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INTRODUCTION 

Unti] very recently each MILITARY SERVICE and COMMODITY 

COMMAND within each service had their own maintainability 

demonstration requirements. This has presented many problems 

to jtho contractor because each command had their ov/n ideas of 

demonstrating maintainability. To provide unified M demon- 

stration requirements, MIL-STD k71  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 ^71 

has provided a common ground, it is very general in nature and 

leaves much to the interpretation. Also, the standard states 

tha^. the demonstration specification shall be prepared by the 

contractor. A more realistic specification is possible if 

the procuring activity prepare© the specification v/ith the 
■ 

contractor providing the inputs; these inputs are to be re- 

viewed by the procuring activity very closely. 

At the request of the Joint Engineering Agency for M 

demonstration specification for the KET-70 and as a project 

for Industrial Engineering 685» the specification contained 

in the following pages was prepared. The MBT-70, at the 

time of request, had just started into advance Production 

Engineering Phase which xeant the design was fairly firm. 

Some minor changes are possible at this phase.  In addition 

to meeting the immediate need of a Ü demonstration for the 
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.  MBT-70, it is the author's inteni that this specification 

will also provide a bases fron which a standardized H spec- 

ification will be developed for use throughout the Army and 

DOD. 

It is felt that the state-of-the-art in maintainability 

is not advanced to where maintainability requirements can be 

expressed in quantitative terms only. Consequently, qualita- 

tive requirements were prepared in terms of questions which 

could be answered yes or no or not applicable. There are 

nine checklists covering visual displays and illumination, 

accessibility, identification, safety, servicing, cabling and 

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

of approach requires good engineering .judgement. To ensure 

that qualified persons answer the questions, a biography is 

required on each individual and must be approved by the pro- 

curing activity before the person is considered qualified. 

A person can answer only questions in the area in which he' 

is qualified and he is required to initial each question he 

answers« 

The specification is divided into six sections and an 

appendix. First, second, and third sections contain the 

scope, referen'e sources, and defi-itio" of terus respective- 

ly. Section four makes up the test demonstration requirements. 

These requirements are broken down into the following areas: 

1. Demonstration conditions 

2. Demonstration maintenance and cbr.erver team 

) 
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3« Demonstration support material 

h,    Pre-deraonstration phase. 

5. Formal demonstration phase 

I    6. Retest phase 

?. Sample size.requirements • 

8. Data requirements 

9» Contractor organization and maintainability 

demonstration schedule 

•Section five consists of the test demonstration proce- 

dure and contains the.following areas: 

1. Sample size calculation 

2. Maintenance task selection 

3. Test method 

{*• Demonstration criteria 

Data makes up section six and is composed 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 quantitative apportionment, and qualitative checklists. 

The third appendix deals with the theory on which sample 

size equations are based. Also, the equations which deter- 

mine acceptance/rejection of a task are 3xplained. 

MMHB^MUta^^A 
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l.: SCOPE 

1.1 General - This specification outlines the requirements 

I and procedures for the maintainability test demonstra- 

tion of the MBT-70 system. Statistical requirements 

contained herein are based on the normalized distrlbu- 

tion. 

1.2 Purpose - This specification provides the user with the 

following objectives: 

(a) Insure that quantitative requirement in terms of 

H ., T? ., and TI are specified. 

(b) Insure that qualitative features .of the system 

and support material are assessed. 

(c) Insure that a uniform demonstration test procedure 

, is used. 

(d) Insure that data collection,'reduction, analysis, 

and reporting are standardized. 

(e) Insure that criteria for acceptance/rejection of 

each task are formulated. 
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2. REFERENCE DOCUMENTS 

2.1 The issue of the following document in effect on the 

date of invitation for bids forms a part of this 

standard to the extent specified herein: MIL~STD-721, 

Definition of Effectiveness' Terms for Reliability, 

Maintainability, Human Factors and Safety. 

2.2 . The following documents are references used in prepar- 

ing this specification. They are not a part of this 

specification, but are to be used for supplemental 

information only. 

STANDARDS 

MIL~STD-/f70 

MIL-STD-/f71 

MIL-STD-1228 

Maintainability Demonstration 

Maintainability Program Requirements 

Maintainability Criteria for Tank- 

Automotive Materiel    , 

SPECIFICATION 

MIL-M-26512C(USAF) Maintainability Specification 

PAMPHLET 

Maintainability Guide for Design AMCP 706-13/f 

REGULATIONS 

AR 700-51" 
Improved Management and Determina- 

tion of Requirements for Procurement 

of Technical Data and Information 

MICOM Regulation 702-1 Product Assurance 
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REPORTS 

- 
Cox, Charles D., Maintainability Engineering Guide; 

'US Army Missile Command Report No. RC-S-65-2, 

1 October, 1965 

Cumingham, C. E., and Rigby, L. U., Maintainability  

Demonstration Plans and Procedures,~"?ord Philco, Tech 

Meno No. 9,  August, 1963 

Cumingham, C. E., Maintainability Demonstration Results 

And Experience. Ford Philco, Western Div. Lab.,, Palto 

Alto, California, August, 1967 

TEXTS 

Dixon, Wilfrid J., and Massey, Frank J., Jr., Introduc- 

tion to Statistical Analysis. New. York, McGraw-Hill 

Book Co., 1957 

Geise, John, and Holler, Walker W., Editors, Maintain- 

ability Engineering. Martin-Marietta Corp. and Duke 

university, Contract No. DA-31-12/f-AR0-D-100-3*f, 1965 

Til ii" "miitMi" ■■■ ■ ■ 11 
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3. DEFINITIONS 

3.1   Th<* def4.nitions sot forth in MIT.-STD-721 shall apply 

to this specification. For the purpose of this 

specification, the following definitions shall apply, 

3.1.1 Support material includes support equipment, tools., 

test equipment, technical publications and manuals, 

spares and consumables, safety equipment, etc. 

3.1.2 Item -.A generic term used to identify the specific 

entity under consideration. As such, it may be a 

part, sub-assembly, group, equipment, etc. 

3.1.3 Maintainability demonstration - A test which demon- 

strates the degree of achievement of* specified 

quantitative and qualitative maintainability (M) 

requirements. 

3.1.4 Pre-demonstration phase - A period of time immedi- 

ately prior to commencement of formal if demonstration 

during which the test team, facilities, and support 

material will be evaluated. 

3.1.5 Formal demonstration phase - A period of time during 

which K  demonstration tasts are performed, data 

acquired and analyzed. 

3.1.6 Retest phase - A period of time following a formal 

H demonstration for repeat or special tests. 

3.1.7 Maintenance environment - The climatic and operational 

conditions under which an item v/ill be maintained. 

