

work. o]

E The current estisating figure for shipyard labor aad §&§
‘ overhead costs are in the range of 30 to 35 dollars per £§E
hour. The actual rate will vary dependinj on the geographic N

. area (affecting labor rates) and the utilization of each re
facility (affecting cverhead). The planning data for the &%f

USS Constellation fits into this range. Labor and overhead %ﬁ?
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rates used for the Constellation planning are 33 dollars fer
hour. Since the <Ccnstellation is part of the testing
program its installation is unique. She will receive both
of the GFS receiver designs that are currently in competi-
tion. Planning data from Supships San Diego estimates that
4330 direct ladbor hours will be reguired to install the two
systess. Assuaing that installation of only one system will
entail half of the lakor of the dual installation there will
be 2165 man hours regquired. This eguates to 84,645 dollars
for lalor and overhead. Since this installation is part of
the testing of GPS rather than an operational installation
no learning curve was used.

In addition to labor and overhead the incremental costs
of the addition of items to the overhaul package pmust be
considered. The addition of GPS installation will increase
the score of the overhaul contract and may increase the
negotiation difficulty. There is also the possibility of
increased costs during contract adainistration. Contract
administration cost increases must include any costs that
are incurred by the increase in the size of the shipkoard
internal maragement system, Ships Force Overhaul Management
Systea (SFOMS). These costs are very difficult to estisate.
The installation of GPS is 1not expected to increase the
length of the ROH period. Any increase in the length of the
period would entail incurrance of significant additional
costs.

C. DIFFICULTIES ASSOCIATED RITH SHIPYARD INSTALLATION.

One of the most serious difficulties with the shipyard
installation approach is that the schedule and related
funding in POM 86 must be changed. The POM 86 schedule has
the installations for all of the ships in a class occuring
in one year. This is not howvw overhauls are scheduled. MNost
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ships are subject to five year overhaul schedules, this
places rcughly one fifth of the ships in a class in overhaul
during a given year. The current schedule calls for 13
installations in 1989, 1 in 1990, 258 in 1991, 19 in 1992,
S2 in 1963, 103 in 1994, 35 in 1995, and 22 in 1996. This
does nct reflect the overhaul schedule. Furthermore the
installation vork is funded by operations and maintenance
funds, which are only availible for use during one fiscal
year. These funds sust be rescheduled to reflect overhaul
timing or there will be a large surplus of funds in 1991 and
shortages in the other years.

Related to this schedule and funding problea is one of
reduced flexibility. The overhaul schedules are driven by
factors other than GPS. Since the GPS is not a major sched-
uling factor in an overhaul any problems with GPS, or
related item procuresent, could cause the ship pnot to
receive the GPS during the originally planned overhaul. The
GPS would then be installed during the next scheduled over-
haul for that ship and this would alter the installation
schedule dramatically. The installationprocess could not
simply te delayed. The order in which ships would receive
GPS would change (ie the ships that had been scheduled to
receive the systea early in the program would receive it
near the end), unless of course the installation vas slipped
five years. The exact order in which the ships receive the
GPS receiver in is not such a critical matter that the over-
baul method of installation should be rejected solely for
this reason.

It is hovever important that the installations procede

. smoothly. This is where the overhaul installation plan may
X cause problems. The coantracts for ship overhauls are issued s
; in advance of the overhaul. If the GPS became available N
f after the overhaul contract vas issued, but before the %&;
\ scheduled ship went through overhaul, the systea might not i:ﬁ%
R .\.:__a
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be installed. Similarly, if the system became unavailable
for installation after the contract was finalized it would
require changes to the contract. Any change to a contract
takes time and can add to the cost of the contract. It is
this lack of flexability that is important and must be
considered.

The second problem area is interfacing. There are many
repairs, overhauls, cr replacements of shipboard electronic
systeas during overhual. Since the method of interfacing
with shiprboard equipmeants is not yet known, the eguipaents
that are required for the interfaces are not yet known. It
is prolatle that the equipaent needed for interface will be
unavailatle for porticns of the overhaul, and possible that
the eguirment would Le unavailable for the majority of the
periogd. The egquipments that GPS will interface wvith are
often refurbished during overhaul. The refurbishaent
includes the installation of any regquired alterations or
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field changes, and any general pmaintenance that may be .Qﬂ;
required. This will complicate the scheduling of installa- S::
tion. Once the method of interface is determined, the exact g&ﬁ
points of interface can be determined and <further planning ’ S§%
may be done. Regardless of the interface amethod there S§ﬁ

should be some time during the overhaul that all required

systems are availible. ﬁ%ﬁ

A third problem is a low learning curve at shipyards. EE;
Bistorically, shipyards have shown lover wages for skilled R
workers than at otherx skilled jobs in the same area. These !if

lover wages coupled with the fluctuations in the employment
levels have produced turnover rates as high as 75% per annum o
[Ref. 10]. These high turnover rates reduce any learning K
curve effect that may bhave been experienced at a shipyard to
nearly zero.
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D. ADVANIAGES TO THE OVERHAUL INSTALLATION METHOD

The sajor problea encountered by the Naval Electronics
Systeas Engineering Center, San Diego, installation team
during the Kitty Hawk installation was the operational
schedule. This problem can be completely avoided with a
overhaul installatica. A ship in overhaul will not be
subject to any unscteduled operational requirements. This
stability will allow the installation to be conducted in a
logical flow, without interruption, and costs held to a
minimua, Anytime that work must be stopped and restarted,
costs will be increased. This is because vworkers nmust
secure any partially completed vwork and remove tools and
equipment from the ship. When work recommences all tools and
ejuipmsent Rmust be set up and the work area reprepared.
There is also the danger of workers forgetting items that
were not completed before the installation process was
interrupted (the author bhas experienced this [froblem).
These oaissions increase the probability of malfunction once
the equirment is completely installed. The increased
stability of the shipyard environgent will improve the ease
of the ship check as well. The problems of bulkhead pene-
trations being utilized for other purposes will be reduced,
because there will bLe less time between ship check and the
actual installation.

