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ABSTBACT =

Calibration is a vital logistics slement that dirszctly
iapacts operational readiness and sission capability. .
Declining manpower resources and fleet expansior necessitate E
iaprovements in calikration productivity. Toward this end
the WNavy bhas initiated several «calibrazion autoaation {
programs. Realizaticn of the full po<ten=iil of automated ﬁ
calibraticn systeas raquires that the <est instrumen® be
IEEE-488 general purpose interfacs bus (GPIB) configured.
This <thesis sxamines the relative costs and berefits of
configuring general purpose elactronic test equipment
(GPETE) with GPIB t¢ faciliate automated calibratica. I
does so thiough the development of a simple cost-benefi+
. analysis and a discussion of nor-quantifiable advantages and

disadvantages, basad upon extansive interviesws with experts
S and litsrature researcch. In general, the analysis suprorts
GPIB prccuremen*t when procurement quantities are 1large,
calibration procedures are lengthy, and/or +“he calibra*ion
interval is short.
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I. INTBODUCTION

The auttor's assignment as the Avioaics/Armament (IM-3)
J Division Officer onboard USS JOHN P. KENNEDY (CV-67) brought

N an acut2a awareness of the criticality of electronic calibra-
tion to the mission effectiveness c¢f an aircraft carrier
(CV) and its embarked airwing. Victually every item of
elactronic test aquigpment requires calibration. Therzsfore,
any factor that affects calibratior productivity and turrna-
round time will have a direct effect on both elactronic test
equipment and slectronic system availapility.

UsSs JOHN P, KENNEDY was fortunate to be assigned a
nuaber of bLhighly skilled and highly motivated calibra+ion
technicians. But, in spite of +his advantage, calibration
still cften created a "bottleneck" in the electronicy
aviorics component repair cycle. Other CVs were not as
1 3 fortupnate and experienced far grea+ter difficulties.

Iaproved local nmanagement emphasis and planning is
required to optimize the utilization of available calibra-
tion resources. On USS JOHN PF. KENNEDY several compe<ent
avionics technicians were reassigned from cther areas to the
onbcusd Fleet Calibration Activity (FCA); on-the-job
¢raining (OJT) was arranged at 1local Naval Air Rework
Pacility (NARP) and shors based Aircraf* 1Intermediate
Naintenance Departments (AIND); and detziled calibration
plaaning wvas dintroduced. Yet these measurss we-e rnot
enough. Even in the current favorable (in tscms cf “echni-
cian numbsers and skill levels) peacetime ervironment, the CV
PCAs are hard pressed *“o provide the calibraticn/repair
gquality and thrcughput rsquired t> optimize weapons system
support.

?
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The passing of the "post war baby booa" gerera*tior and
resultant decrease in the number of young men from which the
Navy can recruit (figure 1.1) and increasing 1lucrative
private sector coppor*tunities for skillad slectronics tschai-
cians prcaises to aggravate this problam at a time that the
Navy is expanding tc a six hundred ship fleet based upon
fifteen carrier battle grcups.

The Navy generally racognizes th3 curreat calibration
hortcoamings and treands. As the rssult szveral effective
programs have bean initiazed. Howaver, one aspect that has
been largely overlooked is the influence tha: tast squirpment
configuraticn has upcn the calibration facility's prcduc-
tivity. It is upon +this aspect that ¢this thesis will
concentrate.

The objectives of this thesis are:

1. Tc provides a basic understanding of *he WNavy GPETE
program and the IEEE-488 interface bus.
A 2. Tc analyze the costs, bena2fizs, advantages, and
) disadvantagas c¢f the IEEE~488 configuration of GFETE.
3. Tc maks recommendations for the snhancement of fleet
calibration prcductivity.

Toward this end, Chapter 2 will presen: various ©past and
present calibration productivity and workload reduction
initiatives. Chapter 3 will provide a brief introduction to
the Navy General Purpose Electronic Test Equipmen* (GEETE)
program while Chapter 4 gives an overview of +he IEEE-488
interface bus. Chapter 5 presents the centerpiece of this
thesis, a ccst-benefit analysis of GPETE IEEE-488 configura-
+ion. Chaptars 6, 7 and 8 will provide =celated issues,

’ recomaendations and an epilogue raspectively.
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1975 1980 1086 1990 1006 2000

Figure 1.1 Military Population Resources.

This figure demonstrates the dacreasing manpower resources
from which <the Navy will be recruiting ovar the next two
decades. From a high of 10.8 million in 1976, the number of
malas 17-21 years of age in the population of <he Uni<+ed
tates has declined *to approximatsly 10.0 million iz 1983
and is ggrojected to reach a low of 8.0 million in 1996.
[Ref. 1]
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IX. CURRENT CALIERATION PRODUCTIVITY ENHANCEMENT INITIAIIVES

Calibration productivity enhancament and workload reduc-
tion has been the objective of several Navy initiatives over
the past decade. These programs éan be divided intc two
general areas- calibration auzomation and management
improvement. The £cllowing is a brief summary of some of
these initiatives.

A. CALIEBRATION AUTOBATION

As automatic test equipment (ATE) has improved techni-
cian test, check and repair productivity, au-omazed
calibration systems (ACSs) have <the potentia2l of improviag
calibraticn productivity.

The Navy is currently approaching calibratior automation
through four different prograas: Modularly Equipped and
Configured Calibratcrs and anralyzets (MECCR), Automated
Calibration and Diagnostics (AC/D) ~formerly Automazted
Calibra+ticn laboratory/ Satelite Calibration ard Diagnostics
(ACL/SCD), Mobile Automated Calibration Laborazory (MACL),
and Parametric Tclerance Verification.

1. BECCA

MECCA is a portable, automatad calibration system
daveloped by <+the Ma*roloay Engineering Caanter (MEC). The
systes ccnsists of a micro-processor driven ccentrcller
(cufrently the PLUKE 1720A/AP) 1linka2d by in“erface bus %o
one c¢f =several programmable calibrators (meter, signal
generator, oscillosccpe and frequaancy/counter calibra«crs
are cur-ently availakle or under develcpmen+). MECCA is
able to function in cne of <two modes of operation depending
on “he test inst-ument's (TI) IEEE-488 configura+ior.

13
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In the "oper loop" mods (for aon-IEBPE-483 <es*
iastruyments) ths ccatroller and calibrator e interfaced

via the IEEE-488 bus peraitting <the controllar teo automati-
cally set <*he calibrator*s function, range and accuracy.
Howaver, because the test instrument is not bus coaga*ibie,
ts interface with <%he controllar consists of standari
leads. Therefore, the operator aust physically interface
vith the test instrument and controller (using “he ccntroll-
ec's hand held "cperator's aid" <5 adjus= the calibrator's
output until <¢the test Iinstrument's measuremen: irdication
(digital ¢r dial display) coincides with <tk2 controller's
programaed cutpu+. Once this is accomplished, *he ccntrcller
is able t¢c campare the calibrator's programmed and adjusted
outputs tc determine if the test instrument is within <he
prescribed tolarance.

In the "closed loop" mode (for IEEE-488 configured
test instruments) operator intarface 4is signi€icantly
reduced. B2cause the test instrume2nt is now interfaced with
the ccntrcller and the calibrator via the IREE-488 bus, the
con<rcller can make direct comparisons of <+he calibrator's
output and the test instrument's measurcment indica%ion.
Therefore, operator adjustment of +h2 calibra%tor cutput is
elininated.

While i+ is pcssible for a "closed loop"™ calibration
to autosatically prcceed froa ona parametric +“est to
ano<her, Navy closed loop procedures are currently written
<o display the rasults of each paramatric %est on the cont-
roller CRT. Bach step in the calibration procedure mus%,
therefore, ke manually initiated by the opsra<or,

2. ALLD

AC/D is a Naval Aviation Logistics Cen<ser (NALC)
prograa designed to encourage and coordinate the davalopment
of autcmated calibration systems (ACSs) in Navy <ype II and

14
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type III calibration laboratories. The program igs managed
by NALC Code 330 with con*ractor support services (CSS)
provided by Science Applications Inc.'s (SAI) Calibra<iorn
Support Division. 1Initially the program only included three

B ek RN o

calibration facilities: Naval Air Test Center (NATC)
. Patuxent River, MNARF Pensacola Type II, ard NARF Alameda
Type II.

NATC Patuxent River is assign2d responsibili+y €for
the developaent of ACSs. Like MECCA, <h=2 AC/D systems are
based cn a ricroprocessor based controllsr ard programmakble
calibrators. But unlike MECCA, AC/D procedures are written
to minimize cperator intervention. 1Instezd of rsquiring *he
operator to initiate each stap, AC/D procedures are, when-
ever possible, “hands off" with <the vresults directly
transaitted to a printer *> facilitate review at <he opera-
tor's ccnvenience. Thus, £o0llowing set-up and progran
initiation, a fully programsmable TI could run <hrough <+he
entire calibration grocedure without the operator taing
present. To date, NATC has developed several ACSs including
an AN/APN-403, radar altimeter test se:, ACS “hat reducas
calibraticn requirements froa forty high skill manhcurs to
8-12 moderate skill manhours {Ref. 2].

NARF Pensaccla is tasked with <+he development of

SR IS Sy

et atet s uly

P

e w2
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¢ systems tc detect and diagnose faults in the test instru-
ment's IBEE-488 bus, interconnsctinag, and conventional
circuitry and th2 instrument's microprocessors. An IZEE-488
bus diagncstic system based upon an In<erface Technologies

ITC-488 ccntroller has been developed and deploysd <o the
3 type II and IIXII (but not PCA (type 1IV)) 1laboratoriss. A
Bicrogprocessor diagnestic system is near completion arnd
current planning calls for type II/III deploymen*t in
Septeaber 1983. Current plans call for :iInitia<ing <the
development of diagnostics for instrument interconnecting
and conventional circuitry in the near fatura. ([Ref. 3]
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NARP Alanmeda is assigned as ths AC/D contrcl cen=er
and, as such, tasked with the production and distribu+ion of
the systems developed by the other facilities.

At the AC/D Ccnfarence in Dallas, Texas 29-31 March
1983, the -emaining NARP type 1II and type III laboratcries
vers brcught intc the program. Tha addition of these activ-
ities and their resident expertise (many have independently
developad ACSs) proaises tc further enhance ACS davelopment
and arplicatiorn.

Because all of +the AC/D laborator-ies hLave FLUKE
17202 controllers, sany of the ACSs developed under this
program will be direc*ly applicabla to MECCA.

3. HACL

The MACL program was initiated in 1981 by NALC under
contract to SAI at NATC Patuxent River. The program's
objective is the developaent of a mobile auzomated calibra-
tion facility that can be rapidly deploy2d4 to a forward sits
or used to teaporarily augment an existing facility.

MACL is housed in a 9* X 28* trailer that is config-
ured with all necessary pover, air conditioning, racks and
benches. The 4installed ACS (called Mobile Autowma<zed
Calibration Systea (HNACS)) is basad on a John Fluka 7405A
metar calibrator, wmodified by the addition of a Tektronix
oscillosccpe calibratcr. Unlika MECCA, whoss applications
software and ICPs are stored on £loppy diskettas, MACS
stores all its software in a computer for direct access by
+he systea centrcller.

The MACL program includes aocra than <he da2velopment
of MACL calibration capability and 1logis+ics. I+ also
includes tasks such as zhe develcpment of a universal cali-
traticn gprocedure genera tor that will have wide ACS
applicability. ([Ref. &)
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4. Earamesirjc Tolerapce Varifijcation

~Parametric tclerance verification is 2 calibdzazion

concefpt being iaplemented in the latast generation of Navy
ME. Instead of individually calibrating ATE building
biocks (BBs) off-line, <he station as a whole is certified
using 2 primary reference standard and automated precgram.

The raference s*andard may be integrated intoc the
station as either an imbedda2d building blcck (BB) or as a
plug-in interfaces devics (ID). The former configuration
will be isplemented in the AN/USM-470 Autcomatic Tes+ Staticen
(ATS) and the AN/USM-484 Hybrid Test Station (HTS). The
latter configuration 4is planned for the AN/USHN-U469 RADCOM
and the AN/USHN-429 (V)1 CATIIID.

Parametric tolerance verification reduces PCA work-
load requirements by reducing the number cI station building
block (BB) ¢test instruments requiring off-line calitration.
For exaaple, of the 23 AN/USM-470 building blocks, only one
(the calibration module itself) raquires off line caiibra-
tion. {Ref. 5] Additional advantages of parametric
tolarance verificaticr include:

1. Enhancement of ATE operational readiness by =2ligi-
pnating BB Temaovals act iadividual calibration
intermals. ‘

2. Ctlecking cf remcte/programmabls featurss.

3. Testing of instruments in +hei:r operational envircen-
ment.

4. Reduction of EP in trarsic tiae and damage.

5. Reducticn of connactor wea:r by reducing BB removal
raquirenents.

6. Elimination of the calibration of unused features and
accuracies.
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S. MNiscellaneous ACS Initiatives

Virtually every Navy civilian wmanned calibration
facility, whether involved in AC/D or not, has “heir cwrn
automatic calibratiorn initiatives and many have scme opera-
tional systess., The author found suca programs in force a<
Navy Calibration Labcratory (NCL) Tustin, NCL Whidby Islang,
the Naval Avionics Center (Indianapclis), and several NARF
calitraticn laboratories which until recently had nc* pacti-
cipated in AC/D.

B. HANAGENENT IMPROVEMENT

1. Intervals By Exception

"Intervals By Excsption" is a managament decision making
approach to calitration interval dstermination and in%erpre-
taticn developed by MEC in 1970. Th2 approach differs from
past model nuamber and serial numbar interval determination
criteria by isclating individual serial ' numbers whose
statistical zsliabili+ty differs markedly Zfrom their model's
populaticn nera. The individual deviant instruments (teraed
“jogs"® if significantly 1less reliable +han <¢he norm and
Wgens® if significantly more raliable) are assigned indivi-
dual calibration iatervals (published in <the "Metrology
Bulletin®” distributed monthly by MEC). The remaining rpopu-
lation reliability data is used to determine a model
calibration interval £for semi-annual publication 3in the
"Metzclogy Requirements List" (METRL), NAVAIR 17-35MTL-1.

Isolation of +hese Mexcaptions"® increases the
model’s calibration interval, thus reducing +he ¢o0tal number
¢f trequired calibrations. A +sst program of 60 ‘'high
subaission"” model nusbers demonstrated arn average interval
increase from 6.8 ¢tc 8.2 months 2as “he result of +his
progras. [Ref. 6]
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2. BEC XD PBrograa

In 1976 the Metrology Enginesering Center changed its
calibra*ion interval criteria from .85 EOP (end of paricd)
to .85 AOP (average cver period). The rfesults ia terms of
increased calibration dintervals wsre dramatic. From June
1976 to July 1979 the average calibration interval of a
sanple of 305 GPETE i‘eas increased from 8.8 tc 13.6 months.
The estimated annual savings resulzing from <+this incr2ase
vas 18,000 calibraticns and 45,000 manhcurs. { Ref. 7] By
October 1982 the average interval c¢f “hese same 305 items
had increas:d to 15.1 months {Ref. 8].

3. EME Nork Center Productivity Enharcemsnt Program

~ The Pracision Measuring Bquipment (PME) Work Center
Productivity Enhancement Program was initiated by the
Aircraf+ Intermediate Maintenance Suppor+ Office (AIMSO) irn
1981. The purpose of this program is *o0 improve the prcduc-
tivity c¢f NAVAIR ¢type IV (FCA) calibration activities
+*hrough the identification of depot level (type I, II, and
III calibration laboratories) calibrations that are wizhin
the capahility of the forwarding PCA. A survey of ten FCas
jdentifisd approximatesly 25,000 calibration hours in +this
catagory. [(BRef. 9]

AINSO proposes genaration of a quar+terly or sepmi-
annual regort <+to identify these inappropriate depot level
calibrations. This report, which would be distriduted to
the ccgnizant PCA manager, AIMD Officer and <ype conmander,
would bPe used <*o investigate the causes of <hs grchiam
(inadequate screening, *“rairning, calibration s+andazds,
etc.) s0 that corrective action could bse initiated.

Elimination of inappropriate depo* level <calibra-
+ions will zeduce test equipment turnacound time and save an
estimated $15 million in NARF Naval Industrial Funds (NIF)
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anaually. Additional NIFP savings could be realized by
extensicn of such a program to NAVSEA and NAVELEX cognizant
activities. (Ref. 10]
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III. GEBNEBAL RURRCIE ELRCIRONIC TEST EQUIPMENT (GRETE)

Navy electronic tast equipment is genarally classifed as
@ither automatic <test equipment (ATE), calibratior s+tan-
dards, cr electronic test squipmen: (ETE). ATE consists of
systems of instruments interfaced with a computar (cont-
roller) +o work as a uanit in parforaming <est fuactionms.
Calibraticn standards are thoss ias<ruasn+s <hich have beern
certified tc serve as the accuracy coantrol in the calibra-
tion ¢f other instruments. BETE refsrs to mannally operatel,
stand alone instruaments., In tecent years, with the intro-
duc+icn of microprccessor controllsed instruments and
automat2d calibration systenms, these dis%+inctions have
become increasingly clouded.

The Navy sub-divides ETE into thrse general catagories:
general purpose 3lectronic test equipmen:t (GPETE), special
purposa electronic <+est equipment (SPEZTE), and other ETE
(catagory definitions are provided in Appendix B). 0f thks
three, GPETE contains the greatast number of individual
instruments. In fact, the calibration of GPETE acccunts for
cver half of the 2lectronic calibration workload in a CV FCA
[(Ref. 9].

