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e INTRODUCTION

Untid very recently éach MILITARY SERVICE and COMMODITY
COMMAND within each service had their own ‘maintainability

demonstration requirements. This has presented many problams
_to the contractor because each cormmand had their own ideas of
demonstrating maintainability. To provide unified } demon-

'stration requirements, MIL-STD 471 was developed and replaced

seven original specifications., . It is pointed out there were

- several instances in which commands had no maintainability

effort or specifications at all. Even though MIL-STD 471
has provided a comron ground, it is very gcneral in nature and
leaves riuch to the interpretation. Also, the standard states
tha the demonstration spgcification shali be prepared by the
contractor. A more realistic specificatio; is possible if

the procuring activity prépares the specification with thg

" contractor oroviding the inputs; these lnputs are to be re-

viewved by the procuring activity very closely.

At the request.of the Joint Engineering Agency for }i
demonstration specification for the MET=70 and as a project
for Industrial Engineering 435, the specification contained
in the following pages was prepared. The }M3T=70, at the
time of request, had just started into advance Production
Enginecring Phase which meant the design was fairly firn.,
Some minor changes are possible at this phase. In addition

to meeting the immediate need of a it demonstration for the

bkttt bt i

it Sl Al it s s Sl bl

!



. MBT=70, it is the author's inter. that this specification

will also provide a bases from whicn a standardized M spec=

- ification will be developed for use throughout the Army and

DOD.,

It is felt that the etate-of-the-art in maintainability
.1s not advanced to where maintainablllty requirements can be
‘expressed in quantltatlve terms only. Consequently, qualita-
tive requirements were prepared in terus of Questions which
could be answered yes or no or not apnlicable. Thepe are
nine checklists covering visual displays apd illumination,
accessibility, identification, safety, servicing, cabiins and

connectors, test noints, and equipment unit. Even this type

. of apnroach requires good engineering Judgenent. To ensure

that qua’ified bPersons answer the questioné, a biographny is
required on each individval and must be approved by the pro-
curing activity before the nersoﬁ is EOnsidered qualified,
A person can answer only questions in the area in which ne’

is ‘qualified and he {s required to initial each question he
ansvers,

‘Ihe specification isg divided into six sections and an
éppendix. First, second, and third sections contain the

Scope, referen~e sources, and defiritio- nf terus respective-

ly. Section four malzes up the test denonsiration requireuents,

Thege require.ents are bro%en down into the following areas:
1. Deconstration conditions

2o Demonstration maintenance and chserver tea:
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3. Demonsthation support material .
i, Pre-demonstration phase ' L
5. Formal demonstration phase
ST ~ '6.. Retest phase

7. Sanple size,rgquireﬁents
8. Data requirements“ ..
9. Contractor organization and maintainabiliﬁy '
deionstration schedule
‘Section five consists of the test demonstration proce-
dure and contains the .following areas:’ |
l. Sauple size .calculation
2. Maintenance ‘task selection
3. Test metﬁod'
h« Demonstration criteria
Data makes up section six and is conposed of these areas:
1. Reports and data collection
* 2. Data reduction and analysis
3« Maintainability demonstration report
There are three appendices., The first two contain
the cuantitative apportionmén:, and qualitative checllists.
Tae third anvendix deals with the theory on waich sampler
size equations are based. - Also, the eqvé%ions which deter-

mine acceptance/rejection of a'task are 2Xplained,
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l.. SCOPE : , i

1.1 Goneral -~ This specification outlines the requirements

| and procedures for the maintainability test demonstra-

tion of the MBT-70 system. Statistical requireﬁents

5
. \
cortained herein are baseéd on the normalized distribu- : 1
tion, ', | | | é
1.2 Purpose - This specification provides the user witﬁ the
o "following objectives; ' ‘
(a) 1Insure that quantitative requiregeﬁt in terms of
“ l ﬁct' npt' and T are specified. ' ?
(b) Insure that.gualitative features .of the systenm %
. and support material'are'assessbd. ' 3
" (¢) 1Insure that a uﬁiform;demonstration test procedure !

-

.1s used,

(d) Insure that data coliection}-reduction, analysis,

b unh)' il s el i

" and reporting are standardized.

(e) 1Insure that criteria for acceptance/rejection of

'each task are formulated,
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2. REFERENCE DOCUMENTS :

2 1l The issue of the following documen. in effect oa the
date of invitation for bids forms a rart of this

standard to the extent specified herein:

MILnSTD-?Zl
Definition of Effectiveness Terms for Reliability,

Maintainability, Human ‘Factors and Safety,

2.2 . The following documents are references used in nrepar~”
ing this. specification. They are not a part of this
specification, but are to be used for supplemental
information only.:

s , STANDARDS o .
. MIL~STD-470 * Maintainability Demonstration
‘ 'iMIL-STD-Q?l Maintainabilicy frogram Requirements
I.MIL-STD-IZZB Meintainability Criteria for Tank-
. . Automotive Materiel ,
SPECIFICATION ' |
R MIL-M-26512C(USAF) Maintainability Specification
PAMPHLET '
' AMCP 706-134 Maintainability Guide for Design
'REGULATIong | '
AR 700-51°

Improved Management and Neteruinae
tion of Requirements for Procurement

of Technical Data and Information
MICOM Regulation 7021 Product Assurance
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Cox, Charles D., Maintainabilit ty Engineering Guide,

.U S Army Missile Command Report No, RC-S-65-2 r S

1 Octobver, 1965

Cuminglam, C. E., and Rigby, L. U., Maintainabilitx‘“””‘
Demonstration Plans and Procedures,/ﬁgga Philco, Tech

Meno No. 9, August, 1963 '

1

Cumingham, C. E., Maintainability Denonetration Result

e ) .

And’ Exnerience, Ford Philco, Western Div, Lab., Palto

Alto, California, August, 1967 -

TEXTS

L]

Dixon, Wilfrid J;, and Massey, Frank F., dJdr., Introduc=

' tion to Statistical Analvsis, New York, McGraw-Hill

Book Co., 1957 | '
Geise, John, and HolIer, Walker W., Editors, Nalntain-

ability anineering, Vartin-Marietta Corp. and Duke

. University, Contract No. DA=31~124«AR0-T~100-34, 1965
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5« DEFINITIONS

3.1 The def'nitions set forth in MIL-STD~721 shall apply

to this specification,
specification,

For the purpose of this

the following def: nitions shall apply.
el 1 Support waterial includes support equipment,

tools,

test equipment, technical publications and manuals;

spares and consumables, safety equipment, etc.
3¢de2 Item - 4 generic termlused to identify the specific

entity under consideration, As such, it may be a

part, sub-assembly, group, eqﬁipment, etc,
3.1.3 Maintainability demonstratiﬂn -~ A test which demone
strates the degree of achievement of’ specified

quantitative and qudlitative malntalnabllity (M)

requlrewents.

