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FOREWORD

The research reported here developed a method for The Navy plans to evaluate the product of this
selecting form ats and media for presenting maintenance research in a shipboard setting . The evaluation wil l assess
inform ation. The work was sponsored by the Navy the feasibility of app lying the method (does the guide
Technical Inform ation Pre sentation Project (NTIPP) , an provide adequate guidance for selecting formats and
exploratory development program being conducted by media ’) and the utility of the selection (what are the
the David W . Tay lor Naval Ship Research and Develop- benefits of presentin g information in the form ats and
ment L aboratory , Carderoc k , Mary land. media indicated by the selection meth od ’).

The technical monitor of this work effort was Mr.
J oseph FuH er of NSRDC . Mr. 1. Post of BioTechnology ,
Inc . was the pri ncipal investi gator . He was supported by Robert A Suit
Mr. Gary Diffley. The project was conducted as part of Technical Manager, Navy Technical
the Personnel Performance Archite cture Program at Informat ion Pr esenta tion
BioTechnology managed by Mr. H arol d Price. Project 
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1.0 INTRODUCTION

1.1 Scope perceived benefit of uarig the TM. These conflicts may

- ‘ What. This guide sets forth a new concept for explain claims that technicians spend very litt le of their
time referring to TM~.selecting formats and media to be used in presenting

maintenanc e information. Format refers to the arrange. Maintenance Impact of Usability Problems
ment of infor mation within a presentation. Medium When TM formats and media do not matc h condi -re fe rs to the means used to record , store , and display the bons of use within the system , technicians have two ]information. options. They may reject TMs as a source of guidance in

By Whom. Format and medium selection will be favor of more convenient but more fallible sources (e.g.,
accomplished by Navy officials at the program manage- memory , peers, ingenuity , or supervisors with limited
men t level. Equi pment component engineers represent- time) or they may try to use the TM in spite of its
ing government or contractor organizations are alternate usability problems. Both alternatives contribute to inef.
users . fective maintenance , e.g., false removals frequentl y

exceed 20 percent , and performance capability of new
løien. Formats and media are to be selected during technicians is poor even on the simpler mai n tenance —

each system acquisition. The selection should occur activities.
before I)etailed Design, and ideally during development
of the Operational Requirement or duri ng preparation of 1.3 Major Considerations of the Selection Method
the contractor ’s proposal . Therefore, the selection
method excludes consideration of information which ~ This guide considers the use of both conventional
not available at this stage , i.e., conventional task and innovative formats and media . The guide is intended
analysis. to help Navy officials select formats and media which

will match conditions of use expecte4 in the system to

1.2 Bacicgrowui he supported.

Usability Problems of Standardized TMs. Use of the gu ide ’s selection procedures involves five
Historicall y, standard technical manuals (TMs) have considerations which are listed below and discussed in

been procured for all Navy systems, even though the following text.
conditions of TM use and technician ’s information needsa • Maintenance Actions (MAs)
have not been the same in all systems.

• System Conditions
The standard TM approach is popular because of the • Homogeneous Sets of MAs

efficiencies it allows in the production portion of the 
• Innovative Formats and MediaTM life cycle, viz., minimum design costs and consistent

TM products from a large number of vendors. This • TM Preparation Cost. —

guide’s concept for selecting formats and media ques- Maintenance Actions
tions the standard TM approach claiming that produc-
tion benefits may be negated by usability problems The format chosen to support an MA depends on the

which that approach produces. type of MA being supported, the conditions under which
the technician must perform it , and th e  number o MAs

TM usability problems are defined as conflicts involved. Knowing that ten troubleshooting actions are
between conditions of use in a system and the formats- required is a necessary but not sufficient basis for
media of the system ‘s TM. Such conflicts may cause selecting a format. The reason for includin g conditions is
technicians to underuse the TM because the effort that they may vary and that different conditions suggest
required to overcome the conflict is more than the different formats.

I 
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In order to uielude cost w. a selection consideration Innovative Formati and Media
it is necessary to know the number of “riAs being The format and medium of conventional TM~ are
supported . Some fo rmats an- such that a single presenta. satisfactory for a l imited set of system conditions , but as
lion z~upport s a group of M ~~ (of the same type) while these conditions change (e.g.. as systems grow bigger or
com peting formats requtrr separate presentations for as personnel turnover increases) the oflve fltiOfl sl TM
each M A being support ed. Considerabl e cost differences begins to 1ose its effec tis rness . Innosat ive formats and
can emerge depending on the number of MAs involved , media have been designed to cope with these ha sher
Th us, to make final format ~- lections it is necessary to conditions but they are not necessarily cost-effective (or
know the type and number of ~lA~ being supported and universal app lication. This gu ide uses system conditions
the format-relevant conditions of their per formance. as a means of ‘limiting ” a format or medium to the

circumstances it is designed to han dle.
System Conditions

“. . . t o o  bulk y: too comp le x; too hard to find The inset below uses one system condition (person-

information ” are typical complain ts heard about conven- nd tu rnover) to illustrate how it can influence format
tional T’sls. Such complaints are more meaningful when (and medium) selection. As shown , this condi tion can

occur in either a hUG H or LOW state .they relate to specific formats/media and system condi.
bons. For examp le, paper medium books for large
systems are too bulk y when works tatio ns are remote Syst.m Condition II Format or M.dium Pt.,Cr.ption

from the TM library : or conventional system descri p. 
~~~~~~~ 

~~~~~~~~ 

Fit ily Procidur&izsd Trou bluhooting Format
tions are too complex for poor readers . When used in Turnma i,~~ ~~~~~~~~ Troub4idiooiing Format
this ~r~n~i conditions tend to highlight deficiencies in
conventional TM~, establishing requirements for innova-
live formats-media (e.g., for pocket size booklets and for A high turnover: (1) results in a large percentage of
readable system descriptions), inexperienced technicians in the work crew and (2) in.

dicates the need to minimize or delay training of initial
The guide u~ -s 23 maintenance-rel evant conditions entry personnel. Full y procedura lized aids have been

to hel p select formats and media. These conditions are shown to be better than conventional TM presentations
trul y system-ori ented in that the y cover the tasks to be in coping with these consequences of a high turnover
performed (4 conditions), the characteristics of the condition. The full y procedura lized aid format enables
performer (6 condition ..), the hardware being maintained inexperie nced technicians to perform quite effectivel y
(9 conditions), and the works pace of the performance with a minimum of “front end ” training.
(4 conditions). Maximizing the match betwee n these
conditions and the formats and media used to present a hi the low tu rnover condition more training is
system ’s main tenance information is essential to the economical and a greater number of inexperienced
success of a Technic al Manual çr~i~ technicians would be expected. For this group, conven-

and effort is possible by combining MAs into homog. when they are considered in combination. Wh en the

tional TM coverage would be sufficient to support
Homogeneous Sets of M aintenance Actions performance.

Some systems require hundreds of MAs. The expense Each of the 23 conditions which th is gu ide suggests
and time of selecting a format and medium for each for hel ping to select formats and media is by itself
would be prohib itive. A substantial reduction of time inconclusive. However, they are much more convincing

eneous sets. MAs are homogeneous when they are of the tendencies of many of the conditions agree, a conclusive
same type (all troubleshooting) and are performed under case for the format or medium is avail abte : when the
the sam e system conditions. In this manner the hundreds tendencies are not all in the same direction a tradeoff
of selections can be telescoped down to a more situation is established. Both cases represent improve.
reasonable number. ments over earlier selection approaches.

2

L —~~--~~~~— — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-~~~~~~



- ~~~~ 
.. —.-- — -.- -.---— .— 

- - 
- —

~~~

TM Preparation Cost formats available to support various main tenance
Man y innov ative formats and media relate to their actiona.

specified system conditions much more effectively than
thcir conven tional, usually lear expensive, Counterparts. 1.4 Summary of the Selection Method

~ j i dgment is required to determine whether the usually The method for selecting formats and media for pre-
higher cost of the innovation is worthwhile. Thus, this senting a system ’s maintenance information is perf ormed
guide indudes a method for estimatin g the cost of in the five step. shown in Figure 1 and discussed below.

STEP 1. GATHER
SOURCE DATA

STEP 2. IDENTIFY STEP 3. SELECT STEP 4. SELECT
SPECIAL CASE FORMATS FOR FORMATS FOR

MAs TROUBLESHOOTING REMOVE AND REPLACEf MAs

- t

STEP 5. ESTABLISH TM
SUPPORT

REQUIREMENTS

Fi gure 1. Overvi ew of the Selection Method.
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Step 1. Gather Source Data media. For each homogeneous set , cost estimates are
The process for selecting formats and media relies on made for preparing information in the available formats.

system conditions and cost of available formats, as Then, system conditions of the set are considered as
described shove . Both of these inputs are bared on the follows: ( I )  If there is a significant cost difference
maintenance actions required by a sy stem. A convenient between the availabl e formats , system conditions are
and systematic source for identify ing ~1As is the lark used to override or reinforce use of the least costly.
Identification Matri x (TIM). The TIM is a structu re (2) If costs for prepari ng format options are comparable ,
which lists the speci fic MAs applicable to each maintain- system conditions are used to indicate the most effective
able unit of hardware. The TIM is a preliminary step format.
towards task ansh sis, not task anslyis itself , and thus
can be created even during development of the con- Format selection for troubleshooting, and for re-

trlctor .. proposal . Availability of the ~IM at this early move and replace actions is considered sep~.ratel y within

stage will enabl e an identification of system conditions th is method.

and will also provide a base for cost estimation to assist
in the final format selection. Step 5. Establish Support Requirements

Steps 2, 3, and 4 above concern themselves with
Step 2. Select Special Case Actions selecting a format for the MAs required by the TIM .

Some MAs can be supported by any of several Consolidati ng these formats into a usable Technical

presentation form ats, but research and practice have Manual is referred to as establishing a “Tech Manual ’s”

shown that a standardized format is the most cost-effec- support requirements which include consideration of

live way to support others. In this guide, the actions of access, recording mode , and display mode . Support

the latter category are called “special case” actions and requirements are determined on the uasis of system
they include the following types which are ~ be conditions similar to those discussed above.

identified fro m a review of the TIM. The remainder of the guide discusses these five steps
• Standard Opera ting Procedures (SOPs) covering the rational e, the guide lines , examp les of
• One Trial Learning Actions apply ing the guidelines , and illustrations of the for.

• h i gh Complexity Actions, viz., Calibrate, Adjust mats/media being specified.
and Align

1.5 Status of Selection Concept
• Time Critical , Hazardous Actions
• Periodic Actions The method for selecting formats and media

presented here is preliminary . Aspects of the process
Steps 3 and 4. Selected Format s for Troubleshooting such as the imp lementing agency and timing of the
and Remove/Replace Actions implementation need to be verified along with the

The characteristics of these MAs are such that more guidelines which relate system conditions to format s and
than one information format can be used ~~ 

media . The Navy plans a shipboard test of th is method.
their performance. The best format to use depends on This trial app lication will emphasize both the feasibility
the cost of preparing the formats and the conditions and utility of the selection concept. It will attempt to
under which the ~1As are performed. identify what problems are encountered in attempti ng to

apply the selection procedures and to answer such
As discussed above , MAs are arran ged in homo- questions as: Do the selected formats and media

geneous sets* preparatory to selecting formats and improve TM utilization and maintenance effectiveness ?