A. GPETE CLASSIFICATIONS

GPETE is sub-divided into <+«he following tvwo classifica-
tions:

1. Stapdazd GRERIE

Standard GPETE is equipment whick has been deter-
mined Dby +the Naval BElectronic Systems Ccamand +%c acs+
closely me:t Navy requiremants. This equipmert, which
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consists primrily of off-the-sheif (OTS) commercial test

equipment (CTB), is listed in MIL~-SID-1364 (Navy) as
preferred fcr procuremen< and is approved for service uss.

2. Nsp-standazd GRETE

Non~-standard GPETE are thosa items of GPETE rot
listed in MIL-STD-1364 as preferrad for procuremenc This
catagery includes standard GPETE instruments whose configu-
ratior (options) differ from the orime cornfiguration lis<ed
in MIL-STD-1364 Appendix I.

B. GPRETE HANMAGEMENT

Prior tc the issue of NAVMAT Instruction 5430.42 (super-
ceded by the NAVMATINST 4790.25 ssries), oa 15 April 1970,
GPETE management was fragmentsd among the hardware systeas
commands. This instruction assigred Navy-wide GPETE matage-
a3nt responsibility tc NAVELEX. NAVELEX responsibili+«y was
snhscquantl} axpanded to include overall Test, Measuring,
and Diagncs*tic Equipment (TMDE) managament by NAVMAT Nctica
S430 of 29 June 1981. This la*sst change was facilitated by
¢he transfer of the Test and Monitoring Systems (TAMS)
Office frca NAVNAT (where it was code 04T) to NAVELEX (where
it is code (C8T).

Within NAVELEX GEETE responibilitiss are assigned tc the
TMDE Divisicn (Code 815) where they are delegated *=c two
branches. The Test Equipment Maintenance Engineering Branch
(Code 8152) acts as the test equipmen* Logis+ics Elemen<
Manager (LEM) and is assigned GPETE responsibili<ies related
to NAVELEX cogalzant prime weapons systenms. The Tes*
Equipment Bngineering and Procurement Branch (Ccde 8151) is
respornsitle for Navy-wide GPETE program management (lass
logistics).

22




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

1. BAMVELEX 8151 Respopsibilitiss

The lest Equipment Engineering and Procurcement
Branch is staffed with acquisition eongineers ard a single

3%09!&! analyst. It is tasked with <the fecllowing GPETE
sanagemen* responsibilities:
- 1. Clagsification of EIE. ETE is classified as GPETE,

SEETE or other ETE by the Naval Material Ccammand's

Electronic Test Equipment Classificatior Board. A

NAVELEX 8151 representativa chairs +his bcard and

resolves classificatior ¢through telephons coordina-

tion. Only occasionally is a fcrmal meeting

required. ([Ref. 11]

2. Quality and Srpecifications. NAVELEX 8151 carriss ocut

' its quality and specification <rassponsibilities
through the maintenance of the following three stan-
dards:

a) MIL-STD-1364, wMilitary S+tandard for Standard
General Purpose Elactronic Test Equipment." A
ccapanion dccument, MIL-SID-1387, provides proce-
dures for procuramant approval of non-standard
GEETE, '

b) MIL-T-28800, “General Specification for Taest
Equipment fcr Use With Electrical and Electronic
Equipment®

c) MIL-HDBK-26S, “"Standard GSaneral Purpose Electronic
Test Equipment Support Items (GSI)"™

Technical support for maintenanca c¢f “hese standazlds

is fprovided by the Test Equipment Envircamental

Compatibility Divisior (Code 026) at+ <the Nawnal

Electronic Systems Engineering Activity (NESEA).

i " 3. GBRBEIE Rrocurssent coordipnatian. NAVELEX 8151 is the
liailson between the GPETE users/buyers (+*he hardware
" systems commands) and <he GPETE procuring agerncy
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4.

5.

(SECC). In <+his role NAVELEX 8151 is responsitle
for:
a) Maintemance of an automated da<a basz <“hat

includes requirements identification, procurement
plans and budgeting inputs.

b) Preparation of specifications ("salient character-
istics") fcr GPETE procurement.

c) Recommendation of procur2men+ methods.

d) Review, clarifica<ion, coordipnation, <technical
approval, and consclidation of hardware systeams
ccnnand (SYscon) GPETE requirements lists.
(Ref. 12]

GPETE Planping and Budgeting. NAVELEX 8151 pregazes

CEN Program Objectives demorandums (POM) relativzs to

+he GPETE program and the subsaquent budget fore-

casts.

Standacdizaticen. NAVELEX 8151 responsibilitias for

standardizaticn include:

a) Dewvelopment and 4implementa*tion cf a GPETE stand-
ardization program which minimizes proliferation
and ensures <+otal cost affectiveness without
degrading mission pezformaace.

b) Assurance that standard GPETZ models lista3d in
MIL-STD-1364 (Navy) ara up to date and ginimize
life «cycle costs by consijerirg ove2rall reli-
ability, maintainability, repair, calibratiorn and
ILS planning.

¢) Control of non-standard GPETE procuramen< “hrough
managemsent of MIL-STD-1387 procedures.

d) Centralization of procurem2aat 0 *he maximum
extent possible. ([Ref. 13]
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2. NAVELEX 812 logistic Respomsibiliries

In addition to the TMDE management responsibiliziss
for shore commands (discussed below), NAVELEX 8152 ig <hs
- logistics slement manager (LEM) for GPETE. As suck, i=s
responsibilities include:
. 1. Development of GPETE ILS.

' 2. Development of operaticnal 1logistics support glans
(including <repair, calibratiorn, provisiorinrg and
training) for GPETE.

3. Assignment of source, wmaintenance and recoverability
(SMER) codes to GPETE.

3. BHagdware Systems Command Respoasibilitiss

The hardware systems commands (SYSCOMs), as <tha TMDE
managers fcr weapon systems under their cognizance, are
assigned the following GPETE management furncticns:

1. Providing NAVELEX with GPETE requirements data,
including the sinimum performance specifications, to
support weapon systems undsr their cognizance.

2. Consclidation and submission ¢f GPETE initial outfi:-
«ing GINO) rsquirsments.

3. Budgeting and funding identification of cognizant
GINO requirements. ,

4. Develcpment, maintenance and distributicn of TMDE
allowvance and inventcory 1lists €for applicable user
activities, »

5. Designation of a representative to serve on the
NAVMAT ETE Classification Board. [Ref. 14}

The specific SYSCOM areas of responsibility and
internal GPETE management assignments follow.
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a. Naval Air Systems Ccmmarnd

NAVAIR is +he TMDE manager for avia+icn ground
support equipment (GSE). Within NAVAIR, Code 552 (curren<ly
assigned to Code 55223) is responsible for GPETE management,
but mos:t GPETE functions have beez delagatesd o <he Naval
Air Engineering Center (NAEC) Code 92524 [Ref. 15].

b. Naval Sea Systeas Ccmaand

NAVSEA is ¢he TMDE manager for ships and fleet

o

activities ashore less aviation GSE. GPETE marnagemsnt
within NAVSEA is assigned to <he Weapons System Engineering
Division (Code 06C) where it is carsied out by NAVSEA Ccde
06C1C (Suppert Equirpment Logistics Manager). Some GPETE
manragement functions are performed in house, but all routine
functions have been Jelegated to Naval Weapons taticn,

Barle.
C. Naval Electronics Systems Command

NMAVELEX 8152 serves as the TMDE manager for
shore activities 1less £leat activities asanors ard aviatior
GSE. Many of the routina <functions have been delegated to
NESEA Code 026, who is assisted by a contractcr [Ref. 16].

C. GEETE FUNDING

1. GREIE Initial Quzfitting (GIND)

GINO funding 4is prcvided by the appropriata OPNAV

frogram sgcnsor. NAVSEA and NAVELEX GPETE funding is appro-
priated under Other Procurement, Navy (OPN). NAVAIR GPETE
furnding is appropriated under Airsraft Procurement, Navy
(APN) .




-

I —

In the OPN fundiag arena, GPETE funding is "farced"
(cannct be spent on anything else) and is, <+herefors, no+*
readily susceptiktle to reduction. APN GPETE funding, on <*he
cther hand, is "unfenced" and, on occasion, has been rzduced
to facilitate other AEFN rsquirements. (Ref. 17]

2. GPETE Epd Ltem Beplacement (GEIR)

Unlike GINO, GEIR is funied under Operations and
Maintenance, Navy (O&EMN) and comes directly ou~ of +he cper-
ating activity's Aviation Flset Maintsnance (AFM) or Supply
and Equipage (SSE) funds. Whenever an item of GPETE is
beycnd *he repair capability of +he cus+odian, <*+he i%tem is
tc be turned intc the supply system and a replacement drawn
at the current Navy Stock Purd (NSF) GEIR price (averaging
approximately 44X of the NSP GINO price for a new i«em)
[{Ref. 18].

Pleet activities have displayed some reluctance %o
use the NSF systenm. Complaints 3include high NSF prices,
long replacement lead times, and the marginal guality of <+he
replacement units (with no warranty). As a rTesult, maay
activities have arranged <repair at +he manufacturer's
service facility and, for a smaller charge, been ensured
guality workmanship, reliability updatss, a 90 repair
varranty, a full Navy acceptable calibra+ion, and relativaly
rapid turnaround. {Ref. 19]

These fleet complaints are no* unfournded. The GPETE
(72 COG) system availability vas only 36.4% Juring fiscal
year 1982 and 41.4% during <he £firs* half of FyY-83
(Ref. 20]. Additionally, while 44% represents an average,
ia the past the GEIR price, while always lower =han the GINO
price (vhich includes a 19.9% surcharge for PY-83), has
occasionally exceeded <+“he GSA Sch2dule price of a new
instruasent [Ref. 21].
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D. GINO EEQUIREMENTS DETERMNINATIOHN

GINO requirements corsist ¢£ both new r=2quirzments and
fleet shortages resulting from past, unfilled initial
outfitting requirements. Program maragecs of new or updated
veapons systems are responsible, as part of their ILS devsl-
opment, to identify GPETE requirsments for +the suppert of
the systen. The specific requiremsnts are ferwarded to the
system command's GPETE Manager and fuading requiremerts ars
Fassed tc the program sSporsor. Bacause of +ime ccnstraints
and other factors, not ali GINO procurements however, fcllew
+his prescribed procedure. Some items are procured through
other Navy activities (such as Naval Wsapons Station, Seaal
Beach) with funding provided by thz Ship Acquisi+ior Manager
(SHAPN) . Others are procursed through contractors or ship-
builders. [Ref. 22]

Generation of fleet GINO requirements is the respensi-
kili+y cf the tyge commanders/aircraft centrolling
custodians. While NAVMATINST 4790.25 states <that +*his
process should be accomplished through a review of the IMRL
(Individual Material Readiness List), SPETERL (Ship's
Portable Electronic/Electrical Test Equipment Regquirements
List), cr STEAL (Shore Test Equipment Allowance List), <his
proceduce is actually implemented in a number of ways. For
exampla, COMNAVAIRLANT and COMNAVAIRPAC requize fleet activ-
ities tc report deficiencies using a "GINO cacd."
COMSURFLANT requires *the submissioa of an annual GPETE
inventcry by message and COMSUBLANT identifiss deficienciss
dusing +he annual Weapons System Reviasus.

Both ¢*he program manager and type commandsr generated
GINO requirements are consolidated by the appropriate SYSCOAM
and submittsd to NAVELEX 8151, NAVELEX 8151, in <+azm,
reviews and consolidates these requirements and submiss
clanned requirements to SPCC for procuraement.

-----------
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B. BON-STANDARD GPETE PROCUREMENT

Wherever the items 1listed in MNIL-STD-1364 ars 1ot
capable ¢f meeting a raquired need ani that need can be me<
Ly a non-standard 4item, a request/justification for non-
standard GPETE is sutamitted in acco}dance with MIL-STD-13387,
"procedures for Submission of Application for Approval of
Non-Standard Gereral Purpose Electronic Test Equipment
(GPETE) . "

The reques+t is submi<tted through the cognizan< SYSCCM %o
NESEA Code 026 where revisw is accomplished by a centoacter.
Tha reviewer recommends approval or disapproval (a recommen-
dation for disapproval is always preceded by discussion with
the origirator). NESEA Code 026 reviews the recommendation
pricr tc¢ fcrwarding the request to +he originator with a
copy to BAVELEX 8151, [Ref. 23)

If apprcved and furndsd, the non-standard GPETE require-
aent is consolidated with other GPETE requirements <£or
procurement by SPCC c¢r is purchased directly with authoriza-
tion from NAVELEX 8151,
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IV. IERE-488 GENERAL RURPOSE INTERPACE BUS

Ad. BACKGROUND
1. Definitior
The ANSI/IEPE-4B88-1978 :s an American National
Standard digital interface for programmable ins«rumenta+ion.
The standard specifies electrical, mechanical and func<icnal
charactsristics for the purpose of:
1. defiring a general purposa system for 1limited
distance applications (tventy meters or lass),
2. e2onabling the interconnection of independently manu-
factured ins*ruments into a single functional systes,
3. permitting instruments of a wide rang= of capability
tc be simultanzously interconrect2d inwo a systesn,
4. permitting direct comaunication between instrumercs,
S. defining a system with aminimum restrictions on the
perxfcrmance charactaristics of the instruments
connected within the systen,
6. defining a system that permits asynchroncus coamurni-
caticns over a wide range of data rates,
7. permi*ting the design of low cost systems compcsed of
lcv cost instruments, and |
8. defining a system that is easy to use. [Ref. 28]
Or sisply, the standard provides a standard intarfacs for
instrument intercoamunicatior, taeraby permittiag instru-
ments to te sasily integrated into an autcmazed systesn.

2. Histery

Because >f <he increasing complsesxity of electroric
equipment and a scarcity of elect-onics angineers and *ech-
nicians during <the past <two decadss, the electronics
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industry fcund an increasing need to automate routinsz
measureaent tasks.

Early implementation of automated systems was pcth
complicated and expensive. The lack of an :interface stan-
dard resulted in each system baing custom built. Interface
designs were so irdividually tailored to a specific applica~-
tion, *hat even the addition of one instrument to a systam
could raquire major resengineering. As the result, *hese
early systems were vely axpensive 2and au+tomation was
restricted to very high volume testing or *o applica%ions in
wvhich tte systea cost was low compared to the value of the
test results.

Durirg the late 1960s and sarly 1970s, the nescessity
of a industry standard interface became increasiagly aprpa-
rent and saveral elsctronic equipment manufacturers
ini+tiated research and development 2fforts in this area. Of
these, Hewlett-Packard was the clear leader. Internatioral
interest in the establishaent of a suitable interface stan-
dard wvas also developing at this ¢iame, particularly aaong
German electonics organizations.

In mid-1972 Hevlett-Packard began participating with
varicus national and international standards bodies in the
developaent o5f an interface standard. The United States
Adviscry Ccmmittee, composed of both users and maanufac-
turers, adapted the interface concept Adevelcped by
Hewvlett~-Packard (called the Hewleti-Packard Interface Bus or
HP-IB) as a starting point,. Tha subsequern*t draft of an
BP-IB basad proposed standard was 2valuated by tha Committee
azd subwsitted to *he International Zlectrotechrnical
Committee (IEC) ia the £all of 1972 as <the Uni+tzd State's
proposal for an international interface standazd.

In September 1974 <+he 1IEC approved <+he Uni<e’d
States' proposal wish aianor modifications for formal ballc:.
The proposal was subsequently approved and published as IEC
Standard 625 in 1977.
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In the wmeanwhile, the IEEE Technical Coummiz%z2e o

Automated Instrumentation approved a d-aft document of a
HP-IPE based interface standard in the fall of 1974. The IEEE
Standards Bcard apprcved the draft in Decaabar 1974 2and
publisted it as IEBEBE Standard 488-1975 ir April 1975. ir
October 1975 the same¢ standard wvas approved by the American
* ’ Wational Standards Institute (ANSI) and published as ANSI
Standard MC1.1-1975. [Ref. 25}
The IEC and ANSI/IEEE standards arz nesarly id:ntical
and totally compatible with ons exceptior-+the ccnnecter.
The IEEE standard (ncw genarally raferr=d4 to as the General
Furpose Interface Bus, GPIB) employs a 24 self-wiping
contact ccnnector. The IEC standard specifies a 25 pin
connector (using one additional ground) ider+ical tc the
RS~-232-C connector (therefore, presenting the possibility of
equirment damage thrcugh the intsrconnsction of +thsse two
’ incompatibla buses). The interconnecticn of irs*ruments
isplesenting the ¢twc diffarent cornectors is easily accom-
> plished using a IEC/IEEE adapter. (Ref. 24]
Since 1975 beth the IBC and ANSI/IEEE s+tandards have
undergone a numbar of minor «changes. The current standard
is designated IEBEE Standard #88-1978 and IEC Standard 625-1.

