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FOREWORD

An important finding of the Navy Enlisted Occupa- and comniunication variables as well as nonprose
tional Classification System (NEOCS) stud y was the presentations; and
existence of a significant “gap” between the reading 3. must be tested to determine their impact on new
comprehension level of technical manuals and the Navy technicians with respect to performance of
reading abilities of new Navy technicians. The Navy is maintenance , understanding of the system, and
~‘narrowing” this gap via a wide ranging research acceptability of the new manual.
program including, for example, remedial training, new 

•
• . . • BioTechnology Inc. is developing two companionmedia techniques and simplified technical manuals. One . - • • -

part of this program deals specifically w ith the objective products to this report . The first product specifies the
• 

- . . - impact these requirements and criteria will have on anof improving the reading comprehension level of main- • •existing maintenance manual. This impact will be showntenance manuals. The project reported here is concerned •in terms of a book plan a detailed outline of whatwith that objective. .this manual will look like when rewntten in accordance
- . with the requirement.’. and criteria presented here TheThis report, the first of three products to be

- . second product is a test plan for evaluating the rew rittendelivered, presents requirements and cnteria to be used
• - • • . manual. The test plan will be designed to point up theby technical wr iters to improve the readability and . -

• . . . • benefits which might accrue from a larger scale applica.comprehensibility of their manuscripts. The require- • . -tion of such a reading comprehension improvementments and cntena preseri ted here :
program.

- can be used to guide the original preparation of
technical manuscripts or to determine whether This study is being conducted for Naval Sea Systems
an existing manual needs “rewnting to bnng itS Command, Code 0463. The technical monitor for the
reading comprehension to an acceptable level; Navy is Mr. William Shihda; the principal investigators

2. go considerably beyond the traditional province from BioTechnology, Inc. are Mr. Theodore J - Post and
of readability in that they address organization Mr. Harold E. Price.
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INTRODUCTION

Background and Problem Communication Adequacy

Maintenance manuals are intended to provide techni- The adequacy with which the manual communicate~
• cians with the information they need to m aintain the technical information to the technician is a function of

equipment assigned to their care. Unfortunately, many both the amount and type of information. Communica-
technicians do not use the manuals to support their job Lion will he impaired when: (1) the information is too
performance. The Navy has conducted research intended complex , (2) there is too much detail, or (3) too much
to identify manual problems that could be causing this of the information is irrelevant. Communication also
poor utilization. Some candidate problems deal with the suffers when the balance between graphics and pros.- is
technical accuracy and completeness of manual informa- improper or the guidance for the technician is either too
tion; other problems deal with certain of the manual’s implicit or too explicit.
physical attributes such as size and weight; still others
concern the currency of the information. The hope is
that by solving problems such as these, more tec hnicians Readability of Prose Material
will be inclined to use the nianual more often. However , Technicians complain that reading manuals is
increasing the technician’s willingness to use the manual difficult even when l~ss t han half of the manual’s pages
will not improve technician performance unless the are continuous pros.’ For examp le, the readability ol
technicians are able to understand the guidance offered prose in representative manuals has been estimated at
by the manuals. The material which follows is intended the 12th to 14th grade level. This means that IIs.’rs must
to help technical writers maximize the understandability possess the reading skill associated with 12th to
of their manuals. 14th graders if reasonable comprehensi.ni is to be

achieved (usually 75 percent correct on a comprehension
Approach test). Users possessing more limited reading skills can be

The problems which cloud manual understandability expected to comprehend less of the included material.
must be identified before any improvement can be The results of testing representative maintenan r techrij -
attempted. Our approach assumes that the information cians indicate that their reading abilities correspond to
which specifications prescribe for maintenance manuals those of 9th grade students. This “gap” of three to five

adequate but that its method of presentation causes grade levels causes comprehension and attitude problems
understandability problems. The specific presentation which contribute to the low utilization of manuals.
aspects responsible for this difficulty follow.

The material in this document is intended to help
Organization you identify and resolve technical manual problems of

The arrangement of content in conventional main- the types described above. Specifically, this dociim.’nt
tenancc manuals may be logical but not particularly presents the requirements and criteria for presenting
relevant to the technician’s job. This disparity causes information which the user can access , read, and
excessive search time, a major user complaint about understand. The rationale underlying the requirements is
technical manuals. En addition, once the user locates the presented and the criteria for meeting each requirement
several manual passages containing the relevant informa- are developed in the form of tests. The tests address the
Lion, he must undertake a “gathering and collation” characteristics your manual should have if it is not to
procedure which is especially difficult for users in the suffe r from the problems described above , Criteria
lower ability ranges. within each test have been italicized for emphasis .

I 



- - 
-

- 

-

~ III ~~~~~~~ ~~~~~~~~~~~~~ ~: ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -

Corrective actions are also suggested when such actions Test Procedures
are not obvious from the criteria statements . Finally, the • -

- Apply the three sets of tests in the following order:tests arm- designed to be applied to completed . .  • - -
- organization, technical communication, and readability.maintenance manuals, either preliminary drafts (viz. -

• . . , This sequence reflects an efficient process rather thanIn-process reviews) or operational manuals (viz., . .  • •
• - relative importance. Descnptwe material provided fordetermine the need for rewrite). •each test set includes:

General Rewrite Practices a. Discussion of the purpose of each test and how it
- - should be applied.

In addition to the detailed tests described above , ~~~~~~~~~~ . ,  .- . . • b. Specific cnteria the manuscnpt must meet andsupplemental rewrite practices are mcluded in a final - - ‘ -- 
- corrective actions to take when the tests uncoversection. These are general wnting practices. The use of . . ,- - manual deficiencies.these practices should heighten the user s understanding

and acceptance of the manual. These general practices c. Examples illustrating good and bad use of the
are not intended to be used in deciding whether to test criteria.
rewrite an existin g manual. This decision should be made d. A summ ary of the requirements and criteria
on the basis of the principal requirements and criteria intended for use after you have become familiar
discussed above. Once a decision is made to rewrite a w ith the supporting discussions. These
manual , however, these general practices should be summaries are consolidated in the next to last
included in the rewriting. section.
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ORGANIZATION REQUIREMENTS

Rationale the adequacy of its organization. The discussions also

, , - suggest practices to correct any deficiemicies you
• Technicians expect maintenance manuals to provide

- . , . , uncover.
information that will help them do their job . The
information in the mnaiiuals should therefore be
accessible via job-relevant terms, that is , the equipment Requirements
units and the maintenance actions the technicians

- ;  perform on each unit. The technician ’s need for informa- Four principal requirements apply to e ffective

tion frequent ly inclu,lc,. more than one “maintainable technical manual organization:

unit ” and more than one maintenance action. For , ,  -
. The oreanizatioii of the manual should be based

example, to help isolate the cause of a malfunction , lie -~~ - ‘ ‘ -
- • on a hierarchy of mnaiiitainable units .

may need inform ation on progressively smaller niairitaiii- •

able units, often proceeding from tht- total s~ stem to the • Repair c~ t Ie  over~ i n s  should be 1,rs’ se,.t ,-d.

puce.- part level. The technician ’s information nt-ed ‘l ln-~~ should l.e (liagrammnatic represeiitatiumis of

invariably involves a sueet’ssIori of’ maintenance actions the SU(’CCSsiOii of inaintcnaiice actions .

applied to progressively smaller units in the svsl.’’n • \If information about a mnaimita inable unit sh ould
hierarchy (.‘.g., consecutive troubleshooting actiomis con- be consolidated into a single package.
eluded by replace , cal ibrate, and checkout act ions). • ‘fhe content , format , and sequ.’mI.-u o f informa-
Accord ingly, the organization of the manual should Lion within a package should be standardized.
emnphasize the hierarchy of maintainable units , the
maintenance actions applicable to each maintainable
unit, and the required sequences of maintenance actions. The following m aterial expands th ese four require-

ments in terms of tests and criteria that wi11 bring a
The following material is a discussion and illustration poorly organized manual into compliance w ith a jul.-

of tests you should apply to your manual to determine relevant organization.

3
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Test 1. Maintainable Units Review

A nsanual organization preferred f’or its am m m- ss amid tions like these t,’mid to provide iniformnation about a
consistency consolidates in on’ ~-)cation all information maintainable unit in scv ,ral differ m-mit locations in a
about a maintainable unit. Such a mnanual can be manual, espeeial l% where such it m ’ rm i s as principles of
produced only whemi the primary basis for organization operation amid troubleshooting arm’ comu’t’rned Also . t b.
is maintainable units rather than types of information, emphasis which the early sections give to hardware units

Review the table of contents amid the manual itself to vanishes as the manual begins to present job suj portimig
see whether the manual emphasizes maintainable units. procedures. Sum- hi orgamiizations preclude easy dec.’ 55 to
The top level maintainable unit may be the ent ire key procedural information , e .g., Figure 1.1 “buries”

system , a subsyste m, or a major equipment emid item. 151) pages of critical troubh’shootimig schematics in
The successive breakdown into smaller maintainable sm-ct ions 5-4 and 5-5 Similarly. Figure 1-2 shows how
units should be based primarily on funct ional eonsidera- 13 pages of schematics are buried under the heading of
tions for isolating units during troubleshooting. The key “Troubleshooting.” Figure 1-3 is an examp le of a j ,artial
step in correcting poor organizations is to obtain or table of contents organized around mnaimitai miablm- u nits ,

develop a “famil y f ree ” or topdown breakdown of the The pertinent document emphasizes troubleshooting
system in terms of maintainable Units, information although nontroubleshooting materials arm’

Figures I-I and 1-2 show sample tables of content quite easily incorporated.
which do not emphasize maintainable units. Organiza-

4
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SECTION 4 PRiNCIPLES OF OPERATION

4- 1 Overall Functional Descript ion 4 -1
a. General  4- 1
b. The Basic Process 4- 1
c. Symbol Formation 4-1
d. Channel Function 4-4
e. Video Output 4-7

4-2 Azimuth Section 4 .7
a. Different ia l  Servo Uni t  4-8
b. Azimuth S e r v o U n i t  4-8
c. Azimuth  Mark Generation 4-8

4-3 Serv o Ampl i f ie r  Circu i t  4 -9
4-4 Range Scction 4-10

a. Function 4.-~ Q
b. Range Servo Unit 4-10
c. Ramp Generation 4-12

4-5 Range Switching 4-14
4-6 Range Pulse Generation 4-15

a. General 4-15
b. Differential Comparator 4-15
c. Two-Stage Amplifier 4-15
d. Blocking Oscillator 4-16
e. Output and Gating 4-16

4-7 Range Interval Generation - 4-16
4-8 Symbol Forming 4-18
4-9 Video Mixing 4-21
4-10 Power Supply Circuits 4-22
4-11 Monitor Circuits  4 -22

a. General 4 -22
b. Video Range Monitoring 4-24
c. Video Azimu th Monitoring 4-24
d. Servo Monitoring 4-28

4- 12 Power Supply Monitor Circuit 4-29

SECTION 5 - TROUBLESHOOTING

5-1 General 5-1
a. Procedure 5-1
b. Printed Circuit Card Location 5.. 1

5-2 Test Equipment and Special Tools 5-2
5-3 Overall Troubleshooting 5-3
5-4 Functional Sec tion Troubleshooting 5-3

a. Preliminary Check 5-3
b. Test Equipment and Special Tools 5-5
c. Control Settings 
d. Procedure 5-5

5-5 Use of Vol tage and Waveform Tables 5-7

‘1
Figure 1-1 - Illustration of Poor Organization.
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ISA 4-5A Preliminary Informa tion
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ISA 4—5C Symptom—Cause Table
TSA 4—5D Schematic Diagram
ISA 4—5 E Functional Description

TSA 4-6 AUTOMATIC FLIGHT CONTROL SYSTEM
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Test 2. Subordination of Units Review

A maintenance manual organized around maintain- on a manual which did not contain a family tree or
able units facilitates user access and also results in a hierarchy of maintainable units. The equipment items
subordination structure compatible with effective appearing in the left-hand illustration are the first
troubleshooting. breakout of m~nintainable units under the total system.

