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INTRODUCTION

The information presented in Appendices B to R was developed
during the demonstration of the coordinated human resource
technology (CHRT) and the consolidated data base (CDB) 1in
the full-scale development phase of aircraft acquisition.
These data supplement those included in the basic report and
provide significant additional detail.
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This section lists the full set of Design Option Decision
were completed during the MED Phase

Trees,

which

demonstration,

DWG #

L S

*1000
*1100
1100
1100
1100
1100
1100
*1100
1100
*1200
*1200
1200

TITLE

AMST
AMST
AMST
AMST
AMST
AMST
AMST
AMST
AMST
AMST
AMST
AMST
AMST
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APPENDIX B

DESIGN OPTION DECISION TREES

Samples are provided.

DESIGN OPTION DECISION TREE
DRAWING LIST

SHEET OF
Logistic Option Tree 1 1
System 1 1
Avionics 1 3
Avionics (ECM) 2 8
Avionics (Radar) 3 8
Avionics (Navigation) 4 8
Avionics {Communications) 5 8
Avionics (Integration) 6 8
Avionics (Info. Process.) 7 8
Avionics (Inst. & Display) 8 8
Landing Gear 1 3
Landing Gear (Main Gear) 2 3
Landing Gear (Nose Gear) 3 3

* Indicates those design option decision trees included in
this report.
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GUIDELINES
APPENDIX C
TASK-ORIENTED APPROACH GUIDELINES

Maintenance action networks are prepared to reflect i
conventional approach to personnel, training, and techn:iia.
manuals, The conventional approach assumes 5-skill-leve}
manning on the flightline with 3-skill-level helpers. These
personnel are supported with conventional training and
conventional technical manuals. A major system I«
alternative considered during this demonstration was a task-
oriented approach. This assumes primarily 3-level skills or
the flightline supported with task-oriented training and
task-oriented technical manuals. In order to evaluate thi
option, the maintenance action networks had to be updated to
reflect direct impact of such an approach. This section
describes the conservative actions taken and rationale used
to accomplish this update.

The action is described and the rationale for each action
then follows 1in parentheses. The rationale has been
substantiated by a thorough review of the literature which
addresses the implications of the task-oriented approach.
The percentages used are representative of conclusions found
in the literature.

L Reduce the times for flightline cannot-duplicate,
troubleshoot, and maintain an aircraft by 10
percent each. (Proceduralized aids reduce
maintenance times.)

2, Reduce flightline probability of cannot-duplicate

by 50 percent and reduce the number ~annot-
duplicate actions accordingly. (Pr 1lized
aids will increase possibility of time

diagnosis.)

3. Increase MFHBMA, as appropriate, based on action
(2) above,

4, Reduce shop probability of cannot duplicate by 50
percent and reduce the number of flightline remove
and replace actions accordingly. (Proceduralized
aids reduce false removals.)

5. Increase the number of flightline cannot-duplicate

17
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actions by the same number of action (4) to
reflect early cannot-duplicate determination.
(proceduralized aids reduce false removals.)

Retain personnel quantity and AFSC skills, but
modify skill levels as follows:

a. Assure that one 413Xl is always a 5-level to
provide supervision.

b. Assure that all shop personnel called to
flightline are 5-level (no reduction in shop
skills is assumed for this study).

c. Set all flightline specialists performing
cannot-duplicate, troubleshooting, and remove
and replace tasks at the 3-level
(proceduralized aids allow jobs to Dbe
performed by lesser skills).,

d. For maintain-on-aircraft acitons and each
AFSC 1involved, require one specialist at 5-
level and all others of the same AFSC at the
3-level. (Maintain-on-aircraft is assumed to
be a more difficult and complex action,
Therefore, skills cannot be reduced.)

18
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APPENDIX D

SAMPLE RMCM REPORTS
STANDARD STATION-KEEPING EQUIPMENT
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APPENDIX E
PRELIMINARY TASK IDENTIFICATION MATRIX

The Preliminary Task Identification Matrix (PTIM) is
designed for the purpose of identifying the maintenance task
requirements for each item cn the equipment list and noting
at what level (organizational, intermediate, depot) the task
is carried out,. The sources of data for developing the
matrix are many and varied. Where the matrix is being
developed for a new system that is still under development,
the analysis has to depend heavily on the systems
documentation that 1is required by the Air Force systems
engineering management procedure, When the system for which
the PTIM is being developed already exists, the following
documents can be utilized:

° Technical Orders and Manuals (TOs and TMs)

) Engineering Reports

° Standard Operating Procedures

° Parts Inventories

° Special Tools and Test Equipment Manuals

° Illustrated Parts Breakdowns J
° Other Records

In addition to the above, wvaluable information can be
obtained through interviews with knowledgeable maintenance .
personnel who are familiar with the equipment. 1In our case, 3
it is anticipated that TOs and TMs and interviews with
knowledqgeable and experienced maintenance personnel will be
the main source nf information for the completion of the
PTIM, It should be kept in mind that PTIM is just that, >
i.e., preliminary or first cut statements of the total set ;
of meintenance tasks that are performed on the system., It 4
is, therefore, subject to refinement and greater detail as 1
the ISND/JGD process develops. y

It is obviously critical to identify all hardware items
since the omission of an item will result in the omission of
tasks and hence they will not be represented in the JGM and
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training. The inputs for equipment identification as
specified in AFHRL-TR-73-43 (I & II) are as follows:

1% Group Assembly Parts List, Numerical Indexes, and
the S M & R codes.