B. GPIB SPECIFPICATICNS AND LIBITATIONS

1. GEIE Eunctional Subgets

The IBEE-Standari 488 specifias ten functions that a
given instrument’s interface may implamen<. All of *kete
functions are optional. The extent <+o0 which a given fumnc-
tion is dirxplementad ir an instrument is specified by
functional subset designatisns (re2fer to Appandix C €or a
complete list of functions and subsete). Care is reguired
in selecting GPIB configured instruments. "Many ins<ruments
are labaled "u88 Compatibla® or “GPIB Compa<tible,™ bux in
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the ext-eme the label may only m3an that the instrumerct has
a standard connector." ([Ref. 26]

GPIB equipmaent selection is made even more 1ifficult
because of the general lack of information supplied by manu-
facturer's catalogs ang, in many cases, sven by <he
applicable saintenance manuals. The 1983 versions of the

. Bewlett-Fackard, Tektronix and John Fluk2 catalogs generally
. do not spacify *he IFEE-488 functional subsets irplemented
in a2 particular instrument. At most, the manufacrurerts
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catalogs may specify that an instrumen*t is "talk orly,"
"listen cnly," or "fully programmabls." [Ref. 25,27,28)

- Even the tere "fully programable" can be decsptive.
Although all functicnal subsets may be impiemented in the
"fully prograamabla®™ instrument, all “he subsets may nct be
inplesented for all cf the froant panel functior and range
; controls. Thus, scae front panel controls may be remotzly
;, . operated (via <the bus) while others require local (front
: panel) operation. ([Ref. 29]

GPIB configured equipment selaction is, +*herefore,

e

b Sty S

9 not a straight forward process. It requires both a know-
ledge of <+he functicnal subsets =csquired for a par+icular
: application and a determination of the functional subsets
implesmentsd by the instruments undar consideration.

Navy interfac2 requirsments are specified by
MIL-T-28800, paragrarh 3.13.2. This specifica+tion states
that all logic interfaces in electornic test equipmen+t should
be in accordance with IEEE-STD 488-1978 2and go=2s on +o

o NI e

‘-

% specify the required funct ional subs2ts (refer +¢ Appendix
* D). The United S:tates Air Porcs Modular Automated Test
3 Equirament (MATE) functional subs2t requirsments acs provided
) in Appendix E. Additional discussica of this <topic *akes
2 place in Chapter 7.
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2. Godes, Pormats and Corventiozs

IEEE Starndard 488 specifies the hardwars i
tasic function protoccl 2and a set 3f interface me
control the interface functions. However, the stzndardé dces
not specify ¢the syntax or codirg of device-dependent
messages-the messages that cor+trol tha programmabla features
cf the instrument., ([Ref. 30]

Therefcre, while the hardwars is specified, the
language of comaunication is not. "I+ is much like 3 *ele-
phone system-the hardwars link is well defined, bu* urless
both rarties speak the sams lanjuage, communicatior 1is
impossible." [Ref. 27)

In spite of the lack of code, syntax ard convention
standardization, many compatibility problems have beern
avoided by the adherence of most 2lec=ronic equipment manu-
facturers tc the followirng two related standards:

. Aperican Stapdazd Code Eor Information JInterchacge
(ASc1D . ASCII is used in most GPIB instruments for
bus data transsission.

2. ANST X3.42. This standard format specifies three
+types of numbers (integers, <reals, and reals with
axponents) and transmission of <the most sigrnificant
digit first.

Adherence tc these standards is r2quired in “he procuremen+
of Navy electzonic test equipment as specified in
MIL-T-28800, paragragh 3.13.2.3:

Unless otherwise required in the de+tailed specifica%ticn,
all pumeric and alfha-rumeric data (input arnd output)
shall be American Standard Ccode  _for Information
Interchange (ASC{I) and the most significant digi+ shall
be transférred ficst.
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While tvo major potential sources of incompa+ibiliry
have been eliminated by manufacturer adherence *c related
standards and by ailitary specification, other sou-ces of
ircompatibility have not yet bean addressed. Some of <hese
are:

1. Method of starting a message.

2. HMethcd of tersipating a massage.

3. Corvention to prevent execution of any part c¢f a2

message until the 2ntire message is recaived.

Some manufacturers have attempted zo dev=lop staandards for
these other sdurces of incompatibilizy. Tektrcnix's "Codes
and Forrpats" standard represents one widely accepted
approach [Ref. 31].

The Air Force's Proposed Standac-d 2896564 Rev D of
05 May 1982 delineates various syntax and coding require-
ments (Continuous Integrated 1Intermediate Language(CIIL))
for MATE qualified systems. CIIL has been submitted as IEEE
Proposal 981 for inclusion in the IEEE-STD 488 [Ref. 32].

Pending addition of thorough codes, formats and
conventions specificaticn to the IEEE-STD 488, <*he selector
of GPIB test aquipment must ensure that procurement specifi-
cations require codes, syntax and conventions compatibility
vith the other GPIB instrumentation.

C. GPIB APPLICABILITY TO GPETE

Unlike “he Air Pcrce, which tarough its MATE prcgram is
attempting *o make general purpose T™MDZ (i.e. GPETE) compa-
tibls <«c ATE agplications, +h2 Navy's ATE effor+s are
concentrated on development of a common ATE station fcr all
applica+ions. With a2 faw oxceptions, neither <he curcent
nfamily cf ATE" (seven different ATE staticns) or <the
Consolidated Systems Support (CSS) program (now en<taring
full scale development) <Tely on the use of GPETE as ATE
tuilding bleccks.
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Therefore, the wajor applicatior of GPIB in GPETE woulid

m

W)

be to facilitate autcmated calibraticn and, specifically, ¢o
facilitate the closed 1loop calibration of the dins<rument
using the MECCA systen.
The current rumber of GPETE items availabla2 with GPIB is
saall. A comparison of the NIL-STD-1364F and <he 1983
. versicns of the Hewlett-Packard, John Fluke, Tek<tronix and
Weinschel catalogs orly identified one item with GPIB stan-
dard and seven others in which the 3PIB option was zvailable
(refer tc Appendix F). Although th2 number of irtems is
currently small, it is increasiag rapidly because o0f market
demand and the simplicity of implamen<ation resul+ing from
+he introduction of standard GPIB integrated circuits,

D. GPIBP PROCUREMENT POLICIES

1. 8.S. ALif Eeorce Rolicy

The United States Air Porce purchases TMDE wi%h
IEEE-U488 wherever it is available. This policy, which has
heen in affect since 1981, reflacts verbal vice writ+en
dirscticn ard was inplemented primarily <o facilitate auto-
sated calibratioa. The Air Force has even been successful
in securing agreements with manufacturers to provide GPIB in
iastrumerts vhen <the cption is rot commercially available
(¢.g. Taktronix U65M oscillecscope). [Ref. 33]

. 2. Q.3. AzaY Rolicy

The Uni+ed States Army does not have a writtern
policy for +*ha proccurement of IEEE-488 with its TMDE. In
spitce of scme fressure from the Army's Development 2nd
Readiness Command (LCARCOM) %o devise such a policy, the

N individuals involved in TMDE procurement at the
Communications and Electonics Ccmmand (CECOM) have avoided
formulation of such a policy. Thess izdividuals prefer <he
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current situaticn because i+ permits a case-by-case avalua-
3 tion and avcids the requirement to justify any policy devia-
tions. The Army currently has few automatic *est equicmen+t
(ATE) applicatioens, but has introducad wvarious automa<ic
calibration systems. [Ref. 38] |

3. BNavy Reclicy

Currently the Navy does not have a specific GPETE
GPIB procurement policy. To fully understand +he curzent
sitiaticr, the rositicns of each of “ha principals involved
vill be prasented.

a. NAVELEX 8151 Position

NAVELEX 8151's position is summarized as
follows:

1. Mo specific GPIB procurament policy currerntly exisis.
Howaver, the fermulation of such a2 policy is under
study.

2. Ultimate responsibility for initiacion. of GPIB GPETE
rsquireaents rests with the usars, i.e. <the hardware
systeas commands,

3. Currantly, requests for GPIB configuration of GPETE
shculd be generated through normal MIL-STD-1387
(requests for non-standard GPETE) channels. However,
generation of the specific policy shculd eliminate
this requirement.

4, Receipt of MIL-STD-1387 requests fcr GPIB configured
GPETE will vresult in a review cZ ¢he MNIL-STD-1364
charactaristics to ascertain iZ GPIB should be made
standard. (Ref. 35])

aw AW~
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E. MNAVELEX 8152 Position

NAVELEX 8152, as <the TMDE nmanager for shcrs
commands, holds the fcllowing position:
1. Any GPETE GPIB policy should be gerera*ted by NAVILEX
8151.
2. All GPETE should be procured with the bus when avai-
lable. To make this point NAVELEX 8152 dirscted the
NESEA con*ractcr who consolidates shore estzblishment
GPETE requirements to univarsally specify GPIB, where
aprropriate, c¢n all future GPETE requirement lists.
[(Ref. 36]

Elha kT ol N

Cc. NAVAIR 552 Posi+ion

Although NAVAIR 552 reguires GPIB for mos+*t ATE
applications, it has no specific policy regarding GFPFIB
configuraticn of GPEIE. Pollowing the author's 22 February
1983 visit, NAVAIR 55223 +asked NAEC 92524 <+o coordinate
with NAVSEA and NAVELEX in the formulatior of such a policy.
° [(Ref. 37]

d. NAVSEA 06C1C Position

The position of NAVSEA 06C1C regardirng +he GPETE
GPIB procurement can be summarized as follows:

1. Prefers no definitive policy so that case-by-case

v decisions can be mada.

2. Generally not enthusiastic about GPIB procurement
because of the unlikelihood 2f GPETE sver Lkeing used
in an automa+ed t2st systenm. However, <he special
purpcse application of GPETE as ATE buildirg blocks
is recognized.

3. The amcney spent on GPIB procur2ment can often bette

be wu+ilized ty procurement of other, mors usefu
GPETE options. [Ref. 38)]

[ B}
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Y. GPETE GPIB COST-BENEFIT ANALYSIS

One of the contributing factors <to the absence c¢f a
definitive GPIB GPETE procurement policy is the 1lack of an
analysis which weighs relative costs, benefiis, advantages
and disadvantages of GPIB configurad GPZTE. This chapter
will atteapt to rectify that situation *hrough tke develcp-
ent cf a simple cost-benefit analysis mcdel for GPIB GPETE
configuraticn.

The model attempts to quartify all GPIB costs anrd disad-
vantages and has <succeeded ia all but <wo —r=2latively
insignificant cases. On the other hand, ~he orly ccst
advantage guantified is the resultant calibration manhour
savings. All other advantages ace presented as non-

guantifiables.
Because of the greater degree of quantification achieved
- for ccsts and disadvantages compared <o b2nefits and advan-

tag2s and, because of the critical positions taken in
derivation c¢f the various cost 2lements, <he model is a very
critical analysis. This anpalysis is no*, however, consii-
ered to ke a "worst pcssible case" (a fortiori) analysis.

The model is based upon the 1ife cycle cost of a siagle
iem ¢f GPETE, not upon the 2n*irz inst-umant population.
Its application, tharefore, reslies upon an assessment of +the
numbeér of instruments 2xpected o0 be procurad.

Although quantifiable data was us2d whers i+t was avai-
lable, <*<he scarcity of such 3a*a l2ad to a heavy celiance

upon expert opinion. Because of its complexity and demands
upon the experts' time, a Delphi tachnique was not used.
Instead, various experts were su-vayad via tslaphore conver-
sations, questicnnaires and visits. Tha casults of +hessa
survays and the modal's paramecers werce *h2n discussed and a
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general ccnrncensus achieved during a presentaticn at *he AC/D
Conference in Dallas, Texas on 30 March 1983 (refet +o
Appendix G for a list cf attendees). A discussion ¢t <zhe
elements of the model followus.

A. CALIBREATION MANHOUR SAVINGS

Many claims have been made abcocut the magnitude of the
manhour reductions that can be achievad <thrzough autcmated
calibraticn. Based upcn comparisons made duziag an intczo-
ductory tcur 0f MECCA thtough a nuaber of Navy calibraion
activities, MEC's prcmotional £ilm "MECCA" claims “hat MECCA
produces calibration manhour reductions [Ref. 39]. Jc
Fluke Corporation claims that their 7405A RAu*tomatic Meter
Calibraticn System (like MECCA based upen a FLUKE 1720a
contrclier and 5102 meter calibrator) =-esduces manhours Ly "a
factor of two to three" [Ref. 40]. Yet, in spite of these
clainms, discussions with num2arous Navy calibration teschni-
cians indicate that MECCA open lcop meter calibration is
often slcwec- than manual calibration.

The calibration techniques oft23 used in +he fleet
provide the source cf this disparity. Bxpariencad %echrpi-
cilans often by-pass some calibration steps and "piggy back"
meters (calibrates more than one mater at a time), unauthor-
ized methods aot feasible with MECCA. MEC's primary reason
for develcping MECCA was not manhour savings, but ra<her
improved procedural ccampliance. Basad upoa ileet ccaments
MECCA is 2achieving this objec*ive.

But the apparen« failure of MECCA to reduce meter cali-
brazion wmanhours does not refutsz i+s potant:ial, Fleet
comparisons are of "apples and or-aagss-complete versus
incosglete rrocedures. Fur+hermecre, these comparisons are
based ornly upon open loop meter calibrations.
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) A survey of experts, 1limited quantified data and <=h

hL |

AC/D Conference discussion resulted in agreemert on =z 30
manhcur reduction factor for MECCA closed loop ccmpared ¢
MECCA open loop calibration (Appendix H providss a aore
detailed derivation). '

This reduction is substantial, but not nearly what could

. ke achieved if MECCA closed 1loop procedures were written %o
minimize operator intervention by only stopping +he program
to display test results for failursas. MEC agresd witi tais
asssssment and plans to investigate changing ths proceduras
accordingly [Ref. 41]. The impact of such a change wuas
discussed at the AC/D Conference and a 50% reducticn factor
agreed tc if the dinstrument calibration procedures (ICPs)
are changed.

Even further reductions ars possible in a high vclums
calibraticn facility. In this environment, with sufficient
throughput and multiple MECCA statiors, a singls cperator
using mirimum dinterveantion ICPs could simul*aneously carry
out two or more calitrations.

B. INCRENMENTAL COST ELENENTS

1. Erocuremspt Cost

The procurement cost is the incramental cost of
inclusicn c¢f the IEEE-488 option in an item of GEFETE.
Although manufacturer's catalogs clzarly specify this cost,
the <catalcqg cos* reprssents a singls unit retail prics.
Since the Navy purchases GPETE comp2tiztively and in gquan-
tity, its costs are far below re%ail.

In this 1lifa cycle cost model, <the procuremernt cos+%
is an output. The model will coasider all other quan+tifi-

able costs and banefits and produce a figure +that represents
the wmaximum price <that the Navy coculd pay for the GPIB
option and still "break even" over <+he instrumen='s 1life




cycle. Comparison ¢f this resultant cost t¢ the known or
articipated incremental cost of +the GPIB configura+<ion will
assist in the decisicn making procsss.

2. Incremental] Life Cycle Softwars Costs

MECCA sof tware consists of two different
eleaents~-the applications software (or "handler") and +he
instrumsent calibration procedure (IC?). - The applications
softwarz is applicable “o an entire class of +tzst equipment.
Currently MECCA application softwars is available or is
under development for meter, 2nhanced meter, oscilloscope,
signal generator and counter/frequeacy calibration. Because
applicaticn software is not unique for a given instrumen<
and wculd be developed regardless of any GPIB procurement
decisicn, all related development, distribution and mainze-
rance costs are “sunk" and non-incremental. Thus,
applicaticn . software costs are not coansidered in this
analysis.

ICP software costs, on the other hand, may be either
incremental or non-incremental. If <the GPIB ©procurement
decision results in the development of an additional IC2,
the ICP software costs are increaental. Otherwise, ICP
softvare costs are ncn-incremental and should not be consid-
ered. To 2aid in deciding if the ICP software costs should
be considered in the cost-benefit mdod=l, a decision tree is
provided in Appendix 1I.

There is a remote possibility that an applicable IC?P
already exists for the GPIB configurad instrumen<, but no
applicable ICP exists for the acn-GPIB ias=zrument. In such
a case the incramental software cos<s become a credi+ for
the procurement decision.

It is recognized <that <the decision maker will
probably not have ready access <=0 the information needed %o

sake such a dsteraination. However, MEC, as tha2 control
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center fcr all ICPs, should be abls to provide the necessary
informazicn.

a. Software Davelopment Costs

MEC is currently paying <ccntraczors 32,500 to
develcp a MECCA ICP (cost includes a paper conver+tioral
manual ICP) regardless of 1its simplicity or complexity
{Ref. 42]. Each ICE may be applicable <o as many as ten
instruments, but becaus2 this analysis caly considers cases
in which development ¢f£ a new ICP? is cequired, all develcp-
ment costs will be apportioned to <the first instrument.
Softvare development costs will be "sunk" for future instru-
ments that are able to use the ICP. Therefore, the software
development cost per unit is calcula*ed by dividing $2500 by
the expected number cf instruments to be p-ocured.

be Software Distribution Costs

MEC estimates <that it costs 55 to produces and
distribute 2 single ICP diskette (includes 32.80 for =he
Elank diskette) {Ref. #3). Although as many as *en ICPs can
te placed on a given diskstte, MEC is currently limiting
this aumber t5 five (all meter ICP diskettes have five ICPs)
(Ref. a4}, The ini+ial issue quantity of the diskettes is
one per site, but this analysis will assume that each site
will requisition a second set of diskettes as a reserva. 1I=
is £further assumed that each diskett2 will be replaced
semi-annually as the result of ICP changes, damage and/or
loss.

Distribu+ion 5f ICP software for newly developad
IcPs will, therefore, cost 34.00 ((35/disk X 2 disks/
distribution x 2 dis*ributions/year)/ (5 ICPs/disk)) ger
irstrument model per site per yea:. Appor-ionment of <%he
ICP distribution cos*s +*o <he individual instruments is
calculated by wmultiplying $4 by <he number of MECCA si<2s
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and dividing the rasult by the rnuaber of instrumen<s +o 5e
procurad.