The shipboard eunvironaent during overhaul will also
facilitate installation because, the vhole crew will be
oriented towards industrial work. Fire watches will be
readily available. The process of running the cabling will
be easier because there will be 1less traffic through the
ship. The amembers of the ships crev vill have no opera-
tional requirements +to interfere with the support of the
installation tean.
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Installation by personnel employed by the shipyard will
elimipate the need for transportation of installation
personnel to the location of the installation, as reguired
by scme other @methads. This can be a significant cost
factor in the tiger team installation method. There are

5 ; also no requirements for per diem. Per diea for an instal- :?25
lation team, especially in a high cost area, will be signif- ;::

icant. These tvo exrpenditures can be totally avoided with a o

shipyard installation. ??%

The third advantage is the ease of guality assurance .Eﬁ?

inspections. A ship overhaul has many cosplex comfponents.
The existence of the numerous Jjobs that require a guality
assurance ncrmally requires a permanent quality assurance
organization for the ship. This organization could conduct
the guality assurance work on the GPS installation without
the added expense and difficulty that is present in the
other installaticn options.
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‘? V. IHSIALLAIION BY SRECIAL INSTALLAIION IEAM

A tiger team is a special team that would conduct the
installation of the GES in a ship. The teaa would be inde-
pendent of the ships organization. The team would arrive at
a ship install the GFS and then proceed to the next instal-
lation site.

A. TEANM OBGANIZATION OPTIONS

There are two questions that aust be addressed regarding N
the organpization of a tiger team for GPS installation. The fﬁ;
first is what will be the compostion of the team? Will the <
tean be made up of <ccntractor, federal employees, or Navy ;;;
personnel or will it be a amixture of the three? The seccnd R
gquestion is hov many teams will be formed?

The composition of the teams can have a great effect on
the cost of the installation. The cost of the installation

is not the only facter to consider in the make up of the RN
\-» .-.'
installation tean. Are there personnel in the Navy who are o
.-.‘ "‘
availible for assignment to an installation teaa? The o

Electronics Technician rating is currently manned at 102.5 % s;;
[Ref. 11]. This scrplus of Electronics Technicians shows K
the Navy currently bhas the manpower to form installation
tiger teaas. It is difficult to predict the exact Navy

manning levels in the 1989 through 1996 time frame, however g;;
the perscnnel are avialable now for assignment to a tiger §§§
tean. $§§
A Navy tiger team should be lead by an Electronics K?i
Technician Chief. The assignment of a Chief Petty Officer E%?
as the team leader accomplishes two purposes, 1) it provides 5ﬁ§
the necessary technical skill for the installation and 2) iﬁi
28 o
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the Chief will be a responsible leader for the tean. The
tean should also have a Hull Technician assigned to perfora
the required smounting of the eguipment and to install any
regquired bulkhead penetratioas. An Interior
Communicationsman should be assigned to complete interfaces
vith shif systems such as the gyro and the electromagnetic
log. The skill level of these tvwo positions is not as crit-
ical as that of the Electronics Technician [Ref. 12]. They
will be working under his direction, and performing tasks
that will le very similar regardless of the ship that the
installation is being performed for. They can also draw on
the skills of the ships force to solve any probleas encoun~
tered. Assignment o¢f Second Class Petty Officers to the
teaa should provide all skills reguired in these areas.

In contrast, if the tean is to be manned solely by
civilians the skill levels required for the installaticn are
GS-11 for the Electrcnics Technician, WG-10 for the Interior
Cosaunicationsman, apnd WG-9 for the welder (GS is a General
Schedule Civil Servive eaployee and the WG is a Wage Grade
Civil Service employee). Wages that would be paid to a
GS-11 vary from $25,366 to $32,980 - per year. Using the
standard Civil Service of 260 eight hour days in the work
year, this converts to $12.20 to $15.85 per hour. The WG
vage levels vary through out the country, and are rased on
the prevailing local wages. Using the wage scale in effect
for the MHMonterey California area, a WG-10 would receive
betveen $10.51 and $12.27 per hour and a WG-9 would receive
betveen $10.05 and $11.72 per bour. All WG workers are paid
by the hour. If set standards are exceeded then they are
paid overtime. GS wcrkers are paid on a salary basis.