This means that overall troubleshooting must isolate a
Maintenance manuals which ignore functional group- malfunction to one of 30 units , a process that could

ings of equipment in favor of hardware packages often require two, three, or even four times that many steps.
contain lengthy troubleshooting sequences sometimes The illustration on the right-hand of Figure 2-I shows an
requiring as many as 100 to 125 steps. Procedural alternative hierarchical arrangement of maintainable
sequences of even one-third this length cause problems units (less chassis and power supply units). This
for technicians and technical writers. Where possible , the hierarchy of maintainable units has the advantage of
ratio of supero rdinate to subordinate units should be in initially isolating system malfunctions to one of three
the order of I to 5, or 1 to 10. Such a subordination units rather than to one of 30 units. This arrangement
results in relatively short troubleshooting sequences. also corresponds more closely with the “principles of

operation” discussion appearing elsewhere in the
Figure 2-I illustrates the different levels of subordi- manual, and the “troubleshooting schematics ” in

nation between a maintainable unit orientation and a subsequent sections, both of which are functionally
hardware packaging orientation. The example is based 

oriented.8
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Test 3. Repair Cyde Overview Check

The comprehensibility of all technical writing is wortb’paragraph format. Additional disadvanta ges of
enhanced by providing “overview ” information. This relying too heavily on an all prose presentation are :
overv iew helps the technician become familiar with the (1) the use of prose encourages generalities (e.g., the
complete set of mam tenanc4- actions require d to underlined phrase in Figure 3.2 calling out the impor-
complete a cycle ; it also helpi him to work his way tance of Section 4), and (2) the tendency in prose to

through an otherwise unrelated set of procedural group unrelated topics as though they were related (e.g.,
descriptions . In the present case , where the intent is in Figure 3-2 , overall troubleshooting strategy is mixed
primarily job -or iented or pro cedural, the overview with some general rules to observe when

should diagrammatically show sequences within the troubleshooting).
maintenance cycle or the succession of maintenance
actions required to complete a cycle. Further , several Figure 3.3 is a corrected version of Figure 3-2
different levels of overviews may be required for  larger showing the elimination of two of the violations
systems. desc ribed above. The overview is diagrammatic and

refers to specific equipment.onented checL or repairs.
Figure 3.1 illustrates a good repair cycle overview. It As shown, the overall checks can indict one of three

is diagrammatic , it shows different levels of main- functional groupings of system equipment as the cause
S tenance, and it presents the succession of maintenance of a malfunction. Troubleshooting the Symbol Genera-

act ions. tor Section (0) isolates the cause to one of seve n major
units. These might be replaced if the need is urgent and

Figure 3-2 is a sample overview which violates a key if spares arc available, or the trouble analysis may
principle above; viz., a diagrammatic version is required, continue as illustrated in the case of the Azimuth Mark
either instead of or in support of any narrative. The Generator. In addition to guiding the less experienced
diagrammatic presentation is more concise; it shows technicians through the troubleshooting process, these
sequential relationships better than prose; and it does overviews, called “organized sequences,” are relatively
not “bury” the important points within the easy to learn.

10
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a. PROCEDURE. - Before attempting to troubleshoot the A N / W S A- 1C .

determine whether  the source of th e t rouble is ex te rna l  or in terna l .  Carefully
check all switches , both on the CV -933/WSA -I C and on the controt~ indicator units
to ascertain that they are in the c( ,rr ect  operating p osition.  In addition , make
certain that the voltage and t iming fo r all inputs arc correc t .  Refer to the
func tional block diagram. figure S-I , and to the p r i m a r y  power  distribution
diagram. figure 5.2. to aid in this de te rmi nat ion.  Famil iar i ty  with these basic
diagrams and the orincioles of oo~iration discussed in Section 4 is essential tQ.

Service the equipment orooer ly. The advisability of apply ing power to defective
equipment should be carefully considered f r om the standpoint of causing danger
to personnel and further damage to the equipment.

Afte r the trouble has been dete rmined to be internal, the A N / U S M— 1 05  oscillo-
scope should be used to compare tb’- waveforms g iven in the troubleshooting
charts , on the schematic diagrams, and in the waveform charts with the wave-
forms in the equipment. It is impoi tant to use the AN/IJSM-105 because many
of the waveforms present in the equipment are very fast pulses which will not be
displayed properly on an osc il loscope with a band pass of less than 15 megacycles.
Waveform comparisons are the most effective method of servicing thi s equipment.

4 Resj~ ta nce measurements made on transistor c i r c u i t s  have little value because
of the low-impedance and current-sensit ive properties of transistors. When a
component is rep laced on a printed i ircuit card on which an adjustment is located ,
the setting of the adjustment should be verified by r~efere nce to the alignment
procedure in Section 6.

CAUTION

Before replacing components locate d on a printed circuit card ,
study the instructions for printed circuit repair given in Section 6.
Improper repair techniques may damage or destroy printed
c ircuit cards.

It is important when making waveform, vol tage , or resistance measurementa
that the controls on the equipment and test equipment be set as required for the
test. Whe n the trouble has been found to be the result of a defective printed
circuit card, the defective component or components should be located by a
careful analysis using the waveform and voltage data. This equipment has no
parts with the exception of tight bulbs which have a definite limited life: there,
fore, before replacing a printed circuit card or component it should be determined
that the voltages into the printed circuit card are of the proper value to insure
that the component failure was not caused by a failure elsewhere in the equipment.

Figure 3.2. Illustration (partial) of a Poor Repair Cyc le Overview.
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Teat 4. Consolidation Check

Users. object to being referred from section to information about a maintaina ble unit in one location or
section of the manual. They prefer sin arrangement package.
whereby all information for a particular job is in one
place. In addition to providing a single source , thereby Figure 4-) lists the different ,iianual sections cover-
easing access , the technician will know that if the ing the Ramp Generator, a major unit of a sampk
information he seeks is not in the designated package, it system. Consolidating this information in one package ,
does not exist in the manual, even if no other changes are made , will substantially

improve the user’s access. In addition, it must be
Scan the table of contents and try using the manual recognized that some redundancy is desired. Masking it

itself to determine whether information on maintainable only defeats the intent and adds to the (‘051. Figure 4-2
units is scattered throughout the manual or consolidated illustrates a case where two versions of a schematic were
in one location. I/ a  “refer to ” problem exists, it can be prepared. From the viewpoints of both cost and user
eliminate d, to a large extent , by consolidating all benefit, redundant presentations are preferred.

References to Manual Pages Containing
Ramp Generator Information

Page Reference Topic

1.5 through 1.7 Composition in terms of transistors
and diodes

4-12 through 4-14 Narrative description. viz ., Operating
Principles

5-31 Troubleshoot ing chart

5.65 through 5-76 Pictorials, block diagrams, trouble-
shooting steps and schematics

6-3 Requirements following repair

6•1 1 through 6- 15 Calibration procedures

Figure 4-I. Illustration of Dispersion Throughout Manual.

14

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



- —  _ ‘~~~
____

psi

H

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

~ ~~~~~~~~~~~~ 
AMPL

(I
~~~~~

*
:

c
~l 

~~~~
_______ _________________________ J

~lN5irn ..?i ~v~L O,JI’U’ i (

Portion of Schematic ~Appearing in the Troubleshooting Section of a Sample Manual

-sly

AZIMUTH
W4IIIVAL
P4PUT CI SOl

fth~
3A 

:~‘ 
~ N29O5 2s.2905 

~~~~~

~ I ~ I

Schematic Appearing in the “Principles” Section of a Sample Manual

Figure 4-2. Illustration of Masked Redundancy .
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Teat 5a. Paskage Content and Sequence — Organization Material

‘~taiiilardizatiori is. an effective technique f or  -I local table of contents is needed to show what
-ni l aln ilig readability and comprehension. Where main- content material is available rather tha n to dir ect the

tr l ia,uce ipia ~itiais art’ concerne d, stan dardization means. use r to a pag e- ‘l’his. i5 particularly iriiportsnt b r
same content , lorrnat , and sequence of information microform 1Iri’st-,ltatIon

~ w here page si still ing I— hot
w ithin a package. To be acceptabl ’, the materia ls within practical .
i ’ai -h pac Lage should include itenii, listed below in the (b) Terminology Picture . Poor or iai~ readers ti-r id
order in w hich they art’ listed, to skip over unlamiliar tcuh ,aica) ti’rrvniriiibogv . bu

- alleviate this problem , provide one or more p ictorials toI able iii Lon~.’,it,. introduce the r eader n. fr iOIf l  f e of ij r t ’s  of the maintain-Terminolog’. h1 ~~ ( )rganizational ~daterial able unit. ( ti iiirs..- . l i i . -  Ii1~t.,ri.~ iafnri(,t elim in ate allTopdowri Breakdowi- ) readin~ , - • ‘ .tii~ tmi ~ t’aus.i’d I,’. ti’rniiinolog’. ( a g ,  pulsil ig .

Operating Descri tini, ~ ~~1t uui g, (‘Ou itlt’il to . nonlinearity . et c .), but at least tha
1 - , o’:.da’r will have - ‘- ii the OSini ’ s of th~ a’a 1li i i . i i ,. ii i i t i l,1 -Troubleshooting > i t’ehnieal slat, .

Iii’ will lit’ readin’’ ~~~~ 11,1, ‘ - ,i i j t. -ii l u i - u i a t— - ’ .ini, iiiRepair Procedimi,
locating and n i  i~~i i i i u ig the items. do rIIi~ ri - _ h i  I.
‘t sartip h’ tt’rmutotog~ pictorial n~ ,‘hu,win i i  l t ~ura’ .i

‘F.- — , ~a , a ! u — . tj s.s a d l- ’tots , treat s the first three items \ i i t a ’  the “contextua l” locator ph -ti n- ’ - ts ~th the
ra’ iu’rra’tj to as. ,r~, ar- - itii,nal rnat(’r ial. The last three aceol t i p a iuy ing Iilowu1a , and cutaw a’.
itu’ ins., n.’ f . -z- r ’- d Ii. a— ti - -h n it-al material , Sri’ discusse d in (ci Top down Ureakdown. Portions iii the ~~~~~~ ru
I .- ,t .‘b. breakdon n nua~ be included in packag’~ Ion larger

(a)  Tab! ’ - /  (‘ rn, (s ’n! . .\ minor a(’(’u’ss. problt’in maintainable units . l’reM’uIt,’d diagrammaticaIl~— in
ru’mairi — ~

-
~i when all r,’lt’t -aui t j , i  ~ is. o u s . ,  .lid4ted Figure ‘ -3 , this. content item hr11,s thu- techniriati

in ,siit’ tl5( !~:a~~ - . I s.i- a ‘ tot al” table of contents to “visualize” the troubleshooting pr gni’s~mon and the
all.”. .it ,- th is problem . ~n acce ptable local table of actions required to correct the malfunction. The
c ( i i ’i l ’I ! i . . Is presented in Figure 5 - I ,  Alternatively, an topdown breakdown also p rovides a diagra mmatic
overview air data cov erage plan similar to that shown in version of the items to be described and establishes the
Figure 1-3 carl ha’ use d. This latter option is especially referents for  the maintenance information of the package.
appropriat(’ when predominantly narrative material is As shown in Figure 5-3, the topdown breakdown should
pra ’senti’d under separate cover from procedurally- include enough of the upper hierarchies to help “locate”
orien ted material , the item being discussed in the package.
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Topdown Breakdown 

Operating Description
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Two’Stage Amplifier 

Emitter Follower 

Trouble Analysis Aids

Verification of Malfunction 

Power Checks 

Piece Part Isolation Checks 

References
Repair 

Adjust/Alignment 

Standard Operating Procedures (SOP) 

Figure 5-1, Table of Contents for Sample Maintainable Unit
Emphasizing Grouping of Troubleshooting Aids, 
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Higher Echelon
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Unit to be ‘

~~ POWER SUPPLY 3A1A1
Discussed “I~ ~I j

~ iIii~
”i 25V POWER 