■ ■ 
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},1.8   Scheduled maintenance - A specified period of time 

when preventive maintenance is performed on the sys- 

tem. 
# 

3.1*9 Unscheduled maintenance - Any  corrective maintenance 

performed on the system during any period of time 

--except during scheduled maintenance. 

ädä --— ■■- -■"■ ■ - 
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4. TEST DEMONSTRATION REQUIREMENTS 

4*1   Demonstration Conditions 

4.1.1 The M3T-70 system 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 6,000 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 least 15>00 miles 

or 150 hours between performance of scheduled 

maintenance. Mileage and hours shall begin 

when the system, is released from the factory, 

ready for use. 

(c) The system shall operate without performance of 

scheduled and unscheduled maintenance or serv- 

icing per mission requirement of Mission Narrative 

MBT-70 No JDT-1083-C-OÖ. 

4.1.2 Quantitative requirements for the system shall be as 

follows: 

•(a) Total scheduled and unscheduled maintenance for 

the system shall not exceed 120 mrn-hours under 

operating conditions as specified in paragraph 

1 ■■■ ■■— -..lii. 
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4.1.1(a). Ninety (90) man-hours shall b$ 

apportioned to unscheduled maintenance (M +) 

and thirty (30) man-hours apportioned to 

I     ■ scheduled maintenance (M_). 
pt' 

(b) Scheduled and unscheduled maintenance man-hours 

shall be apportioned per .Appendix B for the 

MBT-70 sub-systems. 

(c) Servicing time for this system shall not exceed 

the limit specified by the procuring activity. 

4*1*3 A yes-no type of checklist shall be used to assess 

qualitative features of the system. The checklists 

shall be per Appendix A and demonstrated in accord- 

ance with paragraph 5*3.2. 

4.1*4 The levels of maintenance to be demonstrated shall be 

as follows: 

(a) Organization First* Echelon 
Second Echelon 

(b) Field Third Echelon 

4.1.3 All scheduled and unscheduled maintenance, and 

servicing shall be demonstrated under extreme 

environmental conditions specified in paragraph 

3.2.2.3, Page 45 of Mission Narrative MBT-70 No JDT« 
1083-C-66. 

4*1*6 'The demonstration site(s) shall be representative of 

actual field conditions. Support of the system shall 

be of the type and quantity expected in the operational 

B6JMli»Mii miim     -j- = ^ —-- -- ■■—iirir 



r 8 

phase. ',   J. 

4.1,7 The selection of tho items and .the procedure to 

verify maintainability requirements shall be in 

i  accordance v/ith paragraph 5.- 

^.1.8 Mode of operation»including configuration, shall be 

specified v/ith, each item selected to be demonstrated 

in accordance v/ith paragraph 6.1.2(a). 

4.1.9 Simulation of a fault- for corrective maintenance task 

shall be accomplished by opening, shorting, or ground- 

ing circuits, or by inserting faulty parts in such a 

manner as to duplicate the syndromes arising from 

random natural failures, 

4.2   Demonstration Maintenance and Observer Team 

4.2.1 The demonstration observer team shall meet the follow- 

ing conditions: 

(a) The observer team shall be «comprised of at least 

four persons; one of whom shall be an expert in 

the electrical/electronic field; one of whom 

shall be an expert in the mechanical field; one 

of wii-)ffl shall be an expert in the human engineer- 

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

th" maintenance field. Eac* member of the 

observer team shall be considered an expert in 
■ 

only one  of the above fields,. An expert shall be 

an individual who is considered to be knowledge- 

able in one of the above fields as related to 



C 
combat track systems, 

(b) The observer team shall be thoroughly familiar 

with the forms, procedures, and demonstration 
i 

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 

evaluation; basic troubleshooting methods; main- 

tenancs practice; and maintainability principles, 

data and methodologies. 

(c) Cvher qualified personnel shall be used when it 

is determined none of the present observer 

members are qualified in the area under question. • 

These individuals shall be approved by the pro- 

curing activity prior to using their talents. 

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

the observer team in accordance with paragraph 

6.1.1(a). These biographies shall be submitted 

to the procuring activity for approval fifteen 

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

phase. Disapproval of a biography disqualifies 

that individual from the observer team, 

4*2.2 Thw demonstration maintenance tei.m shall meet the 

following conditions: 

(a) Personnel assigned to the maintenance team shall 

be of the type, number and skill level represent- 

ative of the personnel who will perform maintenance 
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during the operational phase. 

• (b) A biography shall be prepared on each member 

of the maintenance team in accordance with 

!     . paragraph 6.1.1(a). These biographies shall 

be submitted to the procuring activity for 

approval thirty (30) days prior to the start 

of formal demonstration testing. Disapproval 

of a biography disqualifies that individual 

from the maintenance team. 

4.3 Demonstration support material 

4.3*1 The tools, test equipment, service equipment, spares, 

safety equipment, technical manuals-, and any other 

items needed for the maintainability demonstration 

shall be provided by the contractor. 

4«3«2 Items to be furnished by the procuring activity shall 

be requested sufficiently in advance by the contractor 

to be available for the.formal demonstration phase. 

4«3«3 All items shall be provided in the type, quantity and 

quality representative of operational requirements. 

4»3»4 Any deviations or changes from operational provi- 

sioning requirements during maintainability 

demonstration tests shall le re-orded and compensat'.d 

for. These deviations and changes shall be recorded 

in  accordance with paragraph 6.1.2(a). 

4.4 Pre-dcmonctration Phase - During this phase, the 

observer team shall evaluate the contractor as to his 

,—MM      ■ 5 
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adequacy of preparation for the formal maintain- 

ability demonstration phase. 

4«4»1 As a minimum, the following items shall be evaluated: 

(a) Representation of test site'and facilities to 

field, environmental, and support conditions. 

_(b). Availability, assembly, checkout and preliminary 

validation of demonstration support material. 

(c) Maintenance and observer team briefed on schedule 

for formal demonstration, duties-and responsi- 

bilities of each individual. 

(d) Qualifications, training, and experience of 

maintenance team personnel as compared to 

maintenance personnel in the field. 

Jf.Jt.2 A pro-demonstration phase evaluation report shall be 

prepared in accordance with paragraph 6.1.1(b). This 

report shall be submitted to the procuring activity 

. for approval at the completion of the predemonstra- 

tion phase. 

k,k»3   Areas that are determined to be inadequate shall be 

corrected by contractor before start of the formal 

demonstration phase,. Verification of corrections 

shall be mad« by the observer team. 

Formal demonstration phase - During this phase, 

maintainability demonstration tests are performed, 

data acquired and analyzed. Also, ehe checklist is 

used to evaluate qualitative design features. 

