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FOREWORD

This report (Volume I through Volume VIII) represents the final phase of
a study and test which was initiated in September 1964 to expiore newly devel-
oped techniques and devices for presenting T. O. (Technical Order) type in-
structions and information. The eight volumes of data contain the result of a
te3t conducted in an operational environment using concepts developed during
an earlier phase under Contract AF 04(694)-729 and documented in BSD-TR -
65-456. Bnth the early phase and final phases which were accomplished under
Contract AF 04(694)-984, Project 1316, '""Preszntation of Information for Mainte-
nance and Operation (PIMO)", were started in June 1966 and completed in
April 1969, This final report was submitted in May 1969.

The original program documentation was prepared by Mr. C. L. Schaffer,
SMTE, in 1964. He subsequently functioned as the Air Force Programn Direc-
tor and Chairman of a2 Working Group which monitored all development through-
out the life of the project. This Group was composed of individuais from var-
ious Air Force commands {AFLC, MAC, ATC, ADC, AFSC) and the Army
Command (AMCPM, AXMLE) knowledgeable in the various maintenance dis-
ciplines and all facets of the T. O. system. Capt. Don Tetemeyer, the Pro-
ject Scientist during the formulative stages of the Program was largely re-
sponsible for the basic test structure. Mr. John Saunders was the monitor
for all contractual aspects until his reassignment in 1968,

Any success one may attribute to the project must be shared by numerous
individuals; however, major credit and appreciation are due General Howell M.
Estes, Jr., Commander of the Military Airlift Command, who provided the
C-141A aircraft and the bases at Charleston, Dover and Norton for the opera-
tional test., Sharing in the credit for the MAC contributicns are Lt, Col. Don
Watt and his staff at Hq. MAC, and Col. Foreman, Col. Henzi, W/O Van Riper
and all the personnel at Charleston Air Force Base and also at Dover and Norton
who participated in the test. The hardships imposed on their organizations
are recognized, and we sincerelv appreciate the special efforts put forth to
overcome all obstacles. The test could never have been conducted withcut the
cooperation and cecmpetent performance of these many individuals.

We are especially indebted to the Air Force Human Resources Laboratory,
Wright-Patterson Air Force Base for their financial contributions at a critical
point in the project; and also to the Army Materiel Commmand, who believed the
test potential of sufficient magnitude to warrant the expenditure of their funds.
We are most grateful for their confidence and assistance. Tt is most assuredly
the primary tactor that permitted completion of the test.

This technical report has been reviewed and is approved.

I (k.

D. A. Cook, Lt. Col. USAF
Hq. AFSC (SCS-2)
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ABSTRACT

This report describes the latest phase in the program to develop and
evaluate PIMO (Presentation of Information for Maintenance and Operation);
a job guide concept applied to maintenance. Between August 1968 and April
1969, a test was conducted at Charleston AFB, South Carolina, to deter-
mine the effectiveness of PIMO. Three immediate behavioral effects were
expected: 1) reduction in niaintenance time, 2) reduction in maintenance
errors, and 2) allow usage of inexperienced technicians with no significant
penalty. Experienced and inexperienced Air Force technicians performed
maintenance on C-141A aircraft using PIMO Job Guides presented in audio-
visual and booklet modes. Performance was measured in terms of time to
perform and procedural errors. The performance was compared with the
performance on the same jobs by a control group, i.e., experienced tech-
nicians performing in the normal manner. The following conclusions were
drawn from the test results: 1) after initial learning trials, both experi-
enced and inexperienced technicians using PIMO can perform error-free
main.enance within the same time as experienced technicians performing
in the normal manner, 2) inexperienced technicians perform as well as
experienced technicians when both use PIMO, 3) there is no significant
difference between audio-visual and booklet modes, 4) the users revealed
an overwhelmingly positive reaction to PIMO, and &) the performance im-
provements provide the capabilities to significantly improve system per-
formance defined in terms of departure reliability, time-in-maintenance,
and operational readiness. This report also presents a description of the
recommended operational system, specifications and guidelines for PIMO
format development, including troubleshooting.
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PREFACE

This report has been prepared under Contract AF 04(654)-984. It
partially fulfills the requirement cf Contract Data Requirement List (CDRL)
Item 29,

It presents the specifications for troubleshooting manuals used for the
PIMO field test.

The manuals utilized the Maintenance Dependency Charts (MDCs) of the
Symbolic Integrated Maintenance Manuals (SIMMs) . Integrated (electrical/
mechanical) schematics were used in lieu of Precise Access Block Diagrams

and Block Text Schematics (which are normally part of the SIMMs package).

Liberal use was made of MCMS3P Exhibit 65-1. However, these detail

specifications were nct constrained by that document.

Experience both in the preparation and use of the manuals has allowed
insight into potential imprcvements. The general format foilows the afore-

mentioned exhibit, but recommended changes have been incorporated.

As with mcst specifications, this document defines the output product
with only brief reference to methodology for obtaining the ou:put. Experi-
ence has alzo shown that & ''guideline' document would be very useful to per-

sonnel who are unfamiliar with creating an MDC.
As an adjunct to this report, such a guideline has beer submitted.

PIMO Troubleshooting Aid
Preparation Guidelines
TR 315-69-14(u) Volume VII

Those guidelines are intended to supplement the specifications when

the procuring agency feels it is necessary to insure a quality product.

See MCMSP Exhibit 65-1; Manuals, Technical and Preventive Ma.nte-
nance Work Cards, Symbolic Integrated Maintenance Manuals (SIMMs).
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GENERAL SPECIFICATIONS
FIMO
TECHNICAL MANUALS FOR
TROUBLESHOOTING

~ 1.  SCQPE

1.1 Tris exhibit sets forth general requirements for technical manuals to
suppurt fault isolation of aerospace equinment and systems. These specifi-
cations result from performance under Contract AF 04(694)-984,

2 APPLICABLE DOCUMENTS

2.1 The following doc..ments of the issue, in effect on the date of Invitation

for Bids or Requests for Proposal, form a part of this exhibit to the extent
specified herein:

SPECIFICATIONS: —
MILITARY
MIL-M-4410 —  Technical Manuals: Title Page, List of
Effective Pages, and Reproduction Assembly
Sheet; Photolith Negatives; Printing; and
Binders
MIL-Q-9858 — Quality Frogram Requirements
MIL-M-387230 — Manuals, Technical: General Requirement
for Preparation of
Vol. 5 1 Vol. 5
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STANDARDS: -
MILITARY

MIL-STD-306 ~ Graphical Symbecis for T.ogic Diagrams
NATIONAL. BUREAU OF STANDARDS: —

ISCC-NBS Color-Name Charts (Supplement to NBS
Circular 553)

2.2 The attached illustrations are representative examples of the type of
material specified in this exhibit and are included for illustrative purposes
only.

3. DATA BASE REQUIREMENTS

3.1 Implementation of this specification requires ihe existence of, or
development of, a technical data base as defined in paragraphs 3.1.1 or
3.1.2,

3.1.1 The data hase shall consist of a complete and current set of all
technical manuals and technical orders relevant to the system and its end
items and basic engineering design data, including design specifications,
engineering drawings and illustrations, and analytic data relevant to the
systiem and its end items,

3.1.2 The data base shali consist of a complete and comprehensive task
analysis of all maintenance operations relevant to the system and its end
iterms at a level of detail greater than that provided by the Requirements
Allocation .heets of AFSCM 375-5, i.e,, at thz task element level, The
task element data shai’ be suppiemented by basic engineering design dats,
including design specification, engineering drawings and illustrations, and

analytic data relevant t- *=e system and :'s end items,

Vol.5 2 Vol.




3.2 Implementation of this specification requires the existence of, or devel-
opment of, an inclusive set of system partitions for which technical material
for fault isolation will be developed. Guidelines for partitioning have been
developed and can be found in Repcrt TR-315-69-14(u), Volume VII, Seren-
dipity, Inc., April 1969,

4. GENERAL REQUIREMENTS

4,1 The security ciassification requirements of MIL-M-38730 are applicable.

4.2 The notes, cautions, and warnings requirements of MIL-M-38730 are

acplicable.
4.3 The abbreviation requirements of MIL-M-38730 are applicable.

4.4 For electrical and electronic symbocis ard reference designations, the
requirements of MIL-M-38730 are applicable. For logic diagram symbols
MIL-STD-806 is applicable.

4.5 The style of writing shall be ierse, tabular, specific, concise and simple.
The grammatical person and mood shall conform toc MIL-M-38730. When

space is restrictive, sentences need not be complete. A ¢lause frequentiy
conveys adequate technical meaning; however, sentences shall not be avoided

just to create an engineering level jargon.
4.6 STYLE AND FORMAT FOR MANUALS

4.6.1 Detailed Circuit and Unit Description. Terse form detailed descrip-

tions shall be provided for new or unique circuits or units. For modified
standard units or circuits, only the modifications shall be described in de-

tail.

4,6,2 fultiple Manuals. When the thickness of a manual exceedg appraoxi-

mately one-half inch, the manual shall be divided into separate technical data
packages to provide easy handling and orderly presentation of material. Each

manual, and ail pages therein, shall contain the manual and volume number,

Vol.5 3 Vol. 5




4.5.3 Diagram Arrangemernt. Diagrams shall be arranged in the order of
the most general data to the most detailed data.

4.6.4 Layout of Front Matter. All front matter of a 11 x 17 inch manual,

as well as other manual material presented in a non-diagrammatic form,
shall be arranged left to right, four columns to the page. The first page of
a manual shall contain only the title page and list of effective pages. The
reverse side of the first page shall be bilank and the face shall be numbered
"i/(ii blank)" in the lower right hand corner. Tabie of Contents shall begin
on page iii and be arranged in a four column per page fcrmat. An index of
the total set of manuals shall begin on the foliowing page and be numbered
iv. A manual use sheet shall be shown as the last page of the front matter
and numbered v.

4.6.5 Other Pages. Other pages of the manual shall be numbered sequen-

tially beginning with the Arabic numeral "1". Even numbers shall be placed
in the lower left hand corner of the page and odd numbers shall be placed in
the lower right corner of the page. If a page is blank on the back, t print-
ed side shall be numbered, for example, 25/(26 blank).

4.6.6 Numbering of Illustrations and Tables. Illustrations shall be num-

bered sequentially beginning with the Arabic numerai ""1". Tables shall also
be numbered sequentially and labeled as figures.

4.6.7 Numbering for Procedures and Checkout Steps. Segmenied proce-

dures shall be identified as Step 1, Step 2, etc. Indented checkout steps list-
ed on the Maintenance Dependency Chart shall be lettered sequentially A, B,
C, etc.

4,6.8 Use and Change Control. Each page of technical data shall contain

identifying titles, dates, eifectivity notes, and page numbers for hoth use

and change control.

Vol. 5 4 Vol. 5
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4,.6.8.1 Title. A title of the equipment or system partition, along with
the type of data presented, shall appear in the upper outer corner of each
page. The equipment or system partition number followed by the titie shall
appear in bold lettering; for example, 4-1 AILERON CONTROL AND TRIM
SYSTEM. The type of data, e.g., Functional Description, shall appear im-
mediately below the title. When multiple pages are required for a given data
type, the word {cont) shall follow.

4,6.8.2 Date and Effectivity Note. Each page shall contain the date on

which the material was prepared or reviewed and found to be applicable to
the equipment or system configuration(s) noted in the Effectivity Note, The
model or serial numbers of the equipment or system for which the data is

applicable shall appear (with date) in the lower inner corner of each page.

4,6.8.3 Page Numbering. Each page shall be numbered sequentially

with Arabic numerals (except front matter where lower case Roman numerals

apply) in the lower outer corner. Right hand pages will be odd numbers, left
hand will be even numbers.

4.6.9 Type Size and Style

4.6.9.1 Textual Materials. Text shall be prepared in a Roman face (12

point IBM Documentary or equivalent) in cap and lower case, single spaced.

On reduced copy final size of characters shall measure no less than 8 points.,

4,6.9.2 Diagrams. Call-outs and indices shall be prepared in a Gothic
face (12 point IBM Mid-Century or equivalznt), On reduced copy final char-
acter height shall not measure less than 8 points,

1N

il 9. 3 Maintenance Dependability Charts. Nomenclature shall be pre-

pared in a Gothic face (12 point IBM Mid-Century or equivalent). On reduced

copy, final characier height shall not measure less than 8 points.

4.6.9.4 Page Titles, Page maint

tla W
[ -
P A ———

s shall be prepared in a Gothic face
(12 point IBM Mid -Century or equivalentj. On reduced copy, final character

height shall not measure less than 12 points. Secondary titles shall appear

Vol. 5 5 Vol. 5




in a Raman face (IBM Documentary or equivalent) on reduced copyv in cap and

lower case with a character height no less than 8 points.
4.7 CONTENT

! 4.7.1 Manuals shall contain the following data, as applicabie, arranged in
the order indicated, tu provide guidance for the fault isolation of the equip-

; ment or system partitions to be documented.