*Further description of homogeneous set is given in Section 4.2. page 19.

4
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2.0 GATHER MAINTENANCE ACTION AND SYSTEM CONDITION DATA

2. 1 Introduc tion maintain a system and to define the conditions under
Althou gh conventional T%ls have demonstrated the which these actions will be performed. The discussion

ability to support maintenance when the conditions of below provides the guidance for accomplishing these
use arc favorabl e , when the conditions become unfa- objectiv es.
vorahk , the conventional TM begins to lose its effective-
ness. The research community has developed a variety of 2.2 Review Task Iden tification Matrix (TIM)

in no t a t% e fo rmats and st edia in order to cope with The mechani sm for indicating “when ” to use various
these unfavorable conditions. Together , th ese inn ova- formats and media requires identification of all ‘~t As
Lions and conventional practices appear to offer an necessary to support the system. A convenient and
effective TM approach, but no guidelines exist to systematic basis for identif y ing MAs is the Task Identi-
indicate when to app ly conventional and when to use fication Matrix (TIM). The key elements oi a 1 IM (see
in n ovative approaches. This guide attempts to provide Figure 2) are as follows:
suc h guidelines so that TM formats and media can be • The TIM shows all MAs in terms of the equi p-
matched to maintenance actions (MAs ) and to men t being supported:
conditions in the system to be supported. The purpose • The TIM is prepared as a standard product of the
of this step is to identi fy the actions requ ired to Integrated Logistics System ( l l . ’) pr oce-.- :

M.int*n.ncs
~~~~~~~~ Functions I

~~~~~~~~~~~~~~~~~~~~~~~
SYSTEMS
HY DRAULIC PRESSURE
PRODUCTION X
HYDRAULIC SYSTEM NO. 1 X X
Check Valve
Low Pressure Warning Switch X X
Snubber
Reservoir Vent Filter
Case Drain Return Filter
System Relief Valve
Check Valve

Flow Regulator
Msin System Return Filter
Reservoir Drain Valve
Drain Valve

Suction Boost Pump
Ground Test Line Filter
Shut Of f Valve X X

Figure 2. Typical Entries in a Task Identification Matrix (TIM) 
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• The to pdown breakdown of the hardware (left over examp le presented on page 2). All system condi-
column)  gives the TIM its system.epecific tions to be considered in selecting formats and media are
character ; and, listed in Table I below.

• The TIM is a convenient way to guarantee that
the Technical Manual (TM) covers or , at least has Many of the conditions in Table I are self-

considered covering, all MAs, an apparent short . exp lanatory and all are discussed in subsequent steps of

coming of many TMs. the guide . The purpose of this part of Step #1 is to
define these conditions for the system to be supported ,

Traditionally, the TIM is used with task anal ysis data e.g., is automatic test equi pment present? If so, what
to establish the balance beta reen TM covera ge and pmts of the topdown breakdown are covered? To hel p
form al training . This version of the TIM becomes begin this process, the following text defines some of the
available too late in the system development process to less obvious conditions and presents guidel ines for
meet format-medij m selection requirements. An earlier obtaining defin itions.
version of the TIM is more suitable; specificall y, the TIM
which is prepared as a first step in prepari ng job Testing Technique
performance aids (JP-\ ’s). Referring to Figure 2, the This condition relates to troubleshooting MAs and
earl y TIM identifies \tAs (cells of matrix marked with an can occur in either of two states : internal or external.
X) in terms of maintenance functions (top row) and An external state occurs when malfunction symptoms
maintainable units of the topdown breakdown (left are available without shutti ng down the syste m and
column). gaining access to its in terior parts, (i.e., listen to

This early version of the TIM , obtained with or operating sounds, read disp lays , observe/time part move-

without interrogation of the ILS staff , will help to ments, etc.). Internal refe rs to the situ ations where
troubleshooti ng requires gaining access, locating testestablish the required MAs and the TM-relevant condi-

tions under which the MAs will be performed. This points, setti ng up test equi pment and interpreting test
outcomes.effort is discussed below.

One state may apply to part of the system (e.g.,
2.3 Establish System Conditions external app lies to the Organization level of main-

Certain system conditions tend to indicate which tenance) while the other state app lies to the remainder
formats and media should be used to presentasystem ’s (e.g., intern al for Intermediate or Shop maintenance).
maintenance information (e.g., see the personnel turn - Determining which condition state applies to which

Table 1
System Conditions Affecting Formats and Media

Tads Personnel Hardware Wontrupac.

Tr oubleshooting Turnover Aut omated Test Equipment Illumination

Remove and Replace Time to Proficiency Status Displays Space

Testing Technique Span of Supervision Distribut ion Fiements (Rain )
- Special Case Actions Personnel Qualific ation Size Cleanliness

. ~op Standard Readiness Impact
• iTrial General Classification Test
• Calibration Subordination(GCT)
• Haz ardous Maintenance Demands - 1e Periodic Job Scope

Replication

Install ation Context

6 11
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parts of the system is largely a function of hardware complexity is very di fficul t , especially at the early stage
featur es a n t  maint enance analysis results available from of system development when format commitments are
der4gn engineering $OU Ft$5.  required. In this context , h ardwar - subordination ,

obtained from the topdown breakdown portion of the
Special Case Actions TIM , is a reasonable predicto r of MA complexity .

This guide provides procedures for matching formats Equi pment with a subordination greater than one in ten

and media to \1A~. In many cases the match is a (a judgment value) is assumed to pose complex troub le-

funct ion of the conditions related to MA performance. shooting problems.
In other cases the match is constant, not influenced by
c onditions . “pecial Case actions are in the constan t M~~ tenw~~ Demands
category . The TIM serv es as the means to identify those Mai ntenance workload is generat ed in “batch es”
‘~l ‘i.e wh ich fall into the Special Case categories listed
below. Definitions of thes e actions and their associated or by “single event. ” The batc h source is usual ly

associated with multiple systems , e.g., several aircraft
form ats are discussed exten sivel y in the next section of
t h -  guide . 

returning from fli ghts; maintenance input to a rep air
ship. When a batch condition exist s , especially in

• Standard operating procedure (SOP) concert with inexperienced personnel , maintenance
• Uri c trial learning M- ~ queues can buil d up, viz., equi pment awaiti ng main-
• Calibrate , adjust , align ~1A tenance for lack of personnel. Innovative formats are
• Time critical , hazardous \lAs especially appropriate for the batch condition but not

• Periodic \l As as necessary in the alternat e condition where un-
scheduled workload results from single system

Personnel Qualification Standards (PQS) fail u res.
\ system may or may not involve PQS which

establishes skills and knowledges necessary for tech-
nicians to quali fy for various watch standing duties . The
pre.e-nce (or absence) of PQS has definite format The nu mber of system installations throughout

implications, especially in the knowledge categories , e .g., the Navy influences the type of TM to consider

functional purposes . dependencies , and signal flows of (mostly the medium). Specifical l y ,  the problem of

sy stem component s. Defining this state is a matter of distributing TMs and changes is more severe for a

checking personnel and tra ining “specs” for the system. system with many replications th an for a system
which has only a few replications. Determining which

Job Scope of - these states applies will hel p to establ ish the TM

This condition relates to the day-to-day responsi- support requirement of recording mode.

bilities of the Ratings involved in maintaining the
system. Some His (boilermen), for exam ple, spend a installation Contex t
majority of their time maintaining the control portion of The context in which a system is installed relates to
a shi p ’s propulsion system. This is a relativ ely narro w job the recording mode used to store its TM information.
scope. Other Ratings (Machine Repairman, for exam ple) This condition is especially importan t for small systems
have an array of mechanical equipment to maintain which may not qualify for use of microform unless the
which gives them a relatively broad job scope. cost and capacity of microform equipment can be shared

with other systems. Therefore , it is necessar y to
Subordination determine whether a system ’s installation context will be

The complexity of MAe is a critical concern regard- ‘isolated ” or in th e proxi mity of other systems las in a

ing information formats. However , predicting this shipboard installation).

I
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3.0 IDENTIFY SPECIAL CASE MAINTENANCE ACTIONS . 
-

3.1 Introdisction (c) App lying auxilia ry power
Rr-seari h .~ idence and TM practice have shown that (d) Common operatin g sequences , e.g., switch fro m

regardless of s~ ~trm conditions certai n formats have mode to mode.
proven to be cost effective for many M Aa which as a
grou p ar c referred to as “Special Cue” MAs. The SOPs are difficult to identi fy from the TIM prior to
purpos.’ of this step is to review the TIM to identi fy the the cond uct of a task anal ysis. Some guidelines to hel p
special case \t \~ to whic h the approp riate formats will identif y instances where SOP8 are likel y are annotated
he ass.gnrd. below.

The “special case ” actions are listed below and • M Ae which require the use of standard test

discussed in the following text. Each discussion defines equipment (e.g.. signal generators) are likel y to

the %I A category and illustrat es the prescribed format s. include SOP sequences.

• Standard Operating Procedures (SOPs ) • Any M A conducte d off line is a likel y candidate

• One Trial Learning ~1As 
to include SOPs (e.g. , test rig setups , connection
of auxiliary power).

• h i gh Comp lex ity % l. -~s. v iz . ,  calibrate , adjust and .
- • Component s which require a standard repai r

actio n are candidate SOPs , i.e., a soldering action
• Time-critic al, Hazardous \1~~, necessary to remove all parts from a circuit - 

-

• Periodic \1 ’~ board .

• Tests and checkouts wh ich require that the
3.2 Standard Operating Procedures (SOPs) system be placed in a special condition (setup of

. . a particular mode of operation).
A standard operati ng procedure (SOP) is a perfor-

mane .’ sequence which supports many MAs (i.e., se~ Figure 3 illustrates the forma t to use in preparing the
quence X is to be performed prior to all checks , tests full description of the SOP. The rationale for using th is
and troubleshootings of system Y). Describing SOPs format is that frequent perform ances of an SOP sugge8t
full y each time the y are required would be costl y. To that they be lea rned : however , some technicians may be
minim ize cost, the treatment prescribed for SOPs perfonning the SOP for the first time or for the first

is: (I)desc n be it once in a dual level version of a full y time in quite a while., The features of the Figu re 3

pro cedura lized format and (2) include a reference to the 
samp le which support this situation are :

sOP description in each of the MAe being supported. • uerarchial arran gements of tasks to facili tate

Typical SOPs are listed below. • phrases in the upper hierarchies to facilitate use
as a checkl ist

(a)  Set up common test eau ioment i -, . .
• aetau in the lower hierarchies to facilita te use as

(b) Turn on and shutdown pro cedures a job guide.

;~
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REMOVE A;40 INSTALL ~LOWMETER CAUTION
TRA5~S~ Ifl ER

Ths flowsiwiss (7) can be da.naqsd If he fuel
IMISI Flowinete, Trw~mlngi’ conn.ctor (10) . not supported with a vwsnds

when lorguing coupling nut (9).
NOTE

3. Reconn.ct fuel hose.
All re~!aeain.nt fbwmaten has. been cal. - e. Remove caplugs PP100 and i.%W.19 at
bra’ed sed fi l l ed with Ammo 140. Typi 2 (9).
cit , ’ ration ftw d (M~f-F-7024. or nguivalusst). b. Lubricatu connector threads.
The c~li~raiion fluid should be removed troUt c. Using 503 to 1000 lb. In. torqceal ra?l3cemunt flowmstwi before InstiU~Iløn wrench. torque coupting nut to 650.
onto thsentira. 760 1b.In.