3.1.4 'Pre-demonstration phase - A period of tipe inmedi-

ately prior to conmencenent of formal ¥ demonstration

' durinf which the test tean, facllities,-and support

matﬂrial will be evaluated,
3+1.5 Formal demonstration phase - A period of time during

which ¥ demonstration tests are performed, data

acquired and anplyzed,-

3.1.6 Retest phase - A period of time following a formal

4 demonstration for repeat or special tests,

3.1.7 Maintenance eavironment - The climatic and operational

conditions under which an itenm will bg maintained,
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©3.1.8 Scheduled maintenance = A specified preriod of time
when preventive maintenance is performed on the’ 8ys= :
,. i l “ tem. , < 2
3.1.9 Unscheduled maintenanca - Any corrective maintenance %
performed on the system during any period of t:.me -
-except during scheduled ‘maintenance, i,
;
:
] :
. * ' 3
1
.
Ps 1 1
%
;
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4. TEST DEMONSTRATION'REQUIREMENTS

4 Duwonst.ation Conditions

belsl The MBT-70 Jystem shall meet the following conditions:
]

(a) The system shall operate under the conditions

specified in Mission Narrative 'MBT=-70 No JDT-,
1083-C-

66 for 6 00C miles or 600 hours between

rebuild or depot overhauls, Mileage and hours

shall begin when the system is released from

the factory, ready for use, Mileage and hours

shall end at 6,000 miles or 600 hours whichever

occurs last, or when the system is retired,

(b) The system shall operate at lgast 1500 miles

or 150 hours between perfofmance of scheduled

maintenance, Mileage and hours shall begin

when the syscen is relndsed from the factory,
~ ready for use, .
(¢) The system shall oyerate w1thovt Performance of
scheduled and u“"cheduled maintenance or serv-

icing per mission rejuirement of Mission
MBT=70 No JD7T=1083%-

Narrative

C~5o0,

4.,1,2 Quantitative requirements for the systenm
follovs:

shall be as

-(a) Total scheduled and unsciieduled maintenance for
the system shall not exceed 120 men-nours under

operating conditions as specified in varagraph

- o e # e
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beled(a)s Ninety (90) man-hours ehall b2

apportioned to unscheduled maintenance (M
and

, : i
R T
oz Tl e g A g

t) . ' /

thirty (30) man=hours appo*tioned to
scheduled maintenance (M e)e

(b) Scheduled and unscheduled maintenance man=hours

s

a2

shall be apportioned per Appendix B for the
MBT- 70 sub-systems,
(e) Servicing time for this system shall not exceed

the limit specified by the procuring activity.
bele3 A yes-no type of checllist shall be used to assess

Lghedlite il e et R e b e A

qualitative features of the system,

Gl

The checklisus

= . shall be per Appendix A and demonstpated in accord-

ance with paragraph 53,2,

4ele4 The levels of maintenance to be demonstrated shall be |
as follows:

a1

(a) Organization First Fchelon
Second Echelon
Third Echelnn

4.1.5 Al scheduled and unscheduled maintenance, and

servieing shall be.demonstrated under'éktreme

Pl i b bl s e e

(b) Fiseld

[ Y

environmental conditions specified in para ’raph

3+2.2,3, Page LS of Mission Narrative MBT=-70 No JDT=
1083"0-660

4el.6 ‘The demons:ration site(s) shall be representative of :

B actual field conditions, Support of the system shall

be of the type and quantity expected in the operational

M Sl gl B g ke U St b b e il
| T TR A
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4.1.9

.h.?
4.2,

- phase, L o, A

The selection of tha items and .the procedv e to
verify maintainability requirements shall be in

accordance with paragraph 5.

Mode of operation, including configuration, snall be

specified with each item gelected to be demonstrated !

in accordance w1th ‘paragraph 6.1.2(a).

Simulation of a fault for corrective maintenance task -
shall be acconmplished by opening, shorting, or ground-'
ing circuits, or b§ inserting féulty parts in such a

manner as to duplicate the syndromes arising from

random natural failures. .

Deronstration Malntenance and Observer Team

The dewronstration observer team shall meet the follow=

fng conditions:

(a) The observer team shall be-comprised of at least
four persons; one of wvhom shall te an expert in
the electrical/electronic field; one of whom
shall be an expert in the mechanical field; one ' R

of wl.om shall be an exvert in the human engineer=-

ing field; and one of whom shall be an exXpert in

o it i

th~ maintenance field, Eac* memdber of the
observer teanm shall be considered an expert in
only one of the above fieldo., An expert shall be
an individual who is considered to be knowledge~

able in one of the above fields as related to

- . ———p— P ——

[P
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combat track systems, : ° 5 ! 4

(b) The observer team shall be thoroughl& familiar = . ;

with the formé, procedures, and demonstration

| i~ test plan and schedule applicable to the system,
Further, the team shall be familiar with the
design and function of the item under test cr R

evaluation; basic troubleshooting methods; main-

tenanc2 practice; and maintainability principles, °

data and methodologies.

(¢) C:her qualified'personnel éhal} be used when it

oL G e i s Sl

is determined none of the present observer
members are qualified in the area under question,
These individuals shall be. approved by the pro=-
curing acfiviiy prior to using their talents. - ;

(d) A biography shall be prepared on each member of

. the observer team in accofdance with pearagraph
6.1.1(a), These biographies shall be submitted | |
to the'prqcuring activity for approval fifteen :

(15) days prior to the start of pre-demonstration

T e et T

el I

phase., Disapproval of a biography disqualifies
'h' . _that individual from the observer team, 4
] 4.2.2 Th. denrinstration maintenan.e te:m shall meet the
: 'following conditioqs:
(a) Personnel assigﬁed to the maintenance team shall %
be of the type, number and gltill level represent=-

ative of the personnel who will perform maintenance
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bed
4e3.1

L3.2

b4e3e3

bedsb

during the oéerational phase,
(b) A biography shall be prepared on eaéh nember
of the mainténancé team in accordance with
paragraph 6.1.1(a), These biographies shall
be submittedfto the procuring activity for
approval thirty (30) days prior to the start
of formal demonstration testing. Disapproval
of a biography disaualifies that individual
from the maiitenance team,
Demonstration support material
The tools, test equipment, service equiﬁment, spares,
safety equipment,.technical manuals, and any other
itens needed for the maintainability demonstiration
shall be provided.by the contractor.
Items to be furnished by the procuring activity shall
be requested sufficiently in édVance by the contractor
to be available for the formal demonstration phase.

All items shall be provided in the type, quantity and

‘qualiiy representative of operational requirements,

Any deviations or changes from operational provi-
sioning requirements during maintainability

dcnonstiration tests shall te re:orded and compensat-d

_ for. These deviations and changes shall be recorded

in accordance with paragraph 6.l.2(a).
Pre-dermonstration Phase = During this phase, the

obgerver .team shall evaluate the contractor as to his

-5 .
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1

adeqhacy of preparation for the formal.maintain-
ability demonstration rhase, e
As a minimum, the following items shall be ‘evaluated: °
(a) Ropresentation of test site’'and facilities to
field, environmental and suppor1 conditions.
_xb)m'Availability assemblj, checikout and preliminary
validation of .demonstration support material, |
(c) Maintenance and observer team briefed on schgdylex
for formal demonstration, duties—and responsi-
bilities of each individual.
(d) Qualifications, training, and expefience of '
naintenance team'personnel'as compared to
maintenance personnel in the field,

A pre-demonstration phase evaluation report shall be

prepared in accordance with paragraph 6.1.1(b), This

report shall be submitted to the procuring activityi
for approval at the completion of the predehonstra-
tion phase, -

Areas that are deteriined to be inadcquate shall be

corrected by contra~tor before start of" the formal

denonstration phase. Verification of corrections

shall be madv by the observer tean,

Forzal demonsiration phase = During this phase,

naintainability demonstration tests are perforured,
data acquired and analyzed., Also, che checklist is

used to evaluate qualitative design features,

[T WL | Eie TV PP X3

g .l el gt
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"445.1 Qualitativg - .. . . '._w o
4;5.1.1 The number of items to be assessed shall te as . | -

. specified in'parégraph 5.1.2.. |
4.5.1.2 Assessment of each item shall be in accordance with

paragraph 5.3.2.

4e5.1.3---Data collection shall be in accordance with paragraph

6.1.2.

ol v i

4.S5.1.4 Rejection/écceptdhce of an item shall be in accor=-

ance with paragraph 6.2.4.

Lo il L

" 4.5.1.5 Rejected iteus shall be retested during the Retest

Phase in accordance with paragraph 4.6.