Preliminary Information
Maintenance Dependency Chart
Schematic Diagram

Parts Location Diagram

Functional Description

In addition, each manual shall contain front matter to facilitate control over

and use of the materials,

4.7.2 The arrangement of presentaticn of data, as well as the complete-
| ness of the information presented, shall be constant, even though the amount

of data may vary with the size and complexity of the equipment tc be docu-

mented. The following paragraphs discuss each of the requirements in de-
tail.

4,7.3 Front Matter, Front matter shall normally be included in the follow-

ing sequence:

f 4,7.3.1 Title Page and Cover. The title page shall be arranged in accor-
dance with MIL -M-4410, The cover shall contain the same information with-
out a date.

£ o t -~

.3.2 List of BEffective Pages. The list of effective pages shall be ar-

A 7
2, 1

ranged in accordance with MIL-M-4410,

4.7.3.3 Table of Contents. A Table of Contents shall be prepared to list
the types of data and the page number for each specific type of information

for each system partition included in the manual.

Vol.5 6 Vol.5
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4,.7.3.4 index to Marual Set. When multiple manuals are necessary for

equipment or system fault isolation information presentation, an index to the
total set of marnuals shall be included. This index shall be arranged alpha-

betically by equipment or system partition name with a reference_tv the
appropriate manual.

4,7,3.5 Manual Use Sheet. One page of instructions in the use of the

manual contents shall be prepared to expedite proper utilization of the mate-

rials, These instructions shall be escentially self-explanatory to the manual

user and shall include a clear and con-ise description of new or unique con-

ventions, terminology, and symbology such as those required to use the
Maintenance Dependency Charts.

4,.7.4 Preliminary Information. Each data get prepared to aid fault isola-
tion within an equipment or system partition should begin with preliminary

information sufficient to permit the user to prepare for fault isolation. This

information shall include;

Test Equipment Requirements
Personnel Requirement
Equipment or System Condition

Effectivity of Information

The requirements for each information are described in following paragraphs.

Refer to page A-1 of the Appendix for an example Preliminary Information
Sheet.

4,7.4.1 Test Equipment. A tabulation of all test and ground support equip-

ment required for the checkout or troubleshooting of the equipment or system

partition (not normally carried in the standard tool set) shall be presented by
name and type, identifying number (AN, part, or stock number), and brief
description of the use and application. This tabulation shall be identified as
a figure and entitled ''"Test Equipment",

Vol.5 { Vol. 5
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4,7.4.2 Personnel Requirement. A briei staterent on the type of person-

nel required to conduct an operational checkout shall b included. When more

than one man is required, their specific role shall be identified.

4,¢.4.3 Equipment or Systera Condition. The state in which the equip-

ment or system should be in prior to conducting an operational checkout or
performing the initial step of the Maintenance Depenaency Chart shall be
specified. Any new or unique steps required to set up this equipment or
system siate shall be presented in a procedural format. Any notes, cautions,
or warnings shall comply with MIL-M-38730, Any circuit breakers, switches,
or controls involved in achieving the initial required equipment or system
state may be listed ‘n tabular format. Tkese tabulations may be entitled
Functional Circuit Breakers and Preliminary Control Settings and identified

as figures. The exact nomenclature appearing on the equipment, its appro-
priate setting, and its location shall be presented.

4,7.4.4 Effectivity. A summary of the equipment or system model num-
bers or configurations for which the data set is applicable shall be presented.
Engineering Change Procedures or Time Compliance Technical Orders which
initiated a configuration change and are included in the data set shall be iden-
tified. The preceding effectivity information shall be keyed to the appropriate
data items in the data set.

4.17.5. Maintenance Dependency Chart. Troubleshooting information

shall be prepared in the form of Maintenance Dependency Charts for each
equipment or system. A Maintenance Dependency Chart is a chart which il-
lustr_tes the dependency and interrelation of all elements and functional en-
tities within the equipment or system by use of symbols. The dep>ndency
charts shall provide data necessary to diagnose the equipment. Tlese charts
shall conform tc the following:

4.7.5.1 By graphic means, show all of the circuit interdependencies in

such a rnanner as to facilitate troublesnooting.

4.7.5.2 Identify all significant checkpoints and indications necessary to
troubleshoot the equipment. These must be arranged in a manner which

Vol.5 8 Vol.5
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minimizes the number of checks that a technician must make to isolate a mal-

function.

4,7.5.3 Present all signal data (waveforms, timing, voltages, tolerances,

etc.) in a manner to facilitate its use in troubleshooting.

$.7.5.4 Relate key troubleshooting to procedural data (adjust, calibrate,

turn-on, operation, alignment, and performance' check).

4.7.6 Refer to page A-2 of the Appendix for an example MDC. The ex-
ample shows all of the individual parts, to be explained in following para-

graphs, in their total environment.

4.7.9 Layout. T&e chart shall be laid out in quadrille fashion and shall
consist of the following four basic parts: headings, notes, procedure, and
body. Column headings list the name and hardware location of functional
entities, circuit elements, and event indicators. An event is defined as an
action, or the presence of a voltage, signal or other data at a defined point,
that results from a turn-on, operational, or checkocut procedure, or the
presence of initiation data. Notes shall provide specifications and, as nec-
essary, descriptions of the events that occur in the column below. The pro-
cedure column shall contain steps, as necessary, which specify the opera-
tional or checkout procedure required to obtain all signal availabilities devel-
oped as a result of the step. By the use of symbols the body of the chart shall
present the relationship between functional entities and events. In preparing
this type of chart all circuits of the equipment must be exercised in a manner

which permits logical diagnosis.

4,7.7.1 Headings.— Column headings shall list the name(s) and location
of the action indicators, availability points, functional entities or circuit
elements listed in the column. Events shall ir.clude such conditions as:
availability of symbols or power units, indicators that may be observed,
conditions or states of the equipment, i.e., relay energizes, temperatures
normal, no overload. Column headings for re-entered signal or voltage

availabilities shall identify the chart on which the availability was deve.ioped.

Vol.5 9 Vol.5
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"Front Panel'' nomenclature shall be used corsistently in the procedure and

rircuit element entries of the Maintenance Dependency Chart.

4,.7.7.1.1 Event Entries. — Events shall include conditions as:

(a) Availability of signals or power inputs.
(b) Indications that may be observed.

(c) Conditions or states of the equipment; i.e., relay

energizes, tempsrature normal, etc.

Column headings for re-entered signal or voltage availabilities shzll identify
the chart (or chart part) on which the availability was developed.

4,7.7.1.2 The column headings for indicators of action that are recogniz-
able from the outside of the cabinets, e.g., front-panel indicators cr front-
panel test points, are solid black with white lettering. All other column head-
ings shall have a white background with black lettering.

4,7,7.1,3 For events which are to be observed, the point of observation

is entered as a column heading. When the indication is observable from the
outside of the equipment, the panel nomenclature for the indication or a des-
criptive action identifier is illustrated by white lettering on a black background.

This is illustrated as follows:

Vol.5 10 Vol. 5
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For events which are to be measured, the points of measure are listed as
follows:

POINT OF MEASUKRE POINT OF REFERENCE

N

T84/ THS4
oR

T84=3/a

4,.7.7.1.4 Circuit Element Entries. — Circuit elements or circuit element

groupings {functional entity) shall include such items as:
(a)  Part of a circuit element.
(b) A circuit element.
(c) A stage or group of circuit elements.
(d) A group of stages.
(e) A replaceable module or group of modules.

4,7.7.1.5 The area above the slanted circuit element entry column is re-
served for end-item identification and physical location information (in the

extreme top). Assembly numbers, colloquial name3s, or abbreviations may
be used as a reference key Once the location information has been spelled
in the heading, it may be abbreviated where appropriate on the remainder of
the sheet. In the event that a single circuit element is the end item, no fur-
ther identification is necessary in the end item entry area. When adjacent

columns refer to items in the same assembly, the location identifier can ke

so placed that it applies to more than one coiumn.

4,7,7.1.6  Specifications or description for the event or action to be ob-
served or measured shall be referenced by a number located in a box at the

hase of the column heading. The specification numbers at the base of the

Vol. 5 I Vol.5
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column headings shall refer to signal specification notes in the right-hand
margin of the chart. The numbers should be independent and sequential
throughout all specifications. Specification numbers for each equipment or
system partiticn shall begin with the number one, and identical specifications,
i.e., 115V, carry the same number.

4.7.7.1.7 Use of signal specifications data as circuit element entries
should not be practiced because it violates the criteria for both circuit ele-
ment and signal specification entries. In many cases a function of a circuit
element is dependent upon specific energy conditions. When this is true,

the circuit element should appear in the appropriate column, with a "'partial"
symbol when it is functional, and a number placed in the signal specifications
row to reference the specific energy conditions which appear in the signal
specification box. It is permissible to show primary output conditions of one
segment as input zvailabilities on another segment (i.e., Main AC Tie Bus,
Hyd Sys No. 1 Pressure, Left Aileron Movement, etc.), since this type of
entry represents the main interface area between MDCs. The input condition
descriptor may be entered as a circuit element entry; however, the signal
specification, tolerance, and description must appear in the signal specifi-

cation notes,

4.7.7.2. Dependency Notes Table. — A Dependency Notes Table shall iist

the description, normal reading and tolerance data voltage, or black on white
photograph of waveform and tolerance that is associated with each cf the in-
dications called for in the box at the base of the column heading, Waveforms
shall be retouched oniy as required-to ensure that the pertinent technical in-
formation is visible, i.e., rise tiime, etc. The indication for an event shall

be identified by a number identical to the number listed in the box.

4,7.7.2.1 Whendifferent aircraft require normal readings and tolerances,
that information may be flagged by a triangle with the aircraft designated by
a number inside the symbol.

4.7.7.3 Procedure Coluinn. — Procedural stens shall be provided as line

heading's in the left hand column of the dependency chart. The total of the

Vol.5 12 Vol. 3




e —

Th NI P B

procedural steps shall completely exercise each aind every functional entity,
The prccedural steps shall exercise all positions of all switches and each

operating control.

4.7.7.2 1 Exercising electronic equipment generally involves switch selec-
tions, providing external stimulus, or running diagnostic programs. In any
case, the means of exercising the equipment for troubleshooting purposes

will determine the structure and organization of the chart.
4,7.7.3.2 Basically, all procedures can be divided into four groups:

{(a) Those which must be performed to get the equipment

working.

(b) Those which are performed to exercise built-in test
devices, meters, ctc., which can be performed

without any change to the eguipment operation.

(z) Those which are performed to break locp circuits

or to inject known s:gnals for testing fault circuitry.

(d) Those which are performed to change modes of

operation.

4,7.7.3.3 These procedural actions shrll take maximum advuntage of built-
in or ancillary test facilities. They shall also include steps covering portions
of the equipment for which no external symptoms are developed incident to

rnaliunction and for which no self-test facility exists.

4.7.7.3.4 Procedures which must be performed for the energizing of the
equipment into full operational status shali be numbered sequentially and
placed flush left. Prccedures which can be exercised as options aiter an
energizing procedural step and before the next ener:izing procedural step,
i.e., mode changes, range changes, and checkout procedures, shall be iet-
tercd sequentially within the numbered step and indented. Each prccedural
step shall be enclosed between bold lines across the body of the chart to in-

dicate events and availabilities which are associated with the procedural step.

Vol. 5 13 Vol. 5
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4,7,7.3.5 Step numbers shall be continuous from the Primary Power
Dependency Diagram through all remainirg diagrams to indicate the sequence
of ev nts within the complete 2quipmznt. Steps on each part of the chart may
not be sequeatial; however, this is preferred.

4.7.7.3.6 There shall be a one-to-one correlation between segmented pro-
cedures and steps required for troubleshooting and any procrdures developed
for operational checkout. This correlation shall provide fr. direct access

to the dependency chart step from the operational checlout step.

4.7.7.3.7 Test equipment, special tools, and materials which are reavired
to accomplish the procedures shall be listed. Recommended items of test
equipment, together with suggested alternates, if applicable, shall also be
delineated. General purpose test equipment shall not be specifizd when suit-
able built-in equipment test facilities are provided. When general purpose
test equipment is required the test equipment shall be selected from the list

of test equipment approved by the cognizant activity. (See paragraph 4.7.4.1).

4.7.17.4 Body. — The body of the chart shall consist of a series of hori-
zontal lines on which are represented the dependency of circuit action from
the performance of a procedural step. Each line will represent a short series
path from a signal availability point (test point or other) to an indication, or
to a branch point (availability point), directly or through circuit elements, or
through functional entities. The lines shall be arranged from top to bottom

in order of increasir.g dependency.

4,7.7.4.1 FEach branch point, whether a divergent or convergent branch,
ghall be identified as a test lccation (a railability point) whether or not a test
jack has been provided. Each branch point shall have an availability for the
voltage or signal at that branch point.