^.5 
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if.5*1   Qualitative 

4«5»1»1 The number of items to be assessed shall be as • 

specified in paragraph 5«1*2, 

if.^.1.2 Assessment of each item shall be in accordance with 

paragraph 5.3.2. 

if.5.1.3— Data collection shall be in accordance with paragraph 

6.1.2. 

if.5«l.if Rejection/acceptance of an item shall be in accor- 

ance with paragraph 6.2.if, 

if.3.1*5 Rejected iteiu^ ahall be retested during the Retest 

Phase in accordance with paragraph if,6. 

if.5.2   Quantitative 

if.5,2.1 Sample size of taskf to be demonstrated shall be 

. determined in accordance with paragraph 5s1. 

Additional items to be demonstrated shall be those 

selected by the contractor or procuring activity. 

. Items selected by contractor shall be approved by 

the procuring activity, 

if,5.2.2 Selection of each task shall be in accordance with 

paragraph ^,2. 

if.5.2.3 Test of each task shall be in accordance with para- 

graph 5.3.1. 

if.5.2.if Data collection shall be in accordance with paragraph 

6*1*2. 

if,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 rstested during the 

Betest Phase in accordance with paragraph if.6. 

4.6    Retest Phase - During this phase, all rejected 

items and tasks are, after correction of deficien- 

cies, retested. 

4.6.I   Items failing to mee'. the acceptance criteria 

during the formal demonstration phase shall be 

retested during this phase after the contractor 

' has corrected the deficiencies of the rejected 

items. 

4«6*2   This phase shall'also be used for special investi- 

gations of deficient or trouble areas. Additional 

areas to be investigated shall be those selected by 

the contractor or procuring activity. Areas select- 

ed by the contractor shall be approved by the 

procuring activity. 

4.6.2.1 A deficient area shall be defined as on item that 

. lacks one or more maintainability design character- 
» 

istics. 

4.6.2.2 Trouble area shall be defined as one or more of the 

following: 

fa) Items which the maintenance team had difficulty 

in detecting, locating, and/or isolating the 

malfunction, 

(b) Items that from past experience proved to have 

a high failure rate. 
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4.7 

4.7.1 

4.7.2 

4.7.3 

4.7.4 

4.8 

4.8.1 

14 

(c) Items that have poor accessibility for serv- 

icing, inspection, replacement, and/or repair0 

(d) Items that from past experience proved difficult 

,; ',  to trouble-shoot. 

Sample Size Requirements 

The pi »cedure for determining corrective maintenance 

and preventive maintenance sample size shall be in 

accordance with paragraph 5.1. 

Sample size shall 'be not less than fifty (50) for 

the corrective maintenance tasks and fifty (50) for 

the preventive maintenance tasks. 

The contractor may elect to demonstrate all preven- 

tive maintenance tasks when approved by the 

procuring activity. 

Corrective and preventive maintenance tasks which 

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

shall be demonstrated in addition to the required 

sample size. Selection of these peculiar tasks 

shall be made by the procuring activity; however, 

the contractor may recommend tasks to be included. 

Data Requirements 

The contractor shall establish a maintainability 

data collection system for evaluation of maintain- 

ability demonstration results. This data syster. 

shall be compatible with and capable of accepting 

data from existing data systems in use by the Army. 

\ 
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4.8.2 

4.8.3 

4.9 

4.9.1 

4.9.2 

4.9.3 

4.9.4 

Data, collection shall be integrated as much as 

possible with similar data collection requirements 

such as reliability, human factors, etc., in order 

to provide accurate analysis. 

Data collection formats and reports shall be in 

accordance with paragraph 6« 

Contractor Organization and Maintainability Demon- 

stration Schedule •   

' The contractor shall prepare a detailed schedule 

of events occurring during the maintainability 

demonstration phases. . This n~hedule shall include 

as a minimum the following: 

(a) Pre-demonstration phase events 

(b) Formal demonstration events 

(c) Provisional events for the retest phase 

In addition, an organization chart shall be pi epared 

showing levels of authority and assigned responsi- 

bilities of personnel during the maintainability 

demonstration phase. 

The organization chart and maintainability demon- 

stration schedule shall be submitted to the procuring 

activity at least fifteen (15) days before start o* 

predemonstraticn phase. 

The maintainability schedule shall be updated and 

submitted at least fifteen (15) days before start 
# 

of next phase. 
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5. TEST DEMONSTRATION PROCEDURE . 

5.1   Sample Cize Calculation 

5.1»1 The following procedure shall be the method used to 
I     .       ■•:.'     • 

determine the size of sample for corrective maintenance 

tasks (N_), and the size of sample for preventive c 

maintenance (PM) tasks (N )• 

(a) The following values shall be used to initially 

estimate sample sizes: 

Kc = 2.0 

X * 0.5 

B = 0.75 

S =2,0 

(b) Estimate the sample size required from the 

following equation: 

Np or Nc = /X^S
1 

« 

N = sample size of preventive maintenance tasks 

• N = sample sire of corrective maintenance tasks 

K$ = confidence level coefficient (that the 

sample will give the true mean active 

maintenance down time) 

B = Ran^e or accuracy of the true mean 

S * standard deviation of maintenance down time 

being sampled 

X = mean of sample maintenance down time 
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(c) The number of corrective maintenance tanks for 

each category to be demonstrated shall be 

determined by multiplying the percent contri- 

bution of each category by the computed sample 

size, rounding off fractional numbers to the 

next larger integer, 

(d) If the ratio of v*as determined from the first 

twenty-five (25). test sata points is different 

from the value assumed for this ratio in the 

initial determination of sample size, recompute 

the ratio of"«" cased on these twenty-five (25) 

• test data points and adjust the, sample size to 

achieve the desired confidence level and accu- 

racy. 

(e) Repeat paragraph 5»1(d) for the first fifty 

(50) test data points. 

5*1.2 Sample size for assessment of qualitative features • 

shall be specified by the procuring activity.- 

5.2   Maintenance Task Selection 

5.2.1 The number of corrective maintenance items to be 

t.sed in the demonstration shall constitute a repre- 

sentative sample of the total population of correc- 

tive maintenance items and shall be determined in 
• 

accordance with the following procedure: (Refer t.) 

'fable 1 for an example.) 
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(a) In column A list and categorize all items (parts, 

modules, assemblies,etc.) in accordance with the 

maintenance concept employed and level of main- 

tenance to be demonstrated.' 

(b) In column B list the failures/item 10 6 operation- . 

  al hours lor each replaceable itom, using 

reliability techniques and date sources approved 

by the procuring activity. For items that have 

no failure rate data available, the contractor 

shall use data developed from associated relia- 

bility programs or as determined by application 

of acceptable subjective estimation techniques. 

The source of the failure rate data shall be 

approved by the procuring activity prior to use. 

(c) In colv nn C determine the quantity of each item, 

(d) In column D determine the total failures per 

6 
10 operational hours.for each item, 

(e) In column E determine the percent contribution 

of each item to the total corrective maintenance 

tasks. 