~~~~~~~~~~~~~~~~~~~~~ Next Lower

3A2A1A1 

Echelon

J
RANGETIMING

J 3A2A1A2
RAMP GENERATOR

I 3A2A1A3
i_FMO B L A N K I N G

I 3A2A1A4
—I VOLT~.GE CONTROLLED
[~~ CILLAT OR

J 3A2A 1A5

1_+5V POWER SUPPLY

I 3A3
NOT USED

]3A4
]_NOT USLD

]3A5

1 
TRANSMITTERf’

I SA5A1
—I S I G N A L

~ç~OND)1IONER NO. 1

3~5A2
—I SIGNAL

CONDITIONER NO. 2

I 3A5 A3

7_FM TRANSMITTER D R I V E R

I 3A5A4
—~ FM TRANSMITTER DRIVER

ISAME AS 3A5A3

Figure 5-3, Sample of Topdown Breakdown.
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Test 5b. Package Content and Sequence — Technical Material

This test is a continuation of ‘J’.’st 5a wh ich states tabular , st ,’ 1. x sta ’j~. or logic tree format , These aids
-

‘ 
that an acceptable package of materials should contain should app ear imnzediatel y after Op eratin g Descriptions
the items listed below i~i the order they are listed. 5ilI ( ’a ’ t he latter are intended to provide background

- - . mater ial necessa ry or desirable in trouble analysis. The‘.1 Table of (,oru t t’ nts j  -
t ‘ ‘ . troubleshoot ing aids themselves may warrant some1 t rmninology I- icture Organizational Material - -sequencing or groupi ng as shown in Figure j-l , Table ofTopdown Breakdown , - -(.onte,ut,s for a Sample Maintainable Unit. Here, the aids

Operating Description ) art’ grouped according to a logical approach; nam ely,
Troubleshooting ~ Techn ical Material verify that the unit is faulty; check power supply and
Repair Procedures ) distribution; arid , finally, isolate the faulty piece part .

- Again, this arrangement is appropriate for microformThe technical material items are accounted for In this presentations where it is important to show the usertest, 
what is available three specific types of trouble’
shooting aids rather than merely “troubleshooting.”

(a) Operating Descr ip t ion. This content item may be
re,1u ired as part of the maintainable unit package or it (c) Repair Procedures. The final content item in the
m a y  be provided under sa’parata- cover, In either case , maintainable unit package describes all procedures
care should be taken to present only re levant informa - except troubleshooting. The procedures may include
tion , and then in the most comp rehensible format. Thesu ’ servicing, cheeks and inspections, and corrective act ions
matters  an.’ considered in detail in tht’ communication sul’h as replace, repair , or calibrate. Where warranted,
tests, the reader m a y  be referred to other parts of the manual

for standard operating procedures which apply to the
(b)  Troubleshooting. Troubleshooting aids are maintainable unit. This section may also be used to show

required. They may appear as schematics, block act ions that are “not required,” e.g., alignment/adjust-
diagrams, functional flow diagrams, or proceduralized ment of this PCC is not required following replacement
sequences. The proceJurahzed aids may appear in of parts.

-



TECHNICAL COMMUNICATION REQUIREMENTS

Rationale these approaches results in communications considered
- ‘ , inadequate by some technicians.f he purpose of maintenance manuals us to communi-

cate techn ical information in order to enhance the
Requirementsperformance capability of maintenance technicians.

Manuals accomplish this by describing the equipment to
be maintained and the procedures involved in perform- The technical communication adequacy of manuals
ing the maintenance. These communications are often will be enhanced when the following requirements are
inadequate because of information “overload,” This emphasized:
problem occurs when the writer includes more informa- • Presentations should include only that informa-
tion than the technician needs to perform the main- tion required to support job performance.
tenance action. In other cases, overload occurs when too 

• The amount of information included in themuch information is included in a given image area image area should be controlled to preventresulting in a cluttered appearance. The tests to fOllOW clutter.will discuss both the excess and clutter inadequacies. 
, -• The balance between narrative and pictonal

Commun ication problems also occur when presenta- should favor pictorials to minimize procedural
t ions include Liut’ wrong type of information, These errors amid performance time,
imiadequacies caii result from misplacing emphasis on • Troubleshooting materials should include a mix
graphic or prose materials , e.g., tiot including enough of descriptive and procedural information.
pictonials. A second communication problem with type
of information concerns the tradeoff between: These tests apply to all system du’script iori and
(1) t.’lhing tb. technicia n what to do and (2) letting huuii procedural m aterials , Collect these inaterjali. arid
figure out the best procedure based Ofl a description of evaluate thu’ir communication adequacy according to the
the equipment at hand. Too much emphasis on either of following tests.

21
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Teat 6. Job Relevance Check

Presentations which combine irrelevant and relevant tenaiice manual where replacement of piece parts tta~
information are considered difficult, This condition not authorized. Thus, the detail m i ght be nrieaniirigful to
occurs most often in schematics arid pictorials which the more sophisticated technicians , but the majority of
include more detail than the technicians need. Review technicians find it difficult to interpret. Figure 6-2
the materials in your maintenance package s for job shows the result of eliminating .‘xc,’ ss detail from a
relevance. Information which is not relevant to the job similar schematic. This block diagram is much easier to
at hand should be eliminated, use than its Figure 6.1 countm ’ rpart .

Figure 6- 1 illustrates excess detail in schematics. ‘l’he Figure 6.3 illustrates excess and appropriate amounts
piece parts of this schematic are a faithful representation of detail in a line drawing, considering that the job at
of system composition and operation. However, this hand is the removal of the pin and hinge of the
schematic was included in an organizational level main~ mechanical assembly.

4
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Figure 6-2, Sample of a Schematic Purged of Excessive Technical Detail.
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Figure 6.3. Proper and Improper Levels of Detail,
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Test 7. Materials Compression Review

lnforuuuatiomi compression is different from excess However, Figures 7.2 and 7-3 illustrate acceptable and
detail in that information conspressioni occurs when too cluttered schematics. The acceptab le version contains
,nut ’h relevamit information is placed in a given image about 20 elements per 2.5- x 2.5-inch area , or about
area, three elements per squar e inch. The cluttere d version

contains approximately 30 elements in the same area, or
Informat ion compression in schematics is illustrated almost five elements per square inch.

in Figure 7.1. Dispersion of the information is the only
solut ion, but doing this may require more pages, thereby Pictorials may also suffer from information
ert’at inig problems of page flipping. As yet, there is no compression. Figures 7-4 and 7-5 are examp les of accept’
good compromise between page flipping and compres- able and compressed versions of pictorials. For an
siori . However , a r ’asonable rule of thumb is as follows: acceptable p ictorial , the smallest important dimension of
“P/here multip le p ages alread y exist , disperse. P/here the drawing should be at least 1/ 10 of an inch. Note also
compression exists on a single page (nofoldouts), do not the sequence of contextual, enlargement , and exp loded
disperse. ” Therm’ are no verified standards to guide you views to show all of the equipment and yet ennphasize

• in determ ining whether a schematic is compressed. the critical dimensions,
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Figure 7-2 Au’ceptab lu’ Information Compression
(A pproximatels 3 r’lemnrnts per I ‘~q im mu ’ h)

- 

~ -

2,5”

Figure 7.3. Excessive Information Compression
(A pproximately 5 elements per 6 sq inch).

Note: The alpha numeric characters of
Figur, 7’3 are obviously too small,
Ho~~ver, use of larger type size
would merely compound the com-
pression problem reducing even
further the space available for
electronic symbols.
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Figure 7-i , Illustrat ion of Information Compression in a Mechanical Situation.
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‘I’est 8. Equi pment Description Review

I’~qui1mmni i ’n1 t  desm’ ri pt i omis occur under a ~-aii. ’ I~ of zi i l io i i i it  ol —iI i i ’ i i ia t i i -  im i fo rm ima t in n i  eaii~~’ s Ill,- Iiwr to

lit l.’~. e .g., funct ional descriptions . theor~ o f operation , st arch I or I ~u’ port it ins bi-ing discusse d
and principle. (II operation. Rt’gard It’~s of ’ t lii’ Ii tIe , the
na t  m ii i ’  ut u s ti j I lv ni ‘Iu iii’ s liarrative imiat i’rial The su~ ’estt’d solut ion, is to “ih ’nmize “ both the

acconmi pamiienl It~ functional or ~eli ,’nmia t ic diagrammis , ‘l Imest ’ narrati ve and diagran innati e p ortions of the equipm ent
mali -riai~ are m’ousinleri’il one of t h e  nmior e co nip lex desc r iption. \ sallip li ’ for m at for thi5 it i-mnizatiom i is
manual t it’ s. Equi1tmt-nt dt’sm’riptioiis frequently su ffer ,-hownm iii Figure 8-2 • I )nly mii inuir won dumig - liaiig,~ ~ ire
from in form at iou coni Itr1’~~

i
~~

1 - I lots ,‘vt ’r , the sy mptonnis niadi’ to t lit’ ciniginia l t i -x  t hut the p0m m t.’. an - ‘‘spread OUt

ami d cu rl’ s arm ’ ihifle r i’mit lromui thoM’ discussed earlier, to hu’ ig}u teu ~ i— ~ lm ili tv - \ot II lug ls changed iii Liii’ diagram
I’ X rt’pt that the rm-hi ’va ni t iii forn mua t iomi Ii as bee mm high-

In printed firose , the prt’si’mi tationi Is organized k lighted ami d im l a t - ’ l  -Io.er to its descriptive pro~ ’
paragraph. Paragraph formats tend to Iuun’~ or “embed” niiali’nial, ‘l iii- i f  h it  Is to ,‘ Iimmuj iiate mnum’h of (he s,’a rchi
inmiportamu t poi nlts , creatimug eomnpnt’hemisiumi probli’nnis for i’ h urt inuvolved mu fim uil ing thit’ nuarrat ivi’ points amid
users, especially poor ri’aiht- rs . For exam ple, glance at relat iuig thenrm to the re lt ’vanu t portions oh the diagram.
Figure 8—1 amid try to detm ’ r mimme ti~. n u m ber of ’ points Figure 8—3 illustrates itt ’nim izatiomi applied to a m echanical
treated. It i5 dulht ’uilt to do, Before suggi’st inmg solutiotis s~ st ein . Vartat i o mus of (his format arm’ acceptable as long
for this problem, cons ider a r -latt ’d t~ in’ of eoniu imIt- ~ lh . as the ulotiom i of item lZilI g 1,oinits retained alonig with
The paragrap hs of F’igunt’ 8-I obtuouisk relate to the tiut’ II roxuuIuutv of lIu , - narrative and diagram pOl’tIOfls of
aceompamlying st’he,natie. llowm ’ver , the re latively large the prest ’nmtation.
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(2) SHORT RAM P - 0101 , C 1O1 , CR101 , R 10 1 , R 10 2 , R 103 , R 104 , and R I O S
make up a cons tan t c u r r e n t  source.  Q I O l  pumps a constant va lue of current  into
charg ing capac i to r  C l O l , r eg a r d l e s s  of the  vo l t age  ac ross  C l O l .  The vol t a g e
across  R 1 0 4 , divided by i ts  res i s tance, d e t e r m i n e s  the  a m o u n t  of c u r r e n t  being
pumped into C l o t .  P o t e n t i o m e t e r  R 102  sets  up the vol tage  to be app lied ac ros s
R104 and is , t h e r e f o r e , used to set the  l e n g t h  of the  r amp  at  a p p r o x i m a t e ly 170
mic roseconds .  Switch Q 104 shor ts  a c r o s s  Cl O l  when  the r amp  has reached i t s
p r e s c r i b e d  l eng th .