4.7.7,4.2 Basic Symbols. — Only three basic symbols are to be used to

represent the functional entities or circuit elements in the short series paths
on the body of the chart:

Vol. 5 14 Vol. 5




1‘-

Evert Box: D to represent an action or availability
of one or rore events resulting from
the proper operation o the functional

entities associated with tte event.

Functional to represent a functicnal entity cr a
Entity Dot: group of functional entiti=s.
Dependency to indicate dependencv vpon another
Marker: event,

4.7.7.4.3  Special configurations of the basic symbols are sometimes used
to advantage. Most of the frequently used variations on the three basic sym-
bols are presented in the table that follows {(Tatle 1).

4,7.7.4.3.1 Event Box. Nomenclature in the event box ( 3 ) specifies

the tvpe of event and availability of the eveni. The Definition of Symbols Table
lists the various nomenclaiures that can appear in the box and their meaning.
To assist in determining the accessibility of the events indicated on the Mainte-
nance Dependency Charts, three distinguishable kinds of backgrounds are used

wittin the event hoxes. These backgrounl!s and their use are:

BLACK Events which may be recognized
(with white lettering) ) from outside the equipment.

E-amples are: Front panel meters,
frent panel lamps, PPI display,
motor running, etz. Notice that this
recognition includes events other
than those which may be observed by
sight.

GRAY Events which may be dztermined or

(with black leitering) observed only after the equipment
enclosure has been opened, and vhich
are readily accessible. (These cvents
may or may ot require the uce of test

equipment for their recognition,)

Vol.5 15 Vol.5




o

Vol. 5

CATEGORY SYMBOL MEANING
EVENT Event symbol bockground indicates ease of occess.
. Black: Froni Mnel, recognized from outside the
equipment,
Cross £ . . .
,/ Motchs: £93Y Access, requires opening of squipment
Ié enc_losure {moy or may not reacirs test
equipment) .
D White: Difficult Access, requires test equipment
@ Signol not ovailable .
-
# Signol avoiloble and within specificotian,
1c ] Signel ovailable and within specificotian, but urder
*t< ) ditferent proceaural conditian, ar circuit path.
REM Remaii: availoble, and within specification, but under
A different procedurcl conditiams, or circuit path.
.ET Front panel indicatar lit: filament lit,
. Indicator floshing,
. Miator runs within specification,
Reloy or soeciol purpose switch energized.
Dr Relay ar speciol purpose switch Je-energized,
Mot ir stops running
]
. indicotor reads within specificotion, but under differ-
{ €724 ent procedural mondition or circuit path.,
n Previcusly lit indicotor goes out,
Functionol entity ciosed.
Functional entity open,
- Fuactionol entity extended.
Functiona! entity retrocted.
DEPENDENCY .
HAARK ER Event on some line is dependent upon event or condition
in calumn cbove proof morker,
Event is dependent upon o redundant event or condi-
tion in column obove proof marker,
SPECIAL NOTE Specio! note partaining to further identi‘icotion of
MARKER functional entity,
Speciol note pertaining to oircraft effectivity,
FUNCTIONAL o —
ENTITY Circuit or circuit element that must function properly

’)meeo B OB P

for event on same line to oceur,

Indicotes functinnal entity requires more than one event
to prove proper operation,

No continuity through binary element,
Continulty through binory element,

Redundont circuit elements; either will oroduce event,

Table 1

Definition of Symbols

16
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WHITE A | Events which are difficult to access

and wiich reqgaire the use of test equip-

ment for observation.

4,7.7.4.3.2 Functional Entity Dot. The purpose of this aymbol is to iden-

tify the end items involved in signal flow. In some cases it is appropriate to
show an availability at a functional entity terminal, but it is still necessary
to enter the entity and identify its function relative to signal flow with the ap-

propriate symbol.

4,7.7.4.3.3 Generating availabilities on circuit breakers should be avoid -
ed. The circuit breaker should only be identified with a functional eatity sym-
bol, and only when it is on-line for the functions affected by the procedure

step.

4,7.7.4.3.4 There are several variaticns of the functional entity dot. One
such variation is the partial dot ( € ) which indicates that the functional entity
is only partially involved in produacing the corresponding event. Other varia-

tions of the functional entity dot are described in paragraph 4.7.7.4. 2,

4,7.7.4.3.5 Dependency Marker. A solid triangle is used to des~ribe the

relationship between a group of events and an ensuing dependent event. When
anyv of the multiple events satisfy the subsequent dependency requirement, an
open triangle with the letter R shall be used.

4.7.7.4.3.6 Basic Dependency Structure. — A dependency structure con-

sists of a series of dependency lines. Each dependency line is constructed
using the three basic symbols. Each line shall have at least one dependency
marker and only (except as provided in 4.7.7.4. 3. 12 one signal availability.
Additionally, syvmbols to represent the functional entities that develop the
signal or event must be included. The simplest dependency line would appear

ac follows:

Ao [ ]
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4.7.7.4.3.7 By itself this dependency line has very liittle meaning except
! to indicate that the event ( [_] ) is dependent upon the proper operation of the

functional entity ( @ ) and the availability of some previous event ( & ).

4,7.7.4.3.8 In order to provide meaning to this dependency line the sym-
bols are ordered into one of *wo types of columns: the event/dependency col-

umr and the functional entity column.

4.7.7.4.3.5 The event/dependency coluinn consists of zvent boxes and

dependency markers depicted as follows:

or

=
| ra

ey
i
|

i

1 The simplest event/dependency column would appear as follows:

4.7.7.4.3.10 The functional entity column consists of only functional entities,
even though these entries may be depicted more than once. It is indicatec as
follows:

'YYY )
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The simplest form of a functional entity column would appear as follows:

fot

4.7.7.4.3.11 When an indicator (or other end item) is used in multiple
signal (or energy) paths, enter that end item only cnce unless it is necessary

to do so for transition to another MDC or for clarity of an ambigucus situation.

Do:

S - ¢ 7]
A - . ouT

Don't:

& L2 *— ﬁlLITl
R — BuT

4,7,7.,4.3.12 Each line shall have only one event, except for some circuits

such as phase-splitters and differential amplifiers which produce two outputs,
Thus, when more than one availability or indication resul:s from a signal

path, enter the path only once.

Do: L
A—}—‘—o—{—o{—o—{f—] AlA A
Don't: \
A =0 A
A A
A L A
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4.7.7.4.3.13 For each short series path, more than one circuit may be
necessary.

Sometimes long series paths result, such as those found in some I-F strips.
Rather than group all of the stages of a long series path on a single line, break
the path into twe or more short dependent chains. This is true only if a test
pcint is available within the path. Also, when somewhere within a series path
a significant change in the signal occurs, generate an event box upon which the
remainder of the series path is dependent. These techniques provide better
and faster fault isolation,

4.7.7.4.3.14 For each short series path, more than one dependency may
exist.

& & 9— A

4,7.7.4.3.15 Parallei divergent branches appear as follows:

A
& ® A

A . 3 A

& -® A
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4.7,7.4.3.16 When any of the inputs operate a following circuit, parallel

converging branches appear as follows-

Ao A

>

A—0— A
%

A A
a—o— A

4.7.7.4.3.17 When a higher order system (black box) is required to function
in the circuit to produce the availability of an end item comprising that system,
the black box should be entered as an entity. An example is iilustrated below
where operation of the generator is required to produce a signal at winding
terminal L.3. In this example, the generator is the circuit element required

to convert the energy from the dependency (shaft rpm) to the availability (115
vac) at an accessible test point (terminal L3). The partial symbol indicates

that this path does not completely validate generator operation.

Generator

”n
4 v,
Py W,
L ¢

~'

& &
B {
(¢) +?

3
A » 1A
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4,.7.7.4.3.18 Selectahle Points. — When certain signals interspersed

through a system are selectable by a switch, relay, or other means, a
special application of the technique for parallel converging branches is
used to monitor a number of selected signals. Each line resulting from

’ one of the states of selection must be entered immediately following the

l availability entry for the signal selected. Together these lines distributed

l vertically throughout the dependency chain terrainate with several indication
events in the single column of the readout device. One example of this is

i the multiple use of one meter tc monitor a number of selected signals.

4,7.7.4.3.19 When all of the inputs are present or available to operate

the following circuit, parallel converging branches appear as follows:

A

A
F=

A—b— © A,

4,7.7.4.3.20 When a comrlex dependency chain produces an event which
prcoves a group of functional entities good under one mode of operation, it

may be proven good under another mode as follows:

Y /e

mode 1 |A1
A—0—|A] o
7 At

mode 2 T T;

The two events above (farthest to the right) are measured at the same physical
test point, but charted in two adjacent columns containing the same signal
specification number. The last line is interpreted as follows: If A2 at

is now available, and if Al at was available during Mcde 1, then A2

’ at is available for Mode 2. This implies that all functional entities re-
quired forr Mod= 1 are also necessary for Mode 2. This techniqu2 eliminates
the rieed for redevelcping the entire dependency chain of Mode 1 again for
Mode 2.
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4,7.7.4.3.21 A second case occurs when twc events of different operational
steps occur at the same measurement point, but are a result of different de-

pendency chains. The following two examples illustrate this situation.

Al
Example 1: MCOE! A
mooe 2 A2

7 S

Example 2: /@

Oparationai Step |. E
(Mods Turn-On Check Etc.) raal
H—- Al
A
Operationoi Step 2 o |: I
(Mode Turn-On Check E£%¢) ‘._.,_[A]
A——@-{A2

4,7,7.4.3.22 A variation of the functional entity dnt is the open circle con-
taining a line within it. This symbol represents a circuit element which can
assume one of two states. The symbol indicates continuity; whereas, the
symbol indicates discontinuity. This variation on the circuit dot shall
be used for eniities of e binary nature. An example is a set of relay contacts.

Ancther example is a hydraulic valve,

4,7.7.4.3.23 When relays are held energized by a separate path from the

initial energizing voltage, a converging situaiicn exists and is shown as fol-

[]

A— 2 |
EN
p_ . H

lows:

4,7.7.4.3.24  All initial input conditions are entered on the first line of the
chart. Inputs are generally grouped at the left side of the chart. Events are
generally grouped at the right side of the chart. Initial conditions such as

"Cabinet Temperature Norm:1l" are included as appropriate in the dependency

scheme.
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4.7.7.4.3.25 Dependency chains for test circuits and their associated check-
out procedural steps are entered on the line or lines immediately following the

entry of the generated signal avaiiability or event to be tested.

4,7,7.4.3.26 Other troubleshooting charts may require the availability of a
signal that is generated on this sheet. }For easy access to this availability
from the other troubleshooting chart (or from another sheet of the same de-
pendency chart) it shall be located at the right of the MDC and is referred to
as an End Distribution Point. Enter the availability point where it would nor-
mally occur (only if a dependency marker appears in that column) and repeat
the availability symbol as far to the right as possible to provide each access

from other parts of the dependency chart.

Al
—— -

4,7.7.4.3.27 Protective time delays which occur after a procedural step

is initiated shall be illustrated by placing a band of screen shading Horizontally
acos8s the page immediately after the entry of the time delay device. Time

is assumed to begin with the setting of the switch that initiates the step in
which the time delay occurs. The length of the time delay is indicated within
the shaded band. When the time delay is not directly related to the step, spe-
cial notations may be added within the time delay bard, e.g., "2 seconds after

motor exceeds 3000 rpm,'

4,7.7.4.3.28 When isolation to a replacement module, e.g., printed circuit
card, etc., is dictated by the maintenance philoscphy of the equipment, a
Maintenance Dependency Chart is prepared to illustrate the functional inter-
relation of the modules. The chart is prepared in the same manner as other

M.:intenance Dependency Charts. The module is represented as a dot.

4,7,7.4.3.29 When a module is multifunctional, identification -f the signal
path within the module will facilitate the development of dependency paths nec-
essary for fault location by less skilled personnel. This identification will
require additional end-item entries for the module at a level lower than the

overall module, This connection reduces the requirement te refer to the
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schematic of the circuit in which the module is an element.

4,7.7.4.3.30 When the module contains more than one circuit aad receives
more than one input signal and/or generates more than one output signal, a
partial dot is used to illustrate oartial proof. The partial dot is referred tc
as an 'aspect'' symbol indicating some aspect of the circuit involved must be
good. The partial dot can be used for multiple throw switches to conserve
circuit element entry space, particularly when the schematic provides switch

continuity information.

4.7.7.4.3.31 When the cutput of a circuit is sent back to appear as part of
the input to the circuit, a feedback loop exists. To disclos. the functional
dependency of such a loop requires that the loop be broken. Under these con-
ditions, the normal (inain) input into the loop, pius a proper stimulus inserted
at the break, will result in a known output. Breaking the loop allows func-

tional dependency to appear as a simple serial dependency chain.