2] Optimum Repair Level Analysis.

Level of Repair Analysis in compliance with MIL-
STD-1390 (Navy).

4. Provisionary Lists,

5. End Item Maintenance Sheets or Maintenance Sheets
system documentation.

6. Technical Orders and Manuals.

As a minimum, the preparation of the PTIM requires a Group
Assembly Parts List or an Illustrated Parts Breakdown and
the associated Source, Maintenance, and Recoverability
codes. The format for the PTIM is essentially as shown in
Figure E-1. The column and row headings are defined as
follows:

Maintenance Function

1. adjust - to manipulate the equipment in
some manner so as to bring it
to some specified position or
state--usually to bring it from
some out-of-tolerance condition
to an in-tolerance condition.

2, align - to bring into precise
adjustment or correct relative
position by lining up.

3. calibrate - using special measurements or
comparison with a standard, to
determine the accuracy,
deviation, or variation in a
piece of equipment and to
correct where necessary.
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10.

11.

12,

13.

check out

troubleshoot

clean

disassemble/
assemble

inspect

lubricate

operate

remove/
replaced

repair

service

to perform specific operations
to verify operational readiness
of the equipment--to test,

to isolate the source of a
malfunction or failure to an
item whose parts are
replaceable or repairable.

to wash, scrub, or apply
solvents to remove dirt,
corrosion, or grease.

to remove and replace the parts
of an item for purposes of
inspection, cleaning, repair,
or replacement,

to perform a visual, auditory,
or tactile examination or check
for specific conditions in
order to determine the
serviceability of an item by
comparing its physical and
mechanical characteristics with
some standard.

to put lubrication on specific
locations.

to control equipment in order
to achieve the intended
function.

to interchange an unserviceable
item with a serviceable one.

to restore an item to operable

condition by means other than
total replacement of a part.

to perform operations required
periodically such as replenish
consumable supplies, to keep an
item in proper operating
condition,

Whereas in the format recommended in AFHRL-TR-73-43 (I & II)
checkout/troubleshoot is listed as one maintenance function,
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they prcbably should be separated, as one can occur without
the other especially in the case of scheduled maintenance.

Systems Hardware Item

The equipment items are listed in the row headings. The
titles that are being used in CHRT (e.g., brakes/anti-skid)
are adequate for initial efforts at the PTIM; however, at
some point, these pieces of equipment must be broken down
into finer detail. A simple identification such as Main
Landing Gear - Mechanical Parts 1is not sufficient. The
greater detail can be obtained from the Group Assembly Parts
List or from the IPB,

Code~Reference Designator

The codes showing subordination should be as specified in
MIL-M-008910A (AS) and the codes as well as the reference
designator should follow the guidelines suggested in AFHRL-
TR-73-43 (I & II). However, it is suggested that there also
be a code column carrying che DRC code designator (e.qg.,
GLC-173) since this will facilitate the cross-checking of
data within the CDB.

Found in Troubleshooting

A check will be placed in this column when, if the hardware
item malfunctions, the malfunction 1is uncovered by the
troubleshooting of a superordinate hardware item. The items
checked are those that are replaced or repaired as the
result of a particular troubleshooting routine.

One further departure from the PTIM format presented 1in
AFHRL-TR-73-43 (I & II) is suqggested. The matrix cells are
divided diagonally so that in each cell the notation of
level of maintenance can be entered and, when the PTIM is
annotated, the head, bock, Jjoint notation can also be
entered. However, this results 1in an unnecessarily
cluttered display, and a separate matrix for both these
notations would be better despite the added pieces of paper.
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The cell entries for the PTIM are as follows:

i - No maintenance task of this
the hardware item.

0 A maintenance task of this
the organizational level,.

I A maintenance task of this
the intermediate level.

D A maintenance task of this
the depot level.

0 A maintenance task of this

PTIMs of several detail levels follow.
from a PTIM for the entire landing gear which is not shown.
A PTIM for those hardware items removed and order of removal
for the subject task is provided in Fiyure E-2.
detailed PTIM is provided in Figure E-3.

g
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APPENDIX F
JSER DESCRIPTION

Various types of user descriptions are discussed in AFHRL-
] TR-73-43, Initially, the Air Force would provide the
g technical manual developer with a preliminary user
| description, a statement of the type of maintenance
technician expected to be working on the system. It
describes the technician in terms of aptitudes, experience,
and job related skills and knowledges. At the same time the
Air Force would specify an existing military population most
analogous to the expected technical manual users, The
contractor would then assess this population to determine
] differences between tre statement of characteristics listed
o in the preliminary user description and those of the
' analogous population, This assessment would eventually

result in a modified user description, a more complete and

realistic statement of the technical manual user.

The resources were not available during this study to
implement this procedure. Instead a description of the type
personnel who might have been assigned to the AMST was
prepared and entitled an estimated user description. The
technical manual sample was prepared with this population in
mind, The sample estimated user description used is
provided as follows.

ESTIMATED USER DESCRIPTION

Sl

The Estimated User Description (for the 431X2 career field)
is that of personnel being trained with the wuse of
proceduralized technical manuals and task-oriented training
procedures. The requirements are as follows:

A, Aptitude: A minimum of 50 be obtained in

_ Mechanical, through the use of Armed Forces

.1 Vocational Aptitude Battery (ASVAB) scoring
criteria for USAF personnel,

2, Reading Level: A reading level be obtained of
more than 60 using the same scoring criteria.