Lick of fl uid Ins floametar can anise f~~TE
darnago to thc lewsl bcar n~ m d  plvo~ . If
the rop!aeImvi~ flowmetcr in no fluid hi It. Do not lubricate Cilsig.
or If there I~ esidonce t %at It h~a bean Jarred
Cr dro2~Gd. it sho,.ld be sent to an overhau l 4. Reeànnect cc.visc~or (5).
de~ct to, c.ifibrauen. a. Remo,ie caplugs EC.10 and EP-lO.

b. Inm~a!l 0-ring.
CAUTi ON a. Safety wire connector (S).

The flowme tsr tvannnittar Is a~~~i~~ts ENO OF ACTIVITY
irustrwnent and sho uld be handled carefully.

1. InitsIl fhiwm ts, care cgnnector (5).
a. Rernac~’ c~j~lu~ f rcm connector at (8).
b. Lubt ica1~ and install 0-ring.
c. Using C-1b3 lo. In. torç- a wr~nch.

tcr(5~e four bc ltm to 24• 21 lb. In.
d. Safely wire fow bOl tS.

2. Initatl connSctcr (10) 9 10
a. Lub riCa’.t mnd install 0-ring Onto

shoulder of connector.
b. Ic,. use f~ j r belts 1o24. 21 lb. In.
c. Satmt i’ w ire four bol ts. ~

4
Figure 3. Format to Use in Preparing a Fully Proceduralized, Dual-Level Description of an SOP
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33 One Trial Learning MAs and replacement of plug.in unita is a one tri al learning
Design for maintainability baa advanced to such a MA but the technician still needs to find the general area

stage that man y systems include a considerable number of the unit to be replaced , and still muat be able to
of easy-to-perform activities even to the point of where recognize the unit. Therefore , a location diagram is
the “how to” is apparent by a quick inspection , requ ired to support these types of special case MAs.
However , the technicia n hen infor mation needs even for Figure 4 illustrates the informat ion format approp riate
th is simp le class of performance. For exam ple, removal to~~ p~~~ th is type of performance.

Left side view

— -. — -— _ Front panel

44
- .1 ‘ J1025 Azimuth Mark Generator for H Channel

J1023 Azimuth Mark Generator for the OChanrie l
:. ci ~ 

.11024 Azimuth Mark Generator for + Channel

Typ ical

,
~ 

- 
• . • ,

C-,

5SSY 015155 ~~O limes

ceO •eO Qo.

AZIMUTH MARK GENERATOR
0

4 
Figure 4. Location Diagram Suitable for Supporting On.~-Trial Learning Action.
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3.4 High Complexity MA. Wt~atever the cause of the complexity it is appropriate to 
-
;

qply a strong, performance.aupporting format , namely
Performance evaluations of calibrations, adjuittnenta the fully proceduralined format augmented by generous

and alignments reveal that these MAe are unusually use of “tr aining notes.” Figure 5 is a sample of such a
di fficult to perform . This difficulty may involve preci. format for an adjustment action. The illustration shows
eon motor skills, coordination of inter.dependent toler. the use of tr aining notes to aid the technician in
ances, or the iterat ive form of accomplishing the aCtion. accomplishing difficult portions of the MA.

Insta ll and Adjust Aux Air Door Caut ion
Light Sw it c h 6.O t MOLD UNE

1. Request assistant gently lift door until
it is nearl y closed and a llows just
enough room for switch wire. -

For proper continu ity through iwitch leads , RULER
the mu ltimeter need le must touch the

A 1f
0

f I mark on the scale when door 81L j
~~~ 6.0  ~ 0. 1 inch from mold line of the air-

craft. I f the needle is at any other position ,
it indicates th at the switch is out of align-
ment and requires adjustment. SWITCH WIRE -

2 . Request that assl*tant lower door and — 
-

hold so position of leading edge of door SWITCH WIRE 2 20
6. 0 ± 0. 1 inch from mold line of air- PROBES
craft . r 

_____

3. Check that mult imeter needle touches 1the “0” mark on the scale with door
in this position. 

0= 
NEED

NOTE
If multimeter needle touches the “0” mark ,

~~~ remove switch wires from multimeter
probe s and go to page 15. If needle Is at MUITIMETER
any other position , go to page 12.

Figure 5. Proceduralised Format Emphasizing ‘1~rainiag Notes”
Intended to Support Unusually Complex MA.

11
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35 Time Critical, Hazardona MA. Therefore , the TM can help by including performance
descriptions in a full y proceduralized format which

Many operator and technician ctions must be emphasizes pictorial representations of the steps in-
performed rapidly and precisely to prevent damage to valved. The rationale for the use of this format is that
equipment or injury to personnel. Technician. perform. pictorial. are less ambigious and easier to remember (and
ing these actions do not hav e time to rel y on job guides rehearae) than their narrative counterparts .
or checkl ists to aid their performance; they must know
without hesitation what to do and how to do ~t. 

Figure 6 illustrates the format recommended for
these app lications. The samp le emp hasizes the use of

Actions of this type will be stressed in training but pictorial. in describing user actions , especially those
opportu nities to practice/perform these MA. are ra re. which involve unusu al mani pulation s.

0 ~~~~~

~~~~~ ~~J /\~~ i1’\
~)c~r~i (

~ fl-U-f~~1
LJ? o~ 1~~7 .11 1° 1 l~~J

~1’Lt ‘cit r ’t ’~ I P ’~~~~L~~~!~ ~1 L~~~~~~~~i L - ’
—

0
0

0

~~~~~

‘
I’

Figure 6. Pictorial Emphasis in a Format
to Support Time.critical , Hazardous Actions
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3.6 Penodic Maintenance 
- 

Eaperience ha. shown that providing a modest
The majority o~ pr eventive maintenance is done amount of detail in the descri ption of these pr ocedur es

periodically. (e.g., weekl y, daily) or at least on the basis satisfie, the technician ’, need for guidance. The
of regular events (e.g., 1000 hour chec k , once for every . .

• . .  . suggested format for such a deacnptson relie, heavil ycru ise longe r than 48 hour.). The positive effect which
t his regularity char acteristic has ~~ ~~~~~~~~~~~~~ ~ 

on narr ativ e statements or performance- F igure
count.~rrd somewhat by the usuall y length y pcrfonnanc e alust rates a represen tative sam ple of the format that
sequences involv ed, should be used in describing these act ions.

COMPONENTISYSTEM C.P. NO.
FU E L OIL STR A I N ER. DUPLEX FODS

C.P. DESCRIPTION RATE TIME
SH I F T I N G. INSPECTION. CLEAN . OPERATING P03 10 MIN.

PROCEDURE

11 Remove strainer basket from idle stra iner chamber.

12. Inspect baket for foreign matter.

13. Clean stra iner basket dry with low pressure air.

14 . Blow strainer basket dry with low pressure air.
- 15. Inspect strainer basket for cracked or broken meih.

NOT E. Renew if required.

16. Remove cap gasket from idle Strainer chamber.
17 . inspect cap gasket f or:

a. Cracks
b. Breaks
c. Deterioration

NOTE: Renetv if required.

16. Reinstall cap gasket.
19. Reinstall basket .

CAUTION: ENSURE STRAINER CAP IS PROPERLY SEATED.

20. Reinstall cap .
21 . Shut drain valve on idle strainer chamber.

CAUTION: BOTH STRAINERS ARE PRESSURIZED WHEN SHIFT LEVER LOCKiNG DEVICE IS RELEASED.

22. Test and vent idle strainer chamber as follows :

a. Crack open vent va lve on idle strainer.

b. Release shift lever locking device .

c. Shut vent valve on idle strainer when oil flow appears.

Figure 7. Sample Format for Describing Periodic MA.

13 
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4.0 SELECT FORMATS FOR PRESENTING TROUBLESHOOTING INFORMATION

4.1 Available Fonnata 4.2 Selection Process
Figure 8 indicates the four format options available The selection process involves analysis of system

to support troubleshooting actions. The fully procedur . conditions and consideration of format cost. The
alized forma t on the left is characterized ~~ high selection is represented by the four tasks listed and
preparation cost, minimum training requirements and discuaaed below.
early performance capabil ity for the user. The system 1. ldenti f~’ format candidates for homogeneous sets

of troubleshooting actions.description option on the far right costs relativel y lea. to
2. Compare the costs of candidate formats.prepare but reqwres lengthy and onl y part ially produc-
3. Consider relevant sy atem conditions to:bye learn ing periods in advance of and dunng job .

(i )  venty or ovemde the candidate form atassignment. Samples of each format option are shown in wh ich ha. an obvious cost advanta ge ; or
Figures 9 through 12. The purpo se of this step IS tO (ii) indicate best choice where no candidate
select the most cost-effective options for supporti ng the has an obvious cost advan tage.
troubleshooting actions of a system. 4. Make final format selection.

Describes Procedures Describes Hardware

Fully Partially Simple Logic Schem atic
Proceduralized Procedura lized Block and System ,

Format Fou’ynat Diagram Description

0’ /
Fi gure 9 Figues 10 Figu re 11 Figure 12

Figure 8. Formats Available to Present In formation
to Support Troubleshooting

14 
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CAMERA TROUBLESHOOT ING 3. Disconnect meter black toi t lead 13) from point I iO) and set
mete, range sw,tct, 151 to H 10.000

4. Clip bl ack te s t lead 131 to t he tip of the red toss lead (2).
Shut ter W i l l  Not Open. UV Lamp (Blue Lig ht) Fl.its Normal Adj us t moit ,mote, Z ERO OHMS cont rol Ill unt l meter

needle ind ic ates 0. on right of scale.

I Set met er mode sw,t~t, (41 to -DC end meter range swi t Ch 151 5. Connec t meter bl ac k test lead to point ItO) . Connect meter
to 2 SV Connec t mote , probe 171 to point (7) .  Met,, 161 probe to point ilL Meter 161 should ,n d Cat e iess than 1.8 on
sh ould ndC ate greater than 0.5 top wale.

2. If meter (6) indicates less than 05 . rep lace resistor RI 2 (91. 6. If meter (6) indicatel less th an 18 , replace trans istor 012
If motor 161 ind icates greater th an 0.5. disconnec t camera 1111 . II meter (61 ind icates greater tha n 1.8. replace
power plug tr om wall receptacle, resistor R16 (8).

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~ ~~~~~~~~~~~~~~~~

Figure 9. illustration of a Fully Proceduralized Format
for Presenting Troubleshooting Guidance

15
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Figure 11. Sample of a Deductive (Simple Logic) Format for Troubleshootin g
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0101 pumps a constant va l~ e of Current 
..into charg ing capacitor C101. regradliss 

.. . ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ & ~~~~~~~~~~~~of the voltage acrossCl0 l. 
£ .~~.