If the team is to be made up of contractor perscnnel
instead of government eaployees the wvages could vary froa
the government standard. The cost of a contractor team
would be sulject to deteraination under standard contracting
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procedures. Since the cost of the contractor team is sulject ﬁgé
to negiotiation it is difficult to predict the exact wage ﬁ%}
level that would be rpaid. The Bureau of Llabor Standazds &“f
reports that non-surervisory aetal wvorkers received an !!.
average of $8.24 per hour in gross vages, coamunicaticns ‘5&;
vorkers an average of $11.95 and electronics workers an ‘a;
average of $10.46. NS
In deteraining the number of installation teaas required }}:!
there are several considerations that must be used. Using a %@@
large nusber of teams would permit all ships to have GPS 'ﬁﬁﬁ
installed simultaneously. This approach would necessitate iﬁ;
having all GPS receivers available for installation before R
s the process commenced. This is not the most logical method. Féf
By matching the installation rate to the rate at which the :%”;
equipsent becomes available (the production rate) the GPS Iil

can be introduced into the fleet in the guickest manner,
there will be no wvaiting for sore systeas. By installing
the receivers over a period of time rather than siaulane-
ously the length of time that the vork will be available to
‘the work force will te increased. The increased length of
the process will nmake the job of installer more attractive
on the job nmarket. More importantly this will allow a
learning curve to come into effect. Although all installa-
tions will be different in teras of specific detail the
overall coanditions will be the same. As each member of the
tiger teanm completes more installations the member will
become more proficient at the work. This will make the
installations that occur later in the process faster than
the ones in the begining. Since labor costs are the priamary
costs in the installation, the later installations will be
less expensive. This method of installation is the only cne
in which the learning curve will come into full effect. In
the shipyard envirionsent the learning curve is reduced by
higa turanover rates. A ships force would only conduct one
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installation and therefore not benefit from the learning f;;

curve. 5@!

The learning curve could be used to its fullest extent Py

‘A if all tbe ships of cne class were fitted with the GPS by Fats
' the same tiger team. This would allov the team to become 2% o
R very familiar vith the requiresents of a particular class of ;
ship.. Using one team to complete all work for each class j-l

{ would f£it vell with the current schedule, since most classes B
§ are scheduled to receive the GPS in a single year. E%f
12 Scheduling the entire class to recieve the systeam in one %ﬁff
year creates several rrobleas. Ships of the same class are iii

3§ not normally all bhoaeported in the same place. Since the %ﬁ;
3 ships will be in several locations there are two alterna- ffir
: tives for completing the installation, 1) either the teanm &7
can go to the ship cr 2) the ship can come to the teaa.

Sending the team to the sh.ip is the option normally comsid- £:
g ered. If each team vwere to only install GPS on one class of E33
: ship there would be massive travel requirements. Hot only o
would the team have to visit each port in vhich ships of m

that class vere homeported they would bhave to visit each
3 port several times. This is because ships of the same class
) do not bhave identical operating schedules, they will be

available in their homeports at different times. The alter-
. native to several vigits to each homeport is to have the
. tean travel to wvhere ever the ship is operating.

This would incur very large international travel costs.
Travel ccsts could te reduced by using a single team to
install GPS for all ships in a given port. However this
would lessen the learning effect that would be gained froa
baving one team conduct all installations for a class, but
would not eliminate the entire learning effect. Regardless
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% of the differences betveen ship classes the GPS installation ég
7 is sisilar in all ships. The differences are in equirment R&ﬂ
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interfaced with. The required wiring, foundation work, and
interfacing methods will be the basically the same.

iR Travel could be even further reduced by establishing six

installation centers. Tiger teams 1located in ©Norfolk
Virginia, Charleston South Carolina, Mayport Florida, Pearl
Harbor BRawaii, and in Long Beach and San Diego California,
could install approximately 85% of the GPS for Navy surface
ships without incurring any travel expense. This percentage
is Dbase¢d on homeport assignments in effect in 1984.
[Ref. 13), [Ref. 14). The exact percentages will undoub-
tably change over time, however these six locations will
probalkly retain the Leaviest concentrations of ships. Again
with this proposal the ships of one class would not all
receive the GPS sequentially, therefore not fully utilizing
the learaing curve. The loss sustained by not gaining the
full lbenefit of the learning curve is more than offset by
the reduction in travel costs and per deia. Ships that are
not hcmeported in these six homeports could have the GPS
installed by tiger teams making special visits to other hcme
ports.

Current travel costs are 20.5 cents per =aile for
civilian vorkers using private autos. The rates for air
travel vary, depending on the airfare to the port locaticn.
There is an effort made to utilize the least expensive aode
of transportation so in most circuastances the 20.5 cents
represents the most expensive optioa. Por civilian workers,
the per dieam rates range from $23.00 per day to a maximum of
$75.00 per day depending on work location.

Anothexr option is where travel and per deim costs could
be completely elininated by establishing a single ipstalla-
tion center, and having all ships that are to receive GPS
cose tc that location. The current cost of marine diesel
fuel is about 87 centes per gallon. This price is very sensi-
tive to the world o¢il supply 4in relation to the desmand.
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large variations in the cost of fuel wvwill affect this anal-

ysis. Harine diesel fuel is used by the majority of Navy

non-nuclear povered vessels. The exact rates of consuaption

- for a particular ship are classified and therefcre not

b addressed herein. By using unclassified estimates of
. comsusption an estimated range of $26.97 to $67.86 per amile
can ke deriveld This estimate is based on fuel capacity and
range at 20 knots as reported in Janes Pighting Ships. This
estimate is probably bigh because 20 knots is not the most
econosical speed for sost ships. This can be compared with
the costs of personnel travel to showy that moving a ship is
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sore expensive than soving tiger teaa. The $26.97 far el

outveighs the 20.5 cents. é%gw

Fuel costs are not the oaly consideration in wmoving a i%;

fleet unit. The ispact on exercise schedules, personnel (]

training, other maintemance, and established leave policies &f%

X must be considered. The cost of moving a ship becomes unac-~ iﬁ%‘
ceptable if a ship is restricted froa operational use for an 33;%

significant period. 1This would rule out the use of a single

2 installaticn center. However, if the six centers outlined

i earlier vere to be established only about 15% of the ships
would Le required to travel to installation centers. This
15% would ke even further reduced when ships that are home
ported overseas, and required for operations in those over-
seas areas are exempted. These ships will fall outside the
general iastallation plaan because of their important
missions. .