4.5.2 Quantitative

4.5.2.1 Sample size of tasks to be demonstrated shall be

TG A AT T

. ‘determined in accordance with paragraph 5:l. f

Additional items to be demonsirated shall be those L

selected by the contractor or procuring activity.

? . Items selected by contractor shall be approved by

: B y © the procuring activity; '
E ! 4.5.2.2. Selection of éach.task shall be in accordance with [
% ' paragraph 5.2. .

4.5.2,3 Test of each task shall be in accordance with para-
craph 5.3.1.

-~

4.5.2.4 Data collection shall be in accordénce wvith paragraph

6.1.2,

4.5.2.5 Data reduction and analysis shall oe in accordance

with paragraph 6.2.1.°
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,4.5.2.6 All tasks rejected shall be retestéd_durins the

40602.1

060242

TR e, i

Retest Phase in accordance with paragraph 4.6.

Retest Phase - Dﬁring'this phase, ali,;ejocted

items and tasks are, after correction of deficien-

cies, re»ested. : |

Items falling to mee’. the acceptance criteria

during the formal demonstration phase shall be

retested during éhis phase after the contractor

" has corrected the deficiencies of the rejected

items, ‘ . |

This phase shall '‘also be used for.spécial investi-

gations of doficie"t or trouble areas, Additional

areas to be investigated shall be those selected by

the contractcr or procuring activity. Aneas select-

ed by the contractor shall be approved by the

procuring activity. o .

A deficient area:shall be defined as on item that:

. lacks one or-mora'maintainability design  charecter-

istics, ' : | ' -

~Trouble aree shail be defined as one or more of the

following: | ' |

(a) Ttenms which{the maintenance team had difficulty
in detecting, locating, and/or isolating the
malfunction,

(S) Items that fcom past experience proved tuv have

a high failure rate.

ol

e e

.
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1
;
:
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3
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4.7.1
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be7e4
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.k.8.1

data from existing data systems in use by the Arrmy,
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(¢) Items that have poor accessibility for serv=
ieing, inspection, replacement, and/or repair,

(d) Items that from past experience proved difficult
- .  to troyble-shoot,

Sample Size Requirements. |
The P rcedure for determining corrective maintenance
and preventive maintenance sample size shall be in
accordance with paragraph 5,1,
Sample size shall ‘be not less ihan fifty (50) for
- the rorrective maintenance tasks and fifty (50) for
the preventive maintenance tasks,
- The contractor may elect to demonstrate allApreven-

tive maintenance-tasks when approved by the

procuring activity,

- Corrective and preventive maintenance tasks which

require unique skills, equipmant, test methods, etc.,,

‘shall be demonstrated in addition to the required

sample size, Selection of theae.peculiar tasks

shall be made by the procuring activity; however,
the.contractor may recommnend tasks to be included,
Data Requirements .

The contractor shall establish a maintainability
data collection system for evaluation of maintain-
ability demonstration results, This data systex

shall be compatible with and capable of accepting

N =TT

)

i i Ut R

L s i | ekt e e et D T S s IR g

TR

PO T L N LW TP P



T T VTR Tr (i

LR i U L I ) Lt L LS L

B et Rl L Ui

k'

" ha8u2

4e8s3

4.9

“4h9a

4.9.2

4e9e3

4e9els

g e ar e T T N T Sl e e
S S e ik e *
e mnT Tt S e Ao e .

15

Data collection shall be integrated as much as

possible with similar data collection fequirementa.
such as reliability, human factors, etc., in order
to provide accurata analysis, | |
Data collection formats and reports shall be in

accordance with paragraph 6.

Contractor Organization and Maintainability Demone
stration Schedule

' The contractor shall prepare a detatléd‘schgdule

of events occurring during thé'maintainahility

demonstration phases. . This s~hedule shall ineclude

as a minimum the'following: .
(a) Pre-demoﬁstfation phase eveints

(b) Formal demoﬁstration events

(c) Provisional events for the retest phase

In addition, an organization'chart shall be piepared
‘showing levels of authority and assigied responsi-
bilities of personnel during the ‘maintainability
demonstration phase,

The organization chart and maintainability demon;
stration schedule,shall be submitted to the procuring
éctivity at least fifteen (15) days before start of
predemonstraticn phase,

The naintainability schedule shall be updated and

submitted at least fifteen (15) days before start

of next phase,
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5. TEST DEMONSTRATION PROCEDURE )

o L
o d b e i b jod gl ity T il Uy

5.1 Sai.ple Size Calculation ' : L |

Lttt i i b sttt - & Ml i

5.1.1 The following procedure shall be the method used to

determine the size of sanple for correcti e maintenance
tasks (N ), and the size of sample for preventive \
maintenance (PM) tasks (N Do

Bl i AT PoA

Y

(a) The fcllowing values ehall be used to initially

H R ;
estimate sample sizes. ) . :

K€=2.'O,
| X =0.5
| ” B = 0,75
s =2.0 - "

. (b) Estimate the eaMple size required from tre

following equation: o im

sl AL B L G UL L B il L T

| | . Np or Nc = (M)a .
! , B X g
E Np = sample size of preventive maintenanze tasks :
é N, = sample size of corrective maintenance tasks

é Ke = confidence level coefficient (that the

]

sample will give the true mean actlve

maintenance down time)

SIS Yo S| 1 TV T T T g P m—

= Range or accuracy of the true mean

B
S = standard deviation of maintenance down time

being sanmpled

X = mean of sample maintenance down time

i
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‘(¢) The number of:porrectivevmainienapqe tacks for
‘each category to be demonstrated shall be S i
determined by multiplying the peréent contri-
bution of eacﬁ category by the computed sample f
size, rounding off fractional numbers to the |
next larger integer,

{d) If the ratio af‘%as determined from the first

twenty-five (25) test sata points is different , ]
from the value assumed for this ratio in the |
initial determinafion of sample size, recompute
‘the ratic of = ¥ Pascd on these twenty~five (25)
test data points and ad just the_sample size to n
‘achieve the Gesired confidence level and accu-
racy. ' ’ [
(e) Repeat paragraph 5.1(d) for the firs» fifty
(50) test data points,
Sample size for assessment of qualitative features .
shall te specified by the procuring activity,:
Maintenance Task Selection
The number of corrective maintenance items to be
i.sed in the demonshration shall constitute a repre=
sentative sample of the total population of correce-
tive maintenance items and shall be determined in ;
accordance with the’ following procedure: (Refer t»>

Table 1 for an example,)

i??
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(a) In column A list and categorize all items (parts, oAl g

(v)

— al houre for each replaceable item, using

.(c)
(d)

(e)

"‘of each item to the total corrective maintenance

(£

(g)

L FEERTE RS V==
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modules, aesembliee,etc.) in accordance with the

maintenance concept employed and level of main-

tenance to be demonetrated.'

In column B list the failures/itenm lO6 operation- .

sy’

reliability techniques and date sources approved
by the procuring activity., For items that have . h §
no failure rate data avaiiable, the contractor . s %
.ehall use data developed from associated relia-
bility programs or as determined by application
of acceptable.subjective estimation techniques,
The source'of the fajlure rate data shall be

approved by the procuring activity prior to use,

In colunn C deterniine the quantity of each item, :
In column D determine the total failures per ' 3

lO6 operational hours.for each item. | | J

In.column E determine the yercent contribution

tasks., ' i

In column F group the items within the sane -
category., Grouping shall be as specified by
procuring activity. Assign a percent contribu- {

tiorn equal to the sum of the individual percent

m i k. St i

contribution for these items.