(fi In column F group the items v/ithin the same 

category. Grouping shall be as specified by 

procuring activity. Assign a percent contribu- 

tion equal to the sum of the individual percent 

contribution for these items, 

(g) Apportion the number of corrective maintenance 

.«^-r-U^S^-ärr'■  jjajjfiwu 
■MT.I T.g'hi.—- ***±=*~ 
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tasks to be demonetratad in proportion to the 

item percent contribution to the total mainte- 

nance tasks« 

(h) Specific tasks to be demonstrated shall be 

selected by the procuring activity in accord- 

ance with paragraph 4«7.4» Selection shall 
t 

be accomplished by randomly selecting items 

within a category or type to which percentages 

have been allocated« Random numbers shall be 

used to accomplish the selection unless other- 

wise specified by the procuring activity. 

(i) Each task will be demonstrated .only once, 

unless otherwise specified, by the procuring 

activity« 

! 

— ■■> nfc iii ii 
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.5*2.2 The number of preventive maintenance tasks to be 

used in the demonstration shall constitute a roprc- 

sentative sample of the total population of preven- 

tive tasks and shall be determined in accordance 

with the following procedure: (Refer to Table 2 

. for an example«) 

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

(b) In column B determine the frequency of occur- 

rence for each PM task« 

(c) In column C determine the percentage contribu- 

tion of each sub-system to the system dov/n time. 

(d) Calculate the number of PM tasks to be simulated 

for each sub-system by multiplying the percent- 

age contribution of that sub-system by the total 

number of PM tasks, 

(e) Actual selection of specific PM tasks to be 

demonstrated to satisfy (d) at~ e shall be 

accomplished by means of a table of random 

numbers, wherein each PK task in each sub-system 

shall be identified and random selection tech- 

nique sha?.l be used. 

(f) Co1umr. D determines or estirates the active PM 

dov/n time to accomplish each PM task by applies- 

tion of acceptable subjective estimation 

techniques. 

5«2*3 The number of items to be used in assessment of 
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qualitative features shall constitute,,* representa- 

tive sample of the system and shall be determined in 

accordance with the following procedure: (Refer to 

Table 3 for an example.) 

(a) List all items as shown in Table 3 by sub-system. 

—(b)- For each sub-system check applicable qualitative 

area to the particular sub-system as shown in 

Table 3. 

* 5.2.3*1 A table similar to Table 3 shall be submitted to 

procuring activity thirty (30) days prior to stert 

of formal demonstration phase for review and 

approval. Selection of items to be assessed ehall "*' 

be selected by the procuring activity. 

\ • 

'-■-"^nräfi-.iäiitiir Viiiririiii--™^--- -■■^■.**■■:- 
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TABLE 3 

QUATITATTVE APPORTIONMENT SAMPLE SELECTION 

NWL Suspension System 
and U S Track 
NWL H.S.A. 
Road Wheel Army Assembly 
Compensating Idler Arm 
Track Adjuster Assembly 
Track Assembly 
Sprockets 

. Control Sf Display 
CAE Installation 
CAE Engine 
Cooling System 

Turret 
Hydraulic ?S 
Gun/turret Drive 

Gunner's Station 
Gunner's Primary Sight 
Gunner's Display/Controls 
Missile Xmitter Drive 

X 

X       X 

XXX 

X . 

X 
X 

X 
X 

X 
X 
X 
X 
X 

X   X 
X 

X 
X 

X    X    X   X 
X 

X X 
X    X    X   X    X 

X 

X   X 

It Central Equipment 
Ballistic Computer System 

XXX 

-     ■ — ■ •   - ■ — "-- 
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5.3       Test Method 

5«3»1 The test procedure for verification of quantitative 

requireraents (both corrective and preventive mainte- 

i  nance tasks) shall be as follows: 

(a) Corrective Maintenance Items 

1« Select task.to be demonstrated in accordance 

with paragraph 5.2. Prepare task data sheet 

in accordance with paragraph 6.1.2(a). 

2» Insert fault with thp maintenance team 

absent from ehe area and in accordance with 

paragraph 5.2.1. 

3« After fault is inserted and verified, alert 

, and instruct the maintenance team in the 

manner usually employed to initiate mainte- 

nance action. 

if. Collect and record required data in accord- 

ance with paragraph 6.1#2(b)„ 

5. Repeat paragraph 5,3»l(a)l thru if until all 

corrective maintenance tasks selected per 

paragraph ^,Z  have been demonstrated, 

(b) Preventive Maintenance Tasks 

1. Select task to be demonstrated in accordance 

with paragraph 5«2. Then prepare task data 

«sheet in accordance with paragraph 6.1.2(a). 

2. Have maintenance team perform the preventive 

maintenance in accordance with the prescribed 

limiiiii in" 



fg*:»^        ,  ,,  -JJJiilUffl ^^' V1VPUMBUL __,.  I I»« IM    '■   PP.!      _ 

r 27 

procedure for the task. 

3. Collect and record required data in 

accordance with paragraph 6.1.2(b). 

I    '. 4. Repeat 5.3.1(b)l thru 3 until all pre- 

ventive maintenance tasks selected per 

paragraph 5.2 have been demonstrated. 

3.3*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 in accordance 

with paragraph 6.1.2(d) and attach- to check- 

list to be used for assessment of the selected 
* 

item. 

(c) Perform assessment of the selected item. 

Assessment shall be accomplished by the membcr(s) 

'  of the observer team qualified to assess the 

item. Each question, including those which are 

not applicable, shall be appropriately marked 

and initialed by the member(s) performing the 

assetcment.- 

(d) Re?eat paragraph 5.3.2(a) thru (c) until all 

selected items have been assessed« 
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5.4 

5.4,1 

5.4.2 

5.4.3 

5.4.4 

5.4.5 

5.4.6 

5.4.7 

Demonstration Criteria - The following criteria 

shall be adhered to in the demonstration of main- 

tainability for the MBT-70 system. 

The demonstration of quantitative tasks and evalua- 

tion of qualitative features shall be monitored and  

assessed under direction of the observer team. 

Maintenance team shall meet the requirements of 

oaragraph 4.2.2, 

Da>,~ collection data, reduction data, analysis, and 

maintainability reports shall be in accordance with 

paragraph 6. 

Any changes 3r deviations from requirements or pro- 

cedures specified herein shall be approved by the 

procuring activity. 

Corrective and preventive maintenance times shall 

be recorded to the nearest tenth minute. 

A corrective maintenance task shall be terminated at 

three times the specified mean corrective tine OR,«.) 

or when agreed that the maintenance team is unable 

to determine the failure. This task shall be assign- 

ed a time of three times the specified mean corrective 

tice, noted and recorded. 