C. Software Maintenance Costs

As the result of 1ICP errors, procedure updates
ard hardware ckanges, continued ICP software engineering is
required after initial development. This cost element is
very difficult <to anticipate because somz2 ICPs may never
require changs, while others are changed aumerous <%imes. A
discussion of this subjsct at <hs 29-31 darch 1983 AC/D
Conference lead to a genaral concensus that +the life cycle
cos+t ¢f ICF maintenance would at 1least eqial the inixial
development cost ($2,500). To allocate this cost over the
life cycle of the instrument, this analysis will assume that
this cost will be $300 per year for each of the first 9
years of +he instrument's 1life expectancy. Apper+ioning
this cost to an iadividual instrumen%t will again =c=squire
division ty the expected instrument population.

3. 1Ipcremental 1life Cycle Repajr Costs

Inclusion of <+he IEEE-488 bus iz an item of GPETE
introduces a degree cf complsxity <c¢ the instrument and is,
therefore, 1likely to increass the instrument's 1life cycle

repair costs. Calculation of life c¢ycle repair costs
involves the determination of two factors: +he failur=z rate
(reliability) and the avarage cos: of a Tepair
(maintainability).

a., GPIB Pailure Rate

The Navy has experiencad a GPIB rejection rate
of apgroximately 30% during the acseptance tss*ing of cali-
bration standards ([Ref. 645)]. These rejections seldom
represented GPIB malfunctions. Rather =hey alaost univer-
sally i1epresented ncr-standard GPIB implsmentatich by the
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manufacturer. Navy calibration standards GPIB accep=zancs
tests are conducted using the Interface Techrolocgy ITC-438
bus tester ard a Navy developasd sof*wars (EPROM) progranm.
In mnost cases of acceptance test failure, +¢he manufac+tursr
has viiiingly made the required modifica<ions (usually only
involviang reprogramaing of the instruments' GPIB EPROM sof+-
vara). Additionally, <h@ occurance of such voroblems has
been significantly reduced siace “he introductior ¢f stan-
dard IEZE-488 integrated circuits. (Ref. 26)

After passing initial accep<ance irnspectioans,
the IEEE-488 bus has proven ¢¢ ba extr:amely r2liable. This
aralysis will use a 2% failure raze (a 2% chancs of GPIB
failure at each calibration inductioz). Derivatior of <his
figure is provided in Appendix J.

s
-
&

E. Repair Manhours and Material Ccsts

Por purgcses of <chis analysis <“he averagse
IEEE~-488 repair acticn will require 3 manhours and 3540 of
materials. Because of the limitad GPIB repair expertise
currently in the fleet, the NARF LOE hourly ra*e of $u48 will
be used instead of the $28 PCA hourly rate. Deriva<ion of
the repair 1labor and material =regquirsments is provided in
Appendix K.

4. Legistics cos:

Int-oduc+tion of an additional IZEE-488 instrumsn<
into the inventory will result :in increased logistics cos:s
bacause ¢f the need for addi<ional parts support, pars
cataleging and holding cos<s. Ir the pas< IEEE-488 rLus
implementation was accomplished in a2 unigue manner by vir<u-
ally evary aanufacturer, often differing among instrumerts
from the same manufacturer. Today implementation is
becoming more standard, b2caus2 cof <the iatroductiorn c¢f the
standard IEEE-488 in+egrated circuizs (such as *the Taxas
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Instrument®s 9914d) . Because of standardization, tihe incrz-
mental 1lcgistics ccsts of ipetrosducing another IEBTE-
configured inst-ument will nrot bs significant. Ir =his
analysis, incremsental 1logistics costs will be assumsd =0
equal forty percent of the total life cycle repair material
ccs<s. Refer to Appendix M for +*he da2rivaticz cf +his
figure.

S. Acceptance Issting Cosis

Traditionally, GPETE product +*esting has ccnsisted
of bid sample +testing and the subsaquent acceptaac2 of the
manufacturerts tast results. In spite of the high GPIB
rejecticn rate during calibration standazds acceptance
tasting, the traditional GPETE test methodology will suffice
for GPIB configured GPETE.

As explained earlier, the high calibration standards
GPIB rejection rate was ¢h2 result of non-standard GPIB
implementatioen, not GPIB malfunctioas. Therefore, the
objective cf any GEFIB GPETE <testing program would be ¢to
ensure that the instrument conforms with <he Navy's ITC-u88
test parameters before contract award. Ia other words, the
bid sample teosting should irclud2 this GPIB test.
Subsequent testing (and reporting) of sample items by th
manufacturer using <the ITC-488 would be mada pazt of <+h
contract.

The incremental cos%* of *his additional +es*t will be
small and, since specified in <hs IFB (and contract), woulld
be part of the incremental GPI3B procursam2n% cost. For thsse
reasons, additional GPIB testing costs will not be consid-
ered as a sspara*e element in this analysis.

o
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C. OTHER COST-BENEFIT ANALYSIS PARAMETERS AND ASSUMPTICNS

1. ECA Cost RPer Mdanhoug

In this analysis an FCA hourly rate of §$28 will be
used. Derivation is provided in Appendix N,

2. Discount Rats

In accordance with DOD Directivs 7041.3 azd OMB
Circular A-94, a ten percent (average factor) discoun% cate
will be used in this aralysis. An explana<icn of
discounting and a table of discount factors is provided in
Appendix C.

3. Ipstrument Ljife Expsctancy
A generic 1list of instrument life 2xpactazcies is

provided in Appendix P.

4. Salvage Value

This analysis will assume <+<hat <+the incremental
salvage value a GPIB egquippsd test instrument is
negligible.

S. Numkber of MECCA Sitss

The number of MECCA sites is requiredi +o calculate
software distwibution costs. Because five ICPs reside or
each diskette and as many as ten inst-uments may use *he
sane ICP, it wculd be nearly impossible ¢o calculate *:ha
exact number 9f MECCA sites to which a given disket+e aay be
distributed. I+ will, <therefocre, be assumed that every
diskettz will be . distributed to 2ach MECCA site. The number
cf MECCA sites is equal the number of PFLUKE 17202 and
1720A/AP custodians (93 as of 20 March 1983) [Ref. 47] and,
+nerefora, can be obtained fzom The Weapons Quali+sy
Engirneering Center (Code 373), Naval Wzapons Statica,
Concezd. '
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If current COMSURFLANT plans to place MECCA orn
virtually every combatant ia “he Atlantic Pleet are iapls-
menzed, <the number cf sites will increase to approximately
250. Expansion of such a plan to ths Pacific Flset wonli
further increase the rumber of MECCA sites t0 approximately
400.

6. Calibration Iptszvals
The length of the instrument's calibration irnterval

is required t> facilitate the <caliculation of the numbar and

+*imaing c¢f calibraticns (including a calibration prior to

initial use) during the instrument's life cycle. Any one of
the fcllcwing means for this devermination may be used:

1. BNop-GPIB Pazent Insirument in Inventory. In cases
vhere a non-GPIB parent instrument already sxists in
the inventory, the calibratica interval may be €fcund
in Section 3 of <the "M=strology Reguirements List
(METRL) ," NAVAIR 17-3S5MTL-1.

2. Nep-GPIB Pagent Instrument NOt In The Imventory. In
+he case that a non~GPIB pareat instrument dJdo=s no=
exist in <the inventory <+hs <following <calibration
cycles may be used:

a) Mapufacturer's Calibration Cycle. Manufacturer's
calibration intervals tend to be shor“er than the
corresponding METRL calibrazion interval. A
sample of twenty ins*ruments (five from 2ach MECCA
arplicabla gen2ric group) yizlded a manufacturer's
average interval of 7.8 mon=hs compared %o the
METRL average of 12.9 months (see Appendix (Q for
<he sanmple elements). Thar-2fors, use of *h2 manu-
facturer®'s calibration interval may result in an
urnrealistically high calibra+ion life <cycla cocs¢
savings.
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b) METRL Generic Calibratiop Cycls. Because +he

METRL generic calibration interval (fouad in

Section 2) is a very conservative estimate, use of

this figure will r2sult in a unrealistically large

“number of life cycle calibrations and will, thera-

fora, 1lead to an overly optimistic calibration

manhour savings figure. Appendix Q provides a

ccmparison ¢f generic calibration intezvals with

beth the METRL model rnumber interval and “he maau-
facturer's recommended intsrval,

ther more oomplex schemes are also possible. Many o2neow

instruments are initially placed on the generic calibration

‘interval and subsequently changed as sufficient MEASURE data

is accumulated (increasing 90% of +thes +ime) [Ref. 48]. A
scheme using this approach would <cTesult in a gradually
increasing calibratien cycle.

7. standard Calibration Manhougs

This analysis will assume that *the manhours regquired
to perfora a MECCA open lcop calibration is squal <*«c¢ che
standard manhour/calidbration figur2s available from MEASURE.
This assuaption is tantamournt o equating MECCA open loop
and ccnventional manual manhour requirements. Based upon
flest input cn the relative speed >f MECCA open loop meter
calibraticn, this assumption may ba conserva<ive.

Like the calibration Interval, calibration standard
manhours can be deterained in saveral ways.

1. Nop=GPI3 pPazept Iastrumes: ia Ipventory. If ke
non-GPIB paremt instsument 3xists in +he inventory,
the standard calibratiorn maazhours may be derived from
any of a nuaber of MBASURE cepor+t forma:s. The data
used in the sample model exacution (Appendix S) was
takan £froa FRANS format R-1.
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2. Mapyfactyrer's Stardard. This rate can b2 derived by
dividing the marufacturer's standard calibra<ion fee
by his current hourly rats (provided at *he exnd of
Appendix ¥). Caution, however, is advised in “he use
of this figure. Manufacturer service cen=ers are
generally better egquipped ard staffed <+«han PFCaAs.
Therefore, they generally complete <calibrazions in
significantly less time than can be achievsd in the
fleet. A sapple of 20 instruments (five from 2ach
MECCA applicaltle generic group) showed no discernible
relationship between th2 manufac:turer's and MEASURE
manhours. In six cases the MEASURE standard was
lcvwer than the manufacturer’s. In the other fourteen
casas reverse was true, Overall, <the MEASURE stan-
dards vere slightly higher (3.5 hours compared to 3.1
hours) than <the manufacturer standards. Refer to
Appendix R for the sample data.

D. COST-BENEPIT ANALYSIS MODEL EXECUTION

Once all the input parameters, cost elements and tene-
fits are chosan, calculated or det2rmined, *they are assigned
to the apprcpriate year(s) in the iastrument'’s life cycle.
Discounting of the yearly totals (see Appendix O for an
explana+icn of discounting) and +totaling the —resultant
presert discounted values (PDV) yi2lds <¢he "break even"
procurement cost. An example of *this process is provided in
Appendix S.

B. SENSITIVITY ANALISIS

Using the example provided in Appendix S, Appendix T
examines the model's sansitivity (degrae of outpu* respense)
to variation of a numbar of individual inpu- parameters.
The model was found sensitive to the following parametars:
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1. Procurement Quantity

2. FPCA Cos*t Per Manhour

3. Calibration Manhour Savings Fac:or

4. Standard Calibration Marnhours

5. Calitration Interval

6. GPIB Failure Rate
The model was relatively insensitive to the following param-
eters:

1. All Software Cos* Parameters (for large procuremen*

quantities).

2. Number of MECCA Sites

3. Manhcurs Per Repair Action

4. Material Costs For Repair

5. Logistics Cost Pactor

F. HNOEN-QUANTIFIABLE ADVANTAGES AND DISADVANRTAGES

1. Djsadavantagss
a. Non-Availability Due to IEEE-488 Malfunction

‘ It is pcssible that an IEEE-488 interface bus
failure could result 3in decreasad <test ejquipment avail-
abiliey. However, the probabilizy of such an occurance is
renote for the following reasons:

1. The IEEE-U488 bus is extrem2ly reliable as indicated
by tbe 2% incidence of failure.

2. The probability of a bus failure *"hanging up" the
antire instrument is vary small. In virtually every
case the failure of <he bus will no+ affec:t 1local
operation. See Appendix U.

3. Because the bus is only usad for calibration, bus
failure would not preclude conventional manual or
MECCA open 1lccp calibration. Thus, except 3in the
case °2f a GPIB 4induced ™"haag up," ar urgertly
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required instrument could be calibra<ted and rz=urnei
to the user and bus repairs accomplished a+ a cornve-
nient future date.

b. Aabsence ¢f Local Functidoznal Checking

Using a MECCA closed loop calibrazicn precedars,
all ranges and functions are set rsmot2ly (via the intarface
bus) and all data is collected/transferred remotsly. It is,
therefore, possible that the inst-umsn+ may be functicrning
satisfactcrily during remote opsrations whils problams exis:
in 1local (front pansl) operation. Ar example of =zhis
problem would be a front panel digital display malfunction
tha« goes undetected because of the remote da%a <raasfer.
Therefore, it is rpossible that a 1locally malfunctioning
instrumant could be returned to th2 user certifiad as
calibrated.

Unless such a malfanction occurred after induc-
tion fcr calibration, it would usually be detescted by th2
user and be rsported tc ths calibration activity at induc-
tion. In the remote possibility <“hat such a malfunction
occurred af+er induction, it is antirely possible <tha*t it
could ascape detecticn.

A possible solution is robotic calibraticn.
This technigue would involve *he use of a =-obot to perform
an autcmatad calibration using the fron+t panel ccatrols.
Such a technigue has been propos=24d by various iandividuals a+
the Naval Avionics Center, but as of yet 10 research and
development funding has been made availapble. (Ref. 49]
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2. Advantagses
a. Calibraticn Procedure Standardization

The primary justificatior for “he develcpment of
the MECCA system was to ensure that calibratiens wsre teing
accomplished in a consistent manner throughcu: <+<he £lezt,
Prior ¢o MECCA, <calibration reli=d upon <the techrnician's
individual skill and methodoclcgy. Al-hocugh manual calibra-
tion procedures provide a detailagd, tep~-by-step method,
scme techniciars tend to disregard <h2 prcczdures as thav
ktecome mcre experienced and develop unauthorized shortcu*s
that are, unfor+unately, c¢ften <+taught to lzsss sxperienced
tachniciazs.

MECCA, even in i%“s open loop modz, Las improved
procedural compliance by forcing <the <+technician *o step
+hrough the procedure and ensuring the calibrator is prop-
erly set for esach parametric check. Howsver, the MECCA open
loop method still relies wupoa *he <+technician to prorperly
make calibrator/TI adjustments. Ian the closed locp moda +<he
contrecller makes direct TI readings and comparisons, thus
reducing +he technician's rcle and :=he <chance fcr human
error. The closed loop method, thersfore, ensures a higher
degree c¢cf <calibration procedural standardization than
afforded by MECCA open loop calibration.

b. Improved Calibration Accuracy

Ecroneous calibration procedures pmay dirduce
iraccuracies into the test equipment. These inaccuracies are
subseguently passed along to <+<he GPETE support2d 2lsctronic
systeas. By improving calibration procedural compliance,
MECCA closed 1loop calibraticn improves system maintenance,
accuracy and reliabiliey.
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C. Better U+tilization of Bxperienced Tachniciars

Bacause the controller ensures proper calibratc

(D]

1)
..A
..—l

outputs and TI indication readings azd comparisons as w
as providing *he opezator with a simple stepwiss proc=durs,
th2 level of experience and training required +to calitrzate
using an cpen loop technique is 1la2ss than that resquired for
either conventionmal <calibratiocn oz MECCA opan loop “a¢hni-
quas, Thus, a lower skill level technician can bes used for
calibraticn while the highly train=d and 2xperisncszd <=2chni-
cians are utilized where they are most =zneedad, icing
equipment repair.

The primary commercial justification <for cali-
traticn automation is based upon <this advantage and <zhe
ra2sultant reduction in calibration technician salaries.

d. Test Equipment Availability Improvement*

By speeding calibration procedurss, clcsed loop
MECCA <calibration will reduce +the calibration <urnaround
vime and the significant backlogs expsrienced by most Navy
calibrazion facilities. A reduction in *urnaround time wil
also permi* a reducticn in "pipeline" tast equipmen+t assats,
thus raducirg GPETE invantory and procureamen* requirements.

€. Multi-Comronen+ Applications and Calibration

Whils ¢his analysis has been limited <to <hese
items of GEETE tha+ would use GPIB orly £fcr calibration
purposes, gwgore and morz test systa2ms are2 being developz4d
that <Tely upo>n the system coaponents working as a uni+
through tus intarface communication. GPI3 configured GPETE
can be used and calitrated as part of such a sys:ten.
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£. More Thorough Calibra<tions

Because ¢f the speed at which test poiznt cszai-
ings and data transfer can be achieved via GP?I3, it is
practical ¢tc test a larger number of pacame*ers. Thus,
significantly more thorough calibrations can be accomplished
in as 1little or 1less *ime than is possibls wi<h non-GPIB
instruments.

g. Diagnostics

The in+terface bus can ndt oaly b2 used <o ascer-
tain instrument accuracy, bu* can also be usel :o diagnese2
circuitry malfunctions. Developmeat of sach diagneszics is
part cf the AC/D prcgram and research and development werk
is wunderwvay a¢t the NARFP Pensaccla‘'s Type II calibration
laboratory.