The most advantageous amethod for installation with a
tiger team is the establishment of six installation teaszs in
the major hcmeports, and coapleting installations in other
areas via a traveling tiger tean. These teaas should be
sanned with Navy personnel to receive the most economical ALY,

vage rates for the installation teasms.
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B. PROPOSED PLAN OF ACTION: TIGER TEAN INSTALLATION

The range of vages for a YNavy installation team is from
$4.56 to $11.54. This figure reflects the military ray
scales in effect as of January 1984. Computation c¢f these
rates are detailed in chapter six. The composite wage for
the Navy installation team will change based on the actual
tean coamposition and manning. For the purposes cf compar-
ison an average of $7.50 per man hour, midway though the
wage range will be used. This wage estimate can be used in
the SEESIALL model producing an estimated cost of $70032.
The SEESTALL computation is detailed in appendix A. This
estiaated installaticn expense is auch less than for the
shipyard installation method ($70032 vs $169290).

€. DIPFICULTIIES ASSOCIATED WITH TIGER TEAN INSTALLATION

There are three sajor difficulties associated with this
approach. They are: travei expense, guality assurance, and
the reguiresent for ap operating base.

) The tiger team method will reguire extensive travel for
the tean. As shown above this travel can be a sigpificant
expense. Travel expense can be ainimized with six installa-
tion centers but, travel will still be reguired to a greater
extent than in the other installation optionms.

Quality assurance becomes difficult with this approach NS

because it is difficult for a nmember of the installation i?ﬁ

team to inspect his own work for accuracy. If this is e

avoided Lty having a seperate teama amember conduct all of the :g}:

quality assurance inspection what will that person do during ﬁﬁé‘

the early stages of work? An idle meaber of the team would k?§~

ke a vaste of aoney. If the inspector vere to travel seper- iii

. atly frca the rest of the team then additional travel ¢ gff
expense would be incurred. This additional expense would RN

. arise from the adainistrative effort needed to schedule %?g
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seperate travel, the probabilty of seperate rental cars, E\(
hotel and cther expenses. From a guality assurance stand- R
[’.-'\".

point it is best to have the inspector travel seperately
from the tean, and complete the inspection after the s
complete installation is completed. This would idle the N
installation teaa vhile the inspection vas being conducted.
The guality assurance inspection could occur after the
installation teaa leaves the ship. This would reduce the
vaiting time. 8inor repairs to the imstallation could be
completed by the inspector. Any major repairs would reguire
the recall of the installation teaa. The disadvantage of
this sethod is that the feedback froam the inspector to the
tean will be delayed or incoaplete. This nmight cause the
installation team tc make the same installation error in
several installatioas. Regardless of the £final method
chosen there would be inefficiencies. There would be extra
travel expenses or idle labor forces, both costing extra
soney.

2 third difficulty with the tiger team approach is that
the teaa will require an operating base. There must be
buildinge out of which the tiger teams could work. The base
would rrovide storage for test equipment and egquipment due
to be installed in the near <future. Cost of this facility
would vary depending cn the area of the country. A base of
operations would not ke regquired with the other installation
methods, shipyards wculd use their own facilities and ships
force would use shigs spaces.
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D. ADVANIAGES OF THE TIGER TEAM INSTALLATION

One c¢f the prime advantages of this method is its flexi-
bility. A tiger team, regardless of its composition can
easily accommodate a change in schedule. This is so because
the team would be moving from ship to ship to conduct the

35

I A A S I AT A

VLT A NE R A N AL AN

LN

T a T Ve, et
c."\ 'y(-'. ‘.'1'\

Vo e 0l o™
RN SN




* AT A o WA TR AL S AP 2 Pl D D s it B ML I Al vt S AC TR AT AN SEI. it SPOLE - 35 TP o PR it < s AR50 A AL Y0 Qe g P £ EAen
]

overhauls. The pricrities for the installation should be
set by the Fleet Ccamanders, based on the operational
g requirements expected for each ship. ca

The most significant advantage with the tiger team '
¢ installation method is the benefits of the l.arning curve.
5 As each team conducts more installations their proficiency
X and speed will increase. The less time that is spent to
i coaplete an installation the less costly it will be. The
" learning curve is 1not evidenced in ‘either of the other

.‘,"

e;’

3 -

installations so a change in the order will Jjust mean that g&i

the next installatica would be a different ship than ﬁ?i

'+ planned. If the next ship is of a different class than the N

one that had been plamned, then there aight be a delay while E ,

f the reguired cabling and connectors were shipped from gzk
! . storage. If the substituted installation wvas in a different é%j
\ location there could ke a delay while the installation team b
: and the GPS receiver were moved to the newv location. This RS
\ delay could most likely be short enmough to be insignificant Eﬁ;
§ provided that the required hardware for the installaticn was ﬁﬁ;
i available. If the hardwvare was not available the delay i:i
- would become significant as the waiting time for the hard- ;ﬁ;
: vare grew. This flexibility gives the Navy a method to meet Ei
; a changing environment. The flexibility of this method of ﬁ;;
i installation must nct be abused by allowing individual ii
| comnander's desires to drive the installation order, thereby 3?,
g increasing the delays and therefore the cost. The need for Lgf
; rescheduling can be minimized by careful initial schedule Ii%
i planning. . . 'ii
: The needs of the Navy and the individual coamanders oo
E could possibly be better served by this method because it gﬁ‘
E allows the installations to be conducted in a priority §§
' sanner rather than in the order that skips come due for ii
3 .
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VI. IESIALIATION BY SHIRS FORBCE
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A. CAPABILITY

The installation capability of a particular ship will
vary wvith the current smanning of the ship. Bach ship's
manning allovance is structured for the configuration of the
ship. Then the actual numter of people assigned to a ship is
adjusted to reflect that ships fair share of the manfower
available to the entire Navy. A ship's fair share will vary
over time as the manning levels change in the Havy.