Under the following conditions, man-hours may be 

excluded from the calculations for determining 

acceptance or rejection of the corrective ad preven- 

tive maintenance tasks. All man-hours excluded shall 
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be noted and recorded. 

(a) Man-hours expended -due to .technical manual 

inadequacies, subsequently corrected and proven 

• to preclude recurrence of the problem« 

(b) Man-hours required to repair'an item for which 

an easier repair procedure or design change has 

been developed and a^roved by the procuring 

activity. 

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

(d) Man-hours expended on another fault occuring 

during time the pre-selected fault was inserted. 

The procuring activity may at its option elect 

.to count the fault as another task. 

(e) Man-hours expended due to an unavoidable 

accident or mishandling. 

(f) Man-hours expended due to improper insertion of 

pre-selected fault. 

(g) Under paragraphs c, d and f the procuring 

activity may at its option elect to count the 

fault as another task. 
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6. Data 

6.1   Reports and Data Collection 

o.l.l Reports - The following reports shall be included as 

part of the data submitted to the procuring activity 

for review and approval: 

(a) Information to be contained in each observer 

and maintenance team biography report shall be 

as outlined in Figure 6.1. 

(b) The pre-demonstration phase report shall describe 

in detail results of the pre-demonstration phase 

evaluation. All deficiencies and the steps 

taken to correct these deficiencies shall be 

contained in the report. Potential problems 

that may occur during formal demonstration shall 

be included. 

6.1.2 Collection of data shall be as follows: 

(a) A task data sheet shall \ e prepared for each 

task as outlined in Figure 6.2 and in accordance 

with paragraphs if. 1,8 and *t.3»*f. 

(b) Corrective and preventive maintenance data shall 

be recorded on the failure data sheet shown in 

Figure 6.3 and in aocordanc* with paragraph 

5.3.1(a)/*. 

(c) The task data sheet shall be attached to the 

failure data sheet, 

(d) A separate checklist data shewn in Figure 6.4 

i. 

■■■ r-inii-T*'^ "•-"■= 
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Sheet  of . 

BIOGRAPHIC,DATA (OBSERVER) 

NAME 

JOB TITLE .PRESENT) 

EXPERIENCE (BY DATE) Only include experience applicable to 

• ■      * 

PROCURING ACTIVITY APPROVAL 

.Figure 6.1a Biographic Data Form for Observer Tea» 

.-j^üjä. -ii,: ■-* yig.i^ -■£ *fiAlÜ=äil =kÜ™ 
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Sheet    of 

BIOGRAPHIC DATA (MAINTENANCE) 

NAME 

JOB TITLE (PRESENT) 

•ORGANIZATION 

SCHOOLING (BY DATE) Tnrluda only schooling related to .job 

position*  

EXPERIENCE (BY DATE) Only include experience related to sys- 

tem under test.     

PROCURING ACTIVITY APPROVAL 

Figure 6.1b Biographic Data Forn for Maintenance Tear.i 

~^1^  ^^:-.-^^.,: 



■j^wM^JWMUÜilP.. ■^'^J'l4;^-^l-L4fBfr™gP!WWBW| ->-■-' "!<J "'■ L 

r 
33 

Sheet of 

TASK DATA SHEET 

TASK TASK NO 

TEST CONDITIONS 

1. Maintenance Environmental Conditions per paragraph 

JbLJL ^  

2« Level of Maintenance per paragraph fr.1.4 

3« Mode and configuration of task under test 

per paragraph 4.1*8. 

'♦• Type of failure simulated per paragraph 5.2.1 

3-» Special conditions such as special or peculiar 

support material required, unusual test site 

conditions and facilities requirements, or any 

unusual conditions and requirements which the 

task is to be demonstrated under. Also, all 

deviations and changes shall be noted here. 

Figure 6«2 Task Data Sheet Form 

»«— ay*-.^MI^I •«»■■...,( , 

i—'-iVi- ■- HÜ 
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FAILURE DATA SHEET 

;»)ATE 

OBSERVERS 

MAINTENANCE TEAM. 

LOCATION 

SUBSYSTEM  

CHASSIS NAME_ 

PANEL NAME 

PART NAME 

CIRCUIT BOARD NAME 

# 

FAILURE SIMULATION 

TYPE OF FAILURE SIMULATED. 

METHOD OF SIMULATION 

SYKPTIONS OF FAULT INSERTION  

MODE OF OPERATION AT DETECTION 

3*f 

Sheet of 

TASK NO 

Figure 6.3 Failure Date. Sheet Form 

A 
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Sheet of 

FAILURE DATA' SHEET (CONT'D) 

COMMENTS 

ADMINISTRATIVE 

TIME RECORD 

OUT  

IN  

OUT  

IN- 

OUT 

IN_ 

OUT. 

IN 

OUT. 

IN 

OUT1345 

IHJUS5S 
OUT  

IN  

OUT  

IN. 

OUT. 

IN_ 

Narrative of maintenance team activi- 

ties. ' Time Is to be continuous and is 

to include all coffee breaks, lrnch 

periods, rest breaks, etc» 

i ; • ' .  

EXAMPLE: _.  

1300 Start  

1301 Verify symptoms • 

1305 Study schematics 

1315 Remove cover and pull drawer out 

1318 Use scope to trace signal 

1345 Coffee break 

1358 Back on .job 

IUO6 Traced trouble to correct circuit 

1413 Used VTVM to locate faulty com- 

ponent 

1506 Administrative time (obtain part) 

1516 Remove iault.y r>art and replace 

with good one . 

OUT 15Ü Closed unit« Test cor.nlete 
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Sheet of 

FAILURE DATA SHEET (CONT'D) 
TIME DATA 

i 

START OF EXERCISE 

DETECTION. 

LOCALIZATION 

ISOLATION 

REPAIR^ 

CHECKOUT 

TIME FOR EACH ELEMENT 
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Sheet of 

QUALITATIVE CHECKLIST DATA- SHEET 

TASK TASK NO 

LOCATION 

OBSERVERS 

QUALITATIVE FEATURES REJECTED 

QUESTION NO 

Reasons for rejection per paragraph 

6.2.4(b)   

Figure 6.4 Qualitative Checklist Data Sheet Fora 
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shall be prepared for each checklist used to 

evaluate the item These checklist data «sheets 

shall then be attached to tne checklists used 

to evaluate that particular item. 

Data Reduction and Analysis (See Appendix C for 

further explanation of formulas.) 

6.2,1 The quantitative data obtained fron the formal 

demonstration phase shall be reduced and analyzed 

as follows to determine acceptance or rejection of 

R . and $. for each task: ct    pt 

(a) The raw data derived from corrective maintenance 

test shall be screened thoroughly to ensure 

pertinent simulation and measurement require- 

ments have been achieved, and any ambiguities 

in the test record resolved. . 
t' 

(b) To determine acceptance or rejection of the cor- 

rective maintenance tasks against the mean 

corrective time (M.t) specified in paragraph 

. 4*1.2(a), the following criteria shall apply. 