3. Aptitude: Average (ASVAB)

A SR

45 PRECEDING PAGE BLANK-NOT F1LLED

H
»
]




L e

Average Time in Service - 18 months

Prior Indirect Training - 3 months BMT

Prior Direct Training - Half of the personnel have
the required AFSC and 30 days OJT. The other half
have eight weeks task-oriented training.

Prior Military Work Experience - Half have 2 years
experience with the C-130 aircraft. The other
half have no military work experience.
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APPENDIX G
TECHNICAL MANUAL/TRAINING TRADE-OFF GROUND RULES

A set of ground rules which direct the technical
manual/training trade-off 1is also developed through the
integrated task analysis. These ground rules are similar
for all systems but must be reviewed and modified for the
particular weapon system and user of interest. These ground
rules are 1inittally used in developing the ATIM and
continuing the tech manual/training trade-off to lower
levels., It is important to note that tasks are covered in
both manuals and training but the emphasis is different.
For example, the need for test equipment and limits to be
observed may be presented in a manual, but the use of test
equipment is taught,. Simple ground rules which are
particularly applicable to ‘task-oriented training and
proceduralized manuals follow.

Put irto Technical Manuals

) Behavioral sequences that are complex and long and
which would put a burden on memory

° Behavioral sequences which would require extremely
lengthy training/practice periods to oroduce
sufficiently reliable performance

° Tasks that uvtilize reference infecrmation such as
tables, graphs, flow charts and schematics,
tolerances, etc.

) Tasks that are aided by the presence of
illustrations

o Tasks that involve comple

° Tasks that 1involve complex discriminations or

where similarity of cues ‘cause confusion

° Tasks that are performed under stressful
conditions that might deqrade performance - except
time stress

° Infrequently performed tasks.




° Tasks where the probability of error 1is high and
errors are costly.

] Tasks with branching step structures.

° Where low skill level personnel are used. ;
. Where turnover is high, ?
° Where procedures change from time to time,

Put into Training:
° Tasks that are not easily described in book form.

° Tasks that are not easily learned on the job
(unless they can be put into tech manuals).

° Tasks that need a great deal of practice for
acceptable proficiency.

° Tasks where there is little room for error and the
errors are costly.

° Tasks which are performed frequently on the job.

® Tasks requiring nigh speed - where the rate ;
stimulus inputs are high and response outputs are :
high.

° Tasks that are performed under stress - especially f

time stress.

° Where environmental constraints interfere with or
prohibit use of aids.

° Tasks performed by a large proportion of
individuals in a given specialty.
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1 APPENDIX I
TASK ANALYSIS WORK SHERTS*

¥ Task analysis worksheet samples are provided 1in this
appendix. These cover two tasks: remove brake and install
brake. These tasks are accomplished after the wheel and

tire have heen removed,

A :y;Mf-

"
1
k|
|
‘i i
‘ b
F
L

o i . _ri

49

[ s

p—
T
- oy

e P AR A A a5 G ' : . e

&



L i R A U e

PR, SR o T

N T TP ey

*S210uaduny
JO siseq uo saudn

uoo
pao

-oud a1eUJGE apniaul

01 3undwaije jnoy

M

sdays o1seq Bunisiy vdr
Vdr ur Jaaod o3 j[noujjip
S912Ud3unIUCDd 3B aJay)

S8 [BAOWSJ Nul] anb

JO)

Jo 3unpadoud ajoym -Biy ¢-q

suonieordwy vdp p

ue 3dulutedj,

Jawuwey

youoam Jouueds

yound
Jowwey

JOALIPMOIDS

‘podeuiep

9q ABW SpeBAJY} OS]0 Jo

HOQ JO pud 31y ,ou o(

uiede Jowwey yiim

deJ pue suam) M3] B 1nu
l18Isulad *syons 310q J] pe-g

‘Kem ayy

Jo o Arayardwoo
gel 193 03} yound

¥ Jowuwewy adinbou
A8\ "uasoo] 3,uom
Inu Jo juapur jo Ino

K191o1dwod 9Q Isnw qe], vg-g

‘POAOWBL Alquiasse aai} pue

juowdinby
¥ sjoo],

[99YM UM dn paxoel si

WBIDIIY SUOHIIPUOD [BNIU[ [-g

suonnB) R sajoN

LITHS MUYOM SISATVNV MSVL

9¥BIQ wouj Null anbioy ojesedag

yoeq
pue dn 31 3unyjiy Aq Aem
943l JO Ino Nuil anbuoy jag

(0¢

)

1[0g pue ‘(gg) Joysem .e)s
‘(€€) InU sAowoL ‘puw y N |
(0£) 110G 304) Oy
Bwwey yimm (¢g) nu deg
Suny  J0 ¢ (g£¢) 1nu

U3s0o] ‘youddm Jouueds yiiy

(€€) Inu uo juapui oy} jo

N0 (Z€) Joysem Jwis uo qey

HOO[ pudQ ‘JIALIDMBIDS Ylim

auI] 3nid pue dumy deo (g
(€) 3uny 1oAIMS wouy (p)
QUIL D1NBJPAY 103UU0DSIP (g
I-D0€-2-V1IFI-D1
‘0"l J2d waisks
olNBIPAY ¢ # 9Z1anssaJudap (|
O} isi[Bloads
OlNBJIPAY 31sanbay