Introduction of such a diagnostic sys<tem would
reduce +troubleshooting manbours, reduce <echnical skill
level requirements, and iaprove faul: isolation accuracy.
Additionally, such a systam could b2 configured to in%agra%s
via the interface bus with the supply data bas=2 to rtapidly
ascartain the availability of the <requized replacement
par* (s).

h. Intermittent Pauls Isolation

Technicians are often confronted with diagnosing
an intermittent faul+, Because a fault canno* be ccrrected
until i+t is isolated, 4intermittent faults r2sul<t in a great
deal o¢f +ime and effort, not %9 m=2nticn *echaician
frus+tra<cicn.

The abili+y of closed 1loop calibration proce-
dures *o runm in a ccntinuous loop (programmed oaly to stop
wher a discrepancy is located) parmits <aie <“est instrumsnt
t0 run continuously (cver night or ovar a weekend) until the
faul< surfaces and is recorded.
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i. PFCA Capalili+y Enharcement

The ra3duced skill level =cesguiremernts and
increased calibration speed and thoroughknsss pcssible with
closed 1lcop calibration cculd make <+he PCAs carpabies of
performing calibrations that were previously only withir <he
capability cf a NARP or shipyard. The resulting migration
of calibration capability will =not only dacrsase turraround
¢im3, but will also result in NARF aand shipyard NIF savings.

jo State-0f~-The-Art Procurement

8 interface bus in =he

[

E-4
GPETE salient prccurement characteristics may result in the

[o ]

Specifica%ion of 1IE

procurement of a higher gqualicy instrumernt through:
1. Elimipation frem competition of marginal instruments
and manufacturers tha+ are unable to support GPIB.
2. Elimimtion of the price disadvantage of instrumerts
that provide GPIB as s+andard.

k. Miscellaneous Advantages

The ability of the IEEE-488 bus to *ransfar 3data
dizectly would psrmit <hs instrument to b2 in+erfaced with
other computerized data collectior and monitoring systesms.
Examples of such systems are a MEASURE card printer and a
computerized guality assurance (QA) monitoring systen.

G. COECIUSIONS

While the author has not attempt2d t0 quan*tify the *wo
GPIB disadvantages and numsercus advzatages, it is obvious
+hat the later far outwa2igh <the former. Assessamert o0f the
values of +hese factors is strictly subjective and will,
therefore, be left tc the discretion of the decisicn maksr.
However, becaus2 a GPIB instrument may have & longer nusefal
life st2aming from its ability to «ak2 advantage of future
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dsvelopments, ¢the author would not coasider a $100 asszs3-
aent ¢to ke unreasonatle.

The execution of the model (Appendix S) and szansicivi-y
analysis (Appenrdix T) provides tha decision maksr with the
follcuing general guidance: a pdsitive GPI3 procuremant
decision is likely when:

1. anticipated rprocurement gquarntities are large (a*
least 100),

2. *the ICP is long and complex, and/or

3. <*he calibraticen iaterval is short (ons year cr lsass).
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VI. RELATED ISSUES

S¢ far *his thesis has addrsssed current calibra<ion
worklcad reduction and productivizy enhancement initiatives

» and has added one additional consideration-<es+« eguipment
configuration. This chapter addresses o<her <rslevan<
issues.

A. GFETE STANDARDIZATION

NAVELEX's current approach ©c0 GPETE M"proliferation
minimization" only addresses par+ of <the issue. While +he
current apgroach successfully minimizas small gquantity and
non-standard GPETE rprocursment, it fails +o address <+he
proliferation caused Ly formally advertised GPETE £fcllcw-on
procurement.

The current DOD environment ex2rts a grea+ deal c¢f pres-
‘ sure tc formlly advertise procuraments. Unfortunately,

formal advertising is not always cost effective. I+ only
considers cne ccst elament, +h2 procurement cost, and
ignores all other life cycle cost (total cost of ownership)
considecations. In the GPETE arena this pressure has lead
to fcrmally advertising for units requirad to supplemen* the
population of an instrument currently in “+he inventory. As
a result, <+he fleet is often suppodrzing two or more diffe-

rent instruments procured to £ill <+¢he same re2quiraments and
based upon identical salient characzsristics. A rfecen*
exanple is provided by the AN/USM-425 oscilloscope con“rac*
avarded to Kikisui (Japan) in December 1982,

The Navy and <thse Air Porce issusd a IFB for AN/USN-425
cscillcsccpes *o supplement the current inventory of

Tektronix 465M, Op+tion 49 (AN/USN~U425) oscillesccepss.
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consideread, these incremental logistics costs may have

§ Tektronix®'s bid of $1,550 per unit for <ths 4654 was 3191
§ higher than Kikisui's $1,359 bid, 35 Kikisui was awarded the
¥ contract. In spite of NAVMAT direction to -ensure "+otal
2 cost effectivenass" in GPETE procuram2nt [Ref. 12], no
g consideration was giver to the incremental logistics costs
§ (spare parts provisicning, training, ICP developmeat, etc.)
g . that would te associated with <the introduction of an oscil-
i loscope different frcm the one alrsady in +he invantery. If
k)

offset the $191 price differencs.
This example, unfortunately, is not &an isola%ed case.
In spite of the 4increased emphasis on logistics aad life

R R

cycle costs, fcrmally advertised procuremea* coatinuss to
take precedence.

S A

B. GPETE INTEGRATED LOGISTICS SUPPORT

. While formal advertising continues +o overshadow lcgis-
tics censiderations, tha current state of GPFTE ILS does no+
. lend itself to involvement in the acquisiticn process.

Within NAVELEX 8152 GPETE ILS functions are performed by
a single individual assisted by five contractor personnel.
To date GFETE ILS eofforts have concentra*ed oa the post-
acquisition development of operational 1logistics suppor*
plans. Little effort has been given to pre-acguisition
consideraticns such as the development of life c¢ycle cost
and cost-benefit analyses.
, While a full scale logistics support analysis (LSA)
?‘ effort (MIL-SID-1388) could not be justified for off-the-
shelf (0TS) commercial *est 2quipment (CTE) procurament,

some pre-acquisition ILS effoxt would be beneficial.
Coaparisons of the relative calibration irtervals, main*ain-
ability factoers, ease of operation, <+raining requiremen:s,
and provisioning would be valuable in differentiating
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between inestruments under considera+tion. While intan<ichns

hava bean expressed tc amaove in this direction, the prassncs
of the necessary compitment and expertise withir NAVELZX 815
is detatabls.
C. TBRAINING

Pcrmal calibraticn technical training is availalble from

twvo sources. A sixteen week course <*aught at Lcwry aAiv
Porce Base (Denver) qualifies graduates 2as Elect:c-onics
Standards Specialists (NEC 1588). A s3ix week NALC

Detachment course (taught in Norfolk and San Diego) ~<=rains
Field Calibration Tachnicians (NEC 6673). Both coursas are
general and theorestical. Li¢tle "hands on" %raining 1is
provigded.

Fleet units, therefore, mnmust rely almost tctally on OJT
for practical calibration training. Whils 0JT can often b2
arrangad at a local NARF, shore based AIMND, or Naval
Shipyard, the availability of additional sources of training
would be most beneficial.

Development of the following additional 4raining sources
is reccamended:

. GCp-sits Fagtory Schools

Pleet units have found thae use of factory schools
impractical because of the tuition sxpanse ($1000-2000), the
TAD expense (most manufacturer's facilitiss are 1act conve-
nient <¢c¢ government gquarters), and their dinfrequent
availability (1 or 2 classes par y=2ar).

Hovever, some electronic e°quipmant manufactursrs, such
as Tektrcnix, are willing to teach zheir courses at Navy
installations if sufficient students are available
(Ref. S50). If type commanders worksd in concer:, a suffi-
cient number of gualified, interestsd s“uden*s could e2asily
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A ke asscablsd. This approach would eliminate mes= TAD
NP

A funding requirements, reduce the fleet unit's adminis=rative
8- worklcad, and foster fleet participation, particularly if
P tuition vas paid directly by the type commanders.

&

8 ' .

bt | 2. PRbase Backage Iraiping

il . Another apprcach is ¢the <establishment of thase

X package training a%* the NALC Detachments aad/or ths Naval
gg Aviation Maintenance Training De-achments (NAHTD). Such
'5 training wculd compliment the Lowry and NALC ezachmenx

+*heoretical trainirng by providing "hands on"™ +rainiag in
£ | specific calibration phase packages. A similia- prcgmam
i +ailored to the surface Navy's n1nseds could also be
o established.

3. Scupdssiide apd vidso Sasset:ie Iraining

;g Many test equipment manufacturers make availacle
' sound/slide and video cassette training on the operationm,
calibraticn and repair of specific instruments. Additional

X presentations ares available from other sources. For
;} exasple, NATC Patuxent River has a *en lesson University of
Ry

KaY Colorado video cassette course on IEEE-488.

| Where such prograams/presentations ars available, they

should be made a logistics element and purchased as part of

+he ETE procurement package. For instzuments already in the
; fle2t *+he +ype commanders should seek out aad review appro-

- priate fprcgrams/presentations aad make then (and the
: necessary projectors and VCRs) available %o the flset.

5 4. Magufacture: Derjcdicals

— . Scmeé electronic instrument aanufacturers publish

e pericdicals (Hewlett-Packard's is called "Bench Briefs")
el containing articles on ¢est equipment caiibration and repai:
techniques. Type conmanders should investigate the
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availability of these publications ard arrange distzibusion
o fleet units ("Bench Briefs" are fres).

D. ACS CCORDINATION

Although MEC is coordinating ACS ICP dsvelopmen*t for *he
fleet thrcugh MECCA ard NALC is coordinating ACS ICP devel-
opaent through AC/D, <these two programs are rot coordinated
with cne anrcther. This lack of coordination has 1lead to
redundant efforts and disputes. The £ollowing illustrat

1. Bo*th MEC and AC/D (NATC) have devalsped "au
hardlers® (applications software applicable
multiple compcnent ACSs).

2. MEC has developed a MECCA program gdgen2rator. The
MALC program is tasked with devslopirg a universal
Frcgram generator.

3. In several cases, NARF Quali*y Assurance Divisicns
have refused to certify MECCA ICPs dJue to allaged

. proczdural discrepancies.

Fcr the Navy <to take full advantage of its various ACS
dsvelopment effor:s, overall coordinaticn 1is necassary.
This function is and should be MEC's <responsibilisy.
However, since MBC is sponsored and funded by each of the
hardwars systems coamands, it lacks the power “c exer:
authority over their indepandent ACS ini+iatives.

Through the autual cooperation of each of <the sys=ems
commands, real authority for ACS coordina+ion shculd bde
vestad in MEC, Por its part, MEC should est<ablish an iInde-
psndent division tasked with <he following rasponsibilities:

1. Cccrdination cf all ACS davalopment sffor:s

2. Development and maintenancs of a universal prcgran
generator that will be used in the development of all
Navy ACS ICPs.

Certification c¢f all Navy ACS ICPs.
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This division should be sufficien*ly independznt <c¢
perait the ur“jased evaluation and coordination of both MEC
ard non-MEC ganerated ACSs and ACS ICPs.
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VII. RECOBBENDATIONS

The following is a brief summary > of <*he authcr's
raccasendaticos.

A. IEEE-488 SUBSET EEQUIREMNENTS

The current Navy IEEE-488 subset requir=msn*s (Appsndix
D) are inadequate to facilitatz automatzd calibration. A
revised list, bas2d upon axpart opinion, is presented in
Appendix V (Appendix W compares the curren+t Navy, USAF MATZ
and the reccmended subsats).

These subse: regquiremants should be presented to the
industry as Navy GPIB raquirsaents. It is anticipated that
the electrcnics industry will respond favorably to such
raquirements based uron the followiag:

1. The positive reception USAF requirements (including
confiquration control) for MATE gqualification
received from industry.

2. The relative ease of implsmentirng all functional
subsets when GPIB is ipplemented using a standard
IEEE-488 integrated circuit.

B. IERE-488 CODB, SYNTAX AND CONVENTION STANDARDS

The Navy should convane a study group to investigate the
various codes, syntax and cenvention standardizaticn progo-
sals now before <the IEEE Standards Boargd. The resul:s of
their efforts should ke used <40 guids Navy GPIB procurement
and to facilitate Navy support >5f <he most apprcpriate
proposal (or, if necessary, %c gensrat2 a new prcposal).
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3 APOR:

TEX L

C. GPETE GFIB PROCUREBMENT POLICY.

N A GPETE GPIB procuremen* policy should be established.
Such a pclicj need not be a universal "buy" cr "dcn'< buy®
directive. Tt should, however, provide a uniform means for
weighing the individual costs and benefits associatzsd with

each fprccurement.
Additionally, any GPIB policy should easure irclusicn of

=1

% all required IEEE-488 functional subsets and conformance
% with the codes, syntax and conventions requirsd for compati-
g bility wi<th other instruments in the iaventory.

§ D. GPEETE PFOLLO¥W~-ON FROCUREHMENT

% Steps should be taken to <raduce GPETE prolifzration
N caused by the fcrmal advertising of follow-on prccur=sments.
? Initial procurement of GPETE <rsquirements (based urgon
§ entirely nev reguirement of improved salient characteris-
§ tics) shculd be procured competitively. But the merits of
. , standardiza+isn suggest a different approach is required for
% follow-cn procuraament. The foliowiag methods should be
% considered:

k 1. pMyltiple Year Options. Instead of the current prac-

tice restricting GPETE procur2ment contracts +*o one
year with a single year option, contracts with *“wo or
mcre opticn years should be sough+«. This methcd would

N n AN
e T S

réduce the frequency of 1letting contracts while

: retaining the cption to chaange to another inst-umen*
3 model as the state-of-the-ar: dictates.

§ 2. Hyltiple Year contragts. The U.S. Army Is currently
g using fivs vyear con%racts fo- TMDE procursment
: [Ref. 51]. This approach not orly reduces formally
} ' advertised follow-on procuremen=zs, but will probably
13 result in a 1lcwer procurement price reslative +c the
? aultiple year opticn approach because of reduced
p 65
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E% uncertainty for the manufacturer. Howevsar, +his
g aprroach could also lock in the procurem2n* cf GPZTE

&
that subsequently becomes obsoclate or proves unreli-
akle. Thaerefcre, this approach should not be used in
+he following cases:

a) GFETE approacking the end of its life cycle.
b) GPETE at the beginning of iIts 1lifs cycle tha+ has
nct yet preven its reliability.
3. Use 2f Life Cycle Costs. ife cycls ceosts, no+«
p:ccureneht ccsts, could be used as the cost critstia

for fellow-on p:ocurementl Such an approach may be
viable for competitive negctia*ion, but would be very
difficult to implemernt for a <formally advertised
procurement.

4. Use cf Logistics Costs. A cost element tha*t can be
considered alcng with procursment cos*t in a formally
advertised procurement is the logis+ics cost. An IFB

N
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could requirse the bid <¢o include quantification of
* logistics elements such as publications, training,
prcvisioning and ICP developmant. This approach
would give the incumbent a legitimate price advantage
vnile retaining most of <he advantages of fcrmal
advertising.
5. Us? of DAR Stapndardization Exgcsption. A determina-
.v _ ticn and £findings (DNF) could be initiated +*o jJustify
- : a negotiated sole source follow-on procurement of
GPETE. Justification £for the DNP :is found ia the
5}; Defense Acquisition Regulation (DAR) exception for
i standardization of tachnical egquipment  deployed
— outside the United States or aboard ship [Ref. 52].
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E. ACS COORDINATION

It is recommended that a divisicn of MEC be establ:ished
to coordinate ACS development, develop and main<ain 2 univ-
ersal program generatcr, and certify ACS ICPs.

F. CALIBRATION/REPAIR TRAINING

To improve fleet calibration/repair <test equipment
training, the following actions are recommended:

1. Arrangs factory training at major Navy installa<+icns.

2. Establish NALC Detachment/NAMNTD phase package
training courses.

3. Make test eguipment r2pair/calibration sound/slide
and video casse*te training courses available %0 <he
fleet.

4., Maka manufacturer test 2quipment instruction/
information periodicals available o fleet urits.
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VIII. EPILOGUE
As the result of the a*tention :zhat the =Ces<carch for
this <thesis brought <+o +he GPETE/GBIP gquestior, the

. following actions have been initia=zesd;

1. MEC is giving active consideration to modifica*icn of
MECCA closed lccp procedures <o limit operatcer inter-
vanticn to parametric check failuzes [Ref. #1].

2. NAVELEX 8151 has initiated ccnsidsration cf a GPETE
GEIB policy [ Ref. 35].

3. NAVAIR 55223 has directad NAEC 92524 %o ccordinate
with NAVSEA 06C1C and NAVELEX 8152 in formulating a
GEETE GPIB policy [Ref. 37].