Accept the tasks if the 

Kct (specified) > TlQt  ♦ h    s"ct 

^ 
v 

otherwise reject the tasks. 

(c) To determine acceptance or rejection of the pre- 

ventive maintenance tasks against the .r.ean 
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preventive maintenance time ($_t) specified in 

paragraph.4.1.2(a), the following criteria shall 

apply. Accept the tasks if the 

' Mpt (*Pecifled) > R ♦ ÜI  Pt 

otherwise reject the tasks. 

6*2*2 The quantitative data obtained from the formal demon- . 

stration pha.e shall be reduced and analyzed to 

determine acceptance or rejection of total system 

mean down time (T!) as follows: 

(a) Perform paragraph 6.2.1(a) through 6.2.1(c). 

(b) To determine acceptance or rejection of all the 

tasks against- the specified mean down time (M) 

for the system, the following -criteria shall 

apply. Accept the tasks if the 

K Capecifled) 2 H ♦ Kf j\ </. s?'ct>2  »« <f, ^ 

otherwise reject the tasks. 
« " 

6.2.3 The quantitative data-obtained from the formal demon- 

stration phase shall be reduced and analyzed to 

, determine the frequency and cumulative frequency 

distribution as follows: 

(a) List the time required to complete each task and 

the times required for detection, localization. 

/ 



TT 
.-,,■■ j ■.^T-» a; .iiBjumru 

40 

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, localization 

time, isolation.time, repair time and checkout 

time. 

(c) A histogram chart for each of items listed in b 

above shall be submitted to the procuring activ- 

ity for review and approval. 

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

stration phase shall bo reduced and analyzed to 

determine acceptance or rejection of an item as 

follows: 

(a) The raw data derived from the checklist shall be 

screened thoroughly to ensure that any ambiguities 

in the record data are resolved, 

(b) Acceptance or rejection of an item assessed 

shall be determined by the observer team. 

Determination of whether to accept or reject 

the item shall be based on at least the following: 

1, Safety hazard to operating and maintenance 

personnel, 

2, Critical!ty of the item for a mission. 

3, Cost, time and resources required to correct 

deficiencies of the item. 

■iii«r-VriT» ■ 
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4« Improvement.in corrective or preventive 

maintenance times that, could be realized«.-—- 

(c) An item rejected shall be justified by docunen- 

I     • tal evidence and shall be signed by observer 

team members performing the analysis« 
* * 

(d) Deficiencies in- the rejected items shall be 

corrected and these shall then be submitted for 

revaluation during the Retest Phase. 

6.3 '  Maintainability Demonstration Report 

A final maintainability 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 minimum: 

(a) Data collected 

(b) Factors which influence the data 

(c) Analysis of the data 

(d) Results of the demonstration 

(e) Assessment of qualitative factors 

(f) Deficiencies 

(g) Recommendations 

1« To correct deficiencies 

2« For suggested improvements 
« 

(h) Results of retest 
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APPENDIX A 

7. Qualitativ.- Checklist - The checklist is composed of 

yes-no questions. These questions shall be answered; 

either the item has the feature or the item does.not 

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

applicable. Each question shall be initialed by the 

observer team member(s) answering the question and all 

questions shall be answered'. A checklist is considered 

to be a major heading. For example, questions associated 

with accessibility is considered one checklist and test 

points is another checklist. The checklists are: 

(a) Accessibility 

• (b) Cabling and Connectors 

(c) Identification 

. (d) Safety 

(e) Visual Displays and Illumination 

(f) Servicing 

(g) Test Points 

(h) Test Equipment 

(i) Equipment Units 

A qualitative checklist data sheet form shall be attached 

to each checklist used in assessment of an item. 

- - 
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ACCESSIBILITY 

1» lu access to the item 

obstructed such that no other 
i 

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 time? 

4« Are accesses labeled to 

indicate what auxiliary equipment is 

needed for service, checking, etc, 

at this point? 

5* Are accesses labeled to 

indicate what can be reached through 

this point (label on cover or close 

thereto)? 

6« Are access points individ- 

ually labeled so they can be easily 

identified with nomenclature in the 

job instructions and maintenance 

manuals? 

Yes No * NA In? tial 

■ i -   ■■    - - 
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7« Are parts which require 

ace 368 fron twe_or more openings 

narked to so indicate in order to 

avoid delay and/or damage by 

trying to repair or remove through 

only one access? 

8. Are heavy units (morr than 

25 Lbs) installed within normal 

reach of a technician for purposes 

of replacement? 

9. Are access doors made in 

whatever shape is necessary to 

permit passage of components and 

implements which must pass through? 

10, If the maintenance 

technician must be able to see what 

he is doing inside the equipment, 

does the access provide enough room 

for the technician's hands or arms 

anß still provide an adequate view 

of what he is to do? 

11« Are units laid out so 

maintenance technicians are not 

required to retrace their move- 

ment during equipment checking? 

H 
Yes No NA Initial 
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12. Can adjustment type 

controls be adjusted with the 

adjustment tool clear of any 

obstruction? 

13* Is equipment designed 

so that it is not necessary to 

remove any assembly from a, major 

component to troubleshoot that 

assembly? 

14# Are components places 

so that all thrcwaway assemblies 

or parts are accessible without 

removal of other components? 
« 

13*    Are components placed 

so that there is sufficient space 

to use test probes, soldering irons, 

and other required tools without 

difficulty? 

16« If a screw-access place 

is used, are no more than 4 captive 

quick-opening screws ueed? 

17, Are uaits which are 

frequently pulled out of their 

installed position for checking 

mounted on rollout racks, slides, 

or hinges? 

Yes No NA Initial 
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18* Is the equipment easily 

removed anc'. replaced by one man? 

19« Are access covers, which 

are not completely removable, self- 

supporting in the open position? 

46 

Yes No NA Initial 

m as m -■ --—- 
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CABLING AND CONNECTORS CHECKLIST i 

Cables 

1. Are the cajles sufficient 

length so that each functioning unit 

can be checked in a convenient 

place? 

2. Are cables routed so they 

need not be bent or unbent sharply 

when being connected or discon- 

nected? 

3. Are cables directly 

accessible to the technician 

wherever possible (not under 

panels or floor boards which 

are difficult to remove)? 

J*. Are cables routed so 

they cannot be pinched by doors, 

lids, etc., or so they will not 

be stepped on or used as hand holds 

by maintenance or operating per- 

sonnel? 

5. Is.electrical wiring 

routed, away from all lines that 

carry flammable material?, 

/ r/i 
Yes No NA Initial 

1 
i 
i 

.- i-jg,-..-, - -• —--^- ■ ■-- 1 ■ ■    i-••-•-'- 
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6» Is direct roull..* 

through congested areas 

avoided wherever possible? 