Q109 and 0110 and the  assoc ia ted  c i r c u i t r y  c o m p r i s e  a fli p - f l o p  w h i c h  is used
to s t a r t  both the  long and  shor t  r amp  c i r c u i t s  upon rece i pt of a radar  t r i gge r,
In i t i a l l y, Q109 is on amid QI 10 is off .  0 110 be ing  off , p laces a n e g a t i v e  p o t e n t i a l
on the base of 0104 , t h e  sho r t  r a mp  sw i t c h , ‘c a u s i n g  Q 104 to conduc t , s h o r t i n g
out charg ing capaci or G b ! . R l Z l , F U Z Z  and CR105 form a l i m i t i n g  C i r c u i t  which
l i m i t s  the amp l it ’~de of the i n c o m i ng  r a d a r  t r i gger to 5v . T he  r a d a r  t r i gger i s
coup led to the  F’ i ’ of Q 109 then  C108 and CR106 , turning Q10 9 off and Q u O  on .
When QUO comes on , one side of R I O ?  and C 10Z a r e  g rounded  causing Q104 to
turn off. When Q104 t u r ns off , c h a r g ing capac itor C l O l  s t a r t s  charg ing. QI0 Z ,
Q 103 , and 0105 make up a g a i n -o f -t w o  amp l i f i e r
The amplified ramp si gna l  is coup led t h r o u g h C R103  to the  base of Q 106.

Q IOG and Q107 form a d i f f e r e n t i a l  compara to r  c i r c u i t  t ha t  is used to compare
the short  ramp voltage to a p r e s e t  vo l tage .  When the  two vol t a g e s  a r e  eq ua l , t h e
comparator output causes  the i n p u t  f l i p - f lop  to r e se t , p r e p a r i n g  the  c i r c u i t  for  the
next radar  t r i gger .

In i t ia l l y, 0106 is on and Q107 is off . When  t h e  r a m p  vo l t age  be ing  app l ied  to
the anode of CR103 equals  the vo l t age  on the anode of CR104 , 0 106 t u r n s  off and
QIO7 t u r n s  on , c a u s i n g  Q108 to t u r n  on. When 0108 t u r n s  on , it r e s e t s  the  input
fli p-f lop, thus  p repar ing  the c i r c u i t  for  the  next radar  t r i gge r .  The  short ramp
output  is taken from the  j u n c t i o n  of R 1 14 , R 1 15 , and C R 1 0 3  and fed out  at p in A .

Figure 8-I - (Sheet I of 2), Partial \arrati~t’ of Equipment l)escription Illustrating (o m pnt’ssiomu Problem.
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Test 9. Narrative-Pictorial Balance Check

Procedural presen tat ion s of temu tmuiuuinnize the ‘l’o be of maximum value, pictorial information
im portan ce of pictorial inuformation. Those a ctionus of ~houId show “com utextua l” information (background or
the mnam lual which prest’nit mainteniamie*- procedure s general locationu) followed by re lative positions of key
should hi’ reviewed for narrative-p ictorial balance. Each parts and detailed features of the itenus to be dealt with
step in the procedure should be assessed with resp ect to in a particular set of instructions.
the need for  one or ,nore p icto r ioL~ to reduce the
p ossibility of error. Error poteuutial •‘~ ists whenever a Figure 9-! shows a procedural descriptioni containing
narrative stu’p conita imis reference to: no pictorial information. This prese ntation requires that

I. A part icular equipment location, the user knows where to look for the involved equip-
- . - - mnenit and how to recognize them, an unwarranted2. The relationships betweeni two or more equip- . - -assum ption for most of the technician population.memi t items. - ‘ -Figure 9-2 shows how pictorlals can he added to
3. A specific equipment maniipuIation (e.g., valve overconne this problem. The presentation shows a proper

rotation), balance between prose and pictorial with the latter
4. A test readout which is Continuous (e.g., wave- including a preferred progression from “contextual” to

form) rather than discrete (e.g., numerical value). “enlargement ” to an “explode d view. ”
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5-38. c-8Ol!~/AwE-l PROGRAMMER CO~~ROL- ~LER REMOVAL AND INSTALLATION. (A-7B
Airplanes and A-7A Airplanes after A-7
Airframe Change No. 2.)

5-39. Removal.

a. Remove roller map display m di-
cator (NAvAIR O].J15AAA~2~2l~.).

a-]. Reaching behind controller,
remove clanrp and string ties from con-
tro].].er pigtail.

b. Disconnect pigtail electrical
connector from mounted receptacle.

c. Remove three screws securing
controller. One screw and washer
located under bottom edge of auxiliary
panel and two screws located at top edge
of controller.

d. Remove controller from panel.

5.140. Installation.

:1 a. Insert controller into auxiliary
armament panel and secure with two
screws at top of controller and one
screw and washer at bottom of auxiliary
panel.

I Note
Replacement control panel m ay con-
tain 28-volt edge -lighting panel
lamps . If 28-volt lamps are in-
stalled in control panel, remove
lamps and replace with 6-volt
lamps (Ms25237-32 7) .

b. Connect controller pigtail to
electrical receptacle and secure with
clamp and string ties .

Figure 9-1. Illustration of Imbalance in Favor of Prose.
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Test 10. Troubleshooting Procedures Need

The intent nil sn lun ’nu uati n s , wiring diagramnis , ami d Procedural support can take mnanus fornns from
l’unict ionual diagranns is to support troubleshooting per- spi-cifk ‘ ‘step x step” statu’unu-nts (St - i ’  F’igiiru’ tO- I ) to
foriilant-u’. However , rather than telling thu technicians brief -vniptom’causu- charts (st-f ’ Figure 10-2). Because
w hat to do, these materials repre sent the s~ -t i- mn t1ue~ arc ame nable to conivi-mit ionial siit , both these
hardware in a way designed to allow the user to devise pru su ’mi tat iomus form ats are compatible with mnicro fornn-
hu~ own proce dures. Thus, these types of trouble- basu’ui ss .tu’mn,., -\ “log ic tree ,” illustrated in Figure lU-I
shooting aids are “reference ” rather than “guideline” is also appropriate fur helping iuin’xperit’uice d technicians
materials. Such re ference-type presentations are often to imiterpret seluu ’m iuat j rs , but tIn- format is not
inadequate for technicians with little job experience. recomnncnided for microform.hasi’d s~ s t t ’ mu us .
There fore, a very important rewrite decision is whether
to augment troubleshooting refe rence aids with guideline No nnatt u- r w hich of thi- se three forms of proceduralmaterial. support you se lect , you should avoid a completely

- ‘ directive approach, viz., tell only what to do, not w hy -This decision is not simple. Each of the following Adding “why ” information (illustrated in brackets in
factors must be considered : Figure 10-3) eliminates the pure regimentation criticized

C’omp lexity —_ Is the equipment so complicated by by so many technicians,
feedback loops, dependencies, and contingencies
that simple “input-output” logic cannot be used for The usefulness of wiring diagrams can frequentJy be
troublesh ootin g? improved by adding guideline information. Figure 10-4
Frequency — l~ the activity performed infrequently’ illustrates a typical wiring diagram which is su pposed to

Time — Is it important to minimize time when aid the technician in identifying connected terminal

performin g the activi ty? points , a tedious job even under ideal workspace and
illumination conditions. An effective relief for thisSafety — Could damage to either personnel or equip- problem is the type of table illustrated in Figure 10-5.

ment occur as a result of poor task performance ? 
Geographic coordinates (e.g., A-2, C-b) may be included

Procedures are warranted when the answers to the above to assist the technician in tracing the wiring path on the
questions tend to be Yes . original diagram.
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CAMERA TROUBLESHOOTING 3. Disconnect meter black test lead (3) from point (10) and set
meter range switch (5) to A x 10,000’

4. Clip black test lead (3) to the tip of the red test lead (2)
Shutter Will Not Open. UV Lamp (Blue Light) Flash Normal Adjust multimeter ZERO OHMS control (1) until meter

needie indicates 0. on right of scale.
1. Set meter mode switch (4) to -DC and meter range Switch (5) 5. Connect meter black test lead to point (10). Connect meter

to 2.5V. Connect meter probe (2) to point (7). Meter (6) probe to point (7). Meter (6) should indicate l ess than 1.8 on
should indicate greater than 0.5. top scale,

2. If meter (6) indicates less than 0.5, replace resistor R12 (9). 6. If meter (6) indicates less than 1.8, replace transistor Q12
If meter (6) indicates greater than 0.5. disconnect camera (11). If meter (6) indicates greater than 1.8, rep lace
power plug from wall receptacle, resistor R16 (8).

_ _  

11

1\9/ /

_ 
_ © t~1

- -~~
-- 

‘

~~~~~~~~ I ~~~~~~~~~~~~ ~

3 
-

Figure 10-1. Illustration of Step x Step Format
for Troubleshooting Guidance Aid.
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SYMPTOM PROBABLE CAUSE CHECK

Generator field Both sides of one Lift the brushes from the
cannot be flashed phase of rectifier generator slip r ings and
(cont’d). CR1 shorted. measure forward and re-

verse resistance of recti-
fier CR1 as explained in
Para. 4-5-1.

Generator voltage Open lead in exciter. Check connections to
drops to zero when transformer Ti,T2,T3,
flashing power is inductors Li. L2, L3 and
removed (after rectifier CR1.
holdi’ng switch Si
in “FLASH” posi— One or more legs of Disconnect all connec-
tion for serveral rectifier in CR1 tions to rectifier CR1. by
seconds). shorted. removinga-cleadsfrom

bus bars on top of the
or generator and by lifting

the brushes. Test the
Low generator rectifier CR1 as explain-
voltage with little ed in Para. 4-5-1.
or no control in
“MANUAL”.

High generator Open lead in exciter Check for “open” inwir-
voltage in “MAN- control winding cir- ing and in all compon-
UAL” and manual cuit, ents of control winding
control rheostat circuit (T1,T2,T3,R14,
Ri 4 has little or CR7, Ri 1 A, B, C, Si).
no control.

Operation is nor- Open lead in switch Si Check for “open” in wir-
mal in “MANUAL” or in regulator second ing and in all compon-
but general voltage stage amplifier. ents of control winding
is high in “AUTO- circuit (Si Rio, CR5,
MATIC” and voltage L5, T5).
adjusting rheostat
R4 has little or no
control.

Figure 10-2. Illustration of Symptom — Cause Format
ior Troubleshooting Guidance Aids.
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WIRE 
— -- 

FROM 
- ____ — 

TO 
____

~ COLOR SYMBOL TERMINAL NOTES T(RMINAI. NOTES

— W — 5 — 3  S T L  C*2 41 t s *
— as CA? A L  CI A L  0
— at CA ?  A L  A l  C I

CA ? A L  5 3 * 1  7 1 5 1 1
C A L  *2 a

— A S  C A L  *2 :2 i e t  10
- 88 C A L  *2 1) ~ t a

— $8 C A L  *2 I’ X 3 L  s
- : - S *2 4

- BK Sue AZ w i t
81 C A L  *2 It  FB I  I

- V C A L  *2  I~ T B )  9
— R - y  5 5 3  C A )  *2 7 X V I  I
— S C A l  *2 e i~
- ek i~I 0 ) 4  J t  V I  CAP
— SuP J 2 *2 4

— e K - w  P1 ~A 2 MI .NFC 181 5
- A P1 ( 4 2  ML “~~~ 

T B L  6
- 88 C X !  MI 1* 4 2 3
- S S M)  C A )  Pt  A .  II 3

- C 1* *2

- $ - w  $ 5 1  ( A l  
~~~ 

8.  ‘3 1
- P— al  SPI C A L  Pt C It
- 8* (* 1  ‘1 CI w i t
- R — w  55 )  C X )  ‘3  ‘ 1 P1 ‘ B.