9[XB wouJj
(61) JooBds 43N0 dAoWaY

ojelg aaowoay

ey

uondidosag ysey,

(P
(0

(q

(8

‘1
q

# sel,

50




$Ja3ut) Jo yoeBq 0}
Aanfur proae 0} [BAOWOY
9)eJdq Jo poylaow Jadodg 34y

saoejans 3ulaeaq Sui109}

-0ad jo 3duejllodwt jo

uotlsueidxa Yl}iM [BAOWDI
aMeIq UO 3don1doBIg ‘BdL t-g

Afiop ojBIq

MSVL 4O dNd

o[X®
wodj (0zZ) Joords Jauul aAOWIY ‘g
uollB[BISUL
d9NBJIQ JO uoljrdidijue
ui juiod siyy 1B j01IBYD 101JBYD

wodjy dn paxyoid ag pom J30IAJOS 3Yy] O} 3yw\Iq PO

MBIG M3U A[ens)) 910N ¢-g jdodsunay ‘A1[op 3)BJIq ds() e
Apaedoal awos ui
aJde sJ28ulg :Suluaepm
'Sqf 0SZ  9vedq
Jo 1ydiopy :Buiuaepy
*‘d|X8 UO S3IBJJNS
duwisaq j093j0u4d
0} sB os (3eip 0}

suonjeadidw] vdpr pue Surureday,

yudwdinbyg
R s{oo],

pamol[[e jou) JJO pased 9IXB WO0J) (02)
2Q 1Snw IBJIg :uUoIINB) P-g 2)BJ4Q 2AOWIJI ‘IUBISISSE YlIm “$g
SUOIINB)) ¥ SOION uonydiuosa MSBL # XMSBL

51



3uipusey pue
Sunijip utl suonnedaad Ayajes -Say
saoejdns Juiaeaq 3unjosjoud jo
aourjlodwt jo uonjeueldxy -84
aouewldojaad ysel Aaojoejsnes
91RBOIpUI 1BY) SaNd [BNSIA "34],
Vdf Ul 3qLiosap 01 noljjip

uo Aem sy} {[e Jooeds 123

pue 218nbope jo saidwiBxd

Bulipuey a1ym

sJa8ul] 0} paezey

pue °sq| 06Z ‘O%jedq

Jo 1ydiapm :s3uiuaspm
dIXB UO S22BJJNS
Buiaeaq 031 23BWBp
pDIOAB 0] SB OS UO pPasBa
5Q 1SnW 3)BIg :uo1INB))
Jaoeds Jauul

uo Japinoys o3} payinge

3[xe 0lUo

2)edq [[BISUI ‘JUBISISSE UIIM
o¥BIqQ JO

sosip J01B1S pur Jojod udiy

SJUBWIYOBIIE Jllm
pue s3B} 90IAJas Aue aaowal
K19191dwoo pue axRIG mau 139

(uo Aem

2yl [[e S! 11 3Ins axyeW) I[XB
uo (1z) Jaoeds Jauul [feisu]
o[x®

0} asea4d jJo wjyyy uiyy Addy
JUDA[OS

$S90%xd Auw jjo adipm

JuU3A[os yum A1ysnoaoyy
sjooevds pum 9[XB UBI[D

(1Z ‘61) Si208ds pue
(22) oIXe uBa[D ‘j1uUdAlos Bulsp
axelg [(BIsu]

@

(B

‘1

J

9-0 ANy aq isnw ayelg 9-O
00)1—paulel} aq isn|y 841 ¢-DO JOALIPMIIOS
-a1doad om1] aajoaul
snw 3unji Auy
*9)BJIq Jo ySiam wodj
Aanfur a[qissoq :3uluasp
Surppuey pue 3unji jJodsuedy JOj pasn
ul saanpaodotd Ajajesg -84l v-O A11op aeIq aq pinoys Ajjop o3Bag v-0O
UoIINdIX3 AJO1OB]SIIBS uo Aem ayj
21BDIpPUL O} S3aNd [BNSIA [[e St J2oBdS 1BY] 3J4nsul
JO uoneJisuowap pue 01 3ui33if pue Juiuum
sadinbad Apjuanbadg -1sdi)
01 anbiuyoal jo Suwueay ‘811 €-O uo so08 pus paJded ¢-0
o 22¢18-O-TIN arxe isnl ‘paseaa3
paainbad uoneasisuowaq 341 Z-D aseaJ3 JoU aJr sidoevdg 910N Z-D
Burueao ajenbapeul
089-(1-d a8ewep Jo JROM
yim uonemsuowaq -8ay 1-0 1UdATOS Joj sdaaords 1oadsuy [-D
suongoiiduw] y4dr pue 3uiuied] juawdinby suonnNB) R SI3I0N
R slooL

uondiiosa( Msel # MS®L

(9]
[Ta}



TR T A ‘Ml

SOull Uiyl

OM1 U33M10q uonrundos

oYyl AQ JO aull B JO

sSSauNoiyl oyl Aq poroid

-3p aq urd uolsnajoud
Jadoad jo uoneoipuy vdr

pautsny Alysnodoyy
3q 1SnW NSel aJnug 34y 1-D

suoneoidwy v Jr pue 3uwivdy

Jowwgy

oE@EQ_:Um
R S100],

SWJojuos Jaysem ut

(‘A1yud1d1jjns 3uipnJ)