2. The vo l t age across R104 divided by its resistance

determ nes the Smount of current being pumped
into ClOl 

~~~ ~3. Potentiometer Rio? sets up the voltage to be ~~~,, • 

appl ied across R104 which sets the length of 9 ~~.. < 
—-.—.— .,

the ramp at approx imately 170 micro second s , : “ I —

4 Sw ch Q104 short: ac 0 1 w~~n 
______________

— -
~~~~_ : - -~~_ . .  ~ ~ ~~~~~~~~~ 

~~~~1 r~~~. . -~~~~~~~~~~- - -i-- — •1 
~, . — . . ~~~ 

-
0 

~~~~~~~~ ,. l ‘ . - .~f ~ 
-
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‘
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Figure 12. illustration of a Deductive (System Descri ption) Format f or Troubl eshooting
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4.3 lash t o ) .  Iden ti fy Form at Candidate, tm prrv ision are likel y to be the same for systems I , 2 and
for Homogeneous Sets of Trou bleshooting Actions 3, thereb y qualif y ing their troubleshoo ting actions as a

candidate homogeneous set . The personnel conditionsTable 2 presen ts the system condition s which 
for troubl eshootin g system 4 will be different frominflue nce the ts pe oi format to use- in supporting
those- of system s I - 2 and 3. Thus , its trouble shootingtroubleshooting actions. In order to select the best -

fo rmat , one cars consider each of the many trouble- set ions are candidates for a second set of homogeneous
%1 As.nhooti zig . -ct ion s of a syste m against th ese conditions , or

one can consider sets of troublesh ooting actions which
r,has e the same conditions. ~1.As performed under the Continuing this illustration , assume that the sub-
sa me con di t ionn are referred to as homogeneous sets of ordination of system I iv I to 1’7 while the subordina-
\I-~... tion of systems 2, 3 and 4 iv I to 5 ode-se. The I t o  17

su bordi nation of system 1 sets its troubleshooting action
hgure 13 present s part of a hypothetical topdown apart from those oi systems 2, 3 and 4 giving system I a

brea kdown. It will be used to illustrate the role which homogeneous set status. Assuming that the remaining
the concep t, of homogeneous MAs plays in selectin g conditions are as shown in Fi gure 13 the result is that
t r ou bkv h ’irtti n g formats. Assume that the tro u ble-- there are three homogeneous sets of troubleshooting
~hooting of ~vst e ms 1 , 2 and 3 is the responsibility of a actions: system 1; systems 2 and 3; and system 4. In a
I~T ( l3oilerm an ) whil e an MR (Machine Repairman) su bsequent task in this guide the particul ar system
trou bleshoots mal functions in system 4. The BT c o n d i t i o n s  for  each homogeneous set of
ri”.ponsibiitv indicate-v that the personnel conditions of troubleshooting actions will be considered to
tu rnover , time to pro ficiency, GCT and span of determine - how thes- influence format selection.

Table 2

~‘ummary of Conditions Affecting Trou bleshooting Format

State/Format Indic ations
Conditions

Pt-oc,duralized Deductive

Subordination > 10 < 5

Readiness Impact Down or degraded No effec t

Diagnostic Technique Inter nal External

Personnel Turnover High Low

Time to proficiency Long Short

Maintenance Demands Batch Single Event

General Classification Test (GCT) Low High

Span of Supervisi on High > 10 Low < 3

Personnel Qua lif ication Standards Not required Required

19
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4.4 lash *2. Compare Costa of • 9 subordinate units ‘~~ $50 ra. $450 (-..500)
Deductive and Proceduralized Form ats (2) Deductive, system descri ption

All four formats illustrated in Figure 8 are not . Vs page of narr ative for each of 9 subordinate
equalls appropriat e for all homogen eous sets of trouble- units (maximum of 4 pages). 4 pages x $200
.hootin g as h en.’-. For examp le , the simple logic version
of the deduct ive format is not particularl y well suited to

• schematic with 9 subor., . - ate u nits “.islpport ng troubleshooting at the piece part level of a $75/unit $675n~.stem. There fore , the firs t purpose in this task is to
exclude candidate formats which do not app ly to the • total cost for system descri ption + schematic
homogeneou s sets chosen above. = 800 + 675 $1475 (—15 00. 00)

(3) Proceduralized , partialThe selection of a particular format option should be
• based on its cost and its compatibil i ty with the • 2 steps per subordinate unit

an tici pated ss’stem conditions. The second purpose of • 9 subordinate units x 2 steps = 18 steps
thi s task L+ to estimate costs for preparing competing • cost = cost of deductive system descri ption +

fo rm a ts. The basis for prepari ng these cost estimates is 18 steps x $20/step
the- comp lexity of the troubleshooting problem as 

= 1475 + 360
represented by the number of suspect components (viz.,
su bordination). = 1835 (—$1800)

(4) Proceduralized , full y
Guidelines , Guidelines for preparing cost estimates • 2 steps per subordinate unit

arc presented below for each of the four format options.
• cost = cost of deductive system description +

(1) 1)eductiv e :Simp le Logic ~~~~~ 18 steps x $50/step = 1475 + 900 = $2375

• $50 per subordinate unit (—2400).

(2) F)eductive ; System Description
• 

1/2 page of narrative per subordinate unit 4.5 Tash 4. Consider
(maximum of 4 pages) System Condition Indicators

• $200 per page of narra tive System conditions indicate which of the four

• $75 per subordinate unit for schematic troubleshooting format candidates will be most effec-
tive. Table 2 summarized nine of these conditions. The

(3) Partial ly procedura lized strategy to use in selecting the best format is: assume
• 2 steps per subordinate unit that the deductive approach will be used unless the
• cost = cost of system description (from various system conditions indicate that a proceduralized

2 above) + $20 per step approach is warranted.

(4) Full y proceduralized Each of the- conditions of Table 2 is discussed below ,
• 2 steps per subordinate unit with definitions of terms and identification of formats

‘5

• cost = cost of system description (froth imp lied by the states of each condition.
2 above) + $50 per step

(1) Subordination. At this early stage of system
Example. Apply ing the cost gu idelines to the case design , subordination , the nu mber of components which

of the Feedwater Control System (see Figure 14) gives could be causing a malfunction , is a reasonable indicator
the - following results . of troubleshooting comp lexi t y  - Timel y an d accurate

troubleshooting is possible with the deductive format
( 1) Deductive , simp le logic version. assuming that the technic ian , no matte r how inex-

• $50/subordinate uni t  perienced, has received some training, and that the

21
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nature of the troubleshooting ~ not too complex. In (4) Personnel Turnover. A personnel turnover condi-
considering this hardware-oriented condition - - .  tion is considered high when 50% or more of the

workfor cc can be ex pected to leave in a calendar year .U se  the pro cedurali zed format when
trou ble-shooting involves isolation to one of This state implies a minimum front end training invest.
more than 10 subordinate units. me-nt for entry level technicians. In considering this

condit ion. . .
Prior to considering proceduralized formats , the

Use the pr ocedur alized troubleshootingtopdown breakdown should be r eviewed to ensure that a form t in a high turnover condition since itlarge subordination (>20) is valid. Such a condition 
~ requir e-s relativel y small amounts of pr epara-

sometimes an art i fact , the result of improper considers- tory training . Where tu rnover is lower ,
tion of functions. For exam ple , Figure 15 lis ts the piece- pester amounts of career-related traini ng ar e
parts whi ch make up the Flow Transmitter. The figure justifiable permitting ~~eater use of deduc-
shows 54 parts, indicating a 1:54 subordination. h ow- tive troublesh ooting aiJs
ever , 1:4 is a more reasonable subordination as in-
dicated in the Topdown Brea kdown in Figure 14 (used (5) Time to Prof iciency. Effective manpower utiliza-
to illustrate cost estimation). tion demands minimum time to proficiency on all tusks

especiall y the more difficult troubleshooting per-
• (2) Re~~iness Impact. Some hardware designs forrn anccs In apply ing this condi t ion . . .

include backup or alternate modes of operation. In such Use a proceduralized troubl eshooting
cases pri mary hardware failures do not put the system format in cases where time to proficiency
“out of commission. ” Simil arly, troubleshooting per- exceeds 1/3 of the - usual tour length. Con-
formed beyond the Line or Organizational levels does not versel y, a short time to proficienc indicates

that personnel can perform well with thehave immediate , adverse effects on prime system readi- deductive troubleshooting format.ness. In other cases, primary hardware failure hal ts
operation of the entire system or jeopardizes mission ln some cases personnel turnover combines with
effectiveness . The intent of this condition regarding time to proficiency to indicate a ne-ed for a combination
troublesh ooting formats i s . . .  of the two trouble -shooting formats . Specifi cally , a

Consider the proceduralized aid format length y proficiency period (indicating comp lex per-
when the operational hardware will be out form ances) can occur with a low personnel tu rnover
of commission during the troubleshooting (indicating a user need to acquire career-relevant skills).
process. This combination of conditions indicates a need for both

formats keyed to each other. The proceduralized ele-
For unusually critical cases of readiness impact, a me-nt: (1) lets the new technician be a productive

variation of the proceduralized format is the “quick fix ” mem ber of the workforc e and (2) teaches the new
method described in reference 1. In this approach , technician how to troubleshoot using the deductive
symptom .cause data from all fleet failures are pooled element. This combination of aid types is illustrated in
and analyzed to identif y those failure-s that consistentl y Figure 16 and described in detail in reference 2.

produc e- the same symptom. Four additional system conditions and their implica-
tions for deductive or proceduralized troubleshooting

(3) Diagnos tic Technique. Some troubleshooting se- formats are summarized below. The impact of these final
• quences are quite lengthy, requiri ng that the technician four conditions is not as strong as the first five

gain access , locate test points , set up test equi pment , conditions. Accordingly, these conditions should be used
sssess test outcomes and repeat the process for the next to reinforc e format imp lications discussed above or to

resolve- “ties. ”test sequence - Other sequences are less time-consuming,
rely ing on external symptoms and standard operating Maintenance Demandt Maintenan ce workload which
sequences. In consideri ng this condition • - -  occurs in batches (e.g., recovery of flight of aircraft or

U se the proceduralized format where the Rep air Shi p recei pt of deferred maintenance - actions)
“intern al ” techni que will be re quir ed. suggests proceduralized aids to support troubleshooting.
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It em 4A. 8: Model “ 53N ’ Flow Tra nsmitter with Varlabi. Element: DrawIng 539675

14 Diaphragm Plat e Assembly 1 3 138551
15 Diaphragm 1 3 9351-1
16 Diaphragm Seat 1 3 138547
17 Connecting Rod 1 3 138546
19 ‘.0” Ring 1 3 120039-8

20 Spring 1 3 S-159
21 Cam Mounti ng Bracket 1 3 338570
23 Cam Roller Lever Assembly 1 3 183557

• 24 Ball Bearing 5 16 122548
25 Retaining Ri ng 2 6 120133-3
27 Spacer 2 6 13856 ?
28 Spacer 1 2 138562

32 Bearing Pin 2 6 138558
33 Retaining Ri n g 4 12 120140-9
34 Flow Cam 1 3 13857 ~
36 Clevi s 1 3 138544
37 Coupling 1 3 138545
39 Loading Spring 1 3 138552

40 Loading Spring 1 3 3.397
41 Escapement Valve Body 1 3 10303-5
42 Valve Stem 1 3 10303.6
43 Loc k Nut 1 3 10303-7
44 Valve Seat 1 3 10303-8
45 Gasket 1 3 10303-10
48 Beam Assembly 1 3 341250
49 Spring Adjustment Assembly 1 3 140977

50 Nut 1 3 140974
51 Valve Spring 1 3 S-321
53 No. 6-32 Elastic Stop Nut 2 6 120033.1

60 Adjustment Screw 1 3 140987
61 Adjustment Screw 1 3 142181
63 Zeroing Spring 1 3 148622
64 Thru st PIat 1 3 142399
65 Reducing Ri ng 1 3 142400
66 Gasket 1 3 142401

80 Lower Diaphragm Plate Assembly 1 3 246706
81 Upper Diaphragm Plate 1 3 346704
82 Bellow Assembly 2 6 146690
83 Gasket 2 6 141245
84 Gasket 2 6 • 141242
89 Gasket 1 3 141 247

95 Pivot Pin 1 3 141256
96 Spacer 2 6 138229
97 Ball Bearing 2 8 138251
98 Retaining RIng 2 6 120133-2

Figu re 15. Part Breakdown from Current TM
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GCT The instruction-following abil ities of the lower Sampk App ’ication of Selection PToces& The circled
( (i’ Ratings -permit adequate troubleshooting per- entries of laN e .3 present the system conditions that
formanc e on even the must difficul t problems when might be expected for troubleshooting a hypothetical
suppo rted with proceduralized form ats. Thus , proce- piece of hardware . The pri m ary system condi tions are 3
duralized troubleshooting Ionnats should be ui.i’d onl y to 2 in favor of the d~-dui- t ive approach while the
in cases where ( C T  scores art- in the low ranges. secondary i on dit iun ~ favor the same choice by 3 to I.