- CØ M C A L  3 3  1* * 3  28

- 0 — A 352 CAL * 3  2 ‘V I  2
— C S M  CAL 4 3  21 4 )  II
— 8* C A L  4 3  2*  * 3  5
- O K C A t  * 3  3 * 5  75
- 51 CA L 181 1 *2 5

‘3 — PS) C A L  1 5 1  1 181 2
V C*2 Xv i  ~e IL S

— —.---—-——..-..—.—..—.——
—.--.—-— —.-—.——-—--- — — —.---——-—— _____

NOT ES $ DENOTES TERMINATION OF SHIELD MS DENOTES MECHANICAL STRAP
AND IS P R E F I X E D  BY THE DESIG-
NATION OF TH E TERMINAL TO WH ICH S5 DENOTES SHIELDED SINGLE

j  THE SHIELDED WIRE CONNECTS. SP DENOTES SHIELDED PAIR

COM DENOTES TERMINATION OF A SHIEL D ST DENOTES SHIELDED TRIPLE
COMMONED WITH A SECOND SHIELD * DENOTES LOWER CASC LETTER
BY A SINGLE TERMINATION.

Figure 10-5. Sample Gu idance Format to Support Wiring l) iagram3.
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READABILITY REQUIR EMENTS

Ralionale Requirements
Certain writing techIliqIJI’s are capable of Iii) 1,rot - -l IL,’ foil ow ing gi II’ -ral t ’~ 1l!I r - l l l ’ - n  t, aim at -‘ing readership (the inclination of users to read a 9th gradi- Ii-% ~-I of readabilit~

manuscri pt ); readability (how quickly and ~-a~-il~ • Paragraph head ings s},,,,iI,i Ii, tj~~ I (~~i ia (-) I) IJt ,
mater ial can be read); and com prehensibility (the a( ( (- ~ and to identi 1~ t1.- tvpt- ( i t  niat ’- rj a l t* hidi
percentage of readers who grasp kt- v points ~ ~~ 

will follow .
- 

- • Paragrap hs $iould he limited to one . I ~~~ orpassage). For these reasons , our manusc ripts should thr,-, topic •, ‘ f1 t ,q, (• ,~~• reflect the use of tii,-s,- Wri t ing techniques. The • ~% ords per paragrap h and words per — - u t - i , , - ,-
readability improvements app ly oi,l~ to the ton-  should be limit ed to m inimize structu ra l lii~ ri-
tinuons discourse parts of your draft manuscript (viz., (VJ m d of the user.

- - - • t ong ai~~f 5)))familiar ords should be avoided.materia l that IS predominaii t lv j ,rose , i i i  paragraph - -- . - • 
- 

• I I I  I oriah. sI1o1)I~l b’ tisi -il to lil t rodu Ce k i-s eq u ‘I’ -for imiat ). Then-fore it 3% ill be 1!l-t- ,- s~,ars for you to 0 -
- - - 

• 
• 01, 1)1 t, rnj liioiug~ lJse,J in prose O1s u~~ Loz!~ .sit- ct this t~ pe of pa~~age f rom s-our draft , app ly th -  • La~ 001 -hoLi ld enhan - ,- r,-ad i,l ’ speed andn’adabiIit~ t,’sts . and rewr ite whi r,- indicat ,-d . (om prI-he-ilsion .

45

- - -  ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



F 
_ _  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _—

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

Test Ii. Headings Resiew

Paragraph headings serv e Iwo purpo-w s First , t I~,-~ Lark of top ic ( ‘onsj .e te f l e% be tu-e ’e n p aragrap hs and
atce ’ss Ie~ permitting the rt-adt- r to scan a page to oi ’c ’r u ie- u - ,na te ’rwl i.e more difficult to spot and more

f ind ni-at,’rial he ss ants . S, - e - uIld , tIny alt-rt the re ader to disrupt ive to t lu’ r eader . Figure 11-2 illustrate’ s such a
the 1% pc of information tontaine’d in the paragraph, cons ist ,-ru-s e rror The- enc losed e ~ c e r pt 5h s~ s -ub-
the re’ b~ enhanc ing rc’adab,Iit~ • Obvious1~ all majo r paragraphs (h) and (e- ) of paragraph I- I - ‘fbi- t it les al thi
paragraphs require- headings , h i t  no standards ex ist to up show all tc q iec - s eli-cussed under paragraph 4- I - ‘l’ht’
de- tt-rniine how ina iev of your subparagraphs must leave cont inuity e-rrei r i5 that subparagraph (b) amid Figure 1- I
lead-ins or ht’admgs . -1 sta ndard of -50% is suggested. lead the re ader to ex pec t that four basic functions of th
•- ldd headings of about three or four  words where k55 s\st (’lfl w ill be discussed and that t i l e -S will be discusse d
than half of y our subp ar agraphs have lead-ins. in the order shown in the figure. Contrary to this

Reading tends to be easier arid treore c - f lu- ic- nt  when expectation , tIn’ last function is disc usse d first Lsub-
the t , s t  covers what the reader ex 1,i- t-te-el it to cover, paragraph (c)1; none’ of the re maining thre-e- functions
Chapter and paragraph headings are’ important clues a are discussed (compare topics at top of Figure- 11-2 with
reader use-s to build h is expe(- tar l(- ie- s . Therefore- , all basic functions shown in Figure 4-I ): and two  unln-
m aterial within a pa ragrap h should be consistent with its troduced topics are discussed (chann”l func t io n  and
p ara graph heading. Figure lI-I is a saniple 111 manual video output). This lack of t-ontinuity is disconcerting,
passage- which violat,,s this nile. The enci rcled informa - causin g the reader to reread material he has already read ,
tion in the figure is a description of equip ment comp osi- look elsewhere for the material he e-x pi et e d to find, and
tion while the’ paragraph heading alerts the reader to a generally lose conf idence in the c redibility of the
discussion of manual pu rp ose. manual.

1.- i, PUR POSE OF M A N U AL .

T his manua l  contains ins t ruc t ions  for insta lla t ion , operat ion, and riainte-
nance of Si gnal Data Conver ter  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
one Si gna l Data C o nv e r t e r  C V- 9 3 3 1 W SA - I C , one C o n t r o l - I n d i c a t o r  C-3247 ,WSA_l , I

j a nd three Cont ro l - Ind icators  C-3.~ i 8 fW SA - J . J
1-2. DESCRIPTION OF SIG N AL DATA C O N V ER T E R  G L ~OUP A N / W S A - 1C .

Thc A N / W S A - I C  accep t s  r a n g e  and a z i m u t h  data  in th ree  channels from
c o m p u t i n g  or t rack ing d e v i c e s  a n d  ~ c n e r a t c s  d i s t inct ive v ideo symbols to p rescn~
the compu ted  or t racked posi t ion of C } c  th u - ce ta rge ts  superim poscc ~ upon a ?PI
disp lay of s e a r ch  r a d a r  o u t p ut . The  AN/W SA -JC is shown in  fi g u r e  i - I .

T h e  symbols  g e n e r a t e d  in ) h ~ t h r e e  ch a n n e l s  of t h e  A N /  ‘

t iv e l y .  a box wi th  a dot in the center , a c ross , and thc he ’

Figure I l - I  - Illustration of T e x t  Placed in Wrong Paragraph.
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4 — 1  Overall Functional Description
a. General
b. Basic Process (e .g. , Con version , Synchronization, Pulse Generation, Symbol Forming)

— c. Symbol Forming
d, Channel Function
e. Video Output

b. THE BASIC PROCESS. - The A N / W S A - I C  p r o c e s s e s  t h e  r a n g e  and a z i m u t h
input data in three s ep a r a t e  c h a n n e l s .  The  p r o c e s s  p e r f o r m e d  C o n s i s t s  of f o u r
basic s teps  as shown in figure 4 - 1 . The  f i r s t  s t ep  is conve rs ion  of the  data to a
form usab le  for  sy n c h r o n i z a t i o n  w i t h  t h e  r a n g e  and a z i m u t h  sweeps  of the  m di-
c at o r ,  The second s t e p  is s y n c h r o n i z a t i o n  of t h e  da ta  w i t h  the  r a n g e  and  a z i m u t h
sweeps  of t h e  i n d i c a t o r .  The  t h i r d  s t ep  is g e n e r a t i o n  of p u l s e s  so s y n c h r o n i z e d
that they will f o r m  t h e  r a ng e  and a z i m u t h  co m p o n e n t s  of the  v ideo symbols .  The
fourth step is select ive gating and mixing of the pulses in the three channels to
produc e three d is t inc t ive  symbols.

INPUT ~A NGt S
c. SYMBOL FORMATION. - The s y m -  AZlM U~ H DATA

bols g e n e r a t e d  a r e  a box , a c ro s s , and _____________

t he lette: H as shown in fi g u r e  4-2 .  In
CONV(aSlO Norder to  g e n e r a t e  these symbols , the

range and azimuth pulses shown in fi gure
4-3 are generate d, se lect ively ga ted . and
mixed to form symbol video .

SYNCUtONIZA T ION
( 1) SIMPLIFIED SYMBOL FORMATION .

The symbols  a re  a c t u a l l y fo rmed  by
segments  of the r a ng e  sw e e p  as  shown  in _____________

fi gu re  4 -4.  The upr i g ht or rad ia l  s ides  P~JLS
of the  symbols  a re  r e l a t i v e l y long ( I O - 1  /2  O NTL ATI O N
percent  of the  range  of the  symbol) . The
c i r c u m f e r e n t i a l  l i n e s  in the symbols  a r e
composed of s e g m e n t s  of the r a ng e  sweep  I
which  a r e  r e l a t ive l y ve ry  shor t .  I FOSMATION

~GAONG £ MIXING)

- - (2) DEFINITION OF TERMS.  - The
fo l lowing  a r e  d e f i n i t i o n s  of t e r m s  pecu-  Fi g u r e  4 - 1 . Signal  Data Convers ion ,
l iar to symbol f o r m a t i o n  in the A N/ W S A - 1 C .  Bas ic  Block D i a g r a m

Figure 11-2. Illustration of Top ical E) i scont inui ty -

-1-:
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Test 12. Topic Sentence Check

l~aeh paragrap h of your prose material should cover j u d gment to determine whether the alternative presenta-
one, two, or possibl y- three main points. To check your tior1 should replace or augment the original ve rsion.
work against this standard, read each paragraph and U s ing our 26-line sample’ to illustrate, you may wish to
underline topic sen te-Iice-s or key points. Consider bre ak- retain tiit’ prose version and add the tabular pre’sentation
ing paragraphs w ith three or four m a u i points into two to s u m m a r i z e  arid emphasize the key points .
paragraphs.