-04d Sl 110Q UiB1Jdd ajew

Ing) *2Jaype uevd JI3Yysem

os 3uisnoy axBIq UO

ind o2q uBd aseaad aniy

B ‘1]0q JOo pua uo dow|d

ur AB)S j,UO0M Jaysem ]|

‘(Pua }[0Q uo 3}Rr}0J

jouuBd J3Yysem ‘*9°l1)

uonyscd uUIBlIBD B Ul AjUo

pouositsod aq ued 1 os

pua 110q jo adeys ayi o}
9I0H 2L-O

(Uour ze/1 d9Yy1 puaixo

1M ! OS Jowwey

yitm poaddey oq o1 aary

Avw 1[0g) "A[1904400

polIBISUl udym

Buisnoy axeiq wouj

yout z¢/1 opnaroad [im

110G JO pud popeaayy,

("UOI11PU0D snopJezey

B S21ROJD SIY}

pue ysnodayy Aem oayj

l{e 2q jouusd 1joq ‘dn

poull jou j1) -Suisnoy

9MBJIqQ U0 JRQ 1UdW

-udie yum dn ouip isnu

peay ijoq jo 93po 18[g

2411 911soddo

pJemo} juiod

1SNW pud papuadyi

IEDILID ST UOIN1JOSUi
116q JO uoljoadid q.L-0

Ali1oexa

dn odui] 1snuw ayeuq

PuUB Ul Ul Sdjoy 1jog BL-D

SUOIINE) ¥ SOJON

(0€) 1109 jo pus

uo (zg) J9ysem Jels [[eisul

par

(0€) 110q [reisu]

9MEJQ Y3Im Mull anbaoy udyy

(1€) Mull anbaoy [ieISy]

uondiaosaq Msel

#

(o

(Q

(®
LD
NSBL

53



suonesiidw] v4r % Sutureaj

yound
X Jowuwey

JOATIPMIIOS
(yoaund

P Jowuwey)
youoam
Jouueds

(yound
® Jawuwey)
youdam
Jouurds

yuawdinbyg
¥ S[0g],

oyBIq WO
Aeme pud paJel] 01-9

uay3n
0) yound ® Jswwey
asn 01 pasu Avyy
Agld puo
[[B 2A0Wal 0} ualyliy, 91-H
1oq jo pua
uo pouoiyisod Ajaadoud
SUTRWOL JOYSEM JR]S
d4ns oMB[N uonine) pr-)

SUOIINE ) ¥ S9I10N

MSVL 40 ANA

(61) Joords adino [[eISy]
(0%) siepad aappnu 9sBIaY
o (6¢)

a|puey oxeraq 3uiyded |ng
pJemJioj

[InJ (0%) siepad Jappnu

Jo uonaod uaddn ssauda(
axeaqg Suiyied o3e8uy
9-9re¢1-2-vivi-O1l "0o°lL

140d 9)eIq NO3IYD .{u3| pue
9MBJIQ o judunsnipe MoayH
C-O1rZ-2-vIti-O1 'O°L

Jad woalsAs odInedpAy 2d01A10g
¢-Ore-2-vitr-01

‘0°], Jod ayeuq paslg

(£) Buniy

[9AIMS 01 (§) dul] }193UU0))
(¥) our; wodajy 3nid pue

(£) Suny wody deo anoway

107 1S1[Bloads dipnedpAy 31sonboy

jusapul olul gw)

189S ‘yound » Jowwey Buisp
Juapul Inu ojul Aem

1ed (gg) J9ysem Jels uo

qel puaq ‘JaALIPMalds Buisn
Any3s

inu 3utuaydn Aq (ge)

INU U0 JUIPUI UB YIIM (7€)
Jaysem Je)s uo gel B dn ourg

(€¢) nu
udlydn ‘youaum Jauurds Juisn

pury Aq
11 Butuoy3n *(gg) 1nu J[BIsSy]

uondiaosa(q Nsel

01
(°

@

(®

¢

(3

(3

(2

PLO

NSe,

54




el s e, b oyttt

APPENDIX I
TEST EQUPIMENT AND TOOL USE FORMS

The test equipment and tool use forms are initiated early
during the integrated task analysis. Initially, they are
used to identify the test equipment and tools required and
to describe their functions. Finally, the form is used to
document the technical manual and training trade-off for
test equipment and tools, Those prepared for the torque
wrench and one type of spanner wrench are included,
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APPENDIX J
ANNOTATED TASK IDENTIFICATION MATRICES

The ATIM file is established after completion of the PTIM,
user description, technical manual/training trade-off ground
rules and task analysis worksheet files, These files
provide the decision data necessary to prepare the ATIM; the

allocation of task <coverage to training or technical
manuals.