Ta ken as a whole , the conditions lean towards the
Span of Sup 4 ’ .‘ision . Low spans of supervision (viz., initi al ly-assumed and less expensiv e deductive format.

2 or 3 workers per supervisor) means that the supervisor However , the three proct-duralization approach indira-
part icipates in technical work either directl y or by ti)r s (subordination , profici ency and GCT) are strong
supporting less experi enced technicians. These cases enough to warrant consideration of the partial ly proce-
su ggest the use of deductive aids to support troubl e- du ralized format. Additionall y, the particular combina-
shooting since the superv isor is avail able to guide bon of time to proficiency (lengthy) and personnel
inexpe ri enced technician s if needed. Higher supervisory turnover (low) suggest combining both approaches into
spans mean more administrative duti es for the supervisor one format (see discu ssion of time-to-proficiency).
and less t ime availabl e to hel p junior technicians . The final choice is between thre e formats: deductiveThere fore , a proceduralized format is indicated.

(simp le logic); part iall y pro cedura lized : and , both for-
mats in a combined approach. Cost of these thre e

Personnel Qualif ications Standards (PQS). The selec- candidates shoul d be an additional considerat ion in

tion of a format to support troubleshooting actions resolving the choice. Assuming a subordination of 1:17 ,
the cost estimates are as follows .should consider P Q 4 which pr esents skill and knowled ge

requirements to qual i fy technicians for venous watch- Partia lly Pr oeedural izedstanding dut i t - s, If l’l ,)S is required on a system , a
techn ician must demonstrate mastery of certain know l- 2 steps/subordinate unit = 2 x 17 34
edges typically included in a deductive format (e.g., Cost $20/st ep 20 x 34 $680
functions, depende ncies, signal flow). Therefore , a System deM-ri ption cost = $2075

• requirement for PQ~ indicates that one of the deductive 12075 ‘ $681) = $2755 ( $2800 >
versions should be used to support troubleshooting, Simple Logic Ihagrn m
either instead of or in addition to one of the pro ce.

17 subordj nat. ’ unit s ° ~50/unitdural ized forma ts .
17 x 50 = $850 (—$900 )

Combined -lpproa -h
4.6 Task -I . Make Final Partial l y proceduralizt ’d $2753

Format Selection Simple log ic I)iagram = $ 850
As described above . sy stem conditions hel p to $3605 (—$3600)

choose the basic format approach (pro cedu ra lized or
deductive). These same system conditions serve to The rationale for - ‘ lecti n g a format is as follows.
indicate the appropriat e level of the deductive or
proceduralized approach. This contribution is based ott Part ial l~ Proc t- dit r a lize d. The major objection to
the “strength ” or number of conditions favoring a using o~l iorrn~i ~~ i~ iiilure to address the PQS
particular format. For exam ple , if the indicators are needs , viz., the user ’s need to learn the functions ,
ovt-rwhelminglv “proerduralized. a fully proceduralized dependencies and signal flows of the hardware items.
approach is warranted. On the other hand , an even split The considerable cost of this format ($2800) tends to be
could indicate the “simp le logic deductiv& or “partiall y justified by its potential to reduce “front end” training
proceduralized” format. The decision to choose a costs and stil l achieve earl y performance capability . This
particular version of the two basic formats is judgmental . argument is not conclusive , however, because the LOW
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personnel tu rnover suggests that the training costs are technic ians and the need for substantial front end
merel y postponed rat her th an eliminated. On balance tr.inin&
th is format by ita df does not appear to be a strong
contender. Combined Approach. This candidate is more

Simp le Logic l )iagram. The condition of time ~ 
expensive than its competitors . Its advantages are that it

proficiency (long) works against the selection of this resolves the performance uncertai n ty question; and it
format option , viz., it is not certai n that junior tech- addresses the PQS knowledge requirements on-the-job
nicians could perform troubleshooting on the basis of rather than in non-productive, classroom settings. Train-
this job aid. The span of superv ision condition (low ing coats are reduced somewhat by having the TM
span) softens this disadvan tage by having the supervisor accomplish some of what here tofore had been formal
available to gu ide the junior technician. In addition , the classroom training or over-the -shoulder OJ I. ()ualita-
format does address the user ’s knowledge requirement tively, the reduction in training coats appears to offset
(PQS). In summary , these advantages and its relativel y the extra preparation cost. When added to the PQS and
low cost make it a genuine candidate marred only by earl y performance advantages the most cost effective
uncertai n ty regarding performance capability of junior approach is the combined format.

Table 3
Example of Apply ing System Condition Indicators

to the Problem of Selecting a Format for Presenti ng Troubleshooti ng Information

State/Format Indications
Conditions

Proceduralized Deductive

Subordination (I
~~

I’—) <5

Reediness Impect Down or degraded (~~o eftect)

Diag nostic Technique Inter na l (~~xternsij)

Personnel Turnover High

Time to proficiency Short

Maintenance Demands Batch (~~ngle Evens

General Classification Test (i;;; -’) High

Span of Supirvisio n High > 10 (~~ow <~ )
Per sonnel Qualification Standards Not required (~~equired~~
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5.0 SELFCT FORMATS FOR PRESENTING REMOVE AND REPLACE INFORMATION

5.1 Available Formats 5.2 Selection Process

Figure 17 identifies three format options av ailable to In this activity , cost and system conditions are
support remove and rep lace (r & r) performance , the cons idered to select the most suitable format opt ion for
pr edominant repair approa ch in many systems. The full y r & r actions . The steps of the selection proce ss are
proceduralized format minimiz es the amount of trainin g pr esented below and discussed in the following t ext.
required to qualif y new technicians to perform and -. -(1)  select homogeneou s sets of Remove and Rep laceenabl es immediate performance by even the least expen.
enced technician. h owever, the cost of prepari ng infor-
mat ion in these formats i~ relat ivel y high. (2) Compare costs of preparing the candidate for-

Re pres enting the other extreme in Figure 17 is the mats
com ponent description fo rmat which is less expensive (3) Consider system conditions to:
than it.. proceduralized counterparts especially if it is -

assigned other UseS (e.g., to support troubleshooting or (i ) verify or override use of a candidate with a

Personnel Qualification Standards). h owever , the level cost advanta ge;
of perform ance obtained with this format is apparentl y (ii) indicate best choice where no candidate has a
low , counter- balancing its cost advantage. Samples of cost advantage
each of these format options are presented in Figures 18 ,
19 and 20. (4) Make final format selection

Procedura lized Deductive
Format Formats

/
F u l ly  Procedur al ized Partiall y Component

(Figure 18) Proceduralized Description
(Fi gure 19) (Fi gure 20)

I ig l lr .  17. For m at.’ Availabl e (or Presenting Info rmation to Support Remove and Rep lace Actions

28
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-U r ING GEAR FORWARD Channel assembl y is removed.

F \ l~ I ~. .  AS ;~~\1IJLY Quick reIca~~c ( a s t c n cr ~ are re leased ott t Ie
down access door.

A I I t ING A -, F ~~~lG V . See Figure 7-28. E l e c t r i c  and hy draulic power is of f.

— 1. Pos ition r a i r  ~ng assem bl y (24 )  on keel .
Cotter pin M: ;246 65-15 3 2. Insta l l  bushings (23) . bo !ts (22 )  and

wa s her s (21).
F p~~ v’~~~C~~rd~t ions 3. Inst..i11 w ash er s (20) ~ nd nut (10) .  Torque

A ,~r - . ~tw,I  h~~~k is t e t r a c te d  and hook uplock 
nut 50 to 70 inch-pounds and ~ia fety  w i th cot ter

In ;‘ ,t l’ 
pin (18 ) .  (Quality Assu rance ) 

n. zz les  losed on both engines. 4 Install bushings (17). bolts (16) , and

F I ~~ Ine sa -h~~ r~ .~ I. and 96R are open, washers (15) .

I ‘ - f ’  and rIght ~eet  fa i r i ng s  arc remov ed. 5. 1n ~ ta 11 washer s (14) , and bushIngs (11).

Fi gu re li) . ‘amp 1’- of Partially Proceduralized Format for Supporting Re move and Rep lace Actions
(I)rawing supports other MAs )
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5 .3 Task a t .  Select Homogeneous Set • Cost estimates for the exp loded view pictonal s
of Remove and Replace Actions are $1000 each.

‘t hont ,~rr, . ou.. s it  of remove and replace actions is
one ii w h ich the same ~, ..t ,-m conditions apply to all Deductive Forma t
r.-mossi ~I ’’ I o-) . l d  e r i , . - t . t  at t h u s  The concept is the 

- —

same that k.’.-nb .-d i i i  ti.. troubleshooting section • l)educt ive coverage for each subordinate uni t
although ti le condition s relevan t to the remove and consists of system descriptions avera ging Y2 page
replac e- .. t i . t are .jj u f ’ r. nt .  I hese condi tions and their of narrative (maximum of 4 pages) and one full
.ta tes (se e Table 4 should be compared against the page graphic (cutaway).
mair ,ta ina hl.- tj r u t . ~ .1 th e top dow n breakdown in order • Deductive cost gu idelines are:
to 1.-ri ’. ’ hom..gerw..us .‘.‘t~ of remove and rep lace - -$200 per page of narr ative
ac tion . ile,i nhwi l in the troubleshooting step. -—$1000 per full page grap hic (cutawa y )

5.3 Task ~2. Compare Cost of Deductive Exw~pk . The Steam Flow Transmitter (used in
and Proceduralized Formats previous illustra tions) consists of 54 piece parts t oo-

T.- him ta r ,  1.,’rfo rynance oi a homogeneous set of tam ed in approximatel y 5 functional units (assemblies).
and r e- p l a n  action s can be supp orted by either The procedure for removal and rep lacement of the piece

the proee-dural or deductive formats illustrated in parts can be in ferred from a deductive lot-mat (sy ’-t .’m
Figu r . -  17 I h. ~a ’l.t  t ion of one of these format options descriptions) or obtained from a procedura lized treat-
i to b. I,a.—. -~l on it... .-os t and its compatibil i ty with the ment. The costs for each format approa ch ar e estimat .-d
r.i n bt i ri -  exp ect .-d in the ei stem. The pu rpose of th is below usi ng the gu idelines presented earlier.

t i p  is to establish rou gh cost estimates for the
com 1ie tin ~ form al.. The basis for pre paring these cost Fully J #ocedura hzed:
“~.)~rn4 I’- -. ~~

. th .- number oi components to be rep laced —

- ~uhordinat ion) . The guidelines for preparing cost • 54 piece parts about 2/3 of which mi ght h~
estimate . ar. 1 r .- .ented below for each of the three replaced = 36 pieces x 2 (one removal and on’
form at 1it iiiri,. replacement) = 72 actions

• 72 x 20 steps = 1440 steps

F ul l y  P r ,) ep r I H r ,i!ized 1440 steps
- • -________ = l2O pages

12 steps/ page
• F a. -h a t uo l t  aserages 20-2. steps .