Vague or unclear top ic sentences are comm on and
If a paragra ph has many key points , say six or seven , very disruptive to the poor reader. If yo u understand al l

consider an alternative tabular p resent a tion. Fi gure I ~~
- I words of a paragraph but have to ask yourself “what w as

shows an “all prose , paragraph” presentation which that all about ,” the paragraph has one or more vague-
treats seven key points. Restructurinig into seven short topic se-me t e- r ic -s . The paragraph should be reviewed in an
paragraphs Is a marginal solution. Figure 12-2 shows a effort to identify the topic(s) the writer w as attempting
more concise and readable tabular version of the same to discuss, Wher e’ topics can be identified, you must
seve ’II points edited to eliminate the excess verbiage. The rewr ite emphasizing these points. Where you  find it
original version contains 26 lines of text which buried difficult to identify topic sentences, consider eliminating
mairl points in a paragraph format. The tabular version is the material, Before you eliminate any material,
much ~Iio rte- r and provides a great deal more visibility to however, make sure- the problem is vague writing as
t at-h of the seven key points. You will have to use your opposed to clear writing on a difficult topic.
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ice the eq ui p men  pro~,e i sabU it ~~~Fapp l y ing p ower to defe v
equi pment  should  be c a r e f u l l y conaia~~r~4~~rom the standpoint  of caus ing  danger
to personne l  and f u r t h e r  damage  to the equi~ n~.ezit~~

Afte r the t roub le  has been d e t e r m i n e d  to bej.~~e1~~~~,
2
the AN / U S M - l 0 5  oscillo-

scope should be Lsed to con-sparc  t h e  wa ms given in the t r o u b l e s h o o t i n g
c h a r t s , on the schema tic  d i a g r at  , s-sd in tise w a v e f o r m  cha r t s  with the wave-
f o r m s  in the equi pmen t .  - important to use  the A N / U S M - l O S  because  many
of the w a v e f o r m s  ent in the equi p m e n t  a re  ve ry f a s t  p u l s e s  which  w i l l  not be
d i sp layed n y  on an osc i l loscope  wi th  a band pass  of less than 15 m e g a c y cle s .
Way m conwar isons a r e  the most e f fec t i ve  method of s e rv ic ing  thi s e q u i p m e n t .

- - - i rcuits have l i t t le  val  because
of the low- impedance and c u r r e n t -  sensit ive proper t ies  of transi s ~ Vhen a
component is r e p laced on a p r i n ted  circuit card  on whic adjustment is located ,
the sett ing of the adjustment should be v e r i f i e d  b erence  to the ali g~ men t
procedure in Sect ion  6.

CAUTION

- 
- 

Bef r ep l a c i ng  c o m p o n e n t s  locate d on a p r i n t e d  c i r cu i t  card ,
5 study the i n s t r u c t i o n s  f o r  p r in te d c i r c u i t  repai r given in Section 6.

Improper  repa i r  techni que s may damage or d e s t r o y  pr inted
ircui t c a r d s .

It is i o r t an t  w h e n  mak ing  w a v e f o r m , vol tage , or r e s i s t a n c e  m e a s u r e m e n t s
that the co ols on the equipment and tes t  equipment be set as required for the
test. Whe ‘ he trouble has been found to he the result of a defective printed
c i r c u i t  ca r  , the defect ive component or componen t s  should  be located b y a
careful  a ly s i s  u s i n g  the w a v e f o r m  and vol tace  data .  This  equi pmen t  has no
parts ~vi the except ion of light bulbs which have a definite limited life: there.
f o r e , b ore replacing a printe d circuit  card  or component  it should be determined
that th ‘ o lt ages  in to  the p r i n t e d  c i r c u i t  card are  of the proper  value to insure
t ha t  the component  f a i l u r e  was  not  caused b y a failure  e l sewhere  in the equi pment.

Figure I 2- I  - ~ar re ple of l e - x t  \\ hich Burie s Important Topics .

REMEMBER THESE POINTS!

1. Is it safe to apply power~
2. You need an oscillo scope wtth a bandpass greater than 15 me9acycles.

3. Resistance measurements are ineffective on transistor circuits.

4 . Don’t ta ke short cuts in PCC component replacement.

5. You must adjust PCC after component replacement.

6. Use voltage data and waveforms to troubleshoot PCC.

7, Repair cause and symptom?

Rewritten to replace 26 lines of text

Figure 12-2 . Pre’ferred Tabular Format,
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4 Test 13. Words Per Paragraph Count

long paragraphs are difficult to read , probably uzore important p oints of the paragra p h. ‘th e- 1ee’ak stre ss
be e-j u st - they rc - e 1 e l l r e -  t h e ’ rea der to make’ arid retain misa miy m ethods most suitable for tls at t it e’Is a iic e’ isu anti als are
‘ s t r u c t u re ties.” Tie - s are the’ omumIe-c - t Iur ls  a reader must underlining k~-~ phrase’s, using bold la -e print , or

m ake- b e t w e e n  words and phrases to derive meaning. lo italicizing. The use’ of margüsal note’s is at~o a peak str e ss
hel 1e imminlim nize the number of structural t i e - s y o u  requir e ’ method but i5 considered too “unusual ” and nna~of our re- ,uele -r , . tr ’, to limit paragrap h length to about de’t ract front as much 5s it adds to readability - Av e
15 to 60 words, important eauti ome about 1ee’ak str e ss is not to ove rdo it -

I n eases where y o u  mus t exceed thou limit, consider For example , too much italit’is’.e’d print detracts from the’
the ’ use of “p eak stress “ methods to give visibility to the readability of re rose’.

Test II. Words Per Sentence Count

I ~ e- —~ is .- structura l tie’ s j l ,ee re - — ui lt l rc ,ne ( t i e s  h i a t u s  nm ieftluilate ’d mnuc - r c ~ a s -  carr ier , rad iate’s this (‘arrie’r down-
cre l— ~e e- r — ‘ - c u I ’ - mus - .- . Ite ’.vear. -h r he sus -s that s c r ie r  target se sire1 re Ill thee ’ aireraft , re-c - e u ’ s  c - s the ’ r’ -f le’cte ’d sighIa l freon

(s.c-h,,  ce-s an .’ on read i ‘ u ecrd se-mu le -ne  c - s t th is goal for th e- te rrain - amid produce- s art audio-l re-quene-s oltag - -
‘s ’ cur  ccc i  n pi lanuse- r l/ cj - ,. U :,~-s - , - C sti r se mi f c l i - e . s  al- c-req’ the f r e - cp i e - u c - ‘s of mih u ’h is rite’ difference betu-een the ’
Im mu r e- t he-an .21) us-os- c /s . ‘— dii lee r the f ollou sng problem s. i n t t a i c t a m e u t i .e tran snuitt ed and re ’ce ’im ’ed signal fre -

a~a en e- u ’s. “ R. - wn Ii mu g to m ake two s~ r i t e - r i c e  - s’s ill
(:osnpouna Sentence’s mru l e r eese-  readability.

c i ru l l cc i l jm le l  — t - m c t e - r u e - c- , are- ieem n 1loc-se-e j ee l two  ur more’
I riel e’ pe ’miel e- m e t - l.iii —~

-
~~ join ie’d li~ arid - but , or e ethe r Prepo~itio~5l Phraees

iou - t m ’ s ’ - — t ie inde’pe.mide’rit c1ause- is one whi~-h u -an - -
- - - - I mim i c- - .- — —an crc - eOsi t ionsal ph rase’s lre’q ue’n tl~- add to— t js ue l  a he er ie -  : I - lee-i - Is th at the’ two I - ‘es( - - ~t eou p Ie - r- ’ are’ - 

- -
- - - - the- ‘ssci rd count. I.’sampls’s ed s uch phrase’ s arid the irinstalle d i— sit u indepeeide’nt clause’ . ~‘tcn u-x am ple’ c c l  a - -

- - 1,re- Ii- rr,- d e ’e f eI mv al e ’ ri t,. are-:cern puce rid sc me te ’ ne - e’ is 1 he’ transmit ted s Igi al
ra diate -el t ie the’ ground a the reflected ‘ign~eI i—
P - ‘-  is c - I  omi the- receiving ante ii ia from which it is l e d  t e e  along I he- I ic es ccl I eke ’
the- balanc e-el d e t e ctor, ” the’a is ~ this se’nmtence ; in to two b r  the- puqxss.- ccl  for
b’s ee — l m e ~ a pe’nod rather tha ms 

- 

“and” will increase’ i t— l eer  ihi- re -a— oil t h a t  ,,iri -c
- 

- - f rom Ill 151 111 oF verse ee l  -  b rr’ -jelj bilit~ - 
~~ ~~ st - r ib b’s. under

- in case - ccl 1(.osupkx Sentences , , rInc It s s lii I ta t  I
‘t i m it t -mu e-  .- — - c e rmu 1 ec  n’s-el of one inde’pe’nde’n t and omit ’ or en l ist - ne’igltborliood ccl - - - a bou I

r i c e  c r -  els’ peru e le-r ut e lan — c - ’- are ’ comp lex te- m i t e - r u c - e- — oi l the b~~is of b’5
- pneir to before’1’ i” - m c c l . -  rut  c - ia u i — c - , e a , u m l u  t — (amid a lesne’ - I le’ri’ is sun - lb re’trre ’nu-e- t e e .cboul f o r  lease out)

- s ,uiuu 1e le - t Ic ’ -  dependent c lause’ c~ italic-v ied): ‘‘The’ stith regard to a bout (or Iea~r out)r. - c e m s e ’  r - t ran s mi t te r ge - l ee-rat - s a low Ireque’ney - ss tic l ic e - r,- — uIt that , . . , ,  so that
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Passive to Active Modifiers
Equiprnemct de:scriptioris are’ notorious for their use’ Strin gs of mniodifi ers are’ hard to read amid difficult to

of th e’ passive’ ra t h er  than the’ active ’ vd f l e - e - . The- ieass i ri is uciderstanid , ‘l’hle~ sam ple’ below is ani illustrations of the
Ie ’ss familiar to readers , must in clude the acting agent in problem.
an awkward phrase , arid requires an auxiliary verb which 

— - - -

adds to the word count, ~ ieu r i i usic,-eJ its th e- n,ea,t t j lac - t ur . - r , I l i c -
s c- It c~ c - cett upiitt bi.- s ciii ai ls rad ar

-‘c-i c apab le- .1 l ur iucslt i .c g an t e - c i l i a .e,ii r ic itli j- .