4,7.7.4.3.32 Feedback loops a'e identified in the procedure column and
enclosed in a manner similar to checkou. steps (refer to exampie, Feedback
Block Diagram and Maintenance Dependency Chart below). The complete de-
pendency structure of the broken loop is then shown within the enclosed area.
Directiy below the enclosed area, the dependency structure of the loop is again
shown buat with the loop connected as normal. This siructi're appears ac a
horizontzl line consisting of a dependency marker, a series of dots and an
output. In other words, the line shows that if the input to the loop is avail-
able and all functional entities within the loop are good, then the output of the
loop is available. Using this technique, ine detailed dependency structure of
a feedback loop can be disclosed while also showing how the loop as a whole

fits into the general dependency scheme of the MDC when normally connected.

Feedback Riock Diagram

® @
@ — _=_Je
== Y]
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Maintenance Dependency Chart

Signal Specifications

|. Wovetform Qato
| Specificat ] :
E’m fication to T 2 Feedback Wavefarm Dato
' Feadnack 3 waoveform Dato
Looe 'S 4. Waveform Dato
A1+
- @
A—
4,7,1.4.3.33 VWhen the iroubleshooting channel for a function cannot be

prepared as 2 <ingle page, discrete subfunctional groups may be illustrated
as separate charts on a following page. The use of this separate page is

limited to necessity and mus! not be used simply for convenience.

4,7.7.4,3.34 Mechanical systems such as gear trains, etc., follow energy
relationship laws as do electrical or hydraulic energy flow systems. Such
mechaniral systems shall be depicted and charted in the same manner as

electrical or hydravlic systems.

4,7.8. Schematic Diagram. A schemalic diagram is a graphic represen-

tation showing the interrelationship and maintenance significance of each
component or group f components (referred to as functioaal elements) in a
given part of the equ.pment or system partition. The partition shall be rep-
reseated by an integrated schematic combining electrical, hydraulic, and
mecha:ilical entities into a single composite schematic. This requirement is
based upon the des.re to present the overall picture of the equipment or sys-
tem partition where this partition is defined as a closed-loop system imple-
menting a functionai r~quirement. The items comprising this system may
belong to various hardware classes. Refer to page A-3 of the Appendix for

an example schematic,

Vol.5 26 Vol. 5




TPEIImIR e

4200 81 1 Arrangement. The arrangement of the elements on the schematic

shall be such as to best facilitate its use. Circuit elements shall be grouped
into functional entities, then the functional entities should be arranged on the
page to make the signal flow obvious (generally from left to right). Feedback
signal flew will generally be from right to left. This requirement should not
be allowed to constrain arrangement to the point where comporents must be
repeated, excessive line crossings are needed, etc. Arranging circuit ele-
ments to ''fill up white space' or to "maintain tube alignmert' for esthetic
purposes shall be avoided. Circuit elements shall be arranged in the familiar

textbook form. Layout shall not be distorted to achieve fit.

4.7.8.2 Layout. The schematic shall be configured to pernut signal trac-
ing, toidentify functional entities by name and alpha-numeric designator, and

to show the location of all functional entities.

4.7.8.2.1 Functional Circuits. Circuit elements shall be grouped into

functional entities according to the following rules (when applicable):

4.7.8.2.1.1 Circuit elements or groups of elements which work together
to perform some system function shall be grouped to form functional entities,

e.g., amplifier, emitter follower, etc.

4.7.8.2.1.2 Groups of functional entities which work together to provide
some discrete system function and which cannot be described adequately or
troubleshot separately at a system level shall be composited into a more gen-
eral functional entity, e.g., voltage regulator, stagger-tuned IF amplifiers,

etc.

4,7.8.2.1.3 Basic grouping shall consist of the least number of circuit
elements which perform a discrete function, e.g., amplifiers, resistive or
capacitive dividers, etc. Functionalization shall be subordinate to conventional
presentation of a specific circuit, e.g., the bias divider for a transistor am-
plifier shall not be shown sepzrately but shall be included in the amplifier

groupings.
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4,7.8.2.1.4 Interstage coupling shall be assumed to be part of the input
to a stage. However, transformer coupling shall be assumed to be part of

the output of the stage.

4.7.8.3. Symbology. Conventional engineering symbology shall be used in
schematic preparation. Conflicts in symoology between prime contractor-
furnished schematics and subcontractor-furnished schematics shall be mini-
mized, A list of symbols is a necessary part of the troubleshooting aid manual;
therefore, all peculiar conventions shall be noted. In certain instances, pic-
tcrial representation of end items will help provide a more meaningful grasp

of the system. In other cases, it may be desirable to present a schematic

with some sections illustrated in greater detail than others.

4.7.8.4. Functional Entity Identification. The schematic shall identify all

functional entities and interconnect:ng circuitry by:
(a) Alpha-numeric code designator
(b) Conventional name or nomenclature
(c} Location

Each unit, assembly, or subassembly which has a military designation, or
other identifying number shall be identified as tollows: Reference designa-
tioris shall be printed sdjacent to the symbol or pictorial which represents
the hardware ard the designators are followed by its official nomenclature.
Reference designations forr multiple use assemblies shall be identified by

flag note and an associated note-table.

4,7.8.5 Interconnects. Interconnecting elements such as electrical wiring

and hydraulic piping shall be identified. Connectors, plugs, terminal boards,

and similar elements shall carry an alpha-numeric code designator.

4,7.8.6 Signal Names. Signal names shall be provided for each connection

into and out of the line removable functional unit. Wires with signals that mate
with the unit, but which are not used in the unit, shail be labeled ''no connec-

tion'' cn the inside of the unit. Signals generated in the unit which connect
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to plugs, but which are not used in illustrated functiorns, shall be labeled "not

used''.

4.7.8.17 Adjustments and Controls. Nomenclature {or front panel adjust-

ments, controls, and test points shall appear in reversed lettering (white up-

per case letter on a black background) on the schematic. If no nameplate des-

ignator is provided on the equipment or system, the identification shall be

descriptive.

4.7.9 Parts Location Diagram. A parts location diagram showing the re-

lationship cf equipment or system partition parts shall be provided to support
the schematic diagram, as applicab’e. The parts location diagram shall iden-
tify functional unit particulars not included on the schematic diagram required

to expedite troubleshooting. Refer to page A-4 of the Appendix for an example

parts locat.on diagram.

41, 1.19.1 Arrangement. The parts location diagram shall illustrate end

items in the relationship in which they appear in the physical equipment or
system.

4.7.9.2 Layout. Diagram shall show at least one view of the equipment or
system end items in such a way as to permit recognition of the physical ele-
ment from the pictorial representation. Tabular listings shall be piaced either
below or to the right. Judgment of the illustration area which favors effective-
ness of communication of informution rather than artistic balance shall apply.
Enlarged views of sections of the diagram may be employed for purposes of
identification. The identification markings shall agree with the identification
included in other data types.

4.7.9.3 Photographs and Line Art. Photographs may be used except for

parts which are mounted in areas which are inaccessible for photography. Line
art (preferably edited engineering drawings) shall be used where photographs
cannot be obtained. A balloon-leader callout method shall be employed to ori-

ent partial Jine art or partial photographs used to highlight areas of importance
within the main illustration.

Vol.5 29 Vol.5




4,7.2.4 Equipment or System Parts lL.ocation. To adequately describe the

B el

location of the equipment or system elements relative to the overall system,
i the illustrated partition shall be keyed to a genera! level representation of the
I total system. The isolated elements shall be identified by letter designators
following an alphabetical progression commensurate with signal flow. Each

functional unit shall be identified by an Arabic numeral and keyed to a list

giving proper alpha-numerical designators and nomenclature.

4.7.10 Functional Description. A complete description of the technical

aspects of the equipment or system partiuon shall be provided. The technical
functional description shall be terse, technica!ly complete, and accurate. The

functional description is intended for the following purposes:

(a)  Support the formal training courses on the subject

equipmeant;
I (b)  Support on-the-job training;

(c) Provide adequate technical detail to support a qualified

H maintenance technician in his mainterance job;

(d) Provide adequate technical data for an operator or a
technician, qualified on similar equipment, to self-

train.

Discrete information segments shall be disc’osed by paragraphing. A new

paragraph shall be initiated with each new information topic. Refer to page

A-5 in the Appendix for an example.

4.7.10.1 Content. The manual shall include an overali description and pur-
pose of the equipment or system. This information is iutended for use by
personnel who require a general summary of the equipment or system as a
whole, and of its interrelated units. The functional description shall describe

the intended use (why, where, when, and with what), capabilities, and limita-

tions of the equipment or system. Tex! covering physical descriptions or

' structural arrangements shall be brief, with special attention given to avoiding

Vol. 5 30 Vol. 5




M

T e

e ey

s T B

e i s

TS PPN TSDIIGNY ARSI R

Vol. 5 31

the inclusion of unnecessary or repetitious details that are easily iilustrated,

If the manual covers more than one modei of equipmen! or system -- or equip-
ment or systems modified by time compliance technicai orders ~- a statement

or table pointing out the differences shall be provided. Where a statement or

table is not adequate or becomes cumbersome because of the complexity of a

modification, reference shall be made to an appropriate government docunient

which delineates the differences. A list of equipment supplied, together with

the approximate volume, weight and center-of-gravity, and over-all dimen-
sions of each unit or cabinet, if applicable, shall also be included. Quick
reference data shall be included and shall consist of pertinent technical or

design characteristics of the equirmeni, Examples of such data are:

(a) Descriptive inameplate) data necessary to identify

manufacturer, type, ard model.

(b) Functional characteristics, such as:
Power requirement
injection tvpe
Type=s of operation
Power output
Freguency
Pulse characteristics

Sensitivity; selectivity

(c) Capabilties, such as:
R~ted ranges
Speed
Coverage
Resolution

Accuracy

(d) Rated outputs, such as:
Wattages
Voltages

Horsepower
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Gallons per minute
Thrust
Torque

Foctcandle or lumens

(e) Special characteristics, such as:
Ope rating temperatures
He:t dissipation per unit
Pressure
Huridity

Tolzrances

4,7.10.1.1 Equipment or System Partition. A genersal description of the

overall functional performance shall be presented, ident.fying lower level

equipment or system recuests as required, to include:

(a)  Coramonalities with other similar equipment

performances.

(b)  Characteristics unique to this particular equip-

ment design.

(c) The interrelationship of the equipment >eing
described with other interfacing equipmr ent or

system partitions in terms of energy or signal.

4,7,10,1,2 Equipment or System Segments. A more specific functional

description of any lower level partitions within the overall equipment or sys-

tern partition shall be provided,

4.7.10.1.3 End Items. Functional descriptions of the end items shall be
concerned with the follov/ing:

(a)  Unique physical characteristics not obvious in the

parts location diagram.
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(b)  Unique performance characteristics that distinguish

the end item from other similar end items.

(c) Interrelationship of end items that mechanize the

equipment or system performance.

4.7.10,2 Format. The requirements of MIL-M-38730 are applicacle. The

following paragraphs specify additional reqguirements for the functional descrip-
tion format.

4.7.10.2.1 Wording. The text shall be factual, specific, concise, and
clearly worded so as to be readily understandable to relatively inexperienced
personnel performing the work on the equipment, yet provide technicians with
sufficient information to insure peak performance of the equipment. The sen-
tence form shall be simple and direct, avoiding the obvious and the elemeatary,
and omitting discussions of theory except where essential for practical under-
standing and application, or as required by the applicable detail specification.
Engineering knowledge reflected in the manual shalil first be converted into the

most easily understood wording possible. Technical phraseology requiring a

specialized knowledge shall be avoided, except where no other wording will
convey the intended meaning.

4.7,10.2.2 Grammatical Person and Mood. Tha third person indicative

s’ all be used for description and discussion; for example: ''The torsion link

assembly transmits torsional loads from the axle to the shock strut."

4,7,10.2.3 Paragraphing. The first paragraph ir the functional description
shall be titled ''General'’, and contain a general description of ithe functional
unit. The lower level segments, or principle end items, should be identified
in this paragraph. The second paragraph shall describe the normal operation
of the functional unit, from the input source through the end items to the out-
put. The remaining paragraphs in order of presentation shall be concerned
with alternate operational mode descriptions, segment descriptions, and end
item descriptions. Each paragraph should be titlerd with the name of the opera-
tional mode, segment, or end item with which the description is concerned,
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The complete title shall appear in upper case letters, with the descriptive
paragraph starting on the same line. No paragraph numbering is required,
Where appropriate, the figure number of art work that suppoits the discus-
sion should be immediately referenced in parentheses. -

4.8.10.2.4 Supportive Art. The text shall be supported by illustrations.

I1lustrations shall also be used when required by the applicable detailed speci-
fications to furnish pictorial identification of parts and tools. The minimum
number cof illustrations essential for such purposes shall be uced. Illustrations
serving no specific instructional function shall not be used. Illustrations that
are duplicates in appearance and content of an illustration appearing elsewhere
in the same manual shall not be used. An illustration shall not be used which

is altered in appearance by rearrangement but contains no different informa-

tion, Titling duplicate illustrations differently does not license the use of the
game illustration more than once inthe same rmanual. Use of illustrations in
the functional description shail be limited to providing additional detail not
appropr.ate to par.s location or schemat:c iliustrations. Figures appcaring
in the functional description shall be identitiea by the equipment/system par-
tition number, followed by a dash and the Arabic numerals progressing from

"1", and shall be located as close as possible to the paragraph they support.