Not only does the ships manning level vary over time but
the skill 1levels will vary as well. The billets aboard a
particular ship are filled in accordance vith Navy perscnnel
policies. These policies attempt to ensure that each ship
bas the skills reguired to fulfill its aission. As in any
policy esmployed this is not 100% sucessful. There will be
people assigned to ships wvhose skills are deficient.
Replacement of these personnel is possible, hovever, it
regquires a significant effort and patience (tiame). This
rotential lack of skill could be critical in the GPS instal-~
lation. A ship does not always have the manpover base to
drav from that a shipyard or a tiger teas has. The ship
sust install the egquipment with the skills curreantly avai-
lible or seek help frcm other sources. The option of hiring
another person who has the required skills is not available
to a ship. (A tiger team or a shipyard is not restricted in
hiring atility as long as the reguired skill is available in

"
¢
1o
",
~
b
N

the lalor market.) If a ship is faced with a lack of the pRe
required skills assistance can be reguested from an 30
Intersediate Maintenance Activity (IMA). An IMA is a shore N>
AN
activity with ¢the asission of assisting in repair amd ;f}
P
0
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¥ maintenance of ships. There are IMA facilities located in &%
E most sajor homeports. R

Most ships could install the GPS with the personnel that

M are rpart of the crew. However some ships may have to gi
3 receive assistance from an intermediate aaintenance ﬁk
facility, Lut this belp is readily availible. The GPS can fes

te readily installed Ly this method.

: B. COSTS ASSOCIATED RITH SHIPS PORCE INSTALLATION

The sost difficult question in this area is: Should the i
labor of the ships personnel be costed?
The argument for not costing the 1labor is that there is
- no additional cost to the BNavy. The wvorkers, vhether
assigned to a ship or an intermediate maintenance facility,
“are Navy personnel and must be paid regardless of what work ' T
they acccmplish. N
The argument for costing the labor is that there is an Nk
opportunity cost of using these vorkers for the GPS instal- Rt

. lation. If the GPS installation was conducted by somecne R
ﬁ i other than ships force,the ships force would have been .ﬁf
.. utilized for other wvork. That work may have used the skills tjs
“ required by the GPS installation or it could have been &
", unskilled labor perfcrmed by the skilled vorkers. The werk oD
'§ that they would have dome most 1likely will still have to be Sﬁ;
5 completed. This can be accomplished in several ways. The tf;
. working hours of the instal lation personnel can be increased e
- or the work can be assigned to other personnel. Bither R0
5 method will increase someone's workload and therefore morale E?‘
. could be affected. The GPS installation process is fairly §§§
: short, ap estimated 30 days for a carrier [Ref. 15), there~ e
4 fore this effect should be small. If any vork is rescheduled e
. to accommodate the GPS installation there could be effects L
? on other areas of the ship. There may be vasted aanhours %?;
-
\ 7
: 38 o
o )
: )
f.::.,: t’.: _:;:_:” 'f; {; ':;'L‘ s'f;'.'.'s:'.' PP R o A A ANy N PR AAR LA R R AR .:..::.‘f: Ce e It __:..:::\.:1




e, et S s e e AV et w0

R R B R R O N O R RN,

spent waiting for a Jjob to be accomplished by a GPS
installer, for exaample a velding job. The scheduled mainte-
nance of electronic equipaent would have to be rescheduled
wvhile electronics technicians perform the GPS installation.
This rescheduling could affect the readiness of the ship,
especially in the areas of communications and sensors
(radars) . It could also affect the ship in more mundane
areas, such as the Planned uaintenance Systeam (PMS). The PMS
is the way that all required preventive maintenance is
scheduled aktoard Navy ships. Any maintenance that is not
completed within the required time period is considered not
to have been coapleted. This noncoapletion can adversely
affect the ship grade in a PMS inspection. This inspection
is periodically regquired, and a certain grade is needed for
the ship to qualify for various varfare area awvards (such as
the Battle Bfficiency Avard).

1f assistance is received from an IMA should this labor
be costed? An INMA has a seperate budget from the ship. Any
work done by the IMA must be completed under that budget.
For the IMA records the labor will be charged to a partic-
ular ship, should that charge be reflected in the cost of
the GPS installation? The INA could accomplish other repair
work for that ship or for others instead of working with the
GPS imstallation, so again the opportunity cost argument
exists. .