The ATIM is retained in the CDB as hard copy in a format
similar to the PTIM, The complete ATIM for the task -
remove and replace main landing gear br«ake is shown,
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LANDING GEAR DETAILED ANNOTATED TASK IDENTIFICATION MATRIX (ATIM)

(TASK -- REMOVE AND REPLACE MAIN LANDING GEAR BRAKE)
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LANDING GEAR DETAILED PRELIMINARY TASK IDENTIFICATION MATRIX (PTIM)

{TASK — REMOVE AND REPLACE MAIN LANDING GEAR BRAYVE)

MAINTENANCE FUNCTION
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APPENDIX K
LEVEL-OF-DETAIL GUIDE

The level-of-detail quide is described in AFHRL-TR-73-43 as
a statement of how detailed the information provided in a
technical manual needs to be based on the target audience
and what is known about the equipment system. It consists
of a set of coverage rules stating what needs to be told the
technician and how deeply the technical manual should go
into each matter. One might normally expect this gquide to
be written for a specific subsystem and technical skill,
During this effort a specific sample task within a subsystem
was being addressed. As a result, the level-of-detail guide
was prepared at a greater level of detail than is normally
appropriate,

Level-of-Detail Guide

1. Disconnect leveler rod
Simple statement of steps as they occur in their proper
code -

Example:
"using pliers, remove the cotter pin"
"Using wrench, remove nut"
"Put nut and washer back on leveler rod for safe
keeping”

These steps will be accompanied by a blow-up diagram
which (1) shows the location of the rod and (2) details
the assembly.

2. Remove valve core and deflate tire
Simple statement of steps. The appropriate tire
pressure which must be reached before proceeding will
be specified. The use of the valve core tool and the
tire gauge will be taught through training. Cautions
will be listed.

3. Remove snapring, hub cap, qgrease retainer ring, felt
grease seal, safety wire, skid detector screws and
detector, cotter pin from lock ring, and axle nut,.
Simple statement of steps with suggestions to keep
things in order of removal to facilitate installment,
Also inspect for wear,
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Inspect wheel for defects

The specific types of defects likely to be encountered
will not be described. They will be covered in
training: The JPA will only direct the technician to
inspect.

Remove axle nut and lock ring
Simple statement. The use of the spanner wrench will
be taught in training.

All steps up through removal of the tire are listed in
a straightforward manner with accompanying
illustrations. The washing, 1lubricating of seals,
rings, etc., will be covered in training. However, the
material used will be listed in the book.

Brake removal and installation

Steps are listed in straightforward manner, The steps
dealing with the torque 1link will be described in
somewhat more detail, especially the cues required to
align/install/etc., star washer, bolt, and nut. For
example, there will be information on such things as
how to discern when the bolt is properly installed,
when the nut is tight, etc. These steps will also be
covered in training. The cautions involving brake
removal and installation will be emphasized. Here again
cues will be emphasized such as how much of the spacer
should be showing when brake is properly installed.

Tire installation
The most difficult part of putting the tire back on is
the alignment of the rotor and stator discs of the
brake with the wheel. This will be mentioned in the
book but it will be presented in training. Again,
mention will be made of the cues that are visible when
there is proper installation.
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APPENDIX L
LCOM APPLICATION TO AMST LANDING GEAR WITH
FLIGHTLINE SUPPORT #QUPMENT (SE)

INTRODUCTION

Thig section summarizes the methodology for inclusion of
AGE maintenance netwnrks within the framework of AMST
landing gear maintenance networks. The ecffort involved six

steps:

1, Selection of AGE pertinent to 1landing gear
maintenance.

2. Determination and validation of maintenance task
data for the AGE.

3. Construction of AGE maintenance networks for LCOM
simulation,

4. Running the simulations.

5. The correction of input data resulting €from
evaluation of simulation model output products and
rerunning the simulation.

6. The identification of AGE and manpwor requirewments
necessary to support AMST landing gear
maintenance.

METHODOLOGY

The first step in the effort was concerned with identifying
the AGE needed to support landing gear maintenance on AMST

aircraft.

Design decisions during the prototype phase of

the study indicated that the landing gear for C-141 aircraft

1 phe acronym AGE for aerospace ground equipment as used
in this section is considered synomous with SE.
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would be similar to that used for the AMST. As a result,
several bases which maintain C-141 aircraft were each asked
to submit a list fo the AGE they used, the number of each
type of unit assigned to the bhase, and the monthly demand
rate for each of the  units, From these 1lists, nine
different units were initially identified as being pertinent
to landing gear maintenance. Two of these units were late
ignored in the study; the hydraulic servicing cart was
dropped because it was not used for landing gear
maintenance, and the hydraulic test stand was dropped
because of low usage., Of the seven units selected for the
study, the three powered AGE units were: the AM32A-60 Gas
Turbine Generator Set, the AF/M27M-1 Hydraulic Jacking
Manifold (gasoline powered), and the NF-2 Light Cart. The
four non-powered AGE units were the MD-3 nitrogen servicing
cart, the 35-ton axle jack, the 30-ton tripod jack, and the
70-ton tripod jack.

A trip to Charleston AFB later revealed that an extended
version of the 30-ton tripod jack was used there in lieu of
the 70-ton tripod jack so this change was made and data was
collected accordingly.

Step two dealt with the collection and validation of
maintenance task data for the selected AGE. The initial
procedure was to extract the data on the AGE from ABD64-A
magnetic computer tapes which are a compilation of AFTO Form
349 reports. AFHRL-TR-77-43, "Predicting Powered Support
Equipment and Associated Maintenance Manpwoer Requirements"
(Reference L-1) was used as an aid in extracting the data.
Tapes for a 6-month period (from around September 1977 to
April 1978) were requested from each of five bases. With
the assistance of AFHRL, some data were gathered on the
generator sets and 1light carts, It seems that only
registered AGE 1is logged on these tapes and no data were
found on the nitrogen carts. The data compiled from the
ABD64-A tape extraction process were useful insofar as
maintenance personnel listings and task times were
concerned.