4,7.10.2.5 Columnar Arrangement. The text of the functional description

shall be arranged in columns such that two columns would appear on a page
8-1/2 inches wide. A page 17 inches wid2 would permit four columns, and a

page 35 inches wide would permit six columans.
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4.8 REPRODUCIBLE CCPY, NEGATIVES, PRINTING AND BINDING
£.8.1 Typography. The requirements of M1L-M 38730 are applicable.

4.8.2 Layout. Recommended layout shall be a function of the equipment
to be documented. For complex equipment, the following maximum page

sizes of manuals shall apply.

Page Size 11 x 17 inches
Image Area 10 x 16 inches
Binding along the 11 inch edge
Binding Edge 5/8 inch

All final page sizes shall be within + 3/32 inch of above specified size.

4.8.3 lilustrations. lllustrations shall be prepared to result in clear,

legible illustrations.

4.8.3.1 Lettering. Lettering typography shall be as set forth in MIL-M-
38730.

4,8.3.2 Continuous-tone Artwork. Continuous-tore artwork (photographs

and renderings) shall provide a clear definition of shapes, tonal values, and
surface texture. Photography shall be well lighted, commercial quality.
Retouching shall be held to a minimum; it shall be used only to enhance the
technical detail of the photograph. Retouching to remove scratches on the

equipment or for appearance purposes alone should be minimal.

4.8.3.3 Line Artwork. Line artwork shall be prepared with line weighis

of sufficient strergth to> reproduce sharply and clearly at the final reproduc-
tion size. Layout shall be determined by a technical authority to communicate
technical information grapnically, to preclude the necessity for explanatory
words. In laying out Maintenance Dependency Charts, a doubie weight vertical
line forming the first line of a column shall be used each time a represented
data flow path leaves an assembly or enclosure cabinet and enters another.
The boxes that enclose procedural steps and checkout steps shall be made

using double weight lines,
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4.8.4 Negatives. Negatives used to produce plates for the printing of each
page shall be register-marked, free of defects, opacued, free of pinholes and

crop markings.

4,8.5 Printing. Technical manuals shall be reproduced by the offset pro-
cess, Covers may be prepared using silk screer process. l.etter=, lines,
and symbols shall be uniform contrast throughout the firal printed materia!.
Blurred or smudged printing or drop-out of characters, lines, or letters, or
failure to meet the other requirements of this paragraph shall be cause for

rejection of the final manuals.

4.8.5.1 Drilling. Manuals shall be drilled to accommodate metal multi-
ring (19) binding. Holes shall be drilled not less than 1/2 inch from 11 inch

binding edge and shall not be through any illustration image area.

4.8.5.2 Binder. Centered across the 17 inch dimension on the face of the
cover shall be the main title from the title page, less the date. The back of
the front cover, and both sides of the back cover shall be blank, unless the
manual is classified. In the latter case, the back of tne back cover shall show

the security classification centered at the top and bottom.
4.8.5.3 Page Stock. The requirements of MIL.-M-4410 are applicable.

4.8.5.4 Cover Stock. Cover stock shall be of plastic, Lexide, or equiv-
alent. Infoirination to be imprinted on the cover shall not be stamped in gold

or any other metal foii. Cover cclor shall be blue.

4,8.6 Binding. Manuals shall be prepared in looseleaf form to facilitate
the insertion of replacement pages. Commercial, hinged metallic multi-ring

fasteners are to be used.
4,9 CHANGES AND REVISIONS

4,9.1 Changes and revisions shall conform to MIL-M -38730.
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4.9.2  To facilitate changss and revisions in a tiinely fashion the supplier
shall have an indexing system for basic technical dati that permits ready
insertion of changes ir basic technical data and output of indicated changes

required in the technical manuals.

5. QUALITY ASSURANCE PROVISIONS

5.1 RESPONSIBILITY FOR INSPECTION

5.1.1 The supplier is responsible for performing all inspections required
to assure compliance with this specification, and to assure that the reguired
technical manuals are in all respects technically in agreement with the actual
equipment or source data. The supplier shall have a quality assurance plan
and controls in accordance with MIL-Q-9858A. The government reserves
the right to perform any inspections that are considered by the government
to be necessary to assure conformance to the requirements of this specifi-

cation.
5.2 REVIEW, VALIDATION, AN VERIFICATION

5.2.1 The supplier shall perform the review and validation requirements
as ocutlined in T.O. 00-501, and certify the technical manuals do, ir fact,
reflect the actual equipment or source data. The government, thereupcn,
shall perform a verification of those technical manuals against the actual
equipment or source data. Any errors found during this verification shall

be corrected by the supplier. Furthermore, if more than 5% of the total
number of pages containing technical data (e.g., drawings, sketches, techni-
cal exhibits, tables, tear-down or assembly procedures, etc.) have discrep-
ancies or omissions thereon, that particular manual(s) shall be rejected by
the government. It then shall be screened by the supplier at no additional
cost to the government, and necessary corrections made b;" the supplier,

and then resubmitted to the government for verification unaer the same ac-
ceptance criteria. In addition, all errors found by the government during
verification shall be cerrected by the supplier at no additional cost to the
government, Finally, the supplier shall warrant the conformance of the

technical manuale to the actual equipment or source d:ita in the configuration
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existing on the date of publication, for a period of 18 montas from date of

publication.

6. PREPARATION FOR DELIVERY

6.1 PACKING

€.1.1 TFackaging, packing, and marking for shipment shall be in accori-
ance with MIL-M-38730.
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1.0. 1C-141-2-75A

Fagure 1. Test Equipment ROTATE PILOT'S ZONTROL WHEEL TO NEUTPAL POSITICH A4S 1NDI -
CATED BY INDEX MAFY 5 ON WHEEL W1BS AL NED WTn SCRIAE MARS §

ON TOP GF CONTROL COLUM.3,

ty

AN, PART, OR

NAME STOCK NO., USE AND APPLICATION . s .
CAUTION
CONT2OLS $75TEM | 3500009 FAT INZLUDES AN INCLINOMETER NG - 1eC
KIGGING (T LOCKHEED WO, | FOR MEAS JRING ANGLES 3 e N AR - e TSl g S el iy P gl
£ WITH THE ELECTRICAL S~ STEM Erat@CIZEN ¢ LD Ry LT Ire
GAUGE, PUSH-PULL | DPP-50 TO MEASURE FORCES REQUIRED 10 A e e O ik LS G
DIAL (CHATILLON MO, ) | ROTATE THE C6b4YQOL ViEEL, PHASES, AlwarS VERIFY THAT ELECTAICAL PCoES L CFF BE-

OR FORE EMGAGING CR DISENSAG Y. (13T
6635-573-5286 APPLY UNSWITCHED POVER DIRET "L 7
T10PQUE WRENCH
53 10 400 INCH
POUND RANGE)

1T REEAL EOS TmAT
THEFE B=RASEMOTORS,
4, ASSURE THAT CIRCUIT BREA» @5 LISTED 1. TABLE 2-18 ARE CLOSED.

5. ASSURE THAT SWITCH!S ARE POSITIONED ACCCHDITT TO TARLE 4-1C,

GENERPATOPR SET 6115-553-8957,

£115-453-5595,
or

TO ENERGIZE ELECTRICAL CONTRUL
CleCints,

6125-667-6754

HYDIAULIC TEST 4920-670-9415
STAND (o]
4920-¢15-4248

TO PPESSURIZE NO. 1 AMD NO. 2
HYDPAULIC SYSTEMS,

e

6635-550-6494

TESTER, SPRING

TO MEASURE BREAK AVAY AND

RESILIENICY, PCRT- FRICTION FORCES AT THE CONTROL Figure 2, Functional Circuit Breakers
ABLE (MODEL L-10) V/HEEL.
FLT. ENGR.
TESTER, COMPPES- | 6635-578-5286 TO MEASURE CONTROL WHEEL CIRCUIY 8Rt AKER NAME BUS KT, B R, PNI
SION AND TENSION OPERATING FORCES OF 10 10 32
(MODEL L30-M) FOUNDS. HYD 5Y3 NO. I PUMP NO. | PR (St MAIIN AC NO. | NO.,
TENSIOMETE® 6635-530-1128 MEASURING TENSICH IN CONIROL HYD SYS NO., 3 PUlviv NO. 1 PWR PHASE B MAIN AC NO. | MO,
CABLES.
MY D SYS NO, 3 PUMP NO, | PWFR PHASE C MAIN AC O, NO. |
MULTIME TER AN, PSM= MEASURING VOLTAGES AND ? EeEE .
CONTINGITY. e D R Ao, D3 rAsE A | MAINAC NO. 3| NO. 1
AYD $7S NO, 3 PUMP NO, 2PWR PHASE B MAIN AC NC. 3 NO,
PERSONNEL REQUIFLL HYD SYS NO, 3 PUMP NO, 2PWR PrHASE C MAIN AC NO. 3 NO, 1
TWO MEN WIH INTERCOMMIINICATIONN SETS ARE REQUIRED TO TROUELE- A}[ERL'}& TRV ¢ ONT LEFSIEE ESSEN AC NO, ) NC. 2
SHOOT AILERON CONTROL AND TRIM SYSTEM  STATION MAN A AT FLIGHT
STATION TO OPERATE CONTROLS. >TATION MAN B AS REQUIRED TO OBSERVE AILERON TAB ACTRIERS 1SOLATED OC NO. 3
MOVEMENT OF AILERON CONTROL SURFACES AND LINKAGES, AND TO MAKE
INECESSARY RIGGING: CHECKS AND CONTROL SURFACE MEASUREMENTS, alteron 1as acTe [0 ISCLATED DC NO. 3
ISOLATED DC NO. 3
EQUIPMENT COND. 11t _
wARN LT TEST & annity conT [EIER (SOLATED DC NO. 3
1. AIRCRAF! MUST NOT BE ON JACKS AND FUEL TANKS SHOULD BE
LESS THAN HA( F FULL. WARN LT TEST & ANNUN cONT EXGRE] I50LATED DC NO. 3
2, RESERVOIRS FOk NO. 1 AND NO. 2 HYDRAULIC SYSTEMS MUST BE LH AILERON SYSTEM NO. MAIN DC NO. | NO. 4
PROPERLY SERVICED, . A
OPAITOIN v Tem NO, 2] MAIN DC NO. 2 NO. 4
CAUTION RHCAILEKOM §¥4TE8 NO. MAIN DC NO. 1 NO. 4
IF NO. | AND NO. 2 HYDRAULIC SYSTEFAS HAVE HAD rh aiteroN [RETTITNE) MAIN DC NO. 2 NO. 4
RECENT C ORRECTIVE MAINTENANCE, THEY MUST BE BLED
AND CHECK OPERATED ACCORDING TO THE CORRESPOND- LH AILERON [T MAIN DC NO, 2 NO., 4
ING CHECKOUT PRCCEDURE,
G CHECKOUT rH AlLERON [N MAIN DC NO. 2 NO. 4
' [AILERO
. FA,UT 1ON AILERON TRIM POS IND MAIN DC NO, i NO, 4
(F AILERON PO, .ER CONTROL ASSEMBLIES HAVE BEEN MAINIDE 4a. ! MG 4
INSTALLED RECENTLY OR HAVE BEEN INOPERATIVE FOR A
LONG. TIME, BLEED THE VALVE DAMPER ASSEMBLIES
ACCORDING TO SERVICING INSTRUCTIONS FOR POWER MAIN DC NO. 2 NO. 4
CONT20L ASSEMBLY SERVOVALVE DAMPER,
Sce Preliminary Information
21 Apr 68
]
- AT




i 13
4
4-1, AILERON CONTROL AND TRIM SYSTEM
T.0. 1C‘141‘2‘TSA Preliminary Information Sheet
\
. » N . ‘
015 CONTROL WHEEL TO NEUTRAL POSITION AS INDI- Froure 5 Prefiminary Control Settings
INDEX MAKR > G WHEEL HUBS ALIGNED WITH SCRIBE MARS § . e 1
CONTROL COLUMNY . COMTRCL Pt SEITIRIO LOCATION 1
. RIG =T AILESC e 5r PILOT'S FORWARD OWVESEaD FAMEL
AUTION
RIC =7 AILEEO%: Svs 2 PILOT'S FORWARD OVERRELD PANEL
OR DISTNGAGING THREE PHASE CIRCUIT BREAs ERS :
LECTIC AL 5vSTEM ENERGIZED CouLD RESULT Ihd LEFT AILEPO™ SY PILOT 5 #ORY APD OVERHEAD PANEL
MOTORS BY OVERLOADING ONE QF Tt MO TOR >
WAYS VERIEY THAT ELEC TRIC AL POWER 15 OFF BE- LEFT AREECN 5Y5 PILC 5 FOPARE OVER-EAD PANEL

G174G OR DISENGAGING CIRCUIT BREAKERS T=AT

WiTCHED POWER DIRECTLY TO [HREE PHASEMOTORS,

T CIRCUIT BREAKERS LISTED IN TABLE 4-1B ARE CLOSED.