Since the wvorkers who iastall the GPS would not be idle
if the installation was conducted by a method other than
ships force it is tbhe opinion of the author that the labor
should be ccsted. Additionally not costing the labor would
present a false iapression. Since the amount of support
equipsent required for the installation is minimal nmost of
the 4installation costs are derived froam 1labor. By not
costing the labor for one installation amethod the costs
would not truely represent the situation.
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C. PROPOSED PLAN OF ACTION: SBIPS FORCE INSTALLATION

The ships force installation team will include the sanme
skills as the other rroposed teams. To deteramine the makeup
of this team it is necessary to convert civil service stan-
dards tc Navy ratings and paygrades. Using the «civil
service gqualification standards a rough conversion can be
made. The standard for an Electromics Tecknician [Ref. 16]
requires that a techanician GS-8 and above haves six years of
total exrerience. Of these years two are of general experi-
ence and four are specialized. One year of the specialized
experience must be directly related to the position being
filled. These reguirements are met by a Chief Blectronics
Technician. The range of nonthly wages for a Chief
Electronics Technician is from $1255.50 to  $1851.00
depending uran his or her years in the Navy. These wages do
not include a sea pay bonus or any other special allovances
such as the basic allovance for gquarters. Qualification for
these allovances is dependant upon the person in question.
Because these allowances will vary depending on the actual
installer they will bDbe omitted here. Only sea pay of
$150.00 (the basic rate) will be included, by virtue of
keing assigned to a ship the servicemeaber will gqualify for
at least this aacunt. Using the same approach, the skill
level required for the welder and the interior communica-
tions specialist are approximately that of a Petty Officer
Second Class. Basic wages for these personnel range froam
$791.10 to $1146.90 per month depending on length of
service. These wages, reduced to an hourly level, are in
the range of $4.56 tc $11.54 per hour, based on the ray
scale in effect on 1 January 1984. The hourly rates wvere
comnputed on the basis of the standard Civil Service work
year of 260 eight hour days. This standard most likely is
conservative for the actual vwork hours of Navy personnel.

N P Tt st Ta® e .t At aNe et
- '-f\;'n"tf'o{\.:'.i' q":'-.'- o ‘\(.Q‘ ",




".'..'f, o

.- PR IR T S Y SR W Rt A o a et et - - . . - - . -
'..-_t'.-f..-'..o.%n'..d’ ..f..-...n...-.\"..- e el” ..-:..- :.. KR -'..-... CRNTR .. -, :' R :. v .\'t'-.'l;s-"‘,-' SR S \:;\ \:;\. "

--------

Tke standard does provide a basis for coamparison. These
rates are less than one half of the wage and overhead rate
for a shipyard installation, consegquently this method is
much cheaper.

D. DIFFICULTIES WITH SHIPS PORCE INSTALLATION

The major difficulty with this method is the avail-
ability cf the proper skills in the ships crew. As skill
levels vary so might the guality of the installation. 1f
any alterations were sade in the installation plams, because
of the lack of skills or for expediency it would be diffi-
cult fcr future repairs or improvements to be made to the
systea. The GPS could develop into a system that works fine
while the members c¢f the installation team are still
onboard, but fails as soon as they leave because they take
the kncwledge about all of the special wmodifications that
were made during the installation process with theaselves.

Related to the range of skills that would be used to
install the system is gquality assurance. Installation by a
variety of people in all Navy ships would create a very
difficult guality assurance problem. The only way to insure
quality is maintained is to have all installations inspected
by someone not assigned to the ship. The reason that the
inspection must be ccnducted by someone not from the ship is
that it is most likely that all shipboard technicians will
be involved in the installation effort, and it is usually
not as effective for a person to inspect his own work. If
there are errors in judgement during the installation they
migat not be discovered by the person who made the judge-
ments. If an offship quality inspector is used then the
probleas exprerienced by tiger teams vwith travel and per deia
will be introduced to the ships force installation method.
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A second significant ifficulty is the proper installa-
tion of the antenna tc preclude any EMI. This problem grows
with the complexity cof the electronic suite of the ship, the
sore electronic equirment a ship has the more difficult it
is to place the GPS antenna so that it is not interfered
with. This problea can not be circuavented by using more
detailed instructions in the installation plams. There are
sany differences between ships, even ships of the same
class, and not all differences are properly reflected on the
bluegrints. If the antenna is not properly placed then it
will not be able to receive the satellite signal and no
navigational information will be provided.

The grollem of delivery of the GPS equipment to the ship
is also important. The equipment should be delivered to the
ship vwhen there is tise in the ships schedule to install it.
If the equipment is delivered during a period that hearvy
demands are being placed on a ship it is possible that the
GPS dinstallation would be delayed until the operational
regquirements are met. If the installation was delayed the
possibility of lost farts becomes a problea. It would be
easy for rparts of the installation kit to be 1lost before
installation. Since there are many long lead time procure-
ment items in the package it is possible that the lcss of a
single piece could fcrce significant delays on the comple-
tion of the ianstallation. A maintenance availibility would
probably provide the Lkest environment for installation. The
ship will be nore oriented towards repair work, and there
vill be <fewer conflicting demands placed on the crevw.
Training availabilities should be avoided because many of
the ships company will be at schools and not availible for
vork. Free time in the operational schedule of most ships
is shert and rare, so the delivery schedules would have to
te closely matched with the operational schedule of the
ships.
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B. ADVANIAGES TO INSIALLATION BY SHIPS FORCE

This method has several advantages. The most obvious is
the reduced cost. This method can provide the installation

at a cheaper rate per ship than either of the other methods.