Apportion the number of corrective maintenance

W

B P =
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tasks to be déﬁoneﬁr&tsd-in proportion to the ‘ %
item percent ¢ontribution to the fdtai mainte~ ' v §
nance tasks, . | g

(h) Specific.tasks to be demonstrated shall be
g '  selected iy the procuring activity in accorde
? [ | ance with paragraph 4.5.#. Selection shall
be acccmpliab;d'by randomly selecting items L
) within a category or type to which percentages . g
7 ha#e been;a11§Cated. Random numbers shall be ., . %
3 : used to accomplish the selection unless other=
? F " wise specified by the procuring activity,
é P ' (1) Each task will be demonetrated only once, i
; 1 ‘unless otherwiae specified by the procuring ‘ %
' ativity, | |
f F
1
4 E
. - 5

3
: ;
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The number of praventive maintenancu tasks to be

used in the demonstration shall constitute a repre- o

senta‘ive sample of the total population of preven-
tive tasks and shall be determined in accordance

with.the followingfprocedure: (Refer to Table 2

- for an example,)

(a) List in column A all PM tasks required,

(b) In colunn B determine the frequency of occur-
rence for each PM task, .

(¢) In column C determine the percgnﬁage contribu=-

" tion of each sub-system to the system down time,

| (d) cCalculate the number of PM tasks to be simulated

'for each sub=-system by multiplying the percent-
age contribution of that sub-sjstem.by the toial
number of PM tasks,

(e) Actual selection of specific PM tasks to be
demonstrated to satisfy (d) at~ ‘e shall be
adcompliéhed by means of a tgple_of random
numbers, wherein each PM task in each sub=system
shall be identified anﬁ random selection tech=
nique shall be uspd;

(f) Columr D determines or estirates the active Pl
down time to accompiish each PM task by applica-

tion of acceptable subjective estimation

"~ techniques,

5¢2.3 The number of items to be used in assessment of
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5.2.3.1 " A table similar to Table 3
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qualitative features shall constitute,a representa-

tive sample of the system and shall be determined in
accordance with the following procedure.

Table 3 for an’ example, )

(Refer to

(a) List all items as shown in Table 3 by sub—system. .
—(b) For each sub-system check applicable qualltative-

area to the particular sub-system as shown in :
Table 30

shall be submitted to
procuring activity thirty (30) days prior to stert
of formal demonstration phase for rev1ew and

approval, Selection of items to be assessed shall “e

~'be selected by the procurins activity.
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i TABLE 3 .
; QUATITATTVE APPORTIONMENT SAMPLE SELECTION
: ! | os®
: ¢
L ) AN '59 "b"’o 1\06
; oW o™ 40T AR 0V o
E ' . g§§ﬁ§593°:;§gﬁﬁ} ﬁwgéﬁgpﬁzsb
g ' e B A Q0% N g
ff 3908 TP s YWY e8Pk .:4’»&,1.
: . NWL Suspension System [ | ‘
; - -and U § Track - ﬂ Ea -
] - NWL H.S.A. . X X X
l Road Wheel Army Assenbly X X
] Compensating Idler Arm X X
g v Track Adjuster Assembly - X X
§ Track Assembly ¢ X
; Sprockete T : X
: .~ _Control & Display ¢ C ’

CAE Insta%lation :

CAE Enzine
é Cooling System X * % % X
? Tuf rg : lic P ’
: Iydraulic PS i . X - X X
: Gun/Turret Drive ' ;
g Gunner's Station ; TX R - X XX xxzx
] Gunner's Primary Sight X X
| Gunner's Display/Controls X
: Missile Xmitter Drive E ' X X
7 Central Equipment '
; Ballistic Computer System X X Xx
: ;
=
E
,
' [ 34

T N T 2
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bl et i e
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3
3
3
E
:
;
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3
2
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5.3  Test Method " _ ' ;
5.3.1 The test procedure for verification of quentitative '

Se Repeat paragraph Bie 3.1(&)1 thru 4 until all

requirements (both corrective and preventive mainte- !
i nance tasks) shall be as follovs: ]
(a) Corrective Maintenance Items | 3
1. Select task.to be demonstrated in accordance \'
] with paragraph 5.2. Prepare task data eheet. ] 3
é in accordance with paragraph 6.1.2(a). . ]
: 2, Insert fault with the maintenance team |
; absent trom'the area and in accordance with ; 4
paragraph 5.2.1, _ ‘ | . %
é ‘ ) . 3. After fault is inserted and verified, alert i
: . . | and inetruct the maintenance team in the |
. manner useally employed to initiate mainte- 1
nance action, - . i
| ) 4 Collect and record required data in accord- .
; ance with paragraph 6.1.2(b). ;

corrective maintenance tasks selectud per

paragraph 5.2 have been demonstrated,

"= = (b) Preventive Haintenance Tasks
l, Select tas!z to be demonctrated in accordance
with parasraph 5.2. Then prepare task data
~gheet in ecéordance with pavagravh 6.1.2(a).
2. Have nmaintenance tean perforrm the preventive

maintenance in accordance with the prescribed i




o b L G Rt R g

procedure. for the task. '
3. Collect and record required data in
. accordance with paragraph 6.1.2(b5.
| . b Repeut 5.3.1(b)1 thru 3 until all pre-
ventive m&intenaﬁce tasks selected per

paragraph:5,2 have been demonstrated.

. 5;3.2 The test procedure for assessment of qualitative'

' features shall be as .follows:
" (a) Select item to be assessed in accordance with
paragraph 5.2.3.1. "
(b) Prepare checklist data sheet ih accordance
| with paragraph 6.1.2(d) and attach~to check-
1ist to be used for assessment of the selected
itenm, . .
(¢c) Perform assessment of the selécted itém.
Assessnent shall be accompliéhed by the membur(
.of the observer team qualified to assess the
item. Each question, including those which are
" not applicable, shall be arpropriately marked
and initialed. by the member(s) performing the
asseaments . : _
(d) Reweat paragraph 5.3.2(a) thru (¢) until all

selected items haée been assessed.

¢
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‘. 5«4  Demonstration Criteria = Th

28"

e following criteria
" shall be adhered to in the demonstration of maine-
tainability for the MBT-70 system,

5¢l4l The demonstration of quantitative tasks and eva)ua-
tion of qualitative features shall be monitored and __
assessed under direction of the observer team.

Seie2 Maintenance team shall meet the requirements of
varagraph 4.2.2.

"'Sei4e3 Daiz zollection daéa, reduction data, analysis, and

maintainability reports shall bé in accordance with
paragraph 6,

5 4.4 2vy changes »r deviations from requirements or pro-

) cedures specxfied herein shall be approved by the
procuring activxty.

545 Corrective and preventive maintenance éimes shall’
be recorded to the nearest tenth minute,

5¢4.6 A-corrective maintenance task shall be terminated at
three times the specified mean corrective time (Bﬁct)

| or when agreed that.the maintenance team is unable

to determine the failure, This task shall be assigne

ed a time of three times the specified mean corrective

tire, noted and recorded,
S5¢4¢7 Under the following conditions, man-hours may be
‘eXcluded from the calculations for determining
acceptance or rejection of the corrective a'd prevene

tive maintenance tasks. All nan-=hours excluded shall

\
"
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be noted and recoréed.
(a) Man=hours expéndéd-due to .technical manual | o g
inadequacies,;subsequentlf corrected and proven |
| . to preclude recurrence of the problem,
(b’ "'Man~hours reqﬁired 1o rgpair‘an:item for'which
an easier'repéir procedure or design change has .
" been devgloped_and a,yroved by the procufiné |

ac tiVityc )

(¢) Man-hours resulting fron faulty test equipment.