T SWITCHES ARE POSITIONED ACCORDING TO TABLE 4-1C.

EFEECTIVITY

A AF$3-8075 THROUG™ 43-8077 1+ NOT MODIFIED BY P LH-C141-100-181k AND AF63-3078
THROUS H 853047 IF NOT MODIFIED By T. O, 1C-141A-84,

£\ AF61-2775 1WEOUC K £1-2779, AF63-3075 THROUG M 43-B077 15 MODIFIED BY ECP LH-C (41~
100-181), AFL3-807¢ 1HEQUGH 63-8087 IF MODIFIED BY 1,0, 1C-141A-616, AND AF63-
8085 AND (P

rre 9. Functional Circuit Breakers D\ AFE1-277) 1WROULT R 61-277% 1F 1101 MODIFIED BY 1.0, 1C-141A-783

4 AF63-507) THEOUGH £3-8077 1F NOT MODIFIED BY 1.0, 1C-141A-788 & ECP LH-C141-100-161%
Es,_,“‘xﬁ . N citt‘.~5‘,';.c’§;ﬂ. AFE3-8073 TbOUGH €3-3079 IF WO T MODIFIED BY 1.0, IC-141A-788 & 1.0, 1C-141A-616
AF51-808) THIOUG w 61-8078 if MNOT MODIFIED BY 1.0, 1C-141A-738 8 1. O, IC-141A-414

RAPHASE A | MAINAC NO. | 1o { AF63-8080 TH: OUGH 83-8078 IF MOT MODIFIED BY 1.0, 1C+141A-788 & 1.0. 1C-141A-616
MP NO. | PWR PHASE B | MAIN AC NO. 1 NO. | AF63-8082 THZOUGH 63-8087 IF NOT MCDIFIED BY 1.0, 1C-141A-783 & 1.0, 1C-141A-616
P NO. | PWRPHASE C | MAIN AC NO. 1 NO. 1 [\ AF61-2775 THROUGK €1-2/79 IF MODIFIED By 1.0, 1C-1414-788
AF§3- THR M - F MODIF O, 1C- - H-Cldl- -181
BBesst o | mainac o, 3 B 63-8075 THROUG ™ 63-8977 IF MODIFIED 8Y 1.0, 1C-141A-788 & ECP LH-C141-100-181+
AF63-5073 THROUGH 63-3079 IF MODIFIED BY T G. 1C-141A-788 & 1.0, 1C-141A-51s
MP NO. 2 PARPHASE B | MAIN AC NO). 3 NO. |

AF63-808] 1HROUGH 63-8077 IF MODIFIED BY T.0. 1C-141A-788 & 1. 0. 1C-1414-2.16
P INO. 2 PWR PHASE C MAIN AC NO., 3 NO. | AF63-8080 THROUGH 63-8079 IF MODIFIED BY T.O. 1C-141A-788 & T.O. 1C-141A-616
AF63-8082 THROUGH 63-8087 IF MODIFIED BY 7. 0. 1C-141A-7383 4 T.O. 1C-141A-616

£SSEN AC NO. 1] NO. 2 mi e
| AT Z NO.
SOLATED D 3 55\ TERMINAL STRIPS INSTALLED IN AF 63-3075 AND UP. LEADS ARE WIRED 5TRAIGHT THROUG H
DD oe — e IN AF61-2775 THROUGH 61-2773.
SEUATIDLBE NO. 3 [\ AF 638075 THROUG M 63-8077 IF 11OT MODIFIED BY ECP LH-C141-100- 18},
AF 63-8078 THROUGH 63-8087 IF iNO T MODIFIED BY 1.0, 1C-141A-616
annun cont IR ISOLATED DC NO. 3

AF 61-2775 TAROUGH 61-2779 1F MODIFIED BY ECP LH-C141-100-1861K

B

ars “ | AT NO.
fiririun cont SOLATED DC © AF63-807¢ "HROUGH 63-8077 If MODIFIED BY ECP LH-C141-100-181x
MAIN DC NO. I NO. 4 AF63-807° THROUGH 63-8087 IF MODIFIED BY 1.0, 1C-141A-616
MAIN DC NC, 2 NO. 4 AF63-8088 AND UP
MAIN DC MO, | NO. 4 AF61-2775 THROUGH ¢ -2779, AF63-8075 THROUGH 63-8077 IF MODIFIED BY ECP LH-C141-
100-1B1K, AF1-8076 THROUGH 63-8087 IF MODIF!ED BY 1.0, 1C-141A-616, AND AF63-
| MAIN DC NO. 2 NO. 4 8088 AND LP
MAIN DC NO, 2 NO. 4
MAIN DC NO, 2 NO. 4
MAIN DC NO, NO. 4
MA!N DC NO, | NO. 4
MAIN DC NO, 2 NO., 4
Figure A-1 Aileron Control and Trim System
Preliminary Infrimation Sheet
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1.0. 1C-14]1-2-TSA

- = | x " o 5
TURN ON PROCEDURE 3 gg 2% 13z iz 53: R I - z i
HEE Y Tl 5 = 2|
- < 55 |85 1 - 58 =1
3 ¥ PRE
§- ff Q :
i e :
£[E zag 5

SIG NAL PECIFICATIONS

6. ROTATE FILOT'S CONTROL WHEEL TO A
CYCLE AILERONS THROUGH SIX COM-
PLETE CYCLES TO BLEED SYSTEM3, AND
RETURN TO NEUTRAL POSITION.,

1F THE AILERON SYSTEM CHATTERS
O SHOWS SIGNS OF INSTABILITY
DURING OPERATION, BLEED THE

POWER CONTROL ASSEMBLY VALVE

|
DAMPERS, [
Fe . 4
, i i lﬂ
7. CHECK DPERATION WITH HYDRALLIC

SYSTEM 1. | i *

A, SET LEFT AILERON SYS 2 AND RIGHT | ir
AILERON SYS 2 SwITCHES TO (B d

4

»

14
|

44

B. MEASURE FORCE REQUIRED TO ROTATE
PILOT 'S CONTROL WHEEL CLOCKWISE
FROM NEUTRAL POSITION UNTIL LEFT &
AILEROHN STARTS TO MOVE FROM ’

FAIRED POSITION,

-3
2]

[al

MEASURE FORCE REQUIRED TO ROTATE
PILOT'S CONTRON WHEEL O, OCKWISE l
UNTIL LEFT AILERON REACHES A

POSITION 15 (1) DEGREES OR 17-1/32
(22632} INCHES UUwe FRTH TARED s
NEUTRAL POSITION, -.-'I}

% e[]

| |
H ‘

f B
5

See Preliminary Information Figure 4. Aileron Control & Trim System MDC (S
21 Apr 68
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4-1. AILERON CONTROL AND TR!M S'STEM
1.0. 1C-141-2-TSA Maintenance Dependency Chart (Cont)
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! HER ¥ J | |
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TCRGUL 0 Gl yeouch a
A H—tar i Y

.‘—4*0. o-‘ - i HA AN185 13201 4 CAROUND
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19, COMTISUITY 10 CRURIMND (F PRESSLL
SwitOH i Ot TrtdwiSE « 8 v T

20, 000 P41 MYDRAULIZ FLUID &1 14 Gl

. \ T, DERERLRGTIAL PRE LU 108
. LFOP-L T BUTTON Mo T
& A POWIR CONTICL ALY s rif 0D
HOUSING Wb FILTER R EDS CLEANIRG
" |. O 1 O 3. MLCHARICAL FORCE DISTRIBUTION POINT
o ":'I ph 21, ATOR SACRAD PERMIT wHELL ROTATION UP
& 0 A TC BUT HOT BEYOND 119 (111 DEGREES
e A M, ATOP SHOULD NOT seaxl COMTLTT
- el |

re 4. Aileron Control & Trim System MDC (Sheet 3 of 9)
Figure A-2 Aileron Control and Trim System
Maintenance Dependency Chart
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7.0. 1C-141-2-TSA
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T.0. 1C-141-2-TSA 4-1 AILERON CONTROL AND TRIM SYSTEM
[ S ) _ B Schematic Diagram (Cont)
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Aileron Control & Trim System Schematic Diagram Figure A-3 Aileron Control and Trim System
Schematic Diagram
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T. 0. 1C-141-2-TSA
;_

1, TEMPERATURE TO BE TH AVERAGE OF OUT-
SIDE AIR TEMPERATURE AND THE CARGO
COMPARTMENT TEMPERATURE (MEASURED AT
A POINT 90 (£10) INCHES ABOVE THE CARGO
COMPARTMENT FLOOR

INSTALL RIG PIN 3500007-107 WHEN RIG PIN
1S USED AT THIS LOCATION, INSTALL kIS
PIN FROM INBOARD SIDE OF INSOARD PEDA)
HANGAR, ACCESSIBLE THROUGH TENSION
REGULATOR ACCESS DOORS LOCAILD IN
NOSE WHEEL WELL,

CABLE TAXE-UP

DESCRIP- FUNCTION FOR
TION TENSION IN CABLE

RUDDER .
LEFT SIDE TURNS RUDDER LEFT

RUDDER
LEFT SIDE TURNS RUDDER ®1G HT

RUDDER PILOTS RIGHT R

TURNS RUDDER LEFT
2 RIGHT SIDE PILOTS LEFT RUDDH
: RUDDER LEFT RUDOER LEVER

738 |ignT sipE | TURNS RUDDER RIGHT

PEDAL PIVOT SHAFT
LEFT PEDAL P

e g J SA. RIGHT PEDAL P
!ul\d 6. KUDDER TRUSS

1

2

3.

3A, RIGHT RUDDER L
4

b

7. BRAKE LINKAGE BEL
8. HANGER BRACKET
9. HOLE FOR 3500009
10. PILOTS BELLCRANK
11, PILOTS BELLCRANK |
12, PILOTS BELLCRANK
13. HOLE FOR 3500009
14, RIGHT TRAVEL STOP
15, LEFT TRAVEL STOP &
13 16. PUSHROD :
17. PILOTS |Nrslco~v~.~;3‘s
; 14 18. HOLE FOR 35030071
Q/ 19. PILCTS TENSION ms
20, PILOTS TENSICH REE
21, HOLE FOR 330067~
22. INTERCONNECTIY
23, COPILOTS BELLCXAN.
24, COPILOTS BELLCRAM,
25, COPILOTS BELLCRAN.
¢, HOLE FOR 3300037-1:
27, PUSHROD

28. COPILOYS INTERCO!
29. HOLE FOR 3500097-1 :
30, COPILOTS TENSION.
31, COPILOTS TENSION
32, HOLE FOR 35G3029-1
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T. 0. 1C-141-2-TSA 4-3. RUDDER CONTROL AND TRIM SYSTEM
Parts Location Diagram