4. NAVELEX 8152 has directed that, whers applicable,
future shore ccmmand GPETE requiremen<s include GPIB
[(Ref. 36].

5. The NAVMAT TMDE Action Group (chaired by NAVELEX
08T2) will make GPETE GPIB policy an agenda i%em for
the group's meeting in Ncrfolk, Virginia on 18-19 May
1683 {Ref. 53].
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AC/D
ACS
ACL/SCD

AFB
AIMD

AIMSO

ANSI
AQOP
AEN
ASCII

ATE

Ba

BB
CATIIID

CECONM

CIIL

APPENDIX A
DEP INITIONS

Autcmatic Calibration and Diagncstics

Autcmated Calibration System

Autcmatic Calibration Laboratory/Sa+ellite
Calibration Development

Air Porce Base

Aircraft Intermediats Maintenance
Cepartment

Aircraft In“ermediate Maintenance
Support Office (Patuxen* River, MD)

American National Standard Institu%e

Average Over Perisd

Aircraft Procuremsnt, WNavy

American Standard Code For
Information Interchange

Autcmatic Test Equipmen*

Budget Activizy

Building Block

Computerized Automatic Test=ar,
Digi<al

Communications and Electronics
Ccnmand (U.S. Army)

Continuous Integrated Intermedia<te
language

CCMNAVAIRLANT Commander, Naval Air Force,

U.S. Atlantic Fleet

CCMNAVAIRPAC Conmmander, Naval Air Forcse,

0.S. Pacific Flzet
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CCMSUBLANT

CCMSURFLANT

CPI
CRT
Css
Css
CIE

Ccv

ct

DAR
DARCON

Dy
CIA
DNF
DOD
ECP
BERON
ETE
FCA
FMSO
PEAMS
FY
GEIR
GINO
GEETE
GPIB
GSA
GSE
GSI

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

Commander, Submarine Porce,
U0.S. Atlantic Fleet
Conmmander, Surfacs Porce,
U.S. Atlantic Fleet
Consumer Price Index
Cathode Ray Tube
Consolidated Systsms Suppe:s+
Contractor Suppert Services
Commercial Test =guipm=ant
Aircraft Carrier
Calendar Year
Defense Acquisi+ion Ragulations
Development and Readiness
Ccmmand (U.S. Army)
Digital Mul:timeta:x
Defense Logistics Agency
Determination and Findings
Department of Defz2nss
End of Period
Erasable Programmable Rsad Only Memory
BElectronic Test Equipment
FPleet Calibration Activity
Fleet Material Suppozt Office
Plat Rate Measureoment Systen
Fiscal Ysar
GPETE End Item Replacement
GPETE Initial Issue
Ganeral Purpose Electronic Tes+t Equipmsnt
General Purpose Intarface Bus
General Services Adminis<ra<ion
Grcund Support Equipment
GPETE Support Item
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2-P
HP-1IB
ICP
ICP
ID
IEC
IEER

IFB
I/JSATP

ILs
IMRL
Lcc

LEN

LCE

Lsa
HACL
MACS
MATE
MEASURE

MEC
MECCA

METRL
MIL-HLBK
MILPERS
MIL-STID
MEN

MIBF
NAEC

Hewlett-Packard, Co.

Hewlet+-Packard Interface Bus

Instrument Calibra*ion Procedure

Inventory Contrcl Point

Interface Device

International Electrotechnical Commi+tes

Institute of Electrical and
Electronic Engineers

Invitation Por Bids

Industry/Joint Service Automatic
Testing Projec:

Intagrated Logistics Support

Individual Material Readiness List

Life Cycle Costs

Logistics El2ment Manager

Level Of Effort

Logistics Support Analysis

Mokile Automated Calibration Laboratory

Mobile Automated Calibration System

Modular Automatic Test Equipment

Metrology Automatad System for Uniform
Recall and Reporting

Metrology Engineering Center

dodularly Equipped and Cenfigured
Calibrators and Analyzers

Metrology Requiraments List

Military Randbock

Military Personrnal

Military S<andard

Military Personnesl, Yavy

Mean Time Between Failure

Naval Air Engineering Cernter
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NALC
NANMTD

NARP
NAS

NATC
JAVAIR
NAVCCHNPT
NAVELEX
NAVMAT
NAVSEA
NAVSUP
NCL

NEC
NESEA

NIF
NPS
NSF
NS
0JT
ONMB
O6MN
OPR
CTs
PDV
PHCNECON
PME
PCH

QA
RADCCH
SAI

Naval Aviation Logistics Coammard

Naval Aviation Maintanance
Training Detachment

Naval Air Rework Pacilicy

Naval Air S*tation

Naval Air Test Canter

Naval Air Systems Command

Navy Office of the Comp+roller

Naval BElactronics Systams Command

Naval Matezial Command

Naval Sea Systems Command

Naval Supply Systems Command

Navy Calibration Laborazory

Navy Enlisted Classification Code

Naval Electronic Systams Engineering
Activity (St. Inigoes, MD)

Navy Industrial Fund

Naval Postgraduate School

Navy Stock Pund

Naval Weapons Station

On-The-Job Traininag

Office of Managemen= and the Budget

Operations and Maintenance, Navy

Other Procurasment, Navy

Off-the-Shelf

Present Discount2d Value

Telephone Convarsation

Precision Measuring Zquipment:

Program Objectiva Memorandum

Quality Assuranca

Radar and Ccamunications T2aster

Science Applications, Inc.
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SHER
SOA
SPCC
SPETE
SPETERL

STEAL
sysccn
TAMS

TEK
TI
TINS

THDE
USAF
YCR
WEN
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Supply and Equipage

Ship's Acquisition Manager

Source, Maintenance and Recoverabili<«y

State~of~-the~-Art

Ship's Parts Control Center

Special Purpose Electronic Test Equipment

Ship's Portable Electronic/Blectrical
Test Equipment Raguiremen<s Lisz

Shore Tsst Equipmen* Allowance List

Systems Command

Test and Measuring Systems Office
(NAVELEX Code 08T)

Tektronix, Inc.

Test Instrument

Transaission Impairment Measurement
Systen

Test, Measuring and Diaganositic Equipment

United States Air Porca

Video Cassette Racorder

Weapons Procuranent, Navy
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ARRENDIX B
ELECTRONIC TEST BQUIPMENT CLASSIFICATIONS

Navy electronic test equipment (BTE) is <classified by

the

Naval Material Command EBlactronic Test Equipmeant

Classification Board. The board consists of ore rapresenta-

tive

frca NAVAIR, NAVSEA and NAVELEX and is chaired by

NAVELEX (an individual other than tha NAVELEX representa-

tive)

and meets as required to classify ETE in¢o one of the

following three catagorias:

1.

2.

3.

Geperal Puzpose Electronic Iast Eguopment (GEEIE).
GPETE is <that slactronic test equipment <that 1is
capable c¢f, without mwmodification, or ganerating,
mcdifying or measuring a range of parassters of elesc-
trenic functicns required +to test two or amore
equipments or systeas of basically different design.
Newly designed and manufactured commercial cff-the-
shelf (OTS) electronic test squipment (CTE) used to
suppert one systam, will normally be classified as
GPETE if it is reasonable to predict its use will be
required with more than one equipment or systenm.
Sescial DRuzpose Electronic ITest Eguipment (SRELE).
Electronic *test equipmert that is specifically
designed to generate, modify, oOr measure a rangs of
parameters of electronic functions of a specific or
peculiar nature raquired <o test a siagle system or
eguipment, and it is reasonable to predict its use
vith msore than one system is unlikely.

Cther-EIE. Any “est equipment o= corsider2d4 as
e¢ither GPETE cr SPETE. (Ref. 58]
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ARRENDIX C
IBEE-488 PUNCTIONAL SUBSETS

The following tables (RBef. 55] rspresent eacih of the
ISEE-u488 standard's functions, except the ccatroller func-
tion (which 4is not applicabls to GPETE). Ths degree to
vhich a giver function is implemented in ar inst-umsrn+ is
represented by a functional subset designation. For
exaaple, in the "Remots-Local" function, RLO m2ans <ha: the
function is not implement3d; RL1 means tha*t both the "hasic
remote~lccal®” and "lccal iock out" subsets are implemented;
wvhile R1L2 means that only the "basic remote-local" subset is
iaplesentzd.

SOURCE HANDSHAKE SHO | SH1
Full ciplbility Allows the device to generate the X
' handshake cycle for transmitting
data
No Capability | X
ACCEPTOR HANDSHAKE AHO | AHM
Full Capability Allows a device to generate the ) ¢
handshake for receiving data
Ko Capability X
DEVICE TRIGGER DTO| DT1
Full Capability Allows an instrument or group of X
instruments to be triggered or some '
action started upon receipt of the
group executive trigger (get)
_ message
No Capability
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SERVICE REQUEST

N <

FMull Capability Allows an instrument to request X
service from the controller with
the SRQ line
No capability X
REMOTE-LOCAL IRLO | RL1 JR1L.2
Basic Remote-Local Allows the instrument to switch X{zx
between manual (local) control
and programmable (remote)
operation
Local Lock-Out Allows the return to local X
function to be disabled
No Capability X
PARALLEL POLL PPO | FP1 {PP2
Basic Parallel Poll Allows an instrument to report IlXx
a single status bit to the
controller on one of the data
lines (D107-D108)
Remote Configuration | Allows the instrument to be X
configured for parallel poll
by the controller
No Capability ' e
DEVICE CLEAR DCO | DC11DC2
Basic Device Clear Allows all instruments on the I} X
to be"initialized to a
pre~defined cleared state
Selective Device Allows individual instruments to X
Clear be cleared selectively
No Capability X
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ARPENDIX D

. NAVY IEEE-488 FUNCTIONAL SUBSET REQUIREMENTS

. The following Navy IEEE-488 functional subset require-
. sents are specified in MIL-STD-28800C, “Gareral
; Specificaticn For Test Equipment For Use With Electrical aad
g Electronic Equipment,"™ paragraph 3.13.2.2:
Iptezface Functicn  Symbol  Subsst Requiremszis
. Scurce Handshake SH SH1 Tequir=ad
5 Acceptor Handshake AH AH1 requizad
Talker T T1 raguired
g Listaner L L1 requirsi
5 Service Raquest SR SBR1 raquired
Remote Local RL RL1 requirad
7. Parallel Poll PP no+ mentionad
( Device Clear DC not men+ioned
g Device Trigger DT not mentioned
1
;
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ARRENDIX E
MATE IEEE-488 SUBSET REQUIREMENTS

The fcllowing are the minimum allowable IEEF-488 func-
tion subset requirements for USAF Modular Automatic Test
Pquipmert (MATE) qualified ianstrumants:

Iptazface Fupctico symbol Subse: Reauiremernts

Scurce Handshakz2 SH SHO not allowed

Accaptcr Handshake AH AHO no= allowed

Talker cr Extended T or TE IO not allowed
Talker TEO not allowed

I1,72,75,T6 preferred
TE1,TE2,TES,TE6 preferred

Listener or L or LE LO not allowed
Extended Listener LEO not allowed

Service Requaest SR SR1 optional

Remote local RL RLO not allowed

RL1 preferred
RL2 not praferred

Parallel Poll PP PP1, PP2 optional
Device Clear DC optional

Device Trigger DT optional
Centrcller* c CO0 not allowed

c1,2,3,4,5 preferrzd
* Not applicable to GPETE +yps iastruments vwvhich will
never serve in the ccntroller funciion.
Source: Proposed MATE System Control Intarface Standazd,
P-oposed Standard No: 2806564 Rev. D, PSCM 13604, 05 MAY 82.
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ARRENDIX P
GPIB GPETE AVAILABILITY

The following is a list of thcss standard and sutstitute
GDETE items the author was able to identify as pbeing avai-
lable with GPIB either as a standari featuZe or as an OFtion
(Ref. 25,28,5].

Nf: Mcdel ¥r Description opr Nr Cost XNotg

FLUKE 8600A-~01 4.5 Digi+ DMM 529 250 1
FPLOKE 8800A/AA 5.5 Digit DMM 529 250 1
FLUKE 1953A Counter 15 500
B-pP ' €328A Count er oMn 450 2
H-P 8620C Sweep Generator on 950
=P 8660C RF Signal Generator 005 250 3
8-p sSuoa - courter on 425
H-P 3586C Voltaeter Stardard Feature
WEINSCHEL 9675-200 Sweep Generatorl 08 675
NOTES:

1. Unit must be used in conjunction with a Fluke 11204
IEEE-488 Translator.

2. Upit is currently being bought as GPETE with th2 GFPI3
ofticn installed.

3. The GPIB cpticn is "list2n only."
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ARRENDIX G
AC/T CONPERENCE ATTENDEES

The following individuals attand=d4 the AC/D ccrference
in Dallas, Texas, 29-31 March 1983.
Baae Agtivity Code
Don Tobey SAI, Dallas N/A
Richard anderson NALC Det West 3022
Jochn D. Crellin NALC Patuxent Rivsr 3321
Walt Fi+tzgerald NALC Patuxent River 3322
Vernon Marsh NAIC Det East _ 3012B3
Elton E. Artis NARF Norfolk, Type II 66010
Rick Renfro NARF Alameda, Type II 66200
Emmett Parker NARF Alameda, Type IIX 66300
Wayne Porter NALC Det West SAI/NCRIS
Joseph A, Walker NARF Pensacola, Type III 94700
Mike Foley NARF Pensacola, Type IIX 66400
Robert Sloccmb NARF Ckarry Point 94207
Doity Gaskill NARF Cherry Point 9420
V. (Pete) Grier NARF Cherry Point 52120
Gene Allerton DALFI, Inc., San Diego N/A
Barry Sanderson NARF Jacksonvills 94461
Prank Brooks NARF Jacksonville 9u400
Ken Mcon NARF Jacksonville 94461
Jim Lcpez NARF North Island 94320
Terzy T.lxrcqel NARF Nor+th Island 94325
Edward R. Greer NATC Patuxent Rive: TS=-243
Paul Willenberg NAIC Patuxent River TS-243
LCDR #.D. Stahler Naval Postgraduate School SMC 1689
Thomas lLeedy National Bureau of Standards N/A
leés Sco+t Cerberonics Corp., San Diego N/A
He E. Bradley Naval Avionics Ceater 430
H. T. Riebe Naval Avionics Canter 432
81
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Peter Sargent DALFI Corp., Oakland N/A
Blwin Speary SAI, Patuxent River N/A
G.R. Flintrop SAI, NCL Tustin N/A
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APPENDIX H
LIFE CYCLE CALIBRATION SAVINGS ANALYSIS

At +he author's request MEC conducted a comparative
analysis of the +time required to <conduct an open arnd closed
loop MECCA calibraticr. Ths test instrumen<t used was *he
FLUKE 8860A digital multimet2r, +th2 only instrument for
which bc+h an open and clos2d loop ICP had bean devslcped.
The test involved three t2chnicians calibra+ing «he instru-
m2nt using both techniques. Al*thcugh the zxact test figures
are not available for releasse, the <2st shcwed an approxi-
mate 50% reduction in the closed loop modsa.

A survey was also conducted via phone conversations arnd
questionnaires +to ascertain the =2stimatss of individuals
involved in automatic calibration system development and
familiar with MECCA. The following estimates were oktained:

Nape/sActivity/Reference Estipate
Mr. Mark Anderton 10-25%

CCMNAVAIRIANT 532Bt11
phcnecon of 29 Nov 1983

Mr. Rcbart Cole 25% or more
MEC Eomona
visi+ of 07 Jan 1983

¥r. Hobert Holcomt 90%
SAI NCL Tus*in
phorecon of 13 Jan 1983

Mr. Micheal Eagar 20%
NWS Crane
Questionnaire

dr. Micheal Poley 25-30%
NARF Pensacola Type II Lab
Ques<tionnaire
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%
: .
o Mr. Paul Willenbozxg 25%
§ NATC Patuxent River
Questionnaire

o Mr. Fichard Renfro 10%
% NARP Alameda Type II Lab
3 Questionnaire
K . These results vere presented at the AC/D Conference in
; Dallas, Ta2xas on 30 March 1983 (s=fer 4o Appoendix G for a
; list f attendees) and the <following manhcur reducticn
éA factcrs were agresd upon:
’ 1. Conservative Estimate (current MECCA <closed 1loop
: Frccedures) : 25%
§ 2. Best Bstimate (current MECCA closed locp procedurss):
5 30¢%
. 3. Best Bstimate (revisad MECCA closed loop procedures):
5 50%

»
]
;
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- ARPENDIX I
S SOPTWARE COST DECISION TREE
5

2 The fcllowing decision tree is designed to assi

s
dacison maker in determining if sof“wars devalopaent,
maintenance and distribution costs arzs incremenzal +to a

S?rRT

Will development of a new ICP be | YES
required for the non-GPIB instrument ?

procurement dscision.

2
:

i

R I L
£ e LR

o NO Y

>

RN AN AL

u

Software costs are Software costs are
incremental and non-incremental and
should be should not be

considered considered

R R g

N L R 2
Y S A

| e
N .
>
—

ol

Will development of a new ICP YO
be required for the
GPIB configured instrument ?

-

b enemm———
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APPENDIX J
PAILURE RATE DERIVATION

The repair incidence (failure rate) was derived through
a survey of various ipdividuals highly 2xp2rienced in the
operation and maintenance of IEBE-488 configured test equip-
ment. The survey was conducted through phone conversa+tions
and questionnaires. The following is a complaze lis<ing of
the responses:

Napeshctivity/Refezencs EFailurs Iacidsnce
Mr. James Cigler Approximately S%

NARF Norfolk Type III
thcnecon of 23 Nov 83
MT. Paul Willenborg 1-2 %
NATC Patuxent River
Questionnaire dtd 24 Feb 83
Mr. Dcnald Marshall Less thanr S%&
NAS Whidby Island Type III
phcrecon ¢f 12 Jan 83
Mr. Micheal Eagar Maximum of 5%
NS Crane
phenecon of 17 Jan 83

These survey results were presentsd and discussed at the
AC/D Ccnference in Dallas, Texas, on 30 March 1983 (see
Appendix G fo5r a list of the conference attendees). The
concensus of thae conference was that 2% failure rate should
ts utilized.

Although <the 2% failure rat2 may appear qui<e 1lcw,
further analysis indicates otharwisa. If one only considers
the GPIB duty cycle as +tha*t tine during which *he bus is
used (i.e. the conditicn of the bus does not deteriorate
during idle time), <the 2% failure rate translates %0 2 m=zan
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time Eketween failure (MTBP) of oaly 94.5 hours ((.7 X 2.7
hrs/calibratisn) /(.02 failures/calibration)) for the csxampls
used in Apperdix S.