(d) Man~hours expended on arother fault occuring

L ULl L L
3

during time the pre-selected fault was inserted,

The procur;ng‘activity may at its option elect
* ~ to count the fault as another task,
f . ' (e) Man-hours expénded.due to an unavoidable |
% accident or mishandling. .' .
(f) Man-hours expended due to'tmproper insertiohlof
. pre-seiected fault. ]
(g) Under paragrhﬁhs ¢, d and f the procuring :
h activity may at its oﬁtion'elect t&lcount the - ;

fault as another task.
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. 60 Data

" 6. Reports and Data Collectisn

‘ 6.1.1 Reports - The following reports shall be included ag

part of the data submitted to the procuring activity

for review and.approval:

(a) Information to be contained in each observer

(v)

and maintenance team biography report shall be

as outlined in Figure 6.1,

The pre-demonstration phase report shall describe',

in detail results of the pre-deménstration phase

" evaluation, All deficiencies and the steps

taken to correct these deficiencies shall be

- contained in the report, Potential problenms

that may occup'during formal demonstration shall
be included,

6.1.2 Collection of data shall be as follows:

(a)

(b)

(&)

A task data sheet shall te prepared for each
tasl. as outlined in Figure 6.2 and in accordance
#ith paragraphs 4.1.8 and 4.3.4.

Corrective and preventive maintenance data ghall
be recorde& on the failure data sheet shown in
Ficure 6.3 and in accordancer with paragraph
5.3.1(a)k. '

The taslk data sheet shall be attached to the

" failvre data sheet,

(d). A separate checklist data shown in Figure 6.4

]

i sl i ol
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l 1
| !
] Sheet __of __ |
BIOGRAPHIC DATA (OBSERVER) L
i ]
E !
1 NAME 1
’E ’ [} . ' n4 3
? P JOB TITLE ,PRESENT) . : !
| ' - i
EXPERIENCE (BY DATE) Only include exverience applicable to :
!
E area of responsibility on observer tean. | |
E |
E .,
3
;
‘ | |
.
, |
é ?
!
i
fj
; | b :
: PROCURING ACTIVITY APPROVAL i !
: ' | |
, .Figure 6.l1a Biographic Data Form for Observer Tean ; %
. . i
b ] z: 3

-
E

|
i
:
|
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%2
(‘ 3
: . Sheet__of _ ] ‘ é
. ' {
BIOGRAPHIC DATA (MAINTENANCE) :
NAME i
JOB TITLE (PRESENT) %
‘ORGANIZATION n 5
%
» ' 2
SCHOOLING (BY DATE)_Include only schooling related to job ;
| nposition,
- ' i
EXPERIENCE (BY DATE) Only include exverience related to svs= ! j
tem under test, i
.
|
-
| |
! |
! 5
a
-
3
PROCURING ACTIVITY APPROVAL } 3

Figure 6.1b Biographic Data Form for Maintenance Tean

”~

’
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:‘ 3
i r .
‘4 _ , o Sheet_of _
] | * TASK DATA SHEET '

; ' o \

] . . - . :

' TASK __ _ _ . ‘ TASK NO

F TEST CONDITIONS

1 1. Maintenance Environmental Corditions_per paragraph
501050

2, Level of Maintenance per paragravh 4.1.4

F o 3, Mode and configuration of task under test
jer paragravh 4,1,8,

; Lo Type of failure simulated ver paragranh 5.2.1

k | . ' 5» Specisl conditions such as svecial or pneculiar:

| ' .

Z support materidl required, unusual test site
conditions and facilities reguirerments, or any
unusual cpnditions and requirements which the

- task is to be demonstrated under, Alsc, all
§ _: deviations and :changes shall be noted here,

Fizure 6.2 Task Data Sheet Form

R 4
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Sheet__of
FAILURE DATA SHEET '

Figure 6.3 Failure Dats Sheet Form

OBSERVERS_

MAINTENAKRCE TEAM

+ LOCATION

.SUBSYSTEM | #
CHASSIS NAME ’ - # 3
- ' PANEL NAME # :

FAILURE SINULATION

TASK NO

PART NAME #

CIRCUIT BOART NAME

TYPE OF FATLURE STHULATED

METHOD OF SINULATION

SY¥PTIONS OF FAULT INSERTION

MODE OF OPERATION AT DETECTIUN




e e S i e

; (~ P 35 -
. Sheet__of__ !
é FAILURE DAT'A‘ SHEET (CONT'D) ; ;
| COMMENTS
ADMINISTRATIVE L
TfME RECORD | _ﬂgg_r_é_t_i_\g_e_o_f malintehan..ce tear; activi~ \
. oUT____ ties, Time is tc be continuous and is | "}
In Yo include all coffee breals, lvnch
1 OuT___. ~ Deriods, rest breals, etc, '
E I e — . =
ouT___ EXAMPLE: . I
: i m___ 1300 _Start |
» : our____ 1301 Verify symotoms °
IN___ 120'2' Study schematics E
ouT____ 1515 Remove cover and oull draver out ,
. m____ 1318 Use scope to trace signal :
OUTL345 1345 - ‘Coffee brealk
IN_)358 1358 Back on_job
OUT_;__ " 1406 Traced trouble to correci circuit '
IN 1413 Used YTVH to locate faulty cone |
OUT____ ponent |
m___. 1506 - Administrative tinme (obtain mart) |
ouT____ 1516 Reove 1aulty vart ard revlace | 1
m_____ | with rood one
y ouT____ -1_2.1 . Closed unit, Test cozplete
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: REPAIR

TIME DATA

START OF EXERCISE

DETECTION

36 -

Sheet__of

FAILUKE DATA. SHEET (CONT'D)

IIME FOR EACK ELEMENT

"LOCALIZATION ‘

ISOLATION

CHECKOUT

y ——
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. Sheet__of ' :
QUALITATIYE CHECKLIST DATA- SHEET I T |
TASK _ - TASK No__
. . LOCATION
= ' ] E A\
. OBSERVERS SO . S 1
QUALITATIVE FEATURES REJECTED . k
~ QUESTION HO r' |
i

Reacons for rejection ver paragraph

6.2.4(b) | K

!
ORI S—— —— y
1 .
3 o 3
¢




r . T . | ‘ 38

shall be prepared for each checklist used to

evaluate the ifem. These chec! list data sheets ) I

shall then be attacheu to tne checklists used o A
—

o I' - to evaluate that particular item, .
- . 6.2 Datan

eduction and An&1J5¢u (Sec Appendix C for
further exnlanation of fornulas )

6.2.1 .The quantitaolve data obtained from the formal

T TR TF [T iy L A B i i o e i L Bl L WL B O

ol b s e

denons»ration nhase shall be reduced and analyzed

as fol]ows to determine acceptance or rejection of

¥ ot and ¥ bt for each task:

-(a) The raw data derived fronm corrective maintenance

BT VTP O | T PRI UL e TCEeR e o [ | s Ao T OO LT

test shall ve screened thoroughly to ensure

b Ll i

pertinent simmlation and measureﬂnnt require=-

cal U

nents have been achieved, and any ambiguities

in the test re”ord resolved,

T e ————
L b - pl) L

(b) To deteraine accepuance or. rejection of the cor-

rective mairtenance tasn:s against the mean 5

corrective time (if t) specified in paragraovh

4.1.2(a), the followzzg criteria shall apply., ;
Accent the tasls if the é
]
o o K, 8% 3
Mot (sp-cified) 2l + € et

pr

c
otherwise reject the tasis, ] i
(¢) To deteruine Acceptance or rejection of the pre- ;

ventive maintenance tasis asainst the rean

1

T R L T
5 il g s e PR, oy T Ty T, Mgy I . e B e
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(\ . . ‘ ' . . .
preventive maintenance time (qpt) srecified in

parasraph 4.1.2(a), the following criteria siall
I apply. Apcept thc tasks if the.

. i L Mlat

§o Mot (epecifieé‘) Z N+ X Mo 5 R e i
. o8 5 ) ' ' E
\/-Lp ] o \ i

otherwise reject the tasks.,

v

: 6 2 2 The quantitative data obtained from the formal demon= .