Following the extraction procedure, scheduled and
unscheduled maintenance task flow diagrams were constructed
for each of the AGE, both registered and non-registered.
Task data such as personnel, resources, and time were
entered on the diagrams using available data from the tape
extraction and from experienced personnel within the Air
Force and DRC. Subsequently, a visit was made to Charleston
AFB in order to verify the diagrams and to fill the
remaining blanks. Various maintenance shop personnel were
interviewed at Charleston including those at dispatching,
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gas cart servicing and repair, wowered age linspection and
servicing, powered age repair, and wheel and tire, The
maintenance supervisors and other personnel in these shops
were most helpful and informative with the net result that
the task flow diagrams for all units were easily completed
upon returning, Operational scenarin flow Jdiagrams were
also completed at that time.

The third step involving construction of AGE maintenance
networks for LCOM consisted of two applications, In the
first application, the LCOM simulation was to be run using
the demand rate for the AGE based upon total aircraft
maintenance needs for a given base. In the second
application, the AGE demand rate was based upon the
particular needs of unscheduled landing gear failures for
AMST aircraft. In order to achieve this, it was necessary to
integrate the AGE with those of the landing gear.

The basic scheduled and unscheduled maintenance and
operating aetworks for each of the AGE units were
constructed from their associated AGE task flow diagrams and
prepared in Extended Form 11 format, "Simulating
Maintenance Manning for HNew Weapon Systems," AFHRL-TR-74-97
(Reference L-2) was used as an aid in constructing the
networks. The AGE demand rates for this application (Table
L-1) were determined from averaging the data received from
the five bases. The assigned number of units of each type
of age was determined initially by estimating the landing
gear maintenance needs of a 52 AMST wing flving about 17
missions per day. This determination was [urther based on
estimation of the downtime probabilities of the AGE and the
requirement for periodic maintenance.

The second application of this step uses much the same
networks as the first. However, as was noted earlier, they
are 1integrated through their operating scenario into the
AMST landing gear unscheduled maintenance networks, since
the AGE demand is based upon landing gear failure rates. At
present, LCOM is not specifically designed to handle the
type of network construction involving SE as used here 1in
that simultaneous landing qgear failures, i.e., two failures
on one aircraft, can result in multiple demands for the same
resource where only one of an AGE type is actually needed,
For example, while the AM32A-60 generator can support an
entire aircraft, each landing gear failure will call one
out. The net result is that there may appear to be a higher
demand on AGE than exists in reality. A similar problem is
present in the maintenance personnel area. These may be
ways of getting around this difficulty, but for this
specific scenarin, a method has not yet been perceived,

67

e s Eaagtil

sp s




ML LIy ea—

1 4
4

L

Bunumy
oB0A 2

«JOA 2

<A |

JONVNIINIVIN A3TNAIHIS ONV ANVWIA ‘'LNIWNOISSY 1 3718Vl

«A%Q 081

43

oL

rl

«A%Q 06

‘O118us ABp (BL JGAO $3ED MM JO 3OV
1R 30} poINPEYDS 38dA3 LGAS JO SUOHOE ESOUBLSIUIWI §© JSQUUNL Sy|

L
yrsoue Bupoe! 10) inoj 4O sdnOMS Uy pesn :
Yaase Bunpef o) sued ui pesn +
z 1N e 4! (pepualx3)
+ wer podiij
uol O¢
i o ] (1ewoN)
e podu)
oy 0E
z or g it o
S W L ue) usBoauy
€-aw
B £s’ st ue) e
Z-3IN
z oy g Plojiusyy Buixaer
L-WZwW/dvY
06 or €e’L o 195 J03BI0UND)
(v)09-vZEWY
JAsq 0g  SdAL eby ey un ey poubissy edAy eby

@©
\0



Akt
e e P e —T
Lon e — - . 4

although an unsuccessful attempt was made., For hoth parts of

‘ the step, individual networks for each SE type have been
constructed and placed in FExtended Form 11 compatible
format. Each of these SE networks was developed from

' maintenance flow diagrams bascd on the SE unscheduled and
periodic maintenance requirements. The SE networks for a
fixed demand rate are presented in Figures L-1 - L-6, The
networks used in conjunction with the AMST landing gear
failure demand are essentially the same, but without the
mission call(200000) node.

In order to perform the TLCOM simulation runs, the fourth
step of the effort, it was necessary to bvild a scenario
around the maintenance networks. The scenario is based upon
a wing of 52 AMST aircraft in which one-third of the planes
tly each day. Aircraft are preflight inspected between 0400
and 1500, takeoff between 0600 and 1700, and fly 5-hour
missions . Although SE 1is available for use around the
! clock, most of the SE maintenance personnel shops operate
only one shift from 0800 to 1600 (based upon Charleston AFB
scheduling). This is true of AFSCs 423R5 (powered SE
repair), 431Y2 (gas cart service and repair), 427X4 (welding
shop), 423X0 (electrical repair) 1in this model,. The
remaining AFSCs, 423W5 (powered AGE service and inspect),
431X2 (wheel and tire) and 603X0 (dispatch are on three-
shift duty. The simulation scenarios for this model are run
for 180-day segments. Each of the scenarios, presented in
Figures L-7 and L-8, includes mission or dispatch and
periodic maintenance start times, priorities, allowable

delay times and €frequency of occurrence, An additional
important input to the simulation is that of "18" cards for
priority specifications, These cards allow for task

preempting and expediting, and for overtime allocation in
those shops not on three shifts, The initial simulation
runs for both scenarios were made with no constraint on
manpower; thus, the primary constraints became the task
times required to fix the various units and the limiting
number of AGE available,