7. Are all cables 

coler coded and both ends' . 

tagged? Are colors selected 

which cannot be confused 

because they are too nearly 

alike or may not be recognized 

because of poor illumination? 

8. Has care been taken in 

design of cable conduits to pre- 

vent 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 

designed to prevent interchanging 

of cables? 

Connectors 

1. Are connector plugs de- 

signed GO that pins cannot be 

damaged (aligning pins extended 

beyond electrical pins)? 

Yes No NA Initial 

iHMtfiäiLäaBifcM ■ IM riii' 
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2. Are electrical connectors 

protected *rom possible shorting 

through contacts with external 

objects? Are adequate covers 

provided on electrical connectors 

to prevent foreign natter from 

shorting out the connectors? 

3» Are separate ground 

connections provided for each 

voltage regulator so that a 

single grounding failure does 

not cause failure of several 

other systems? 

4* Do markings on plugs, 

connectors, and receptacles show 

proper position of keys for 

aligning pins for proper insertion 

position? 

5« On cable connected 

rer'-vable units, 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 

*ea No NA initial 
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7« Are connectors accessible 

for easy r«placement or repair? 

8« Have quick disconnect 

devices been used v/here possible 

to save time and minimize human • 

error which could occur in 

soldering, etc«? 

9.  s there sufficient space 

between connectors so they can be 

grasped firmly for connecting arid 

disconnecting in all maintenance 

environments? For example, extra 

clearance for gloves. 

Yes No NA Initial 
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IDENTIFICATION 

■ 

1. On equipment utilizing 

color coding, is meaning of colors 

given in manuals and on an equip- 

ment panel? 

2. Is color coding consis- 

tent throughout system, equipment, 

and maintenance support? 

3« Do display arid control 

labels clearly indicate their 

functional relationship? Are 

displays labeled by functional 

quantity rather than operational 

characteristics (i.e., gal, psi, 

ohms, etc.)? 

k.    Are display labels 

imprined, embossed, or attached 

in such a .way they v/ill not be 

lost, mutilated, or become 

otherwise unreadable? 

5. Are displays labeled so 

they correlate with notations 

found in system diagrams, in 

technician, manuals- or related 

literature? 

Yes No NA Initial 
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6. Are lubrication points, 

properly labeleu? 

7« Are schametics and 

instructions attached directly 

to, or adjacent to chassis for 

all units which nay require 

troubleshooting? 

8. Is the unit labeled 

and, if possible, with full 

identifying data? 

Yes No NA Initial 
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SAFETY 

1. Are fire extinguishers 

placed where they are readily 

accessible, but not immediately 

adjacent to points where fire 

would probably originate? 

2« Are critical warning 

lights isolated from other less 

important lights for best 

effectiveness? 

3« Is a transparent 

window or removable cover 

installed over fuses so they 

can b2  checked without remov- 

ing the entire component case? 

k»    Are safety Interlocks 

used wherever necessary? 

5. Are warning lights 

provided to indicate fire or, 

excessive heat in areas not 

visible to* the driver? 

6« Aro jac':ing and hoist- 

ing points clearly, conspicuously, 

and unambiguously identified? 

Yes No NA Initial 

j m ._-■      .MMiiMfrr b^MTiM II »■■-■«l.Wll i   I! I Ml— 
MMr^*""1 
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7* Are color code techniques 

-utilized wiilch uefine operating 

and danger ranges to simplify 

check reading? 

8» Are components located " 

and mounted 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-safe 

circuits utilized wherever 

possible to minimize failures 

without operator knowledge? 

10, Are safety guards 

provided for all potential 

personnel hazards such as 

engine inlets, exhaust pipes, 

ordnance devices, pneumatic ' 

and hydraulic devices and 

lines, oxygen and fuel con- 

tainers and lines, etc«? 

Yes No NA Initial 
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VISUAL DISPLAYS. AND ILLUMINATION 

1« Do the displays contain 

only information that is absolute- 

ly necessary to make a good 

decision? 

2._ Are the displays coded 

so both the correct reading and 

tolerance limits are easily 

identifiable? 

3« Are the displays on 

the same panel surface as their 

related control? 

if« Are the displays 

oriented normal to the       } 

observer's line of sight to 

avoid parallax reading errors? 

5. Have the visual displays . 

been kept ae simple as possible 

within informational require- 

ments? 

6* Are numerals on fixed 

visual displays mounted so they 

do not have to be read upside 

down? 

Yes No ' NA Initial 

,f 

Man 
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7. Have displays of a 

«jo-no-go t;-pe b-en used where 

possible? 

8. Have non-glossy surfaces 

or highly polished metals been 

eliminated? 

9. Are the visual indica- 

. tors easy to read and see, when 

operator is in his normal 

operating position? 

10. Are the maintenance 

displays hidden from the operator 

when not needed for normal 

operator duties? 

11. Is there enough 

contrast between the color 

of dial and scale markings 

and the background of the 

dial? 

12, Are the displays 

arranged by function and 

emphasized by color coding, 

outline borders, etc.? 

13. Is the vibration of 

visual displays enough to cause 

inaccurate readings of displays? 

Yes No NA Initial 
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Ik» Has the following 

consideration boen included 

for good illumination? 

a. Suitable bright- 

ness for task at hand, 

b. Uniform lighting 

on the task, 

c. Suitable contrast 

' between task and background. 

d. Freedom from glare 

from either the light source or 

the work surfaces. 

e. Suitable quality 

and color for the illumination 

and surfaces. 

15. Has adequate supple- 

mentary lighting been provided • 

for performance of maintenance? 

16. Are lamps for pilot 

lights and other displays easily 

removable from the frame of 

panel? 

Yes No NA Initial 

- - ■    1  *!■■■—M-^mi asm  1 i in 1^1 



58 

SERVICING CHECKLIST 

1. Are adequate lubrication 

instructions provided for identi- 

fying the frequency and type of 

lubricants required?. 

2. Are  drains provided on 

all fluid tanks and systems, fluid 

filled cases or pans, filter sys- 

tems, float chambers, and other 

items designed to contain fluid 

that would otherwise be difficult 

to remove? 

3. Are drain points located 

at the lowest point when complete 

drainage is required or when 

separation of fluids is desired? 

(as when water is drained out of 

fuel tanks) 

Zf.  Are drain points placed 

where they are readily operable 

by the technician? 

Yes No ' NA Initial 

-K -_-■--- — — ■ --,1  -i|"|iüj'|i1- 
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Yea No . NA Initial 

5. Are fuel tank filler 

necks, brake air cocks, flex- 

ible lines-or cables, pipe 

runs, fragile components and 

like items positional so they 

are not likely to be used as 

convenient footholds or hand- 

holds, thereby sustaining: 

damaße? 