This MTBP is significantly lower than that calculated by
tsst equipment manufacturers during warraaty Ispor. ;repara-
tion. Twc examples are off ared.

1. Hewlett-Packard's warranty raport on <+the 8672 signal
generator estimates the IEEE-488 bus (HP-IB) failurs
rate at .2% per year (based upox 2000 hours per
year). This translates to a MTBF of 1,000,000 hcurs,
fcur orders of magnituda2 grsater than *he ratz used
in this analysis. Addi*ionaily, H-P calculated that
+he HP-IB only contributed .9% to *“he overall failure
rate of the instrument. This failure rate, hcwever,
is based on an instrument not corneczed <*o ancther
instrument or controller. It, therefore, Joes not
include the failure rate o£ <+he GPIB connec-or.
{Ref. 57)

2. Tektronix has calculated the failure rate of a GPIB
cable (with twc connectors) as .0324 per 1000 hours.
This translates to a MTBF 5f nearly 31,000 thours.
(Ref. 58]

Because of these low failura rates, <+he incremental fae
that manufacturers charge for inclusion of GPIB cption
coverage in their agnual repair agraements 3is very small
(most often 2zero). Examples are provided in Appendix L.
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ARRENDIX K
IBEE-4868 REPAIR MANBOURS AND MATERIAL COSTS

The average cost of an IEEE-488 vTepair 3in %erms of
: . manhours and materials vas establishad through interviews
% with and the completion of qusstionnairass by various indivi-
¢ duals experienced with bus repair. Thas followirng is a
{ sample of the rasponses:
Bans/zhctivity/Refezance Baphours Matsrial Cos:
g Mr. James Cigler 2 $ 20-25
2 NARF Norfclk Type II
; phonecoa of 23 Nov 83

Mr. Paul Willenborg 2 $ 25
NATC Patuxent River
i Questionnaire dtd 24 PFeb 83
. Mr. Donald Marshall 2 $ 25
o NAS ®Whidby Island Type II
phcnecon of 12 Jan 83

% Mr. Craig Gaby 2 (if bus ceontrolled by
: Hewlett-Packard separat: microprocessor)
: Service Canter, Atlanta 6 (if bus and instrument
; phcnecon of 18 Jan 1983 con=rolled by a single
: _ micToprocessor)
- The results of this survey ware discussed at the AC/D

Conference in Dallas, T2xas on 30 March 1983 (for a list of
attendses see Appendix G). The discussion resul*ed in an
estimata cf 3 manhcurs anrd $40 of materzial for an average
repaiz acticn. The primary justificatioa given for <*hese
relatively low averages was +that a high percentage of GPIB
repairs cnly involve reseating a circuit card.
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Pucther Jjustification for thess low average 2xpendictures
cones frca the following:
1. The incremental charge for inclusion of =hz GPIB

g v
5

"

cpticn in a manufacturer's annual rapair agreen
: small, most often zZero (see App2ndix L for examplzs).
Since electrcnics firms are in Dbusiness <¢o
. aoray, it can be assumed “hat the GPIB is ac+ only
teliable, but is also r2latively insxpersive <%0

t

repair.

2. The parts invclved ir GPIB impl=amenta=ion are gener-
ally inexpensive. The following examples

2 [Ref. 59,60] illustrate:
; Texas Inst. 9914A GPIB Integrated Circuit 316.00
g SN160 Buffer 5.00
~ SN162 Buffer 6.50
g HP-IB Internal Cable (H-P 5328A Coun=ar) 16 .50
HP-IB Circuit Card (H-P 5328A Counter) 206.00

i
1)
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. ARPENDIX L
ﬁ; GPIB REPAIR CONTRACT COSTS
§ The follewing data reflects the annual repair agr=zement
S rates for Tektronix and Hewlett-Packard test equipment avai-
'g lable with GPIB as an option [Ref. 61,62].
%’ Cost of Annual Rapair Corptract
Hfr Model Nomenglatuze Nca-GRIB  Hith GRIB  Dalta
H-P 6002A Power Surply 75 75 0
8 B-P 6129C Voltage Source 230 230 0
5 B-P 6130C Voltage Source 260 260 9
: B-P 6131C Voltage Source 260 260 0
- B-P 8016A Word Generator 360 360 0
ﬁ H-P 80180 Data Generator 360 360 0
:; . H-P 8620C Sveep Generator 75 95 20
” H-P 86600 Signal Generator 265 265 0
N - #-P 436a Power Meter 60 690 0
i H-P 1610E Logic Analyzer 110 110 0
g '#-P 16150 Logic Apalyzer 85 85 0
4 H-P 1640B Data Analyzer 105 105 0
H-P 2804A Thermometer 160 160 0
H=-P 19808 Wavefora Storage 100 115 15
#-P 37713/F Da%*a Analyzer 280 280 0
A H=P 4262A LCR Meter 125 170 45
H=-P 49432 TINS 310 310 0
B=P 4944 TINS 310 310
H-P 53280 Counter 30 30
H-P S340A Counter 370 370
#-P S3420 Counter 170 209 30
: B-P S3454 Counter 245 245 0
A=-P 3964A Tape Reccrder 260 260 0
ct B-P 39680 Tape Reccrder 575 575 0
‘ B-P 5150  Printer 105 105 0
90
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: TEX 468 Oscilloscope 430 430
! TEK 5223 Oscilloscops 305 305
TEK 492 Spectrum Anal 610 630 20
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ARRENDIX 1§
LOGISTICS COST FACTOR DERIVATION

A logistic cest/material cost ratio was one of the mos*
° illusive elemen*s in this analysis. Coanasul«atiorn with
members of +the Naval Postgraduate School (N2S) <£financial
management facility and phone conversations with MAVSUP,
NAVCOMPT and the Fleet Material Suppor+ 0Offica (F¥SO) failad

to locate a viable figure.

With the assistance of CDR Peter W. Blondin, N¥PS £iran-
cial management faculty, the following ratio of budget
elements relatad to logistics system operation costs and the
cost cf materials prccessed by the systam wvas devised:

1. Logistics System 0Qperazing Cosis (Numegzator).  The

. estimated cost of operating the Navy logistics syszen
was based upon the £ollowing PY-83 budget
» ' autherizations:
Appgopriaticn Areas Included Approx Am%
O8N, N (BA-7) NAVSUP Hdqtrs. $ 60 M
ICPs/FNSO 200 M
Stock Pecints 220 M
Traansportation 460 "
otM, ¥ (Other BAs) Stock Points 100 &
o&N, DOD ICPs/Stock Points 400
MEN MILPERS in Supply 300 ¥
Pzocursment Investment Costs 100 1
TOTAL APFROXIMATE FY~-83 COSTS $ 1,840 N

2. 3ypply sSysisey ¥ategial Coszs (Danominator). This
figure consists of PFY-83 budget authority for spare
parts and for Navy Stock Fund (NSF) material.

Apecopriation Arsas Ipcluded Approx aat
AL CEN Spares Procurement $ 81 N
) ’ WPN Spares Procurament 127 ¥
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APN Spares Procurement 1,998 M
NSF (O&M,N) Spares Procuremsnt 3,600 %
Other Stock Funds Spares Procuremen* 8C0 n
c&éy, N (BA-7) Eng/Component Rawork 1,034

TOTAL AFPROXIMATE FY-83 Costs 7,030 ¥

3. Logisticsg CostsMatsprial Cos: Ratio. Division of <he
lcgistics costs ($1,840 ¥ by <the zotal material
costs (37,030 ¥) yvields .2617 (26.17%.

" This 26% figure grossly understates (pechaps by as much
as 100%) +he actual cost ratio bscause of the abssncs o2
seaveral major logistics system cost elements which were not
available. Amcng these absant cost elements are zhe
following:

1. cests of Aflcat Supply Syppozt. The Navy emfloys
rumerous supply support ships to deliver supplies to
the opsrating units. The above logistics system cost
estisates do no* includs any cos*s for “*heir
operation.

2. gCcsts of logistics Planning. A4 good portior of the
Naval HNaterial Command and its associated systems
coamands (other than NavVsSUP) are directly involved in
the planning and programaming of logistics suppert
vithin the Navy. This involvemeat includes both <he
acquisiticn c¢f major systams and <he 1lcgistical
suppert of these systams. Since i+ was not possible
to segregate individual costs of supply support from
cther major logistical areas, no cos* for thz Naval
Material Command or its systems command (other than
NAVSUP) have tesn included.

If a true ratio could be calculated it would lie some-
vhere between 25% and 55% (Ref. 63). In this analysis the
sid-point of this range, 40%, will be used for %he logistics
cost factor. Portunately, as demonstrated in <he sensi-
tivity analysis (Appendix T) <the accuracy of *his fac*or is

93




LUNT MLy g N, Sua’ 9 o i K v - ——— A -r L an
s S e By Lt oy R e A AR Mg 2 ISttt AS M W T O S SRS e I i N

£ o

PR 4
T i

not critical ¢o the analysis. In fact, *+he diff=zrence in
tha modelts output using 25% factor as compared *o a 55%
factecr is crly $1.10.
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ARRENDIX ¥
PCA MANHOUR COST CALCULATION

The cost of a ECA manhour is based upon <he NAVCOMPT
Manual's wStatistical Costiag of Military Personrnel
Services" [Ref., 64) and an overhead rate equal to <chat
recorded by the Navy Industrial Funded (NIF) VNaval Air
Rework Facilicties (NARPs) during FY-§2.

1. Hcurly Labor Ccsts. The houzly labor cost is based
upon the average hourly rates £or paygrades E-U4 and
BE-5 as taken from +he "Navy Comprnsita S*andard
Mili+tary Rate Table" [Ref. 65].

Paygrade Hoyrly Rate
E-4 7.66
E-5 9.07
Avarage 8.36
» This avarage figure is adjusted for the following two
factors:
Retirement Entitlement Accrual: 26.5%
Other Perscnnel Support Cost Accrual: 23.0%

NOTE: The Other Personnel Support Costs includes
a porticn of guarters, subsisterce, medical
and commissary costs not included in <he
standard rate.

Application of these factors yields:

Current Ccsts

Standard Rate 8. 36
O+her Fersonnel Suppor+ 1.92
Total Current Costs 10. 21
, Deferred Cos:s
Retirement 2. 22
Total Labor Cost 12.50
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2. QOyverhead Rats. The overhead applicatioa of NIF
funded activities during PY-82 was calculazed
the Department of the Navy, O0Office of Comp+trsol
WNavy Industrial Pund" Repor* for tha period an
30 September 1982. The following figures ace <
from *he NARF section of that rapor=:

zon

€T,

['o TR 0 B N

in

m
A
Q

2n

Direct Lakeor $ 372,083,000
Cverhead Labor 337,557,000
Cverhead Matezials § Services 255,511,000

The cverhead rate was calculat2d4 by dividing zctal
overhead by direc:t labor, yieldiag 1.59.

3. Hcurly Overhead Cost. To avoid charging overhead
against a deferred labor cost (retirement), *h2 cvar-
head rate is applied only to tha cuc-renz hourly labor
cost (standard rate and othar persomnel support
costs). Therefore, the hourly overhead charge 2quals
the current hourly labor cost ($10.28) multiplied by
the overhead rate (1.59) = $16.35.

4. ZIctal Houzly Cos:t Of PCA Maphour. The hourly FCA
cost equals the total hourly labor cost ($12.50) plus
t+he hourly overhsad cost ($316.35) = 3$28.85. This
figure is rounded down o $28 per hour for use in the
ccst-benefit model.

It ie recognized that many substantive a-quments can be
made against the derivation of <zais figura. It could be
argued that application of aa overasad charge is invalid Zor
a shipboard PCA baeocause the facili+y cost would <remain
uncharged even if a man was eliminazed. I+ =2:igh< alsc be
argued tkat the overhead chargs is actually %00 low consid-
ering the size of the Navy support establishment aad the
relativaly fcrward gesition of “he FCA ia +<hat structurce.
Similar 1legitimate assaults could bs made cn practically
avery facto:r in this derivation. dowaver, nc othszr figure
exis%s and this £figure is not cui 52f line with the rela<ad
hourly rates discussed in the fcllowing paragraphs.
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AINSO is conducting an "AIMD Cost Collection Program”
and has developed two AIMD manhour cost estima-=es. The
preliminary results for FY-81 (the figures for FY-32 ari
PY-83 are still under development) 1lis* salary/bznefits
ccsts cf $13 per hcur and a total hourly cos* (irncluding
materials) of $40 vper hour [Ref. 66]. Adjusting <thazse

. figures ty applicaticn of the miliary pay raises fcr FY-82
and FY-83 (4.7 and 4.0 percent =r2spectivaly) 0 the

e dekn oAl v,
L S o 4

N L
M e o e T e

cped for this analysis car be explained in two ways. First,
the AINSO study considers all AIND personnel including cffi-
cers and chief petty officers, whereas +this study only
considers PO3s and PO2s. Secondly, tha cost of matarials in
a PCA are, on the averags, lower than that of most AIND work
centers fcr the follcwing reasons:

: 1. FCA inductions are primarily scheduled mainterance
and, therefore, often only rsquire minor adjustments.
Most other AIMD inductions are urscheduled repairs
and, therefore, require part -epiacement a higher

é salary/benefit pcrticn and application of <he consumer price
% index (CFI) €r CY-81 and CY-82 (8.9% and 3.9% rsspec+ivaly)

tc the materijal porticn, yi2lds a FY-83 salacy/bensfis rate
; of $15.51 per hour and a FY-83 total cost ratz of $45.26 per
i hour. The disparity tetween “hase figures and “hose devel-

St

percentage of the time,

2. The repair parts used in the PCA generally ccnsist of
relatively inexpensive electronic comporents. Many
of the repairs in other AIND wvork centers =r2aquire
replacament of more complex and axpensive compcaen<s.

The 3$28/hour figure compares tc *he foliowing hourly
rataes charged by other calibration and repair activitiss:
NARF (averags FY-83 NIF LOE) $ 48.00
John Pluke Corporation 57.50

S o]

et
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ARPRNDIX 0
DISCOUNTING AND THE DISCOUNT PACTOR TABLE

Discounting is a technique used <o adjust <£future cash
€lows *c <*heir current value (pressent discounted value
(PDV)). "The present value of 31 payable next ysar is
$1/(1¢r). This is the amount which, if invested xoday a: an
annual interest rate v, will yield 31 ia one year.®
[Ref. 67] Therefore, the fur<char arn oxpected cash flew is
into the future, the 1less i¢s value will be in current
teras. The 3iscount factor (provided belcw) is the decimal
fraction used to reduce future cash flows to their present
value (PDV).

In accordance with DOD Direc+tive 7041.3 aad OMB Circular
A-94, a ¢en percent discount rate will bz u*ilized in <¢his
analysis. The discount rates used will be "average" factors
vice "end of the year" factors for the following reasons:

The raticrale for using avera g factors_ instead of end-
of-the-year factors 1s essentfally twofold:

1« Afzer_the initia investment cost, most gf the
ann@l costs an beaefits assgociated with a
roject 340 not occur at a single pcint in time
ut rat e: ave sp read throughouz +he year. This
Ig cal rne oparatin costs and
sa lar s h costs are best apordoximated by an
:gnng%alunp payaent occurriag % the middle of

s L.

2. The exact time of occurrance o0f costs and bene-
§ s in nt ears of an aconomic life may not be
ncg& ertainty. In the, absence 9f more
s £i c in ormation, thers is 1no reason <o
snlo that thess costs and benefirs, will cccur

2 on the anuiversa acquisitiorn; ex
2ig t occur at a3y f n *he year. ivera
tors are geretla a plis zo~ such cos.s.
! zors on the low s shou occur about as
4en as orrcrs o bhe ids. In the long
nn! t%ote wil an offsetting effect.
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ARRENDIX P
GPETE LIFPE EXPECTANCY

The life expectancy of various generic classes of GPETE
was derived through the presentation of an input giver to
the author by Mr. Barl Hampel, COMNAVAIRLANT Ccde 532B1, and
its subseguent revision at the AC/D Confarence in Dallas,
Tsxas on 30 March 1983 (refer *o Appendix G for a 1liez of
attgndees).

Lils Expactancy Zsiimaiss

Iostzusent Type  Hampel Input C/D Revision
Counters 20 years 12 y=ars
0Oscillcscopes 8-10 years 9 years
Signal Generators 7 years 10 years
Digital Meters 10-15 years 10 years

In this analysis, the AC/D revised 1life expectancies
will be used.
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ARRENDIX Q
CALIBRATION INTERVAL COMPARISON

The fcllowing is a comparison of <he METRL model number,
* METRL generic and the manufacturer's rascommendsd calibration
interval for a sample of ¢twenty iastcuments (five from each

MECCA applicable generic group) (Ref. 69,70,71].