• Instruction costs = $20 x 120 pages = $2400
• F.ac h fram .-,pa g. ’ contains about 10-12 steps.

- 0 - • Pic to r ia l  cost s = $100/pa ge  120 pages
• \ser&.’ t i n t  ~~ proceduralized ukw-npti ons n $12 000 

-

-$ 2)) per 1 ag. Th u.- - , , m er~ instruction steps onl y.

• Pit -ton a l-  to upport a page of instru ctions • Iotai cost = $14 ,400 (..$14 ,000)

aS’-rag. ’ 2 l imit - drawings and an exp loded view.
I h u i s  • .n. t . - -tu mat e it’ $100 per fra nie of instruc . tbrt ially P roceduralized (with an IPR-typ e grap h ic)
t i. j ut, .

• 54 piece parts about 2/3 of which mi ght be
replaced = 36 x 2 (one removal and one rep lace .

Par ti ally I ’r o,-e drira l ized ment) = 72 actions

• 1-lachu action av.-ra gn s about 10 steps per action , • 72 x 10 steps = 720 steps

• Fac h frame/ page’ contains about 30 steps. • 
720 pages 

- = 24 pages
• Average ( o-4 of procedura lized instructions iii 30 steps/page -

$30 ~..r  page. This cost covers instruction steps • 24 pages a $30 per page = $720 for n arrative
only , instru ctions
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• 1 grap hi c ( c u t a w a y )  at 110(K) Job Scope. The scope of a main tenance job may be

• I ota) ( •.-t - - $720 • $1000 E72o (— $lsoo) quite broad , re quiring the incumbent to bc proficient on

- 0 a wide varie ty of maint en anc e actions , possibl y over two
i) educt.ve -o -tern de- scnptions and ts h.-mat . -/cu tiway - -

- - - -- - — —  or more systems . Conversely,  an i ncumbent ’s j ob scope

• \I a x . m u m  of 4 pages of nar r ative at may be quite na rn w , involving frequent performanc e of
1200 pag.- $B0( ) a relativel y small nu m ber of actions, The guidance for

• I grap hic (c utaway ) $1000/page considering this condition is , -

• I ot a )  ( .o-. t 18(K) (narrativ e) $1000 (grap h- The broader the scope of the job , the
Si HO () more urgent th e need for the proceduralized

I h. u l i f f e - r u - ne . in e w t  bet’... f-err the full y pro cedur- format.

a l u , . ’d a ru d  t b .  a lt t ’rnati v . ’  approaches is appr eciable.
- - - 0 GCT Lewd. The deductive formats for supporting

Fh,- r e t . , r e ’ . t i ,. —~ strm condition ’. dj scusst-d below should
Ite ’ r , -v i . - ’ . r ,l t o  ( I )  ‘..-ri fv that one- of the- less expensive remove and rep lace actions requir e “inferential reading ”

appro.. he- it. ..at i .factnr ~ 0 or ( 2 ) j u n t i f v  the US.- of the wherein the technician must understand narrative and/or

moor . .-~ p . ’r inu ’ . t ’  approach. related graphics in order to infe r or deduce an action

sequenc e- . This i5 a difficult  and time consummg per .
3.3 Task =3. Consider System Condition Indicators form ance , especially for poor readers. Therefore , in

.“ .t ’ n -v stem Cond iti( ,n ,. at.- to he considered in . -  - - -

0 
considering the- (,(.1 condition - . -

~..‘l,-.’ tu ng the form at to sti 1.port remove and rep lace
ac tion s . The in flu , -n c.-  which the-s.- -ty ..tem conditions (se pro ceduraliz ed formats for present-
exert on format selection is -.ummar l7ed in Table 4 and ing remove and rep lace i nformation when
discussed below . th e- GCT scores for the relevant Ratings ar e

- ,  0 - 
in t he lower ranges.

Readiness Impa ct. I h.- t% pe’ of inform ation format
to -.uppo rt re -mo ’., ’ a ri d r e-1,lacr act ion is influenced by span of Super vision. The deductive format for
whc- th i- r the’ sy nt em is ‘ dow n ’~ during the conduct  of the presenting remove and rep lace information may be used
maintenance action. The gu idance for considering this effectivel y in spite of its com plexity if the span of
on dition - - supervision approaches unit -v . The rationale is that , if

Con..itb’r a pro cedura lized format wh en necessary , the super-visor wil l have time to assist the

the operational sy, .tj -m is out of commission junior technicians in interpreting the deductive aid.

during the performan ce of the action. \ Therefore , the guidanc e for consideri ng this condition
de ductiv e’ format is indicat ed when there is i5 - -

no immediate impact on re’adinesa. Consider the procedural ized format
whe n the span of superv ision is expected to

Maintenance Demands. A maintenance organization . .
hi- large , viz. ,  gr eater than i superv isor to 10

can receive its unscheduled workload in either of two technicians.say - ( 1)  batc h sourc e , where - man y maint e -nance ac-
tions can an d i.uall ’. do arrive in a short period of time Personnel Turnover. Timel y maintenance per-
(e. g. - r. ’cov’-rv of a fli ght of aircraft on board a CVA) , or form ance requires that the technicians know or be able
(2 i  .ing le event source , where corrective maintenance to obtain certai n job information (e .g.. equipment
nee’di are usuall y the result of a single system failure . recognition . tool usage, safety precautions, etc.).
Tb.’ gu idance for considering thi s conditi on is . . -  Typ icall y ,  deductive formats do not contain this infor-

\ batch sourc e workload ten d s to re - mation requiring that it must come from tra inin g, either

quir .- the - procedura lizeel format whereas the fo rm al (C School) or ~ JT . This training takes time

single input source allows the deductive (reducing on-station t ime) and costs money. Neither the
format , time nor the cost is justified where personn el turnover is

33

-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ -r __



____ — ~~~~~~~~~ ‘ “

Table- -I.

~ iu ruuur ian  of “~~ —1 .- rn  ( . t tn di t i or i s  A f leet in g Format fe,r I’r e ’ se-ri t erig
f {e ’ino ve - and f~ep laee ’ in lor ,n at ieni

Sta re/Form at lndic~tions
Condo ton

Procedur ali zed Doduc(eve

Reediness Impact Down or degraded No effect

Ma~nter ~~’tc ’ .  Demands Batch Single Event

Job Scope Broad Narrow

General Class ificat ion Test IGCT ) Low High

Span of SuDorvision Hi~ i > 10 Low -~ 3

Personnel Tur t .~~vt.’ High Low

Distribution Dispersed Consolidat ed

h~~h The- r ,-f ’ , r . - . the - .1, i , Ia ci - .- ( icr i- i ir i- ’ iul.- rc r ig this con di ’ num~j er of conditions favoring a part icular format. i he-
t!on it- - - e x a m p le below illustrate-s this pro ce’dur t- .

I t..- ti.. pro ce -dur ra l ized form at (which
mu ifli m n i ze - ’- t r a i nur i ~z ) w I t - i t  t h e ’ pe-rs onn e-I turn ’ Example of Applying System Condition Indicator s.

t~’-r it. • -
~~ p~-~ t - ~l to I .e r u - la t iv u - l y  h i gh . viz , The circled entries of Table’ 5 re p r e s e n t  hyp oth eti c -al

mole tha n ()‘~ t i t  the ’ i- n w wil l be’ re-p laced con ditions for remove and re-place- actions associated
li l r u l i ~ a c al endar ~, u - a r. with the - pie-ce parts of the Steam Flow l’ransmitte ’r , a

component used in the ear lier cot. t dis.’uis ,’.i,,n s . I our  of
Equipment Distribution. \1e-r e-l ~ lo cat ing e-qui pment the’ s e v e n  conditions favor the proc edura liz. ’d approach.

to Ii. - wi, r k . -d  on it. ft c-n a t im e -’-eonsuming part of the If all se-s en conditions favored the proce ’dura lize ’d ap’
r .- r no”  and rep lace ’ ac t i on ’.. fh i s  te nds to be- especiall y proach . the $~4,000 fully proceduralized format mi ght
t r i o -  in a~ .- - ~th i r,- th e’ hardware it . spread over a be- ju stified. In fact , three - of the conditions argue’ for cisc ’

i in i , u i l i - r a I i l i -  are-a dt. ~~~~~~~~~~~~~~ to being consolidated in a of the deductive approach.
ci ‘It ’ I t ,c-at ui ~ri - I he - r e - I  or.’. the guidan ce- for t i  >n ’.i d.-ri ng

t lii— e’ondit ion Thus , the ’ state s of the 5%-stem conditions circled in
- - . Table 5 suggest the following i l i sp os i t u t in i s  for each

( .~ ri’ idi-r the proc eduralizcul format . - -

- format candidate ,
w Ii.- r .’ t I . .  hardware - it- spr e ad or dispe rsed (as
in a —h i t . e- le ’u-t r i ca l -~ —t . - unu ~ • Fully Proceduralized Condition ind i cation s arc’

not strong enough to warrant the substantial
When the-  hua r dw art - iI i s 1ei r .e-d . the ’ medium (or expense of this format.

portra y al i nutle ’)  -i-I. ’ , - t i o n u  is affe cted at- well . The- factors 
• l )educt ive Format — Condition states indicate ’

related to ,.‘I .- -t i o ui of portrayal mode are ’ covered in this format as a possibility but itt . perfo rm ance-
~ e - i - t i o u i  t~,.( ) . fostering power is suspect and it t .  cost has no

advantage over i t t .  partiall y prucre duir a l i~ e -ul
5.6 Task ac4. Make Final Formal Selection competitor.