The other advantages are schedule related. This amethod
allows the installaticns to be conducted in accordance with
the PCH €6 schedule. If ships are deployed installaticams
could still be accoaplished, as long as the equipment could
be shipped to the ship. This method also allows the
schedule to be modified to fit any changing priorities. If
the installation priorities wvere changed there would be no
effect or learning since ships force does not experience a
learning curve.
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VII. CONCLUSIONS

The purpose of this thesis is to examine the various
alternatives for the installation of the NAVSTAR Global
Positioning System in surface ships of the US Navy. The
goal is to find the method that completes the installation
in both a timely and an efficient manner. Some ships will
not follow the standard installation plan because of their
unigue and high priorities. Ships such as fleet flagships
homeported overseas will have the GPS installed in the
quickest manner, even if the yuickest manner is not the most
logical for the entire fleet.

The examination of the alternatives lead to three
possitle methods for the installation of the GPS receiver in
surface ships. Installation: 1) During a ships regularly
scheduled overhaul, 2) using a special installation or tiger
teas, or, 3) using the skills availible in the ships force.

The choice of the installation method will nct only
affect installation costs, but several other iteams as well.
The rate that the chosen installation method will introduce
the GPS to the fleet should be coordinated with decisions
sade regarding the prcduction rate for the receiver systesa.
The rate that the GPS is introduced to the fleet will also
affect the funding profile reguired for training maintenance
technicians. If the system is introduced slowly then
initially there will be a small demand for technicians, if
the systes is introduced guickly the demand for techniciams
will have a sudden ispact on the funding profile.

Each of the alternative installation methods can sufport
differing installaticn rates. The ships force and tiger
teaas can support vide ranges, however if the number of
installations drops below about 12 per year the worklcad
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will not be sufficient to support a tiger teas. The ship-
yard installation rate is governed by the rate that ships
enter overhaul. Since the majority of ships operate under a
five year overhaul schedule there will be about 100 ipstal-
laticns fer year. |

A. SUNNARY

There is no single best alternative. PEach of the three
methods investigated in this thesis have their own
advantages. )

Regardless of the method chosen there will be prolbleas
with the current inmstallation schedule. The current
schedule is based on completing the GPS installation for an
entire class of ships within one year. This method is
feasible for small classes of ships but becomes more diffi-
cult as the number of ships involved grows. 1In deviiing the
the final schedule, things such as the various homeports and
cperating schedules of each ship class maust be considered.
For example, it vill be diffjicult to install GPS on all
ships in a class, such as the DD-963 class, in one year.
The DD-963 class ships are bhomeported in five Jdifferent
places cn bcth coasts of the United States. Not only are
the ships spread over several homeports, bat they are
subject to a variety of operating schedules, with ships in
the HMediterreanean Sea, the Atlantic Ocean, the 1Indian
Ocean, and the Pacific Ocean at any one time. The coordina-
tion needed to install the GPS in these ships in a single
year is very difficult.

A schedule that fits all three installation nmethods is
difficult to derive, because of the differing rates of
installation that the three alternatives can support. The
only type of schedule that could be common to all three

methods would be the overhaul schedule. The overhaul
45
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schedule dictates the installation schedule for that method
and the cther tvo aethods have the flexibility to confora to
the cverhaul schedule. The best scheduling method is to
select the installation method, awvare of the effects that
each method wvwill have on the installation schedule, then
coastruct thke schedule. Regardless of the schedule that is
chosen the current funding profile, reflected in PON 86,
must e altered to support the chosen schedule. Since the
installation of the GPS is scheduled to begin in 1989 the
funding requirements must bDe made known in sufficient time
to be included in thke POMN for 1989. The installation is
funded with operations and maintenance funds so the POM aust
te nmodified no 1later than 1988 to ensure funds are
available. '

Prerlanned Product Improvement plans should have aipnimal
effect on the installation method choice. Any improvements
should rprimarily affect the internal operation of the
receiver. Inprovements may have an effect on the reguired
interfaces, bhowever, any change in the interfaces would
primarily affect wiring of the installation not thé kasic
installation method.

Utilizing ships force skills is the least expensive
sethod of installation. This amethod also allows great
schedule flexability, conceptually all ships could receive
the GFS in a single year, or the installation could be
spread over many years, without a 1large effect on the
installation costs. This method will complete the installa-
tion of the GPS in a timely and econmomical manner initially.
Hovever, this advantage is outwveighed by the proktlez of
guality assurance. The range of quality that would result
from this installation method is unacceptable. The vide
ranges of skill levels reflected in shipboard technicians,
and specifically the lead technician, would produce wvide
ranges in the in the guality of the installatioas. The
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guality assurance work could be 'done by a quality assurance

tiger tean. A tiger team wculd introduce the disadvantage

of travel costs to the ships force installation method, Lut

. it vould guarantee Letter quality. The Naval Electronics
Systeas Engineering Center installation personnel feel that

. the ships fcrce approach will create enough guality problems
that the guality assurance tiger team would be forced to do

a significant amoumt of rewvork. The author concurs with

their position, that this option is unacceptable.