PR TR

stration pha-:e ehall be reduced and analyzed to

determine acceptance or rejection of total systenm

nmean down time-(ﬁ);as follows: | _ o -
{a) - Perform paragraph 6.2.1(a) through 6.2.1(c).

(b) To deternine accentance or rejéction of all the

~

AT, T T

A1l L, L

tasks against:the specified mean down time ()
for the systew, the following criteria shall

apply. Accept the. tasks if the

i
i
i

-———

. 2 . v 42
o e M (specified) 2,ﬁ + K( v, (}% Sﬁct) ' Hc (fé S‘n't)t)

2
(N) () (f +fp)

otherwise *e*ect the tasls,

T TSR T A A

. 642 3 The quantitative data. obtained fron the formal demon- '

stration phase shall be reduced and analyzed to

, deterinine the frequency and cumulative frequency

distribution as follows:.

s s il

(a) List the time required to couplete cach task and ‘ 3

the times required for detection, localization,
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isolation, repair and checkout, .
(b) Order the total times for the tasks and obtain

frequency and cumulative frequency distributions

I . for corrective maintenance tasks, preventive

maintenance tasks, detection.time, locglization
E ; . ' time, isolation.time, r;pgir tiﬁe and checkout
| | time,

{¢) A histogram chart for each of items listed in b

above shall be submitted to the procuring activ-

i sl

ity for review and approval,

6+2.4 The qualitative data obtained from the formal demon-

AT T

Pt

stration phase shall be reduced and analyzed to

determine acceptance or rejection of an item as

follows:

ot e L

(a) The raw data derived from thq_bhecklist shall be

AR TR T m

' screened thoroughfly to ensure that any ambiguities

3
e
i
|
i

in the record data are resolved,
(b) Acceptance or rejection of an iten assessed
.shall be determined by the observer tean,

Determination of whether to accept or reject 1

the item shall be based on at least the following:

1, Safety hazard to onerating and maintenance '

e T TSR3, o P, o ST, T AT O

personnel,

2, Criticality of the item for a mission.

i i) Lt el Sl il

3., Cost, time-rand resources required to correct

deficiencies of the item.

i
TR RE TR ottt st
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4+ Improvement.in corrective or preventive

e e e meee e ———— e

maintenance times that.could be realized.-_-—
(c) An item reJected shall be justitied by documen~
. " tal evidence and shall-be aisnod by obaerver

team memdbers per'orming the analyaia.
(d) Deficiencies 1n the rejected items shall be - !
' corrected. and’ these shall then be submitted for

revaluation during ‘the Retest Phase. , o k !

;'3.3" Maintainability Demonstration Rezort B
. A final naintainability demonstration report shall be
submitted to the procuring activity within thirty (30)

- days after completion of the formal demonstration

. phase, The final report shall contain the following

sections as a mininum:

(a) Data collectzd ‘ ) §

L o L L A UL ] L L i L L L Lt i |

(b) Factors which influence the data

(c) Analysis of the data

(d) Results of the semonstration

o ——

(eJ Assessment of qualitative factors

(f) Deficiencies

RS LR P TR o WL i 10 TP MR R R L P o

(g) Recommendations ‘
le To correct deficiercies

2, For suggested improvements

R e e e e

(h) Resultes of retest

—— e . /. |

f

|
]

I
)
F
;
F
.
j
1
i\
i
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APPENDIX A

Qualitativ: Checklist - The checklist is composed of
Yes~no questions, These questions shall be answerel;

] ) o . . .
either the item nas the feature or the item does, not

have the feature. in question or-the question is not \

applicable. Each question shall be fnitialed by the

observer tean member(s) anéwering the question and all

_Questions shall be answered, A chiecklist is considered

to be a major heading. For examplg, questions associated
with accessibility is considered one checklist and test
points is another checklist, The checklists are:

(a) Accessibility : * '

*(b) Cabling and Connectors

(c) 1Identification
(d) safety . _ ‘
(e) Visual Displays and Illumination

~(f) Servicing

(g) Test Points
(h) Test Equipment
(i) Equipment Units

A qualitative checklist data sheet form ghall be attached

" to each checklist used in assessment of an iten,

e,

—_ ’ e G e I p—— -

i
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ACCESSIBILITY

1. Iy acciss to the iteh

obstructed such that no other

' equipment must be removed to

gain access or accomplish removal?

2. Are access openings free

- of sharp edges or projections which
could injure the technician or snag

" clothings?

3¢« Are accesses labeled to
specify the frequency for ,

maintenance, either by calendar

. or Operating tie?

be Are accesses label;d to
indicate what auxiliary equipment is
needed for service, checking, ete,,
at this poin»?

5« Are accesseé labeled tn
indicate what can be reached through
this point (label on cover:ar close

thereto)?

6. Are access points individ-
ualiy labeled so they can be easily
identified with nomenclature in the
Job instructions and maintenance

manuals? -

e et e ot e

Yes No NA 1Instiial

—————— ay S,

SR i b e e bt o
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“ Yes No NA Initial
i : 7. Are parts which require '

accass from twe_or more openings
‘marked to so- indicate in order to
" avoid delay and/or damage by

trying to repair or remove through

\
only one access? ' .

g W et
o Pn fhad g bk st e o Wi e e NG PR
ket b e iegt bbb R i s L e * b Ll g e g st
' ckeerbile bl g abet

A
8. Are heavy units (mofr than
@5 Lbs) installed within normal
-reach'of a techniciaﬁ for purposes
“of replacement? —_— e

9. Are access doors made in

vhatever shape is necessary to .

permit passage of components and

implements which must pass through? i
10, 1If the maintenance _

technician must pe able to' see what

he is doihg inside the eGuipment,

f does the access provide enough room —sanil

L e e

1 for the technician's hands or arus
)

anc still provide an adequate view

Y

of what he is to do?

11, are units laid out so ' '

maintenance technicians are not

gy

required to retrace their move- :

ment during equipment checking?




Yes No NA Initial
12, Can adjustment type AU
controls be adjusted with the

adjustment tool clear of any

obstruction? . s !

13, 1Is equipment des;gned' e '. 5 ?
so that it is not necessary to .. . . : o ' '
remove &ny assembly from a:major | .

3
component to troubleshoot that ' - ] §

~assembly?

14, Are components places

F R so that all throwaway assemblies
g ~or parts are accessible without
F removal of other componenté?

E . 15, Are components placed | [
so that there is sufficient space

. to use test probes, soldering irons,

. and other required tocls without

f difficulty?

16. If a acrew-access plate
is used, are no more than 4 captive
quick=opening screws used?.

17. are uuits which are

frequently pulled out of their

installed position for cheéking
mounted on rollout racks, slides, : |

or hinges?

e el S e Ll TR
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- .
. Yes No NA Initial

—— e pinn e o ———

18. 1Is the equipment easily

] removed an:! replaced by one man?

L Sl

19. Are access covers, which

i

- are not completely removable, self= ’ : ) E

supporting in the open position? .

L L ) —-—-—-r.—. \j
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CABLING AND CONNECTORS CHECKLIST

Cables S ' ' ‘ A
' - Yes No NA Initial ' s
'l. Are the calles sufficient . '
\
¥

{ 1 :
length so that each functioning unit

can be checked in a convenient

place? . : s : : f

Gup— —— —— R e ———— .i

1

2. Are cables routed so they

Ft

need not be bent or unbent sharply

V.

when being connected or discon-

nected? | . A
3. Are cables directly
‘accessible to the technician -
wherever possible {not under |
panels or floor boards wh;éh
are ciificult to remove)?
4. Are cables routed so
they cannot ve pinched by:doors,
lids, etc., or so they will not
' be stepped on or used as hand holds

by maintensnce or operatiﬁg per- :

sonnel?