( ;~ — t an d —s — l i - r n  • , r i du t io r t s  are the- basis for selecting • Partially Proceduralized — The cost of h u t .  for-
- - a pr esr ’ntat ionu appr oach. that is , a deductive or pro- mat is comparable ’ to its eb -du - t i s e ’  competitor

ce’d u raj iz e-d approa ch. The i - s t e - r u t  of agreement between and the performance qual ity it produce’s i t .

the- ~c, st . ti i i i n i i I i t i u t i e ~ in d i c ates th e- t ’pe ’c i f i i -  format superior. The-se- two points make - it the logical
w i t h  ii i  an approac h . I h i t .  is a j u d g m e n t  l .a—i ’d on the ’ u h i  t i c - c ’ ,

.‘,.1
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Table ’ 5
Exam p le of A pp ly ing System Condit ion

I ndicator s to the Problem of Selecti ng a Format for Presen ti ng
Remove and Rep lace I nformation

St.selF orm.l Indic.t ions
CondIti ons

Proesdurellz,d D.ductivs

Reediness Impact (~~~own on degr.~~~~) No ff.ct

Maintenance Demendi Batch ~~~~ Eve~j)
Job Scope Broad (~~~ro~J

General Classif ication Test (GCT) (i~M~~) High

Span of Supervision (~High > Low ‘ 3

Personnel Turnover High 
(~~~~~~)

Distribution (I~ó~
ip.r s.

~~) 
Consolidated
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6.0 ESTABLISH TM SUPPORT REQUIREMENTS

6.1 Introduction referenci ng and , in general , the organization of the- TM.
‘l’he perfo rm ance aiding potential of a format wil l ~~ Recording mode concerns the m eans to stor e the

diminished considerabl y if the Technical Man ual ’s maintenance information (with paper or microfilm being
(T~I ’s) su pport requirements are- not met. To meet these the moet popular means available at present). f)isplay or
.uppo r t r eq uirements a TM must have featu res Port rayd mode refers to the means used to present the
which - ( 1 )  make- i tt. content easy to find; (2) make the information to the user. Laminated coatings, pocket-

‘-a -% to —tor i - , distribute and update ; and (3) make its aized books , and self-illuminated viewe rs are a few of the

e-o n te ’nt legible - o t t -n  extended uses or in adverse environ- many variations which should be considere d in choosing

mu- rut s . TM fe atures related to these requirements are display mode for a system.
te-n nc-d act’ rse- . recordin g mode , and disp lay mode,
re- sp e ’i - l i s. -l ~ - Certain maintenance-relevant condi tions provide the’

basis for selecting the means to meet a system ’s support
The access require-m e-nt addresses those TM charac - req uirements. Tab l e 6 relates these system conditions to

t e n t - t i t - - l,’-.i 1rnue- t l  to hel p the technicians find the the- support requirements discussed above. The- dis-
information th e- s ne-ed to perfo rm maintenance actions. cussions in th i- section are organized about these three-
It t in t  -rn ’ tb. - l i t - t ing of conten ts , i ri de-xing, internal support requi rements .

Table 6
‘~ystem Condi tions Affecting Support Requ irements

Support Requ irements
System Condo eons

Access 
Recording Portrayal

Mode Mode

Ac omated Test Equipment X

Status U sp l~ - X

System Size

Distribution X

Replicat ion X

Installation Context X

General Classificat uon Test X

Illuminatuon X

Cleanliness X

Space X

Elements X
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6.2 Task a I .  Determine Access R equirements Symptom Indexing. Troublesh ooting or repair in-

I ) ilfic ulh in locating information t-ause-s much ~~ 
struction a are’ needed as a direct result of uuyte frm

the - Ic-clinici an ’s Frus tration with cuunsii-ntional TMe. For malfu nction indicated by the presence of abnormal

.-tj n . 1ele- , r e- .,e-are -h shows that with conv entional tables of eymp toms. Symptoms can be uncover ed during regular
checks or during operation- Regardless of their source’

conte nts ar id m dcxc,’ , te-ehniei ans e’j ie-nd five perce’nt of
the-ir je ib time unsuccessfully eec-c -king TM inform ation , they occur either in the f orm oi Automated Test

Readouts and Status l)isp lays (see below) or symptom s
The-v th u- r u  spend an additonoi twelve percent of their job
time obtaining guidance from othc-r workers and super. not displayed form ally. The lack of display s or ATE

s ie.iur ~’ Thus , under the- worst circumstances , almost one- 
readouts requires that the eymptom s be couched in
other observable terms , e .g., sound s, movement s , timin g,

fifth of the maintenance tim e’ is used in seeking job guid- F event s . Figure 24occurrence or non-occurrenc e o
estee’ , In too many cases, poor access forces th e- tech- presents an illustrative listing of sympto ms suitable for
nk ise . to re ly on fallible , non-T M sou rces for job meeting this access need.
gui d_anu e - -

Internal Accezc. Intern al access refers to the need (or
R e -- .olsiing this issue invo lves app lication of access “follow-o n ” maintenance , e-~g., a preventive action may

tec hni que-s which app ly to all systems as well as the uncover the ne-ed for troubleshooting ; troublesh ooti ng
~e- le-e- ted us.- of techni ques which app ly onl y in certain should indicate th e ’ nec-d for repairs . Internal reference
.‘irc’umstances related to Automat ed Test Equi pmen t should be provided in an overview format (Figu re- 25) or
ari d I)isp las’s . a “re fer to ” form at (Figure 26).

Syetem.Specifie Access !‘tleeda
General Recommendations The system conditions of Status I)isplays and Auto-

Certain access techni ques are universal and should be mated Test indicat e- the need for two additional access
usu -d in all TMs, These are- discussed below , techni qu es. These are discussed below.

Status DisplayL Status displays are present most
Work I-’l,ckage. A work packaging approac h segments frequentl y in electronic/electrical equipment although

a — v st e ’m into a number of “min i ”  systems , each of hy draulic , pneumatic and other flow systems possess the
which can hav e its own mini-manual or work package. trait to a lesser degree. When displays are present . a
I nitial acce ss is thus simp lified by an alphabetical listing listing of Status Displays is appropriate to access
of work packages . rath er than an excessively detailed troubleshooting aids. When num erous displays are
table of contents . present , it may be advisable to consider a decision logic

table as opposed to a list , since patterns of display
\ “local” table ’ of contents provides within-pack age readings are more useful points of departure- for trouble-

access to maintenance information , e.g., trouble- shooting. Both the listing and decision logic formats are
shooting, parts listings, system description. The means 

illustra ted in Figures 27 and 28.
for both initial and within-pack age access are illustrated
in Figures 21 and 22. Automated Test Equipment (A TE). This condition

occurs most frequent l y in electrical/electronic equi p-

Penodic ity Schedules. \iost equipment requires regu- me-nt . When present , a listi ng of ATE outcome-s is
lar checks and inspections. The periodicity scheme required to access troubleshooting (or possibly’ repair)
illustrated in Figu re 23 is. an approp riate means of instruct ions. Figu re 29 illustrates a format which keys
accessing job instructions for periodic maintenance. ATE readouts to the appropriate job aids.

37

-~~ 

-

I- -



_ _ _ _ _ _ _ _  ______ - - - -

ALPHABET IC AL INDEX

NOTE

Work packages (WP ’ s) listed in the index below
contain all maintenance instructions (Removal,
Installation , Testing, Troubleshooting, Adjust-
ments, etc.) necessary to repair the subject
component/system .

Work Package Section Auto
Subject Retrieval Number Number Code

A

Air Conditioning Control Panel 03400 3 66

AMCS Coolant Fluid Expansion Tank 11100 9 *

AMCS Coolant Pump 11000 9 *

AMCS 82°F Coolant Sensors 11900 9 *

AMCS/Missile Air-Moisture
Contam in ate Removers 11700 9 *

AMCS/Missile Bypass Valves 11600 9 *

AMCS/Missile Cold Air
Modulating Valves 10700 9 *

AMCS/Missile Controller 11800 9 *

AMCS/Mi ss ile Coolant
70°F Sensor 12300 9 *

AMCS/Missile Coolant
40°F Switches 12200 9 *

AMCS/Missile Cooling System 10600 9 *

*Denotes Not Available

Figure- 21. Indexing Samp le- for Accessing Ve-ork Packages
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Azimuth Mark Generator

Page

Terminology Pictorial 

Topdown Breakdown 

Operating Description

run ct ion 

Two-Stage Amplifier 

Emitter Follower 

Trouble Anal ysis Aids

Verification of Malfunction 

Power Checks 

Piece Part Isolation Checks 

References
Repair 

Mjust/Alignment 

Standard Operating Procedures (SOP) 

Figu re 22. Local Tabl e of Contents for a Work Package
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Interval/ Requirement MRC *

Condition Checks

Hot Start 114.1 — 114.4

Hard Landing 62.0 — 70.6

100 Arrested Landings 

etc.

Preflight 
Postf light

Interval Checks
Daily . 2 0 0 . 0  — 2 1 0 . 0

14 days 800.0 — 8 2 0 . 0

28 days 

Figure 23. Samp le of Periodicity Index for Scheduled Inspections
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SYMPTOM INDEX

Troubleshooting
Procedure 

—

COOLING SYSTEM

Radiator
Boils over 3—12
Leaks 3—17

Tem perature Gage
No indication 3—29
Runs cold 3—11
Runs hot 3—13

ENGINE

Misses 3—34
Overheats   . .  3— 72
Won~t start 3—27

EXHAUST SYSTEM
Excessive smoke 3—33
Water vapor 3—33

Figure 24. Sample Format for Indexing for Mechanical Equi pment
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Figure 25. Sample of Overview Format for Follow-on Maintenance

NOTE

Follow-on Maintenance Action Required :
“Install Main Driveshaft” (Vol. 12, p. 4—1)

Fi gure 26. Samp le of “Refe r to ” Format for Follow-on Maintenance
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Engine and Transmission
Instruments Located on Pilot’s
and Copilot ’s Instrument Panel

JPA UH-1H-2TS- Page

Indicators 
*

AC Volt— 4, 4-1
meter (9) 22, 1—1

Standby Gener-
— ator Load— 4, 3-1

meter (10) 19, 1—1

Main Generator 4 , 3-1
Loadmeter (11) 19, 1—1

Transmission Oil 2 , 2—i.
Pressure (1) 6, 2 1
Engine Oil 3, 6-].
Pressure (2) 13, 3—1
Fuel 3, 2—1
Pressure (3) 16, 3—1

Fuel 3, 2—1
Quantity (4) 16, 1—1

Engine Oil 3 , 6-1.
Temperature (5) 13, 3-].

Transmission Oil 2, 2—1
Temperature (6) 6, 2—1

Dual 3, 5—1
Tachometer (7) 13, 2—1
Torquemeter (8) 3, 6-1

13 , 3— 1

*Refer to callout number on accompanying
illustration.