[Ref. 17]. o

The tiger team method of installation allows a high ' :iii

degree of flexibility. However, this method is restrained i

by the large travel costs that will be incurred for movement

of the tiger teams to the installation site. These travel

costs can be greatly reduced by creating six installation

centers in the major ship bhoameports. Creation of six ﬁ?flh
installaticn centers would place 2 ceater ian the hoaerorts ;;ji
of 85% of the Navy surface ships. The creation of these . SN

installation centers vwill reduce the travel costs for the
tiger teams but it will increase the costs that sust be
incurred to support the tean. If a team is established with
a fixed rase of operations it will require buildings out of 7
vhich to conduct operations and places to store test egquip- '
ment while 1o installations are in progress. The tiger tean
installatioa optioa can conduct the installations in the
least amount of tise.
Installation during regular overhaul is the sost expen-
sive. This is Dbecause the labor and overhead rates for a
shipyard reflect the availability of a large amount of fixed
capability, such as: building ways, machine shops, and
extensive support facilities. These facilities are not used
y by the GEFS imstallatica, however, they are used by the ship
during an owverhaul. The overhead due to these extensive
facilities is allocated on the base of direct labor hours.
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It is tecause of these allocated costs that the installation
of the GPS during overhaul is more expensive.
)y Installation in a shipyard would overcome many of the
' difficulties of the other aethods. For exaaple, travel
would te eliminated, work would be performed by shipyard
eaployees, (Quality Assurance work wvould be performed by the
personnel assigned to the Supships Quality Assurance
personnel assigned tc the particular ship in overhaul.

The primary disadvantage ¢to this method is the inflex-
ability of the schedule. Ship overhauls are scheduled as
part of the ships operational schedule, and GPS must cozfcram
to the scheduled times or the system cannot be installed
during overhaul. This lack of flexibility is not totally a
disadvantage. A fixed overhaul schedule provides stability
to the installation schedule. The only schedule changes
that will occur are those required by the operational
posture of the Navy. There will be no changes of the
installation order Bserely to reflect a desire of one unit
Comnander to have GPS before another unit. The schedule is
prepared in advance ry the Atlantic FPleet and Pacific Fleet
Commanders, eliminating any need for the GPS program Office
to prepare a workable schedule, as would be required by the
other installation methods. This installation schedule vill
only reflect the overhaul schedule, and not any uniquely GPS
driven iteas. The cverhaul method will take umore time to
introduce GES to the fleet.
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B. RECCHENDATION

o w-

I
Ay

The rasic guesticn is: what is more important? A simple
fixed schedule, minisua cost, installati&Q quality, or the
impact on the production schedule? In the authors opinion
the installation amethod must be selected on the basis of,
highest gquality, shir availibility, impact on the production
rate, and cost.
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The nuster of GPS receivers that will be installed on
surface ships is sasall compared to the total numters of
receivers that will le procured, therefore the impact on the

. production schedule is fairly small.

The shipyard installation sethod will érovide an assur-
ance of high guality wvork, and a stable installation
schedule fcr the GPS. The shipyard eanvironment also assures
ship availibility. The higher cost due to the allocation of
overhead is offset toc an extent by the large reduction in
travel rcgui:alonts. Because of these advantages the author
recoasends the regular overhaul sethod for the installation
of the NAVSIAR Global Positioning Systeam in US Navy surface
ships.
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SEESTAIL COST BSTINATING NODEL ]
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The SEESTALL model ccaputes an estimate of the costs for all R

phases of a shipboard GPS installation. Many of these costs
are outside the scope of this thegis, therefore, only the ¢g{
portion of the model that deals vith installation costs is X
addressed. The entire model is included in reference 2.
This computation using the SEBSTALL model is for the
installation of GPS in the USS Constellation. This coafputa-
tion assumes that the ship is homeported in the same loca-
tion as the tiger team. This assuaption is made because the
shipyard estimates that this SEESTALL estimate will be

conpared with does not include any travel expenmses. ey
The labcr portion of the model is detailed here: fﬁ”
Labor :_%_ )
a, HNumler of foundations: i..
installed 14 x 16 MH = 840 X
removed 0 x 16 ME= 0 o
relocated 0 x 32 ME = O ’

Nuaber of shelves: fi;.
installed 60 x 2 MH = 120 &i?
resoved 0x2 8= 0 Eﬁi
relocated 2 x 4 ME = 8 E&;

Nusber of LRUs (including antennas at deck level) -]
ipstalled 19 x 2 ¥H = 38 REEN
reaoved 0x2 88 = 0 ;“
relocated 0 x 4 MH = 0 ;ﬁ;
subtotal 998

b. Bajor antenna runs fif
to different locations 1 x 3 = 3 S

to same location 6x1= 6 %3?
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Bajor cable runs
to different locations 1 x 2 = 2
to same lccation 2x 1= 2
Minor cable runs
to different locations 69 x 1 = 69

to same lccation 0 x.25= 0
Bumber of cables reguiring
EnI/grounding 79 x 1 = 79

subtotal 148 x 8 = 1184
C. Numter of pressure wvatertight penetrations
penetraticns through
special alloy material 0 x16 = 0

secure penetration 48 x 4 = 192
cther penetration 0x2= 0
subtotal 192
d. Bumler of RF cables 7x2=1
Bulticonductor cable 0x6= 0

subtotal 14
€. BHNumber of antennas or LRUs installed
at mast level 7 x8 =56
' subtotal 56
f. (numdber of cakles 79 + number of LRUs
installed removed or relocated 26) x 1 = 105
namber of LRUs installed 26 x 10 = 260
nuaker of LRUs interfaced 26 x 4 = 104
subtotal 474
atb+cedretf= 2918 x labor rate ($7.50) x 2
z= 1.6 x (number mast installed antennas)
z= 1.6 x 2 = 3,2 installation cost = 2918 x 7.5 x 3.2
= $70,032.00

Inforsation utilized in this calculation vas provided by K
Gugginsburg of the ARCWELL Corporation of San Diego
California. The ARCWELL Corporation is a subcontracter to
the MDS Company for the USS Constellation GPS installation.
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