- - - a li tre’ s - ci,.’, ccnr-s pt e’d, 6O-.-~ca c,r 400-cpa
Poor: I he error signal Irom the synchro rotor is s~-neItrq, data s (,I ia~s - Ii - jl~c s c c ,c u i Ieat ulelc -

clarnpe:d to a maximum of one volt by si t u ann c- cciv i , eIIuIc e c cr i ra .-ken g d’sic - ’--
the CR60 1 and CR602 producimeg a ca 1,ai,I , - ccl  lu tr iu t s i ie iq a ,t u i , ic l iu a~ a three-

volta ge’ drop across R60 I. 5 cr, ’ . c~ne-s pc ’c ’d, 60-c-pa or tOO-s-ps ,c s e t t e e
data collage- aitc l c ajcalel.- cci I c u ri e —Iecru ~. ra,c~-c-
a- a three-- u-err , one-s peed. 60-c ,c.s or

Better: CR601 and CR602 clam p the error signal synehro data col lage ralebrat , d at 2)$) s aids
from the synchro rotor to a maximum of Jee r dc-g re-c - . 1 111- c e ~c. - ratintg ireqc i. -n tc s eel the

semIs locetes ma’, lee- , iua i ige -d Lc~ r haicgmg
- - one volt,.. - -

s’s i u , hr ,c .  arti l motor g e- ni c-rat o rs .

Such phrasing is hard to read as continuous prose and
Empty Words would be better presented in the following format ,

Technical writing often includes words which hook Int1,uts: (I) Kaelar etcl,-,,
meaningful but are: not. For example, “perform the (2) Radar tris ’ c - r ssjt h 2(1 , -~ ‘ ,cc t t -
requ ired test ” would be more helpful if the name of the a m p lit u d e ’
test was given in place of the word “required.” If the (:1) Radar at et,-nir ca a-cim uct th (~t -s ire-
test to be: performed is obvious from the previous i-pc-e d . 00- or 41)O-e-ps ~~ ric -hro

statement , the word “required” is not needed. Three coltage’)
other words which you can frequentl y delete without (4) Thr e e- chann e ls ccl  Larg ,-l

damage to the meaning are : “concerned,” “involved,” ~~~~~~~ data (3-s i re- . I-~ps-e-d.

arid “respectively.” 60-or 4(X).rps -.sncro so ltage’)

Test 15, Syllables Per Word Count
Research has shown that your target technicians can

read text averag ing one and one-half syllables per ucord. ascertain find out
Unfortunately, manuals deal with lengthy, technical discontinue stop
nomenc lature, e.g., attenuator, modulator, unblanking enable let , allow
and radial compensation circuit. Since such words are verify check , test
required, you should omit them when testing your draft accordmgly so

for word length. To perform this test , count sy llables per ‘ ‘ ‘ • ‘ ‘ ‘  

:
100-word passages (omitting technical nomenclature), in addition . . . . . . . .  besides, also
You should not have more than 150 sy llables. If your more specifically for instance, for example
drafts exceed this standard, review your text for lengthy moreover . , . . .. . ..  now, next
words which might be rep laced by shorter words or by nevertheless . . . . . . . .  but, however
two or more short words (dilution),*

These and the examples for prepositions, conjunctions, and connective’s are drawn from Flesch. K. How to write, speak and think
more effectively. New York : New American Library, 1946,
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Test 16. Equipment Nomenclature Check

Omitting lengthy and unfamiliar nomenclature fron i for introducin g new equi pment terminolo gy . You should
the word length test merely avoids a troublesome check your prose to determine that all unfamiliar
reading problem. One way to address this problem is to nomenclature is treated in the nomenclature pictorial.
in troduce technical tenninology to the reader at the Where the text uses an equipment name that is not
outset of the relevant passages. Figure’ 16-1 shows a included in the p ictorial , either add the term to the
pictorial with selected caftouts , the appropriate means p ictorial or expand the text to define the new term.

LOCI( NUT

SCREW

ADJtJS Ti~iG frTl’: .ñ —
‘ r1 I

SCREW —r—’~-~ ; 
~
‘ I I I

RETAINER — — “IZ’7X~~.4 - 
11 _L

SPRING ~~~~~~~~~~~~~~~~~~~~~~~~~ 
c ‘

,~~~ ,

I /
.‘—‘

~~~~~ °

Jr
PISTO”I SUSHI ~~~~~~~~~~~~~~~~~~~~~~~~

STOP _ _ _ _

w

3 .23.  When the main system pressure (hoist  or lower) reaches
+ 100 psi , the piston is moved against the force of the

spring. As the relief valve piston moves , porting is opened
between the p iston and manifold to allow enough f luid to flow
past the piston to the opposite side of the main loop to main-
tain the pressure setting. When pressure lowers below the

valve setting, the spring forces the piston closed again.

• Figure 16-I - Illustration of Equipment Nomenclature Pictorial.
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Test 17. Layout Review

Layout of information within a page area or frame the text , Further , convention requires that graphk-s

inf luences readin g speed, com prehensio n , amid alwa y s fo llow the t e ’ xt re’f er e’m ice. Guide line ’s for layout
preference. You should revie w two dominant text of graphics arid related prose are :
fe ature s to maximiz e these benefits. First, a double -

I. Arran ge prose and related graphics for stmulta-
column format is super ior to a single column format. - -

. . neous viewing.This is illustrated in Figure 17-1. Second , related 
-

materials should be contiguous. This principle applies 2. Place small graphics at the bottom of a page .

mainl y to conti guity between prose and relate d graphic
mater ial . Graphics must be re ferenced in the text Figures 17-2 arid 17-3 illustrate good and poor examp les
whene ver they are used to support a conclusion drawn in of prosef graphic cont iguity .

2—142. JETI ’lSON SYSTE.tI. figure 2—32 (or circuit breakers used in the
- - - — syste m.2—143 . The j ett iso n system (figure 2—~1 and

table 2—1) has three jettison circuit , . sj ie-o, select , 
2 — 1 44 .  SALVO j~rr BUTTON. The SA LVO

arid aux iliary . Blecn simtg mnioumtted wcapostsistores IF.TT leutton (figure 2—53), located on the instru-
are je ttaaomted using either seiko or ir lcct , e’.~ i”, ’ ment board , is a momentary contact switch. ‘Ihe
thing below the ~c lAU-9 e’jeetor rack released. 

~~j tch permits je tt i~oneinIg of everything rnoumtted
The auxiliary circuit permits the jet lisonhnmg of 

~~ t~~ ~etkU- 9 ejector racks.
rocket pods, Clit s, and bombs loaded oct the
MER)TER, retaining the rac ks on tire \IAU.Q 2—14 5. SEL JETT BUTTON. The SEL JETF
ejector rack , Auxiliary jettisoning of sing buttons (figure 2—53). loc ated on t lte instrument
mounted AIM-9 or AGM-87A.L mis—des fires the board, i,,a momen tary contact see tI e- li . The see itch
miscu e in an unarme d , unguided condition, r’ -tat i,- perentts jettisoiiing of all \l-U -9 moetneted sesap-
big the launcher , Fuselage mou nird .tl~’eI-9 or Onc~ stQr, -~ (tone se-ire-ted sing stations and the
ACM-VA-I mi--d Ies are tired unarmed att d unarmed and unguided firing of fuselage nie,untcd
unguided uaing the cekct jettison circuit . See musika.

2—142. JE 7TJSOiV SYSTEM.

2— 143. The jett ison sy stem (figure 2 -—SI and tabi, 2 I) has three jetti son circ uit... sals o, -c -I c- c- i . jmt d
auxiliary. When sing mounted weapons/stores are jetiisocied usin g edii.’, .alvo or e-le - . t . even th ing
below the NIAU-9 ejector rac k is r,-Ie’ ,os-d The auxilia ry e ,rc neei permits t he j c - t lc . . c . cn hic C of rock et pccdls.
CBU’s, and laombe. loaded on the \WRJTER , re taining the racks on the \l -’c t -9 - -J ec - Icer rac k. ~us diary
jettisoning of sin g niountc-d AJ~l-9 or .~et , ~l-lJ~’ ‘ c - I  tntI~,.tlr .c (tre e the i rc t -- ,i le- tic an unarrn i” d , unguided
condition. retaining the launcher. Fu-.e’lagc mounted AIM-9 or ACM-W ’ ‘c- I  ccce - .’ih ,- are limed ienareticd
aitd unguided usimig t he select jc tkeon cerc uet. See figure 2 52 for circuit breakers tascd iii t h ee

2— 144. SALVO JETT BUTTON. Thee S . -’c t Ve e JF.TT teutton (figure 2 -53), located on the instrument
board, i~ a momentary con tsv t sw itch. The switch permits ,iritt,.onmng of c-e n -c’s l le ii tg mounted on the
MAIJ-9 ejector rack ...

2— 14.5. SEL JF,TT Ht.’TTON. ‘Ike SFL IF,l’T button (fc :’ ,e r , .! ‘
~~~~ - locat rel o,e the instrument board , r.

a momentar y Contact switch , lir e Seelte le perm i ts )e -n l e .e c e c n c ~ ccl a lt ‘ci ‘e l ‘) in me un et ,- d se aht o rt cv ’storr s (coin
selecte d w ing otat c o is , and the ui iarm cd aiiel ungui ded fe rtn g of Cuc.eia~e neou nn- d missiles,

Figure I T - I .  lllu~tr at ion of Pre ferred and I . e . ... t ) e - —e r ~e telm -  l’ re’ ,ce’nt at t ems (or Narrat ive ,