Fi gure 27. Access to Troubleshooti ng Aids Via Status Indicators
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Display Readout Symptom Patterns

PWR SU?PLY OK 
~~~~~~~~ ii L L L L L+L !4L.

MASTER CLOcX OK N~~~JN  N Y  Y Y Y N N N  N Y ?

TRA~ SMI~~~ER OK N Y  Y

RECEIVER OK N y N Y N Y N Y N Y N Y I N 4 ? N Y

ENTIRE SYSTEM BAD~ x J 4
GO~~~~~ INTERFAC E 

—

DO PW R SUPPLY CK x x , c x x x x  1_L
DO MASTER CLOCK CK X X X X X X X .~.

DO TRANSMITTER CK 
— 

X — — 
X X — — X X — — X I X  —

pj3S DO RECEZVER CK X X X X X X ~~~~~~~X

EN TIRE SYS OK

Figure 28. Samp le of a E)e-eision Logic Table Format
for t ’~ing Stat u~ I)isplays to Index Aids
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am TEST FICLRE ~ET TEST FIGVRE

001 7-1 CD 7-1

004 7-3 02* 7-5

005 7-2 7-$

00C 7-2 0)1 7-9

001 7-2 032 7-10

005 7-! 033 7-10

009 7-2 034 1-10

01* 7-2 035 7-10

011 7-2 031 7-11

012 7-2

012. 10 7-3 031 7-11

013 7-3 039 7-11

014 7-4 042 7-U

015 7-5 043 7-11

01$ 7-4 04-4 7-11

017 7-7 045 7-11

011 7-7 050 7-l I

011 7-7 051 7-11

02* 1-8 054 7- l I

021 7—I 05* 7-11

022 7-9

Figure 29. Access to Troubleshootin g Aids Via Built-in Tests, Sample Format
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6.3 Task i.2. table microform viewers and/or (2) centralized micro-
[~eIei-mine Recording Medium Requirements form with pri nt er. Figure s 30 arid 31 show typ ical

Vir tu a lI~ all ..ur ’te \  -. of I’\l problems note the mechanizations of these r .-rommendations .

pr. -.. :) - of “untj,n ls d.-lt~ t .n out of date inlorina-
- . -\ large ~v ,t ’-m with  a eonsoliclatcd lay out  ~ei’J’n:istn t , :  and ir l - qu a t .  —torag.- a t - . I hes.- complaints - - 

- 
-

lb.- us. of a :-entrahzt -d microf orm reader withoutii, att nlput.a hl . largely to tO.- bulk of the paper medium.
printer. However, a consolidated layout frequentlyTb.- rnn ro for ,,, medium has bec,i shown to reduce the .

- involves such smal l system size that a papt-r recordingw~ .nt~ of th,-ts- probl.-nis and is being used for many -- 
. . mod e is practical .

— s% - t .-ms. i iuwr ~ er , nl,crororrn Ilewer s aria printers ao
not .-nJo~ high u-er acceptance. In addition , their
u,— - fulr ,.r.. is debatab li- for small .-t~ stems where the RepliCIIIOn
!u.t ribut ior : , storage, and update problems are not

• The number of systems to be installed in the Fleetrspeelal l~ - . .  i r e  - - . -- influences the selection of a recording mode. When a
Ii. t indi t i nit ,  of (I  ) ~‘ize , (2) I)igtribut ion , large number of systems is installed , distribution

(3) Rep l i t a t io r : .  ant i (-1 ) Installat ion context , are used problems occur which microf orm t~~ 3 t - t o n t  r . On
• ti m u l e  i t e  th e b.~ t r i - c ording medium for a system. The the other hand , the distribution of new IMs and changes

full:,w in~ .In.t -:i -~-i t o  ~i:mmanz,- the recording modes is not a severe problem when the fleet has onl y one or a
-ug ’.- - t - I to ‘.ar l.ni- -ta t -~- of these conditions, few systems.

Therefore, system size and replication exert reinforc-
ing influenc.-s on the recording mode: that is. a —x st.-m

~~~ste~ i. Size with many rep lications tends to warrant the microform
The -u i- of th e information base is related directl y to recording mode whil e a svst.-rn with a fet~ replications

the .e~~r r t % of T\l lu ’tr ibuti on , storage space, and tends to permit the paper or book mod.-.
up date prohlem ... Sine,- microform can reduce the

-nh- of thr~t - problems in a large system, it is the
r.-i om rn.-nd. rl r. i ord ing mode. Installation Context

Most equipment tends to operate in a multi-system
The exact ~ —t ern -uz. - at which pap er should be context, such as in a shipboard installation. In these

abandoned un ta~ur of microform is not established. The situations, “adjoining ’ systems may share the cost and
f ol l iw irlg nih - ,) are offered to hel p establish a capacitY of a micro form recording mod e, thereb y
ri cor i t r i g mod -  thr i shold. translating two or more small systems into the equiva-

• I tie paper b r  inb.u -ma t ion bases up to 300 tent of a lar ge system. When a smal l or mid-range system
frames and , operates inde pendentl y of other systems , a paper record-

• 1-c m icroform mode for information bases ing mode is to be considered.

be’. nod I .5(N) frarn.-~

I n the mobil. - range. the additional system condi - -
- - . - - 6.4 Task #3. Determine Port rayal Mode R equirements

t u o r t— h— n .-. -d hi low ar. to be used in decidin g
recording mode. Present TM practices tend to use one TM medium

(viz., micro fiche , microfil m , or paper) to meet the needs
of all systems. This standardized approach results in
pr epar ation economies but it also causes mismatches

Distribution between work place condit ions and TMs. These mis-
Job int ormati on must be ava ilable to the user at his matches coul d well be a cause of poor TM utilization , a

work sit .- . flr,~ nt -ed is related to recording mode when consequence which diminishes any production eco-
then- is a large e’.stem (indicating us.- of microform nomies. Thus, a single medium may not be equally
mo h-) distr ih ,,t -d o’.er a large area (indicating the need suitabl e for all system TMs or even for all TM applica-
for information por tab ilit ’.- ). The media options to tions within a system. To preclude potential problems,
c,n,,,I r for su ch a large , dispersed system are, (1) por- th e following work pla ce conditions should be used to
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F i glu r -  31) . -‘ ar t ,  ~
,I \l it -rn f, rm l-(ee ord iru g \ 1,- din rn

~~~~~~~~~~~~~~~~~~~~ MALFUNCTION 
-

SYSTEM- 
~1 

_____LANDING GUAR — — — K I  t i n I’~PcT - • -~~~~~~~ —

SYMPTOMS ..r —1 
____

AIRCRAFT PULLS TO LErr. J ‘
~~~zzr - -• 

~~

. z ~~~~ FIX ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

COMF ..ETG I N S T R U C TI ON S  ON

CORRECTIV E ACTION

T.~I p c ~d~re I
Sta ndard aperoting procedures

Fi gure 31. Examp le of Microform Recording Medium with Printout  Capability
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t -lu alt. rug, I t -  n- r i l i n g m oth ’ h , ’tl ’i tion.s road. ’ in pre- To challenge candidate media , det ernuim u ,- wh ,-th cr
I i -  any of the adverse sta tes of ‘table 7 are .-x 1o i -t , -d in
• H HI u c n a t u i  t i  a system. If so, determine whether previous m edia
• V~ t i r k ’pa .- . • • -

• I I - ~~d~~. selections conflict wi th these ri tat.-s. Candi dat ,-s wh it h
• H -r n ,,

~~.
. ( V .  ~~~~~ Rain pres ent conflict s should be modif i ed along (h . ( in , , ,.

l a1.1.- 7 k-~ I..s tIur - goo.l and the undesirable indicate d in the ‘t able. Samp les of the acceptable
p..rt ra’na l m o n .- , — - i l , i I : t u -~ for m eet ing adverse versions media named in the ‘table ar , shown in I ’i gur .-s 30 .
i i t h . — . ti h , t i , n , — 32, 33 and 34.

Table 7
‘Aorkspace Conditions and Matching Media

• Adverse Poor Candidst.
Condit ion Midia Solution Po ibilit i~~

Da,k workspace -  - - No integral light source • , • . Self-illuminated viewers (Figure 34)

Gl are  - - - Unprotected viewers . . . .  Hoods (Figure 32) , matte paper

or a in Plain paper Laminated coating

Dirt Plain paper Laminated coatings

L Cramped workspace - - - - Large books or viewers Miniature viewers , pocket size books (Figures 30 and 33(
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Figu re 32. Hooded Viewer
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Figure 33. Representative Portable Booklet Aids

Figure 34. Self illuminated Viewer.
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(N215)/Dr . William King
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Mr. Roy Post
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(0344)/Mr . I. Rubinstein
6 CNO (04)! Mr. J. Genovese
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(OP—991B) /Mr . M. Malehorn
(OP—991C)/Mr . D. Thurman 1 ONR (45B)/Dr . H. Farr

3 CINCLANTFLT 1 NAVELEXENGCEN SDIEGO/Mr . M. Gordon
Code NFM3
Code 04 2 NAVSUP
Code 047 (0431C) !Mr . G Bernstein

(10)/Mr . H. Burby
1 CINCPACFLT!Code 431

8 NAVSEA
4 COMNAVSURFLANT (OOG)/Mr . H. Hill

Code N42 (0463)/Mr . W. G. Shihda
Code N44 (660F)/Mr . D. Baird
Code 64 (660F)/Mr . J. Jenkins
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9 N A V A I R  I Un iversi ty  of Ohio /Dr . C .  Ki are
( 0 4 A 4 ) / M r . H .  Keneman
( 0 4 A 4 ) / M r . W.  G.  Muller 1 U n i v e r s i t y  of M D / D r .  1. Powers

5 ( 3 4 0 C ) / M r . D . S .  Hurst
2 ( 3 4 0 F ) / L C D R  P. Chate l ie r  5 Hug hes A i r c r a f t  Company

ATTN: Mr. J. Connell , M—308
5 NPRDC Ground Sys tems Gro up

Dr. J. Regan P. 0. Box 3310
Dr. E. Akin Fullerton , Californ ia 92634
Dr. C. Ramas
Dr . T. Curran 1 Mr. Ben Saltzer
Dr. R Blanchard 1802 Massachusetts Avenue

Cambridge , Massachuse tts 02140
3 TAEG (NOOT)/Dr. R. Braby

1 Bi oTechn ology,  Inc.
1 NSWSES (5001)/Mr . C. Root ATTN : Mr, T. Post

302 7 Rosemary Lane
2 NSDSA ( 5 7 0 0 ) / M r . K. R a d c l i f f  Falls Church , V i r g i n i a  22042

3 NTC , San Diego I ManTech of New Jersey
CAPT C. McDaniel ATTN: Hr. R. Roys ton
Mr.  D. Lovell - 6110 Executive Blvd .
(PQSDG)/CDR Peterson Rockville , Maryland 20852

I NTC , Great Lakes 1 Stanford Research Institute
CAPT O’Malia ATTN: Mr. J. Bialik

333 Ravenswood Avenue
I Navy Occupation Development and 1-lenlo Park , Cal iforn ia 94025

Anal ys is Center (NODAC)
CAPT E. M. Anderson , C.0. 1 Telecom System s, Inc .

ATTN : Mr. Skewis
12 De fe nse Documen tat ion Cen ter 2300 Sou th 9 th Stree t

Arling ton , Virg inIa 22204
1 USAF (LGYE)/Mr . R. Welsh

5 Westinghouse Corp.
1 USAF (DAYX HDQ)/Dr . Ron Burkett ATTN: Mr. J. Box

3709 Peppe r Road
I USAF (DAYX HDQ)/Mr . V. Kehier Hunt Valley, Maryland 21030

2 AFHRL (WPAFB)
M r .  J. Kiesch
Hr .  R.  Johnson

3 HQ, AFLC (WP AFB )
(ASD/S HA )/ COL.  J. Ostrominski
(LOLMP)/Mr . H. DeLisio
(PRAM) /Mr . W. Wiser
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CENTER DISTRIBUTION (continued)
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1 18 1 1808
1 1809.1 1 184
1 1809.3 1 186
1 183 2 1861
1 185 1 1864
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