Salib Iptazval (onshs) ;

3£z Mods] Nr  Ncpenclazuze Gaperic MEIRL Mfs

H-F 370A Digital Multimeter 6 12 12

H-P 34651 Digi<al Multimeter 6 12 12

R-P 34698 Digital Multimeter 6 10 12

H-P 3u76B Digital Multimete: 6 10 12

B-? 3490A Digital Multimeter: 6 6 3

- H-P 5328a Count 2r 6 24 12
) H-P 53404 Ccountsrc 6 38 6
, B-P 53454 Counter 6 20 6
H-E 5360A Ccunter 6 9 3

H-P 53824 Ccunter 6 12 12

H-F 86162 Signal Generatcr 6 16 6

B-P 8614A Signal Generator 6 13 6

H-P 8660B Signal Generator 6 12 6

H-F 86721 Signal Generato: 6 6 6

I H-P 86608 Signal Generator 6 12 6
R-P 6 18C Signal Generator 6 16 6

TEK 4654 Oscilloscope 6 16 12

H-E 17034 Oscilloscope 6 5 6

B-P 17078 0scilloscope 6 5 6

R-PF 180C Oscilloscop? 6 12 6

H-P 12018 Oscilloscop2 6 [ 6

AVIRAGE 6.0 12.9 7.8
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ARRENDIX B
STANDARD MANHOUR CONPARISON

The folloving is a comparison of the standard calibra-
tion @manhours between nmanufactursrs®! service centers and
Navy activities. Twenty instruments are listed, <£ive from
each of the generic groups for vhich MECCA ICPs hava or will
be develored. Navy da*a is basad upon five year MEASURE
data from the PRAMS Report RBR-1 of 19 JAN 1983. Manufacturer
figures are based upcn the currsnt standard calibra%+ion cost
{Ref. 62,70) divided by <the cuzrent hourly calibratica/
repair ccst for the particular manufacturer ($65/hour for
Hewlett-Packard, $60,/hour for Tektroanix).

- calib Std Maphours
Mfr Nodel Bx  Ngpenclatuze ERAM R=1  NFR
H-F 970A Pigital Multimeter 2.1 1.0
H-P 3465a Digital Multimeter 2.4 2.3
H-P 34698 Cigital NMultimeter 2.4 3.0
H=-P 34768 Digi+al NMultimeter 1.8 1.9
H-P 3490A Cigital Multimeter 2.2 3.5
B-F 53284 Ccunter 2.1 4.0
H-p 5340A Ccunter 2.3 4.2
H-F 53454 Counter 4.1 4.0
H-P S360A Ccunter 4.2 6.0
g-P 5382A Counter 2.3 1.5
TEK 4651 Cecilloscope 3.2 2.0
g-P 1703A Oscilloscope 3.3 4.0
H-F 17078 Oscilloscope 6.7 4.0
H=-P 180C Cscilloscope 2.9 1.5
H-F 1201B Oscilloscope 2.6 2.5
H-B 86164 Sigrnal Generator 3.3 2.5
H-F 861A Signal Genera<or 3.6 2.5
H-F 8660B Signal Gena2rator 4.6 4.5
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B-P 86722 Signal Ganarator 12.0 6.0
B-F 618C Signal Generator 3.4 2.5
AVERAGE 3.5 3.1
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ARRENDIX S
COST-BENEFIT MODEL SANPLE EXECUTION

The following example axacution of the cosz-benafit
analysis model developed in chapter 5 is bassd upor a
Deceaker 1982 VNavy procurement of 3000 AN/USM-425 oscillo-
scopes froem Kikisui (Japan). The derivation of =2ach
parameter and the applicable calculations will first be
presented. The results vill then be assigned to the appro-
priate life cycle year, discounted and totaled.

t. Procursment Quyantity. 3000 units (per the contrac%).

2. Ipnstzument Life Cycls. 9 years for an oscilloscope
(Appendix P).

3. GCalibration Cycle. The 16 month calibration iaterval
of the curreat AN/USH-425 oscilloscecpe (“he Tektroni
4658, option 49) will be us2d 4in this analysis.

- Taking into account the initial calibration (assumed
to take rplace at time zero) a total cf seven life
cycle calibrations will be scheduied for execution
during the following nmonths: 0, 16, 32, 48, 64, 890
and 96. ‘

4. §$§njn;§ Calibration Manhours. 2.7 wmanhours, <the
standard calitration manhours of the Tektronix 4654
(from PRANS format 341), vill be used.

5. gScfivars Cogts. PFor the sake of illustration, soft-
vare costs will be included in this calculazioen.

a) Soft¥are Devalcpment Costs. The 32,500 ICP daval-
Cgmnt cost divided by 3000 unics yields a cost of
$0.83 per unit (assigned to +ime 0).

b) Softyare Haintspance Cosgts. $300 per year soft-
vare maintenance cost divided by 3000 uni+s yislds
a cost of $0.10 'sc ysar for sach of the firs+
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nire years cf the inst-umsnt's projected lifs (<h=

entire life of an oscilloscope).

c) Scftware DistIibytion (Costs.
multiplied by 100 MECCA si¢e2s (zounded up froa +he

$4 per

MECCA sit=

"current 93 sites) and divided by 3090 units yisids
a cost of $0.13 per uait for each year of its life

cf

closed 1loop
. v " manhours (2.7)
rate ($28).

cycle.
6. BRepair and

~Over this

®dV)
C), and totaled as fcllows:
DISCOUNT
IR PACJOR  GCOST ELEMENT
0 1.000 Software Develop
Calibd savings
Total
) 1 0.954 Software Maint
Scftvware Dist
) Total
2 0.867 Software #aint

106

Logistics Costs.
ccensumes 3 NARF manhours (3$144),
a lcgistics ccst of $16 (.4
$200.
chance of a failure is 14% based upon
failure upor induction for each of th2

calibrations. Fcur teen

calibration
multiplied by
This calculation yields a $22.68 savings
to be applied at time zero and years 2, 3,

and 8.
These costs/savings are applied
cycle years, discounted *o0 ob*tain a prasent discounted value
(fcr an explanation of discouatiag ra2fer to Appendix

X $40)
instrumesas's

A typical GPIB repaic
349 of mataerials 2and

for a tctzl cos=

life cycla +*he

perceat of 5200
This repair ccst is cha-ged at the life cycle's migd-
point, the £fifth year.

7. Calibration Savings.

The savings
is 30%

€osl

(0.83)
22.68

0.10)

(0. 10)

resulting
of the
<he FCA

to the appropriate life

21.85

(V.23

manhour ccst

a 2% chance of
seven requirsd

is $28.00.

£-om

stardard

4, 6, 17,

IS
i<

21. 85

(0.22)
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Software Dist (0.13)

e Ty -

% Calib Savings 22.68
Total 22.45 19. 46
. 3 0.778 Software Maint (0.10)
2 Scftware Dist 9. 13)
; calib Savirgs 22.68
. Total 22.45 17.47
{ 4 0.717 Software Maint (0. 19)
Scftware Dist (0.13)
; Calib Ssavirgs 22,68
. Total 22 .45 16. 10
: 5 0.652 Softvare Maint (0.10)
i Softvare Dist (0.13)
9 Repair/Logistics (28.00)
, Total (28.23) (18. 41)
6 0.592  Software Maint  (0.10)
y - Software Dist (0. 13)
; calib Savings 22.68
. Total 22.45 13.29
é 7 0.538 Softwvare Maint (0. 10)
: Software Dist 0.13)
! Calib Savings 22.68
Total 22.45 12.08
8 0.489 Software Maine< (0. 10)
] Scftware Dist (0.13)
N Calib savings 22.68 . ~
Total 22.45 10.98
i 9 0.u4u5 Scftvware Maint (0. 10)
; Software Dist (0. 13)
To+al (0.23) (0. 10)
TOTAL 92.94

If the anticipated incremeatal cost cf GPIB configura-
tion is lees than $92.94, irnclusion of GPIB configura+tion
will zasult 4in a 1life cycls cocst benefit. If <the
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anticipated GPIB cost exceeds 3$92.94, <he decision maker
must determine if the non-guantifiables are worth the adéi-
tional life cycle cost.
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ARRENDIX T
SENSITIVITY ANALYSIS

R Nl

This sensitivity analysis evaluat2s the effect orn <he
model output attributabla to variaticn of the input parame-
¢ers. The Kikisuli oscilloscope procurement data used in the !
modal execution example in Appendix S will be used
thrcughout <his analysis.

Because the ®mdel output is the maximum price tha% could

sl

HRIILE

§ be paid fcr GPIB configuration without increasing 1lifa cycle
§ costs, the "break even point" (zero dollars) ou+put is the
% point a+t which GPIB wculd have to be fra2e ir order for “here
. to be no life cycle cost disadvantage.

% 1. Preccurement guantity. Because +he fixed sof+wvare
A costs are amortized over the procurement gquanti*y,
% the model is sensitive ®o0 quan+<ity variations at +he
y - lcwer procuresent levels. '

i PIogurament Quantity Model Output

5 3000 $ 92.94

% 1000 87.53

. 500 80.11

% 250 65. 26

ko 100 20.73

o 78 0.09

-

2. GCalibraticn Mapnhour Reductjon Factor. Because cali-
bration sanhcurs savings is the only quantified
berefit in the model, any variation of its elements

AN A

has a significart impact on the mcdel's output.

(IR

. Reduction Fagter Yode]l Output
¥ 50% 5 167.57

] 30% 92.94

4 25% 73.43

| 20% 560.60

2 109
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10% 16.95

S.5% .00
3. Standatd calitratiopn Manhou:cs. Like the calibrazio:x
manhcur reduc+ion fac+or, standard calibraziorn
manhcurs directly impacts <he vonly quanztified
benefit. Therefore, the model output is sensitivs to
' ) its varia+tion. Uxlike the calibrazion manhour =-educ-
tion factor, this input element carn usually b=
determinsed with rslative cactainty because of <hz

sxistence of *the MEASURE dacza.

1 Szapdazd Maphouzs fodel Qutput
0.50 5 0.00
1. 00 20.37
2.00 61,46
2.70 92.94
3.00 102.54
4.00 139.63
5.00 184.71
. 4. FCR Mnbhour cCcst. Because the oaly cost savings

facter is directly proper+<ioconal to the FCA manhcur

ccet, the model is very sansitive o its variance.
ECA Maphour Cost dodel Output
$ 40 140.67
35 120.50
30 100.33
28 92.94%
25 80.16
20 59,98
15 39.81
10 19.64
5.13 0.00

S. ¢Calirzatiocn Ipterval. As was the case with standard
calibration manhours, th2 calibra<ion interval can

usually be ottained fronm 2xisting da*a. Like
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previous parameters affected calip-z-~
ticn savings,

calitration in+terval.

+ha+t directly
the model is sersitive to varia=ion in

calib Iptezval  Nr calib Modsl Qutpu:
6 months 18 $265.49
12 aonths 9 128.69
* 16 months 7 92,94
24 months 5 62.41
36 months 3 33.04
48 months 3 29.32
60 msonths 2 16.76

Repair and logistics

6. BRepair a3pd Lgcaistics Costs.

ccests may be variad by changes to the failurs rate,

average repair time, material costs, and/cr logistics
costs. These elemants are considered separately.

a) Failure Rate. Because failure rate affects

mcdel's outgut.
Repair ITinme
1 MHR
2 MHRS
3 MHBS
S MHRS
10 MHRS
24 .2 MHRS

1M

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

cverall regpair costs, the model is morce sensizive
tc its variance than it 3is to variance of <+he
. individual repair cost elaments,
Pailuge Bate ¥odel Quiput

0.5% $ 106.64

1% 102.07

2% 92.94

5% 65.56

12. 2% 0.00
b) Repair Time. Repair time would have to increase
significantly <o have a great impact on tae

dodel Qutpus
$ 101.71
97.33
32.94
84.19
62.29
0.00

............
..................
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c) Baterial Costs. Like repair time, material cos<s
wculd bave tO0 vary substantially ¢o havzs any

significant impact on tha model output.
Haterjal cost Hodel Qutpucz

$ 40 $ 94.22
80 87.82
200 72.46
500 34.06
766 0.00
d) Logistics Cost Pag-9z. Variation of the lcgistics

cost factor has very li:ttls effect on <the acdels
output. '

Logistic Pactor Mode]l OQutput

2586.0 0.00
2.00 87.10
1.00 90.75
0.55 92.39
0.40 92. 9%
0.25 93.49

Husber of MNECCA Sites. Tha number of MECCA sites

only affects scftware dis«-ibusion costs and, <there-
fore, the model is very insensitive to its varia“ion.

MECCA Sites Hedsl Qusput

100 $ 92.94
250 91.54
400 90.93
10,012 0.00

Sofivare Cosis. Por largs quantity precursments,
such as the Klikisui AN/USM-425 contract, *he model iz
axtremely iassrsitive +o softwarce cost variactions.

a) Softwaze Developmepnt Coszs. The 32,500 ICP devel-
Cpment cost is as fi-m as any used in this
analysis. However, aven if it were dcubled =0
35,000 it would only zeduce <tha model's outpu* by
$ 0.83.
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b) Software Maiptenapce Costs. Doubling the annual
ICP maintenance cost <toc $600 per year would orly
decrease the mcdel's output by $ 0.70.

c) sSoftvaze njggxiygg;gg costs. Doubling the annual
ICP distribution costs to $800 per year wculd only
decrease the model's cutput by $ 0.94,
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ARRENDIX U
. AVAILABILITY REDUCTIONS DUE TO IEBE-488 INSTALLATION

This study only considers use of the IEEE-488 in*erface
bus fcr calibration purposes, therefore, only bus failures
that impact calibraticn accoaplishmznt will adversely affect
instrument availabili+ty. Because a functicral iazerface bus
is nct required for the test instrumsat's functiornal use,

“u o 3l i T T

‘ tha instrument could be calibrated usirg ous indeperdent
(MECCA cpen 1loocp <c¢r conventional manual) methods angd
3 returped for use. Therefore, the only bus failure that
would preclude any form of calibration would be one which
would cavee instrument inoperability in bcth the 1local and
: reaote modes (a “hang up®).

4 Tc ascertain the probability of such a "hang up" a
nuaber of individuals experienced in IBEE-488 bus operation
and maintenance were surveyed. The results of this survey

e

v follcwus:
7 Napeszictivity/Baferencs "Hang Up" 2zobabilizy
Mr. Eichard Calhoun Definice possibility

MEC Pomona

4 Phcnecon of 29 Nov 1983

Mr. Micheal Fcley "Highly Improbable®
NARF Persacola Type II
Phcnacon of 21 Jan 83

i,

g Mr. Paul Willenborg Has heard of one such
3 NATC Patuxent River incidence
Visit of 24 Pe<k 83
8 Mr. Rchert Mawson Doas no: believe that it

4 John Fluke Corp. is possible.
‘ Phcnacon c¢f 29 Nov 1982
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Mr. Botert Holcoal "Highly iaprobable"
SAI NCL Tustin
phcracor of 13 Jan 1983 |
Mr. Craig Gaby Bus failure vecy seldom
Hewlett-Packard Service affacts local cperztion.
Csnter, Atlanta
phcnscon of 18 Jan 1983
The findings of <this survey were pressnted to the AC/D
Confereace in Dallas, Texas or 30 March 1983 (see Appendix G
for a ist of attandees). The couasensus opinion of the
confersnce attendees was that the possibility of suck a
salfuncticn is remots.
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ARRESNDIX ¥
. IEEE-488 SUBSET REQUIREMENTS POR AUTOMATED CALIBRATION

The following 1IERE-488 automated calibration subse:
raguirements repreosent the identical inputs of Mr. Edward
Greer, Naval Air Test Center Code TS-243, aad Mr. Richard
Calhoun, Metrology Enginsering Center:

Iptezface Puncticn  Symbal  Sybsei Reguirsnmer:s

. Source Handshake SH SHO not allowed

% Accaptor Handshake AR AH0 not ailowed

: Talker cr Extanded T or TE T10,T3,T4,T77,T8 not

? Talker allowead
T0,TE3,TE4,TE7,TE8 0t
allowed

T1,7T2,75,T76 prefeorrad
TE1,TE2,TES5,TE6 preferred

Listener or L or 12 LO not allowed
Bxtended Listener LEO not allow=d

Service Requast SR SR1 requirad

Remote local RL RLO not allowed

RL1 praferred
RL2 not preferred

Parallel Poll PP P21, PP2 o¢odtional
Device Clear DC DC1 required
Device 1Trigger DT optional
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‘ ARRENDIZ §
CONPARISON OF GPIB SUBSET REQUIRENMENTS/RECOMMENDATIONS

The following is a coamparison of <+tha GPIB 3ubset

requirements specifie¢d in MIL-T-28800 (Apperdix D), *ha U.S.
Air Porce MATE requirements (Appendix E), and ‘he recommen-
daticns prcvided by Mr. Bdward Greer and ¥r. Rickard Calhcux
(Appendix V):

1.
2.
3.

S.

Scurce Handshake. SH1 required by all sources.

Accepter Hapndshake. AH!1 requizad by all sources.

Talker or Extended Ialker.

a) T1 required by MIL-T-28800.

b) T, T2, TS, or T6 (or correspording TE sultset)
required by all other sources.

Listepe: or Eitended Listenst.

a) L1 required by MIL-T-2880).

b) LO not allowed by all other sources. This iamglies
L1, L2, L3 aad L4 (and corrassponding LE subsats)

zZe acceptatle.

S8Ivice Rsquast.

a) SR1 required by NIL-T-28800, Mr. Calhoun and Nr.
Greer.

b) SR1 optional for USAP MATE.

Bsepcte-Local.

a) RL1 required by MIL-T-28800

b) RL1 prefarred, RL2 no“ praferred by all cthe:
scurces,

Bazallel 290l1l. <Considerad optional or not rzquired

by all sources.

Rsyice Clsa:z.

a) DC1 ot regquired or considered opticnal by
MIL-T-28800 and USAF MATZ.
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b) DC1 required by Mz. Calhoun and Mr. Greer.
9. Devigce Iriggeg.
; a) DT1 not required or considered optictal by

MIL-T-28800 and USAF MATE.
b) DT1 required by Mr. Calhoun and Mr. Greer.

24
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