FUNCTION FOR
TINSION IN CABLE
.
TURR'S RUDDER LEFT

fruars ruDOER MG HT RUDDER RIGGING NOMENCLATURE
TURNS RUDCER LEFT 1. PILOTS RIGHT RUNDER PEDAL 33. PEDAL ADJUSTMENT CRANK
2. PILOTS LEFT RUDDER PEDAL M. CHAIN
NS RUDDER RIG HT 3. LEFT RUODER LEVER ARM 35. CHAIN SPROCKET
3A. RIGHT RUDDER LEVER ARM 3. ADJJSTING SCREW
4. PEDAL PIVOT SHAFT 37. INPUT QUADRANT
i 5. LEFT PEDAL PUSHIOD 38, HOLE FOR 3500009-103 RIG PIN
-______‘\* SA. RIGHT PEDAL PUSHROD 39. RUDDER TRIM ACTUATOR
'MD-\J 6. RUDDER TRUSS CRANK LEVER 40. ADJUSTMENT LOCKING SCREW
s 7. BRAKE LINKAGE BELLCRANK 41, POSITION TRANSMITTER ADJUSTING SCREW
A / 8. hANGER BRACKET 42, ARTIFICIAL FEEL SPRING
o 9. HOLE FOR 3500009-'07 RIG PIN 43, RUDDER CONTROL PRIMA 1Y INPUT ROD
o 10, PILOTS BELLCRANK LEFT PUSHROD 44, RUDDER CONTROL SECONDARY INPUT ROD
11. PILOTS BELLCRANK RIGHT PUSHROD 45. PRIMARY SERVOVALVE INPUT & FEEDBACK LINKAGE
/ 12, PILOTS BELLCRANK 45, HOLE FOR 3500097-103 RIG PIN
4 ¥ 13. HOLE FOR 3500099-103 RIG PIN 47. SERVOVALVE PRIMARY UPPER INPUT LEVER
17 14, RIGHT TRAVEL STOP BOLT 48, SERVOVALVE PRIMARY LOWER INPUT LEVER
;2 15. LEFT TRAVEL STOP BOLT 49. YAW DAMPER SERVO
1 16. PUSHROD 50. YAW DAMPER BELLCRANK
17. PILOTS INTERCONNECT BELLCRANK 51. DRAG LINK
14 18. HOLE FO? 3500009-103 RIG PIN 52. CENTERING SPRING
Y y / Q/ 19. PILOTS TENSION REGULATOR PUSHROD 52, SYS 1 ACTUATING CYLINDER
20, *ILOTS TENSION REGULATOR 53A. POWER OUTPUT LEVER ASSY
l W 21, HOLE FOR 3500099-163 RIG PIN 54, RUDDER TORQUE TUBE
22. INTERCONNECTING PUSHROD 55. RUDDER
23. COPILOIS BELLCRANK RIGHT PUSHROD 56, HOLE FOR 3500009-103 RIC #IN
24, COPILOTS BELLCRANK LEFT PUSHROD 57. HOLE FOR 3506307-103 RIG FIN
25, COPILOTS BELLCRANK 58. SUPPORT BAR
26. HOLE FOR 3500007-103 RIG PIN 59. 5YS 1 LNAD LIMIT PILOT VALVE SOLENOID
27, PUSHROD 60. SYS 1 SHUTOFF AND BYPASS VALVE
28, COPILOTS INTERCONNECT BELLCRANK 61, SYS 1 FILTER
29. HOLE FOR 3500097-103 kIG PIN 62, 55 2 FILTER
30. COPILOTS TENSION REGULATOR PUSHROD 63. SYS 2 SHUTOFF & BYPASS VALVE
31, COPILOTE TENSIOM REGULATOR 64. 5YS 2 LOAD LIMIT PILO? VALVE SOLENOID
32, HOLE FOR 3500027-103 RIG: PIN 85, RUDDER POWER CONTROL ASSY

Figure 6. Rudder Control & Trim System Parts lL.ccation Diagram

Figure A-4 Parts Location Diagram
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FUNCTIONAL DESCRIPTION

SENERAL, (Sex Fig o) Trimming the sircraft about the
pitch oxis is occomplished by the pitch trim system, The pitch
trim system includes the horizontol stobilizer, the horizontol
stobilizer actuator, electro~hydraulic trim control system, monuat-
hrdreulic trim contral system, electricol trim control system,
electrical power circuits, and the horizontol srobilizer positinn
indication system. The hotizontol stobilizer is the pitch trim
control surface. The rear spar of the horizontal stobilizer is
attached, by pivols, to the tup of the vertical stodilizer, Pitch
trim is accomplished througn angular rotatinn of the control sur-
face around *he pivot Gxis to change the angle of ottack of the
control surface. Upward movement of the horizontol stobilizer
leading edge produces note -down trim of aircroft attitude, and
downward movement of the stobilizer leading edge produces
nose-ur tim, The pitch trim system supplements the elevator
control system but is completely independent of elevator ceritrol
surface movements, The angular trim range of the horizonml
stobilizer is approximotely 4 degrees above the neutral pasition
to 12.5 degrees below neutral, Pitck trim corre-tions may be
made by operating electro-hydraulic trim control switches l:ccted
on the piiot's or copilot's control wheels, menual-hvdraulic
control levers ut the pilon' certer consoie, Electrical signois
from the autopilot or Mach trim comx watcr systems can produce
trim corrections vhen these systems are operoting, A disconnect
button, situated on the inboard grip of each pilot's contzol whee:,
is provided to disengage the trim control systems, Ar. ¢ stopilot
disconnezt button situated on the ombmrJgr'.p of each pilot's
control wheal, (. usad to disengage the automatic pitch trim mode
of the autopilot. A ,eset switch on the center console con be
operated to the "ELEC" pasition to reset the alectricnl trim con-
trol system ord to the "ELEC HYD" oaition to reset rhe elertro-
hydraulic trim control system after o control wheel disconnect
switch has discounected these systems. On aircraft with stoll
prevention systems instolled, electro-hydraulic and elcctric nosa-
up trim capobility is removed when the control column shakers
are ooemting to indicate that the oircroft is appronching a stoll
condirion,

HORIZONTAL STABILIZER ACTUATOR, The horizontal stbil-
izer actuwtor, o linear screwjack type actuator, is instolled ino
vertical plane. The upper attaching fitting is balted to the for-
ward spar of the horizantol smabilizer, and the lower attoch fit-
ting is bolted to a shelf at waterliny 505 on the forword spar of
the vertica! stobilizer, Two completely independent drive sy3-
tems, the electromechanicol and hydromechanical drive units,
ue used for pitch trim control, The electromechanical drive
unit at the top of the actuator assembly, it driven by an electric
motor, This assembly, consisting of @ gear train and dua! clutet
arrongemeni, turns the juckscrew, The hydromechanical urir ir
at the iowe. end of the actugtor axsembly and is driven by @ hy-
drautic motor, This assembly consists of @ gear train o=d @ re at-
ing nut which is turned by the year train. The rototina rut,
through which the jackscrew is threoded, is restroined irom verti-
cel movement by rthrust bearings, Pitch “rim iz accemplished b
rofating the screw within the nut (electra =« wnical drive; or gy
rototing the nut around the jackscrew !liyd « wechanical drive),
Either mode of operaticn will cause the jo:lscrew to extend or
retract,

ELECTRO-HYDRAULIC TKIM COINTROL SYSTEM, (See Fig. 6)
The hydromechanical drive unit of the stabilizer actuator
can be controlled by either the electra~hydraulic trim contral
system or by the manual-hydraulic trim contiol system since both
systems are connected to the flow contral valve of the hydro-
mechanical drive by o summing bar linkage. Input motions from
either trim control systerm can be transferred to the valvz lever
by the summing bar linkage whilc the other trim contral system
remains stotic. Componunts included in the ulectra-liydroulic
trim control system are: dual switches on the outboard ?rip of
each pilot contral wheel, a solenoid-contrallad hydraulic actua-
tor connected to the summing bar linkage, a Mach t.im compen-
221er dlisiguye 1oiuy, ON GUIOPIIOT G!sengage reiay , ana three
stobllizer position limit switches, Tne pair of trim switches on
eltrer cantrol wheel con ba used to open te the electra-hydraulic
trim contre| system.  Simultaneous operat.un of both switches of
either pair to the "NOSE UP' or "NOSE DN" pasitions, provides
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power and @ ground connection to the respective solenoid i1 the
hydmaulically operoted contrsl vaive ac*ustor, !t is impossitle
for ine set of switches on ane contral wheel to electrically over-
ride tho awitches on the other contml wheel. As the contral
valva octuator extends or retroc's, the summing bar linkage and
the control valve are repositioned to drive the stabilizer to o
carresponding position. Operation of trc _ontrii wheel tsim
switches, in either direction, olso de-erergizes the hydrulic
shi:toff valve, on the stabilizer octuator to tha open positionand
disengages the autopilot and Mach trim compensator systems. On
oircroft provided with o stall prevention system, the power and
grour & circuits to the nose up salenoids of the contro! vaive cc-
fuator ure routed i-rough the pilot's ond co,ilot's stoll prevention
centiol relays, When the stull prevention system senses an im-
pe ding stzil condition, a warning signal »aergizes these relays
to interrupt the powe: and ground circuits 1< iemove nose up ‘Trim
capobility, Thure aro six iin.it switch assem;lies mounted in the
vertical stobilizer ara connected by mechar.ca! linkage to the
horizontol stadilizer. Three cf these switch assemblies include
two twitches: one for the elec:tra~hydroulic trim contrai system
circuits end one for the manual-hydraulic trim contral system cir -
cuits. The limit switches ossocioted with the electro-h/draulic
trim control switches, when actuated, interrupt the power circuit
to the corresponding contral walve actuator salencids to stop stobi-
lizer actuator operation. The nose~down limit switch actuates
whert the horizontal stobilizer reaches the 4 degrees leading edge
obove neutral positian, Cne of the nose-up limit switches oc=
tuates when the horizonia! siobilizer reaches the 8 degrees lead-
ing edge below neutral position if the flaps are fully retro.ted. If
the flops are not fully retrocted, the flap position relay transfers
the nosg=-up power circuit to the 12.5 degrees nose-up limit switch
circuit, which actisztes when the stobilizer leading edge reachesa
position 12.5 dogrees below the neutral position,

MANUAL-HYDRAULIC TRIM CONTRCL SYSTEM, Each pilor is
provided with @ pitch tiim control lever, These levers, located
ot the zente: console, are connected to the stobilizer actuator
summing bar linkage by mechanical linkage and cobles  The
summing bor linkage permits either the electro-hydraulic or the
manus.~hydreulic control system to intrcduce control motions to
the srobilizer octuator flow control vaive while the other trim
control system remairs stotic. Each contrl lever hos a switch
thot is actuated to the open pasition when the fo.e and aft sections
of the contrcl lever handle are squeezed together, If either lever
switch is open, the hydrauiic shutof: velve at the stobilizer act-
uator is de-energized to the open pasition and pressure is admit-
ted to the flow cotrol valve. The displocement of the control
ievers in either direction f-om the neutral positions results ina
prepentionol displaemant of the flow control valve  The rate cf
stobilizer actuation is therefors progortional to the amount cf
control lever displacement. Operating eithzr control lever
switch also de-energizes the pitch trim disengoce relay of the
autopilot and Mach trim systems te discennect these systems from
the stobilizer actuator,

The manual pitch trim control levers may jerk
fore or aft for short distonces when the pitch trim
control system is operated with the electro-hy-
droulic trim swit-hes on either control wheel .
This feedback response is due to linkoge geometry
and component tolerances and Joes rct impair
system operation,

ELECTRICAL TRIM CONTROL SYSTEM, The electramechanicai
drive unit of the srakilizer actuator is sontrolled by the electri-
col trim contral system, and by the autopilot or Mach trim com-
pensator system if there systems are operating. The electricol
trim control system includes: dua! "ELEC PITCH TRIM" coniro!
switches on the center consale, two clutch reloys, o tronsferre-
loy, two cournter=rotating clutches, three stabilizer position
limit switches, aad a trim disconnect relay. Also the trim dis-
connect switches on the pilots’ contral wheels and thy trim re-
set switch at the center console are shared with the electra-
hydraulic trim co-tral system. Simultoneous operation of the two
electric pitch trim sviitches to the "NOSE UP" or "NOSE DN

poLitions connects power and @ groun
reiuy corresponding to the direction ¢
clutch relay functions to connecr an
the corresponding actuatar clutch anc
signol to the Mach trim compensator |
routed through a transfer relay. The
control ¢.( the trim system from pilot t
disenarje signal to the Mach trim cor
autopilan system is engaged. Ths aun
power anvi 0 ground circuit for trim of
sy*tem than fumnishes power ond 0 grou
otion. The autopilot is disenpaged wi
of the hydraulic trim control sysrems,
cuociated with the electrical wrim cor
in the vertical stobilizer and actuated
the iorizontol stobitizer, The nose—d:
when ihe horizonnl s-abilizer ieoding
4 deyrees above thy neutrol position i
circuit to the nose=down clutch, I th
one of the nose-up limit switches oc tu
leading edge reaches a position 8 degr
position to interrupt the nose=up clutcl
flaps are not fully reirocted, the trons!
ci uit of the nose-up clukch circyit th
*nat actuates when the stobilizer leodi
telow the neutrol position, The Moch
it connected to the slectric trim contre
luys. When connected, the Mach trim
and a ground circuit for the motor cluk
Mach irim system is disengoged when tl
when the pilot energizes the clutch rel
energizes vne of the hydraulic trim car
the trim disconnect switches, one on tF
pilot's control wheel, can be used to d
hydraulic trim contral system and the e
tem, The switch disconne:ts the elech
pleting a power circuit to the trim dise
electrical trim disengage relay. Actw
relay interruphs the power circuits to ¢
fupts the power circuits to the electriz
avtuctor, and alsa disconnects the auta
compensator systems, Operotion of the
“ELEC" position connects power b the
tric trim disengage reloy to return the
ating position. Both disconnect sveitch
are momentary ~contact type switches.
disengage reloy solenoids are normally
croft proviced with a stoll prevention s
ground circuits of the stobilizer actuate
couted thraugh the pilot's and coailot's
relays, When o control cciumn shakes
cate an approaching stali conditisn, the
cuits to the nose=us clutch are interrup:

trim capobility,

ELECTROMECHANICAL DRIVE UNIT C
STABILIZER ACTUATOR. The electrom
driven by a J-phase, 400-cycle AC mat
the essential AC bus. The mator runs ¢t
connected by u TRIM DISC switch on th
Two 28-volt, magnetically operated ciu
site directions, engage the motor tu the
of one :lutch rxtznds the jockscrew, an
other clutch retracts the jockscrew, Or
engaged at any one time, A dual tiimy
provided on the pilot's center conscla f¢
corrections  Both switches have to bs o
to cnmplete the electrical circuit. One
and the other switch supplies 28 volts fre
T <hes are spring-loaded to the

mentarily in the "NOSE UP" or "NOSE
correction signels also come from the ou
compensator sysiems  Thesa signols also
extend or retract clutch, Since thisisa
pored with the hydromechanical drive ur
setting can be mode for lonjitudinal con
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ion to the respective solencid in the
valve nctuator. It is impossible
control wheel to electrically over-
control wheel. As the conirol

ts, the summing bar linkage and
ed to drive the stobilizer to o
tion of the control wheel trim
,also de~energizes the hydroulic

¢ actuator to the spea rosition and
Mgin rrim compensator systems. On
prevention system, the powsr and
solencids of the coniroi valve oc-
rilov's and copilot's stoll prevention
| prevention system senses on Im-
ing signol energlzes these relay:
circuits to remove nose up trim
it switch assemblies mounted ir: the
ted by mechanical linkoge to the
af these switch assemblies incluge
tro=hydraulic trim control system
I-hydroulic trim control system cir-
iated with the electro~hydroulic
tuated, interrupt the power circuit
valve actuator solenoids ta stop stabi-
nose~down |limit switch actuates
recchas the 4 degrees leoding edge
of the nose-up limit switches ac-
ilizer reaches tha 8 degrees ‘ead-
if the flaps are fully retrocted. If
, the flap position relay tronsfers
the 12.5 degreer nose-up limit switch
the stabilizer leading edge reachesa
the neutrol position.