- -- 
£~ ‘ - —

~~~~ 
—

~ 
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PREPARATION - 
CHECK

l-  Apply .xterna.el electr ical power.

2 Hold control stick trim switch fo rward
unt il t rim Istusto r stops.

3. Remove eci tern al electr ical power. Dtmenato n X Detail B I. 4, 32 * 0, 03 Inch es,
NOTE

U nn.a.ur.ment Is correct , go to next
.t*p. If measurement is incorrect .
atop this act ivity a-nd request that
adjus t inun t be made,

4. Apply exte rnaL *teetrtea -t po’cees-.

5. Hold trim awlicts aft until trim actuator
a-tops.

S. Remov e externa-t elect s -les t power. Dimension X is 0.32 * 0.03 inches ,

NOTE

If meaSurement Is correct , go to neat
Step, U melCurainent is incorrect ,
atop th is act iv ity and request that
adjustme nt be m*de ,

7. A pp ly ex t e rn al electrica l power to aircraft .

S. Position triO switch to obtain a neutral
trim reading on endac-a tor ,

6. Remove ext erna l ~lectrtcai power, Dimension X Detail B a 2.05 * 0,0 3 inches.

NOTE
U measurement is correct , go to next
step , U measurement is incorrect .
st op this act avi t y a-nd reque at th at
adjustment 1’. made ,

50. A pply eotern a t electrical power to aircraft ,

11. Hold trim ~x itch aft untit art ox t c , r sdopn.

II, Ensure damper il l c c i  folly compressed.

Ii , iiemo -e estvc- n~ I e tec t rcca t  power Dimens ion Y Detail C is 6, 900 t O , 015 inches ,

Appears on page 5—i Appears on page 5— 23
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Figure 17-2. Illustration of Poor Contiguity Between Prose and Picto rial Material,
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SUMMARY OF REQUIREMENTS AND CRITERIA

‘fhe requirements and criteria ((Sr rc’wr itimtg technical form. T}tese -!~ - -kl~ t.. may lee’ used to re ’vie ’w and
m a n uals to improve re adability and connprehenlsibility rewrite a technical manual unn- e - t he- reader Is thoroughly
ha’se- been pre’se ~ii ted in some detail, This sect ion familiar with the rationale unldt’rl y i ng the- reqUire’n nenlto
sumfltarizes those req uireme n ts and criteria ml  a checklist and the tests which ex p lain the use of the criteria.

1~~~ 1 _~
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ORGANIZATION REQUIREMENTS SUMMARY

Manual organization should be based on a hierarchy of maintainable units.

— Organize around a family tree or topdown breakdown of maintainable units.

— Organize for 1 to 10 ratio of superordinate to subordinate maintainable Units.

A repair cycl e overview should be included. This should be a diagrammatic representation of the succes-
s ion of maintenance actions.

— Illustrate the successi on of maintenance actions required to complete a repair cycle.

— Diagrammatic overviews should be used instead of or in support of any narrative ,

— Use several overviews for larger systems.

All information concerning a maintainable unit should be consolidated into a single package .

— Eliminate “re fer to” problems by consolidating alt information about a maintainable unit.

The content , format , and sequence of information within a package should be standardized.

— Use a Ca Io Ca iCc table of contents to indicate material available within a package,

— Provide pictorials to introduce the reader to terminology and features of the maintainable unit.

— - Provide a topdown breakdown which establishes the referents for the maintenance procedures of
the package.

— Include operating descriptions in the package or under separate cover.

— Trouble analysis aids should immediately follow operating descriptions.

— Trouble analysis aids should be sequenced or grouped in a logical order.

— Include all nontroubleshooting procedures as the final content item in the maintainable unit package .
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COMMUNICATION REQUIREMENTS SUMMARY

Presentations should include only that information required to support job performance.

Eliminate information which is not relevant to the job at hand.

The amount of information included in an image area should be controlled to prevent clutter.

— Limit schematics to 3 elements per square inch or less.

— Important dimensions of drawings should be at least 1/10 inch.

— Itemize both narrative and diagrammatic portions of Equipment Description materials.

The balance between narrative and pictorial should favor pictorial to minimize procedural errors and per-
formance time. Provide pictorials when steps refer to:

— A particular equipment location.

— The relationship between two or more equipment items.

— A specific equipment manipulation (e.g., valve rotation)

— A test readout which is continuous (e.g., waveform ) rather than discrete (e.g., numerical
value )

Troubleshooting materials should include a mix of descriptive and instructional information.

—- Add procedural presentations when warranted by consideration of troubleshooting complexity,
- 

f requency, time and safety .
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READABILITY REQUIREMENTS SUMMARY

Paragraph headings should be used to facilitate access and to identify the type of material which will follow.
— 50% of the subparagraphs should have headings on leadins.

— Headings should be no more than 3 or 4 words ,
— All materiat within a paragraph should be consistent with the paragraph heading.

— Paragraph headings should be consistent with expectancies established by overviews.

Paragraphs shou ld be limited to a few topics which are clearly and concisely identified.
— Each paragraph of prose material should be limited to no more than three main points.

— Five or more key points in a paragraph may be presented better as a table,
— Topic sentences in a paragraph should be especiall y clear and concise.

Words per paragraph and words per sentence should be limited to reduce demands of memory and
structural ties on the user.

— Limit paragraphs to 45-60 words.
— Limit sentences to 17-20 words.
— Use peak stress emphasis where lengthy paragraphs cannot be avoided,
— Change compound sentences to simple sentences.
— Change complex sentences to simple sentences.
— Change passive voice to active voice .
— Eliminate empty words.
— Eliminate prepositional phrases.
— Eliminate unnecessary modifiers.

Lengthy and unfamiliar words and sentences should be avoided.

— Try for an average of 1-1/2 sy llables per word based on a count of at least 100 words
(eliminating technical nomenclature)

— Eliminate or “dilute” lengthy words.

Pictorials should be used to introduce key equipment terminology used in prose discussions.
— Present a nomenclature pictorial at the beginning of a section (preferred), or
— Define nomenclature in the text the first time it is used (less preferable I

Layout should enhance reading speed and comprehension.
- , I — Use double column format for prose .

— Arrange graphics and related prose for simultaneous viewing.
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( ; E N E R A L  REWRITE PRACT ICF S
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NONTROUBLESHOOT ING PROCEDURES PRACTICES

— Do not use paragraph format for presenting instructions.

— Number steps and arrange them in groups of six or less,

— Limit step content to: 25 words or less, two or three thoughts, or two minutes work.

— Provide workstation , locator , acid equipment detail pictorials.

— Provide “input” page listing requ irements for personnel, test equipment , supp lies , and equip-
ment conditions.

— Use second person imperative for narrative instructions.

— Use third person indicative for Notes, Cautions , and Warnings.

— Present Notes, Cautions, and Warnings before the relevant steps.

— Use white space , titles , and paragraph format to distinguish Notes , Cautions , and Warnings from
instructions,

— Specify follow-on maintenance.

• P R O C E D U R A L I Z E D  TROUBLESHOOTING AIDS PRACTICES

— Provide hard copy to facilitate usage at job site .

— Use logic tree or decision table formats to portray branching or multiple alternatives.

— Good troubleshooting format should include:

— symptom statement

— logic statement, viz ., why this upcoming step

— abbreviated action statement

— sequence guidance via branching or parenthetical riotr -

— progress statements for each step or interim conclusion

— tolerance standards

— conclusion and corrective action.
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II

FUNCTIONAL DIAGRAMS PRACTICES

— Use direction arrows to show flow. Design flow to be left to right and top to bottom.

— Omit detail within maintainable unit.

— Specify si gnal characteristics /tolerances in pictorial or tabular form.

— Use height to width ratio of two to three for functional flow blocks.

— Provide procedural support on how to troubleshoot complex portions of functional diagram

— Provide hardcopy to facilitate signal tracing.

— Ensure that word labels comply with minimum type size standards,

SCHEMATIC AND WIRING DIAGRAM PRACTICES

— Show piece part detail only when rep lacement is authorized at that level.

— Provide at least 1/8” separation between parallel lines.

— Label points of continuity between multiple page presentations,

— Include superordinate units.

— Provide procedural help for complex portions of wiring and
schematic diagrams.

— Ensure that word labels comply with minimum type size standards.

— Provide hard copy to facilitate signal tracing.
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TABLES PRACTICES

— Select title to reflect content variables.

— Provide fewer columns than rows,

— Avoid empty rows or columns.
— Specify units in column heads.

— Arrange row entries in groups of six or less.

— Order row entries; alphabetize if necessary.

— Align elements within column and row.

— Do not require interpolation in numerical look-up tables.

— Distinguish multiple elements in a sing le cell , e.g., type size.

— Show at least 25 percent white space.

— Enclose table in border.

GRAPHS PRACTICES

— Use graphs instead of tables where single or double interpolation is required.

— Use grid interval of 0.3 inches (0.1 inch minimum).

— Use grid lines which are 0.015 to 0.0125 inch wide.

— Orient axes naturally, e.g., altitude on vertical axis,
— Select title to reflect graph variables.

— Enclose graphs in a border,

— Provide instructions and illustrations for using complex graphs.
— Provide a legend for nonstandard symbols.
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PICTORIALS PRACTICES 
-

- — When supporting procedures, pictorials should progress from contextual to enlargements to ex-
ploded views .

— Use pictoriats to introduce terminology used in upcoming equipment descriptions.

— Use line drawings emphasizing relevant items rather than faithful physical fidelity.

- 
— Use pictures to portray waveform tolerances.

— Present the technician ’s view; do not use orientations he can’t see.
- — Orient viewe r by use of direction arrows, e.g., FWD, REAR.

- 
— Use arrows to indicate motion.

- 
— Use arrows and (cahlouts) to emphasize key points of a drawing.
— Limit callouts to seven or less.

— Number callouts to correspond to instruc tional steps .

65

t , ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ “-



- - - - 

-

(JNCLASSIFIED
. L L e J 4 L T Y  CL Pe$$IFICATI O N OF TI4IS PA ’a~~(Wh ’~ ~ .f. ~~f l(O?•dJ

1. Organization Requirements
2. Technical Communication Requirements
3. Readability Requirements
4. Summ ary Checklists
5. General Rewrite Practices

The first three sections are developed in the form of tests and
criteria to be app lied to a technical manuscript. The fourth
section is a swnmary of the first three sections in checklist form.
The final section contains a listing of some good technical writing
practices.

There are two companion products to the report. The first is
a “book plan ” which specifies the impact the requirements and
criteria will have on an existing maintenance manual. The second
is an evaluation plan for verifying the efficacy of the require-
ments and criteria for improving reading comprehension .

UNCLA~ c T~~’TED
sacu~~,TY Ct. A SSIFI CATI ON OF THIS PAOE(W?e.n D&a ~nl.r.d)

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



--.-‘---- 
~~~~~~~~~~~~~~~~~~~~~ 

‘
~~~~~~ 

- 

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

UNCLASS IFIED
SECURITY CLASSIFiCATION OF THiS PAGE (Wlm.n Oaf. Enl., .d) 

___________________________________

REPORT DOCUMENTATION PAGE BEFORE FORM
1. REPORT NUMBER 2. GOVT ACCESSION NO. 3. RECiPIENT’S CATALOG NUMBER

4. T ITLE (mid Subtltl.) S. TYPE OF REPORT C PERIOD COVERED

Requirements and Cri teria for Improving
Reading Comprehension of Technical ~~~~ - FINAL
Manuals 6. PERFORMING ORG. REPORT NUMBER

________________________________________ N/A
7. AUTHOR(a) S. CONTRACT OR GRANT NUMBER(.)

Theodore J. Post N00024—74—C—5426 ‘-1’.-~~~~~~~~.~~~~

Harold E. Price

9. PERFORMING ORGAN IZAT ION NAME AND ADDRESS hO. PROGRAM ELEMENT . PROJECT . TASK
BioTechnology , Inc. A R E A  & W O R K  U N I T  N U M BE R S

3027 Rosemary Lane
Falls Church , Virginia 22042

i i .  CONTROLLING OFFICE NAME A NO AOD RESS 12. REPORT DATE

November 1974 -~
13. NUMBER OF PAGES

_____________________________________________________ 

65
14 , MONITORING AGENCY NAME & ADDRESS(I1 dlff.,.n t from ConlrolIff i j  011Cc.) IS. SECURITY CLASS. (of IA!.  r .p orf)

Technical Publications Branch , 0 4 6 3
f Naval Sea Systems Command Unclassified

Washington , D • C. I5~ . 
k~~~~~~

ICATION/ DOWNGRADING

16. DISTRiBUTION STATEMENT (of IA!. R.port)

Distribution of This Report is Unlimited

- 
- 17. D iSTRiBUTiON STATEMENT (of lb. .b.tr.ct .nt. ,.dln Block 20, II dilf .,.n S ftc. , R.p orf)

IS. SUPPLEMENTARY NOTES

19. KEY WORDS (ConUnu. on r.v .r. . .~d. if n.c•..ary mid ld.nt !Sy by block ncmib.~)

Readability Maintenance Manuals
Comprehension Job Aids
Technical Publications Information Presentation

H Technical Manuals Technical Writing

20. ABS ’~~R1
ACT (Conilnu. on r.e.•r.. aid. II n.c. .a y mid ld.ntlfy by block numb.v)

gap exists between the_r~ a~Iing c~~mpr~ehPnsiom level of
technical manuals and the reading abilities of new Navy techni-
cians. This report presents requirements and criteria to be used
by technical writers to improve the readability and comprehensi-
bility of their manuscripts. The report is presented in five
major sections as follows :

DD ~~~~ 1473 ro~TioN o: i w:v~~s is OBSOLET E UNCLASSIFIE D
SECURITY CLASSI FICATION OF THIS PAGE (5 1 fc D.c. tnt.-~~d)

_________
•.  .-  

- 
- — —

~~~~ —- ‘ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
________



TT
1L

T~~~~~~HL

‘N. —

-•
~
--z

~~
.- .-- ~~~~