6« Are drain cocks or 

valves clearly labeled to in- 

dicate open and closed, positions, 

and the direction of movement 

required to open? 

?e Are filler openings 

located v/here they are readily 

accessible and do not require 

special funnels? 
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r 
TEST POINTS CHECKLIST 

Yes No NA Initial 
1. Ai"e x.c"=-t points located 

on front panel v/herever possible? 
i 
2. Is accessibility of 

external test points assured 

under use conditions? 

3. Are all test points 

color coded with distinctive 

colors? 

if. Are test points pro- 

vided in accordance with the 

system test plan? 

5. Are test points 

located close to controls and 

displays v/itn which they are 

associated? 

b. Are test points located 

so technician operating associ- 

ated control can read signal on 

display? 

7* Arc* test points planned 

for compatibility with the main- 

tenance skill level involved and 

not randomly located? 
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Yes No NA Initial 

8. Are test points ade- 

quately illuminated? 

. 9» Are built-in test 

features provided wherever 

standard portable test equip- 

ment cannot be used? 

10. Are test points , 

provided for dirrat check of 

all replaceable parts? 
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I 

1« Are  the instructions 

for using test equipment in 

step-by-step format? 

2' Do plugs, jacks and 

binding posts used for test 

of test equipment 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« Is test equipment 

designed so as to be capable 

of connection to prime equip- 

ment within two (2) minutes? 

TEST EQUIPMENT CHECKLIST 

Yes No NA Initial 

-'----"-■-" i ülii Uli I  '—-■■■—'■- 
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4* Is adequate support 

provided for test equipment 

which must be taken into work 

area so the technician does' 

not have to hold the test 

equipment or take separate 

support devices to the work 

area for this purpose? 

63 

Yes   No   NA    Initial 

riiiiiii Mil   inir 
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1* Are plug-in compo^.tnts 

used where feasible? 

2« Is wrong installation 

of unit prevented by virtue of 

size, shape, configuration? 

3»    Are means provided 

for pulling drawers and slide- 

out racks without breaking 

electrical connections when 

internal in-service adjust- 

ments are required? 

k.    Are units and assem- 

blies mounted so that replacing 

one does not require removal of 

others? 

5. Are all replaceable 

parts accessible by fold-out 

construction or other special 

techniques when necessary? 

6. Are parts, assemblies 

and components ^lac«d so there 

is sufficient space to use test 

probes, soldering irons, and 

other items? 

EQUIPMENT UNITS CHECKLIST 

Yes No NA Initial 
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?• Are all throwaway items 

made accessible without removal 

of other items? 

8* Are guides used for 

module installation? 

9* If method of opening a 

cover is not obvious, is an 

instruction plate attached to the 

outside of the cover? 

10« Are handles or other 

suitable means for grasping, 

handling, or carrying provided 
* 

on all units designed to be 

removed or replaced? 

11« Are handles placed 
* 

above the center of gravity 

and positioned for balanced 

loadc? 

12« Are handles provided 

on transit cases to facilitate 

handling and carrying of unit? 

Yes No NA Initial 

><f 

I 
i 
i 
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APPENDIX B 

8. Quantitative Apportionment - The mecn times shall be 

apportioned per paragraph 8.1. Times specified herein 

include time to localize, isolate, repair and check cut 

the item. This time also includes the time required 

to gain access to the faulty item. tf 

j 
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APPENDIX C 

9.    Theory tnci Explanation of Staple Size, Corrective 

Maintenance and Preventive Maintenance Equations 

9*1   Assumptions - The equations used to determine accept- 

ance/rejection of a task and to determine saraple size 

are based on the normal distribution. This is 

possible as the tasks are independent from each other, 

sample size is equal to or greater than fifty, and 

the properties of the •Central-limit Theorem' can 

be used. The theorem states that if the random 

variable K is distributed with mean fl and variance o 

(but with density function unknown),* then the dis- 

• .  tribution of the sample mean 3* is very closely 

approximated by the normal distribution with mean^X 

and variance C>     when n is large. For the application 

here, there is practically no difference as n is fifty 

or greater. 

9*1*1 Under the assumptions stated above, sample size 

equation per paragraph 5*1 can be deriyed. The con- 
» 

fidence interval for a normal distribution is defined * 

as: 

V n 

where 11-  true'nean for an infinite sa:r,ple 

X - mean for a sample size of n 



«=».— !- im<m-fur-....iir*   xi- - 

r 72 

K$ - confidence level coefficient 

S - estimated standard deviation 

n - sample size 

By rearranging this equation and redefining /A- 7, 

the equation used for calculation of sample eise for 

preventive and corrective maintenance tasks ie obtain- 

ed. Steps taken to obtain this equation are: 

n 

I.et/A-£ r BX where B is defined as the range or 

accuracy desired. 

Let n s N = N 
c   p 

Thus the desired equation is obtained 

N„ or IL c    p iKc  S 
I E3C 

9.2   Corrective and Preventive Maintenance Formulas - 

Both the corrective and preventive maintenance 

acceptance/rejection formulas are based on the t- 

distribution.  Since the sample size is restricted 

. to values of fifty or greater, the value of K^ is 

very close to the value of t^ . A table of nor-.ial 

values is usually more readily available and therefore 

is used. 
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9.2.1 The corrective and preventive naint 

are defined as: 

Corrective Maintenance Equation 

73 

enance equations 

r 

Mct (Specified) > J?ct + t< sHct 

Preventive Maintenance Equation 

;  Mpt (Reified) > Rpt + t« SMct 

L, L s Mean downtime of the sample 

 : tfc e K{. & Confidence level coefficient (percent of 

tine that the sanple will give the true 

mean downtine or is producer's risk) 

STl  t, ST! fc -  Standard deviation, of sample 

N ,  N^ = Sample size 

9,2,Z   Thu nean downtime for the total syste:r. is also obtain- 

ed from the t-distribution. As the sane assumptions 

hold, t{ may be substituted by K$ . The equation is 

defined as : 

'■'/ 

^_„.—.-^.^-  ._ -^_ 
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M (Specified) > M + 

■<V <*c>  (fe * // 

M 

M 

Specified mean downtime for the system 

Total mean downtime as result of test demonstra- 

tion 

Confidence level coefficient (percent of time 

that the sample of systems will give the true 

mean corrective downtime) 

Number of tested corrective maintenance tasks 

Number of tested preventive maintenance tasks 

Number of expected corrective'maintenance tasks 

occuring during a specified operating period 

Number of expected preventive maintenance tasks 

occuring during a specified operating period 

SM.^r Standard deviation of corrective maintenance 

tasks for the total system 

Standard deviation of preventive maintenance 

tasks for the total system 

/e 

4ct: 

pt 