CONTROL SYSTEM, Each pilot is
rol lever. These levers, loceted
cted to the stabllizar actuator
ical linkage and cables, The
ither the electro-hydroulic or the

m ta introduce control motions to
ontrol volve while the other trim
Each conirol lever hos a switch
ition when the fore and oft sections
squeezed together, If either lever
shutoff valve ot the skbilizer act-
n position and pressure is odmit-
The displacement of the control
the neutrol pesitions results ina
the flow control volve. The rate of
e proportionol to the omount of
Oparoting eithar control lever

pitch trim disengoge relay of the

te disconnect these systems from

control levers moy jerk
nces when the pitch trim
with the electro-hy-
sither contral wheel.

is due to linkage geometry
e and does not impoir

SYSTEM. The electromechanical
uator is controlled by the electri-
the autopilot or Mach trlm cor-
ore operoting. The electrical
dual "ELEC PITCH TRIM" control
. two clutch relays. a transferre-
hes, three stabllizer position
nect relay. Also the trim dis-
' control wheels and the trim re-
e cre shared with the electro-
Simultaneous operotion af the twa
the “NOSE UF* or "NOSE DN"
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positions .or.nects power and G ground connection ta the clutch
relay coresponding to the direction of switch operation. The
clutch islay functions to connect an electrical power supply 1o
the corresprnding octuator clutch and to connect a disengage
signal to the Mach trim compensoir system. Both circuits are
routed through a tronsfer relay. The transfer relay switches the
control of the trim system from pilot to autapilot ond directs o
disengoge signal to the Mach trim compensator system when the
outopilot system is engoged. The autopilot system then fumishes
power and a ground circuit for trim operotion. The autopilot
system ther fumishes power and a ground circuit for trim oper-
ation, The outopilot is disengaged when the pilot energizesone
of the hydraulic trims control systems, The three limit switches
assor ‘ated with the electrical trim control system are mounted
in the verticol stabilizer and actuated by linkage connacted to
the harizontal stebilizar, The noss—down limit switch actuctes
when the horizontal srabilizer leading edge reaches a position
4 degrees above the neutrol position to interrupt the ground
circuit to the nose-down clutch. K the flaps are fully retracted,
one of the nose=-up limit switches actuates when the stobilizer
leading edge reaches o position 8 degreas below the neutrol
position to intarrupt the nose—up cluten jiound circuit, K the
flops are not fu 'y retrccted, the tronsfer relay routes the rround
circuit of the nose-up clutch circuit through the 'im't switch
that actuates when the srobilizer leoding edge is 12.5 degrees
below the neutrol position. The Moch trim compensator system
is conrected to the electric ?rim control system at the clutch re-
lays. When connected, the Mach trim system furnishes o power
and a ground circuit for the motor ¢ lutch being operated, The
Moach trim system is disenguged when the cutopilot is engaged,
wien the pilot energizes the clutch relay, and when the pilot
energizes one of the hydraulic trim control systems. Either of
th~ trim disconnect switches, one on the inboard grip of each

/lot's control wneel, can be used ‘o disconnect the electro-
ydroulic trim control system and the electric trim control sys~
*sm, The swikch disconnects the electrical trim system by com-
pleting a power circuit to the trim disengage solenoid of the
electrical trim disengoge relay. Actuution of this self-latching
relay interrupts the power circuits to the cluich relays, inter-
rupts the powcr circuits to the electric motor of the -tobilizer
actuator, and olse disconnects the outopilot and the Mach trim
compensator systems. Operation of the trim reset switch to the
"ELEC” position connects power 1o the reset coil of the elec-
tric trim disengage relay to return the relay to the nomal oper-
oting position. Both disconnect switches and the reser swin:Ee
are momentory <contact type switches. Both of the electric tnim
disengoge relay solenoids are normally de-energized. On air-
croft provided with a stoll prevention system, the power and
ground cirzuits of the stobififxer actuator nose-up clutch are
routed through the pilot's and copilot's stall prevention control
relays. ‘Whei a control column shoker storts sperating to indi-
~ate an appronching stoll condition, the power und ground cir-
cuits to the nose-up clutch are inte rupted to remove nose-up
trim ccpobility.

ELECTROMECHANICAL DRIVE UNIT OF THE HORIZONTAL
STABILIZER ACTUATUR. The electronechanical d:ive unit is
driven by a 3-phase, 400-cycle AC motor that is powvered from
the essential AC bus. The motor runs continually until dis-
connected by v TRIM DISC switch on the pilot's control wheels
Two 28-volt, magnetically cperated clutches, 1otating in oppo-
site directions, engage the motor to the gear troin  Engagement
of one clutch extends the jackscrew, and engogement of the
other clutch retracn the jackscrew. Only one ciutch con be
engoged a3t uny one time, A dual trim swiich arrangement is
provided on the pilot's cenier conscle for electrical trim control
corrections, Both switches hove to be ectuated simultaneously
o complete the electrical circuit, Cne switch provides a ground
and the other switch supplies 28 volts trom the main DT bus
Thess switches are spring-loaded to the off pasition and are mo-
mentorily in the “NOSE UP" ur "NOSE DOWN" pasitions  Trim
correcrion signois alto come from the autopilot and Mach trim
compensato: systems. These signals also energize the octuator
wxtend or retract clurch, Since thisis a slow rate unit at cam-
pored with the hydromechanical drive unit, @ more precise trim
satting con be made for lengitudinal control

Figure A-5

4-2-2, PITCH TRIM SYSTEM
Functional Description

HY PROMICHANICAL DRIVE UNIT OF THE HORIZONTAL
STABILIZER ACTUATOR, The hydromechanical drive unit is
powered by a hydraulic motor using pressurs tiow: ine No 2
hydraulic system. A reduction gear drive, meshed 'o the motor
output gear, turns the rototing nut which causes the jackscrew to
maove up or down, The maximum rate of trim chenge is approxi-
mately 5 times foster thon electromechanicol drive operation
The srobiiizer con also be actuated manually for grourd main-
tenance by ergoging drive cevices to drive sackeis located on
either rbox. The speed and direction of motor rototion is
controlled by means of the hydraulic flow contral valve, which
is located at the horizontol stabilize im actuater cssembly

HYDRAULIC FLOW CONTROL VALVE  Tha hydraulic flow
control volve is atrached to the horizo -l stobitizer cctuator
assembly, is mechenically connected to the flow control vaive
actuator, and is connectcd £, machanical linkoge and cables to
the pilot's and copilot's trim levers, Built within the valve as-
sembly is ¢ 28-volt DC shutoff valve, a pressuce line fiiter, and
a filter clog indicator buttor  The flaw control valve is @ mod-
ulating typa valve which cor . uis the amount of hydraulic oil
flow and the a:.. tiow 1o the hydaulic motor  When the
valve spool is in the neutrol position, the pressure port is blocked
ard both motor cortrol por's ure opened to system return .

HYDRAULIC SHUTOFF VALVE, The 28-voit DC, solencid-
operated hydraulic shutoff valve is o component of the stabilizer
actuater hydromechanical drive unit.  This valve is normelly
energized to the closed pasition by electrical power from the main
DC bus No 1, The valve is de-energized to the open position
when the electro-hydraulic trim switches on one of the prlot's
control wheels are oocrated to cctivate 'he electro-hydraulic

trim control system.  The volve is also de-energized 15 the open
potition when the fore and aft sections of either pilot's trim con-
trol lever cre squeezed together,

DIRECTICNAL CONTROL SWITCHES The manual-hydraulic
trim control system is provided with two directional control
switches, one up o d one down, which are actus.e.. by coams or
the stabilizer actuator input coble quodrant  Eiectrical power for
the hydraulic shutoff valve opcration is routed through these
normally-closed directionai control switches and also the assoc-
iated position limit switches. Rotation of the inpJt quodront in
either direction opens the corresponding directional control switch
to route power 0 hydraulic shutoff valve through the correspording
pasiticn timit swivc(ns

HYDRAULIC FILTER. The hydraulic filter portion of the flow con-
trol valve assembly filters system pressure downstream from the shut-
off and nwodulating sections of the volve ossembly. The filter hos o
micronic filter element without a bypass feature. Shauld the filter
element become dirty or clogged, a red indicotor button will extend
cbout 1/4 inch. The indicotor button is located adjacent io the
filter ot the bottom of the flow control valve ossembly,

HORIZONTAL STABILIZER TRIM LIMIT SWITCHES. The hori-
zontol stobilizer trim limit switches ore mounted on a bracket
assembly which is attoched to the vertical stabilizer. The limit
switches are actuated by cam: which are mechanizolly linked io
the horizontal stobilizer, Movement of the stabilizer up or down
rotates the coms, and the switch contocts will open when travel
limits are reached. Six limit switch assemblies are used: thre
for the electra-hydrouli. and monual-hydroulic trim contral s,
tems and three for the elec‘rical trim contral system. Eoch of the
hydraulic system limit switch z:<omblies contains a switch for
each of the hydraulic tiim contral systems, The limit switchesare
actuated at one of the rrim ronge limits of opproximately 4 de-
grees nose-down regardless of wing flap positions, 8 degrees nose-
up if the flaps are fully retracted, or at 12,5 degrees nose-up if
the flaps ore not fully retracted. The limit switches ossoc ated
with the electro-hydraulic trim contral system, when actuated,
interrupt the power circuit to the corresponding control valve ac-
tuator solenoids to stop stabilizer actoator operation. The Lmit
switches associated with the monuol-tydraulic trim contral system,
when actuated, connect power to *he hydraulic shutotf valve so-
lenold to close the valve and stop horizontol stabilizer actuator
operation. The limit switches ossociated with the electrical trim

Pitch Trim System
Functional Description
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1969, a test wss conducted st Chsrieston AFB, South Caroling, to deter-
mine the effectiveness of PIMO. Three immediate behaviors] effects were
expected: 1) reduction in msintenance time, 2) reduction in meintenance
errors, und 3) sllow usage of inexperienced technicians with no significant
penalty. Experieaced and inexperienced Air Force technicisns performed
maintenance on C-141A aircraft using PIMO Job Guides presented in audio-
visual and book'et rcodes. Performance v.48 measured in terms of time to
perform and procedural errors. The performance was compared with the
performance on the same jobs by s control group, 1.e., 2xperienced tech-
nicians performing in the normal manner. The following conclusions were
drawn from the test results: °' after initia learning trisls, both experi-
enced and inexperienced technicisns using PIMO can perform error-fres
maintenance within the same time as experienced technicisns performing
in the normal manner, 2) inexperienced techniclans periorm as well as
experienced technicisns when ooth ure FIMO, 3) there 18 1o eignificant
difference between audio-visual and booklet modes, 4) the users revesied
an overwhelmingly positive reaction to PIMO, and 5) the performance im-
provements provide the capabilities o si1gnifica itly improve system per-
for,.. nce delined in terms of departure reliability, time-in-maintenance,
and operational readiness. This report also presents a descripiion of the
recommended operational system, specifications anc guidelines for PIMO
format development, including troubleshooting.
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