5. Is. electrical wiring o,

routed.éway from all lines that '

, carry flaamable material?,
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6. Is direct roull.z
throqgh congested areas |
avoided wherever possibief.

7. Are all cables.
coler coded and both ends’ . .
tégged? Are colors selecégd
which cannot be confﬁsed |
because they are too nearly
alike or may not be recognized
because of poor illumination?

8. Has care been talzn in
‘design of cable conduits to pre-
vént collection of water or debris
which could interfere with oper-
ation of a control system (freez-
ing or short circuiting)?:

9. Have the connections been

desigred to prevent interchanging.
of cables?

Connectors

1. Are connector plugs‘de-
signed so that pins cannot be
,damaqeﬁ (alignirg pins extended
beyond electrical pins)? | |

-Yes No NA 1Initial
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.
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2. Are electrical connectors

pProtected rom possible shorting

through contacts with. external

.. objects? Are adequate covers

provided on electrical conhectpre
to prevent foreign matter frém
shorting out the connectors?
. 3+ Are separate ground
" connections provided for sach
‘voltage regulator so that a
singie grounding failure does
not cause failure of several

otﬁer systems?

4. Do markings on plugs,
connectors, and receptacles shoi
proper position of keys for
aligning pins for proper insertion
position? . |

5. On cable connected
rer-vable unite, will plug and
receptacle disconnect before -

cable breaks?

6. Are u~slugs (spade) used

~in lieu of O-slugs (ring) where |

frequent removals are anticipated?

49 /-

fes No NA 3Initial

————
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Yes No NA 1Initial

7. Are connectors accessible

for easy ruplacsment or repair?

8. Have quick disconﬁect

‘devices been used whore possible

to save time and minimize human

soldering, etc.?

9. .'s there sufficient space R ot

. between connectors so they. can be —
grasped firmly for connecting and
disconnecting in all maintpngnce '
environments? For example,;extra . 0

clearance.for gloves,

- - v e+ = pwear weeygw camee . o e -

.
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B o IDENTIFICATION

-

| ' Yes No NA Initial
+¢ On equipment utilizing - :

color coding, is meaning of colore

-given in manuals and on an equip=

L ik (L i

ment panel?

2., Is color coding consis~

tent throughout system, equipment,

and naintenance support? - ‘ . ‘

3. Do display and control
labels clearly indicate their '. . ,
functional relationship? Are
displéys labeled by functional | ‘ | - . {
quantity rather than operational ‘

characteristics (i.e., gal, psi,

ohms, etc.)?

4. Are display labels

AT 7 e S e

imprined, embossed, or attached
in such a .way they will not be

lost, nutilated, or becone

otherwise unreadable?
5. Are displays labeled so
they correlate with notations - i

found in systea diaﬁrams,lin

it 0 et g ot

techniclan manuals. or related

literature?

= L] “
3 . . .
<
0
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4
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Yes No NA Initial . %

4 6. Are lubrication points, o o

i properly lubeleu? | — — = i
: : 7« Are schametics and
z ! :
E i instructions attached directly
3 i .
E b to, or adjacent to chassis for : ! ;z
. @ll units which may require . : ‘ | ;
. ' S 1
! troubleshooting? ' | el o e y
§ 8. 1Is ths unit labeled .
: .and, if possible, with full
: )
' identifying data? P ]
s
| |
] ! ;
3 [ %

)
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SAFETY

l. Are fire extinguisgera
placed where they are feadily
accessible, but not immediately
adjacent to points where fiée
would probably originate?

2+ Are critical warniég
lights isolated from other less
important lighté for best
effectiveness?

3. Is a transparent
window or removable cover
installed over fuses so they

t ¥

can b> checked without remov-

ing the entire component case?

4L, Are safety interlocks
used wherever necessary?

"S. Are warning lights
provided to indicate fire oi,'
exéessive heat in areas not
visible to the driver? .

6. Aro jacing and hoist-

ing points clearly, conspicuously,

and unambiguously identified?

Yes

.No

T
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|

7. Are color code techniques

-”-~utilized witich uvefine operating

and danger ranges to simplifj
check reading?

8. Are components lo;ated‘“
'and mou;:;; so that access may be
achieved without danger to . per=-

sonnel from electrical charge,

. sharp edges and points, moving

parts, and chemical contamination?

9. Are on-off or fail-gafe

circpits utilized wherever

poésible to minimize failures
without operator knowledge?
10, Are safety guards
provided for all potential
persoﬁnel hazards such as
engine inlets, exhaust pipes,
ordnance devices, pneumatié.'
and hydraulic devices and
lines, oxygen and fuel con=

tainers and lines, etc.?

Sh

O
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VISUAL DISPLAYS AND ILLUMINATION

1, Do the displays contain ~ Yo8 No

only information that is absqlutef

ly neéessary to mske a gooa
decision? i

2._ Are the cisplays coded:
80 both the correct reading and
tolerance limits are easily
identifiable? ' :

3+ Are the displays on

the same panel surface as their

related control?
‘4o Are the displays

oriented normal to the

observer's line of sight to

avoid pérallax reading errors?
5+ Have the visual displays .

been kept as simple as posSible'

within informational require~- |

ments? ' : | '
6. Are numerals on fixed

visual displays moﬁnted so'the&

do not have to be read upside

down?

" NA

. 55

In.tial
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7. Have displays of a
g0~no=go t:'pe b.en used where

possibie?

8. Have non-glossy surfaces

or highly polished metals been
eliminéggdf

9. Are the visual'indica-

. . tors easy to read and see, when

. operator is in his normal
operating position?

10, Are the maintenance

displeys hidden from the operator

when not needed for normall
operator duties?

11, Is there enough
contrast between the color
of'diai and scale mérkings
and the backgroﬁnd of the
dial?

‘12, Are the displays
arranged by function and
emphasized by color coding,
outline.borders, et¢.?

13. 1Is the vibration of
visual displays eliough to cause

inaccurate readings of displays?

56

Yes No NA Initial 1
L
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14, Has the following

consideration tuen includeh

for good illumination?

a. Suitable brieht-

ness ror task at hand,

b, Uniform lighting
'on the task,

ce Suitable contrast

between task and background,

d. Freedom from glare

from either the light source or

the work surfaces.

and color for the illpmination

and surfaces.

15, Has adequate supple-
mentary lighting been provided

for performance of maintenance?

e, Suitable quality

16. Are lamps for pilot

lights and other displays easily

removable from the frame of

panel?

[

Yes No NaA
—_ )

57

Initial

e v

L&Mﬁgumm B N LN A e AT Y

e .. Bk RN iRl CemEe i




e b e ik st b ot b R T e
m e e TS T T e

SERVICING CHECKLIST

l. .Jre alequate lubrication
instructions provided for identi-
fying the frequency and-t&pé of
lubricants required?.

2. Are drains provided on
all fluid tanks and systems, fluid
filied cases or pans, filter‘sys-
tems, float chambers, -and other
items designed to contain fluid

that would otherwise be difficult

to remnove?

3« Are drain points located
at the lowest point when camplete
drainage is required or when
separation of fluids is desired?
(as when water is drained out of
fuel tanks)

4. Arec drain points nlaced
where they are readily operable

by the technician?

58

Yes No NA 1Initial -
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) Yes No .NA. Iaittal | |
5.. Are fuel tank.filler . , é
necks, brake qir cocks, fiex— . | %
ible lines.or cables, ‘pipe §
runs, fragile components and -\ :
like items positional so they" : ;
are not likely to be used as ;
convenient footholds or hande | ' ' 1
. holds, thereby sustaining: | é
_damage? —_ |
6. Are drain.cocks.ar : %
‘valves clearly labeled to{in~ . | §
dicate open and closed. positions, , §
and the direction of moveﬁent §
" required to open? e = — } 3
7. Are filler openings e . %
-located vhere they are readily ?
“accessible and do not requife
special i;tinnels? —_— — — ]
F
; :
| - 2



e e e e 5 ™ e 5 e — e = = T e~

T mprre "

TEST POINTS CHECKLIST

e

Yes No 'NA Initial
l, Are te<t points located ' - ’ 5

on front parnel wherever po$sib1e?

!2. Is accessibility of

external test points assured

T 1 e T T T . 7

under use conditiens? ' . ' ;

3. Are all test points

e — -

color coded with distinctive

~colprs?

VR
i E R

L. Are test points pro=-

T,

vided in accordance with thé

system test plan? .

5. Are test points

.

located close to controls and
displays witn witich they are

associated?

O T T P T WS

€. Are test points located

so technician operating assccie '

T TP

ated control can read signal on

Rl

display? l .

7. Are test points planned

PO AT, T

for compatibilicy with the main-
tenance skill level involved and

not randomly located?

e




| 6
{ -' . '
# 3 Yes No NA Initial .
| o 8. Are test points ade- |
E ’ . . .
! ; quately iiluminated? — e o —————
| ! 9. Are built-in test
E features provided wherever
g ]
s standard portable test equip-
ment cannot be used? N
i 10. Are test points. |
provided for dir-a2t check of ;
. all replaceable parts? S e
4
E ' ' L
E
3 .
| | r
| A
|
; _
E a
i i
B ]
] |
- '
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TEST EQUIPMENT CHECKLIST

Yes No NA Initial
1, Are the instructions .

for using test equipment in
step~by-step format?

‘2, Do plugs, Jjacks and
binding posts used for test
of test eyuipment appear on outer

casing of equipment so it is not

* necessary to remove the case?

.If'internal repair requires

removal of case, are duplicate

Jacks, plugs, etc., provided .
on.chassis so Jury-rig connec-
tions to the case are not .

-~

necessary?

3« 1Is test equipment
designed so as to be capable
of'connection to prime equip-

ment within two (2) minutes?

R R T R T N P L e, sy L L ] i1
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4. Is adequate suppoft
provided for test equipment
‘which nust be taken into work
area so the tachnician does’

not have to hold the test -

T Tl e gy 8 LR T T g e T L, a0

équipment or take separate:'

I e R

support devices to the wori ‘

area for this purpose?

T L LA Lt | | L e i L L L (LA

T -

- .Yes No NA Initial
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1

l. Are plug=-in compor.ents

used where feasible?

2. Is wrong installation
of unit prevented by virtué of
size, shape, configuration?

3. Are means provided

for pulling drawers and slide-

. out racks without breaking

"electrical connections when
internal in-service ad just=~
ments are required?

4, Are units and assem-

.

" blies mounted so that replacing

one does not require removal of
others? .

5. Are all replaceable
pafts accessible by fold-out
construction or other special
techniques when necessary?

6. Are parts, assemblies
and compon.nts placed so there
is sufficient space to use test
probes, soldering irons, and

other items?

EQUIPMENT UNITS CHECKLIST

Yes No 'NA

64

Initial
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7. Are all throwaway;}tema
made accessible without removal
of other items? :

8. Are guides used for _
module installation?

9. If method of openins a

cover is not obvious, is an

instruction plate attaclied to the

outside of the cover? |

10, Are handles or oiher
euitable.means for grasping,
handling, or carrying provided
) on all units designed to be
removed or replaced?

1ll, Are handles placed
above the center of gravity‘
and posigioned for balanced

loadc?

l2. Are handles provided
on transit cases to faéilitgte

handling and carrying of unit?

65

No NA Iritial

i bk il dats “ya -

-

T —— e = ey



B L L | AL ] ML o L Ao UL L) L ) AR B | AL L Sl R e I L IS VL) il S B T | i - i el i e

66

APPENDIX B

Quantitative Apportionment = The mecn times shall be

'appor;ioned per paragraph 8,1, Times specified herein

include time to localize, isolafe, bepair and check ocut

the item.

This time also inciudes the time required

to gain access to the-féulty itenm,
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9.1

9.1.1

.‘,71
APPENDIX C

Theory &nd Explanation of Saaple Size,.Corrective'
Maintenance and Preventive Maintenance Equations
Assumptions - The equations used to determine accept-

ancg/}ejection of a task and to determire sanple size

—— i

are based on the normal distribution. This is

" possible as the tusks are independent from each other,

sample.size is equal Eo or greater than fifty, and

the properties of the 'Central-linit Theorem': can

be used. The theorem states that if the random
variable X, is distrib}xted with mean (L and variance Oz
(but with density function unknown), then the.dis-
tribution of the sample mean X is Qery'closely
hpproximated by thé norﬁal distribution with mean gl
'an& variance 02 when n is large. For the-appiication
hefe, there is pracfically no ditference as n is fifty
Sr greater., | |

Under tﬁe assunptions stated above, sample size
'equation pev paraggéph 5.1 can bg deriyed. The con~
.fidence interval for a normal distribution is defined
as: |

H-X = KeS
n
where L ~ irue'nean for an infinite sasple

X - mean for ‘a sdmple rize of n

—— e
e el s i




K¢ = confidence level coefficient

S - estimated standard deviation

n - sample size

By rearranging. this equation and redefining }L- X,

the equation used for calculation of sample size for

Rl e e Gt s She houb s oo Bl

| g . preventive and corrective maintenance tasks ie obtaine -

ed. Steps taken to obtain this equation are: &

N b ane o

A

o - Rttt R e i e |t L e L

n = KE-SZ"
B X/ .

bt b Ml S —
T L

Letb-% = BX where?B is defined as the range or

accuracy desired,

Let n = Nc = Np .

Thus the desired equatien is obtained

P o «12
N, or Jp = (KE S
BX

9.2 = Corrective and Preventive riaintenance Forzulas = ) ;

R e LWL grl B P

Both the cerrective and preventive mainterance

acceptance/rejection foriulas are based on the te-
distribution. Since the sauple size is restricted
. to values of fifty or greater, the value of Ke 1is ‘ ¥
very close to the value of te¢ « A table of nornal

values is usually more readily available and therefore

T T T T T

is used,

5 gt A i

= LR P - e T g L LR
STEST R w e o v r
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. . . | B
] . 9 2 1 The corrective and _breventive maintenance equations

are defined as:

Corrective Maintenance Equation
My (Speci_ue_d) 2H, + t SH.,
V. Nc
g o ' Preventive YNaintenance Equation

- Mpt (Sp?cified) > Rpt + .t_‘ S¥.4

' BV
r - / o P, -
ﬂ;t, ﬂét = Hean downtine of the sample
o ———— te = K¢ = Confidence level coefficiont (percent of
' time that the sample will give the true
mean downtine or is producer's risk)
Sﬁct’ SF = Standard deviatior. of sanple
Nc' N Sanple size
9+2¢2 The mean downtime for the total syster is also obtain-

ed from the t-distribution, As the seie assumptions

hoid, t¢ may be substituted by K¢ « The equation is
defined as :

- ——— — s— ——
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%

M (Specified) > M + te
' : 2
AN) () (f, + £)
M = Specified mean doﬁntimé for the system
M = Total mean downfime as result of test demonstra-
tion

te = Confidence level coefficient (percent of time
that the sanple of systems will give the true
mean corrective downtime)

N

S Number of tested corrective maintenance tasks

Hp llunber of tested preventive maintenance tasks -

£

lumber of exvected corrective *maintenarce tasks
occuring during a specified operating period

Murber of expected preventive maintenance tasks

s
"

occuring during a specified operating period
Sﬁct= tandard deviation of corrective maintenance
tasks for the total systen
Sﬁptz S£andard'deviation of preventive maiﬁténance

tasks for the total systen

' ot 2 - 2 .
Ny (f, STO% + 0, (f sHL,)
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