The simulations, based upon landing gear demand, were run
with a modified landing gear failure rate. All €failure-
were vreduced by a factor of 5; for example, the mean sorties
hetween maintenance action (MSBA) for a 5-hour sortie of the
main landing gear was reduced from 145 to 29. The purpose
of this reduction was to increase simulation run turnaround
times and to reduce computer processing costs by about 50
percent. While the results of this action would naturally
reduce the manpower and resource needs for a 130-day period.
it was decided that the main objective of the effort, which
was to demonstrate the integration of AGE maintenance
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J0101
J0102
J0103
JO104
J0105
J0106
J0107
J0108

J0120
Joi2
Jo122
Jo123

Jo130
J0131
Jo132
J0133

Jo14o
Joi141
Jotye
JO143

XCALLSA
AAADY
AAAO2
AAAO3
AAAOY
AAAO3
AAAOS
AAAOG

SAAQO1
IAAROD
IAAAOT
IAAADY
PAAAOO

SAA0O1
TAABD
IAABOY
IAABO1
IAABOY
PAABOO

SAAQO1
IAAEO1
IAAEO
PAAEQO
IAAEON
PAAEOQO

HTOWO1
200000
HKEEP1
HTOWO1
HSERV?
DCRMTA
CALLSA
HREADY

HTUGO1
200000
HQ160D
HTUGO1

HTUGO1
200000
HO12YR
HTUGO?

HTUGO1
200000
HPREP1
HTUGO1

FAAQOQOQ
AAAQOO
TAAQOO
MAAOOO
VAAGCOO
RAACQO
VAAOO?
SHOP

LAAAQO
WAAAQO
NAAAOO
QAAAQO
PDEPOT

LAABOO
WAABOO
KAABOO
NAABOO
QAABOO
PDEPOT

LAAEQO
WAAEOO
NAAEOO
WAAREO1
QAAEOO
PDEPOT

H
J0102
J0103
JOo104
J0105
J0106
J0107
J0108

D
S
D
D
D
D
C
D
H
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D

D

S

D

D

H
JO131
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H
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AAAOT
AAAO2
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AAACY

AAAOS
AAAOG
SAA001

x
OO MO O™ oowo

H
IAAAOY E
E
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IAABOY
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Figure L-1

00010
00010
00010
00010
00010
00010
00010
00010
00010
00010
02010
00010
00010
00010
00010
00010
00010
00010
00010
00010
00010
00010
00010
00010
AACOO

3N
1
31
N
31
31
3

1
N

- d b — ok b -

W =W Wil — W WL -2

- b —h b

2 AAOOO 21

AAOOO

AAO0O
.80 AAQOO

AAQQO
.20 AAQQO
AAO0QO
AAQQO
AAQOOC
AAQQO
.79 AAOGO
AAQQO
AAQOQC
AAQQQ
AAQOO

. -
n v
- (=)

-
Lo

.66 AAOOQ
AAOOO
.31 AAOOO
AAQQO
AAQOQO
AAQQO
.32 AAOOC
.85 AA000
.15 AAQOC
AAQCGO
AAQCO
AAOOQO

.
o
w

21
21
21
21
21
21
21

21
23
23
21
43

AA000 21

23
23
23
21

43

21
23
23
23
21
43

AM32A-60 GENERATOR SET
y C 1D60 1TUG  1603X0

30 25L 1D60
3 C 1D60 1423W5

AM32A-60 60 DAY PERIODIC
2 C D60  1603X0 1TUG

200 25L 1D60 1423R5

AM32A-60 2 YEAR PERIODIC
2 C 1060 1603X0 1TUG

40 25L 1D60 1423R5

AM32A-60 2 YEAR CORROSION CONTROL
2 C 1D60 1603X0 1TUG

200 25L 1D60 1423R5
AM32A-60 GEN SET UNSCHED MAINT

2 C 1603X0 1TUG
3 25L 1423W5
4 25L 1423W5
2 25L 1423W5
22 25L 1423R5
5 25L 1423R5

AM32A-60 CHASSIS/ENCLOSURE/MOBILITY
34 25L 2u423R5
10 25L 1423R5
AM32A-60 ELEC PWR GEN & CONTROL
43 25L 2423R5
23 25L 1423R5 1423X0
20 25L 1423R5
AM32A-60 GAS TURBINE ENGINE
25 25L 2U23R5

160 25L 1423R5
30 25L 2423R5

AM32A-60 MAINTENANCE NETWORKS
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H 00010 NF-2 LIGHT CART

JOU4O01 HTOWO4 JOou402 D 00010 31 3 C 1NF2 1603X0 1TUG
JO402 200000 JOUO3 S 00010 11
JO403 HKEEP4 JOUO4 D 00010 31 50 25L 1NF2
JO4O4 HTOWO4 JOUOS5 D 00010 31
JO4O5 HSERVY JOUO6 D 00010 31 4 25L 1NF2 1423W5
JOUO06 DCRMTD JO407 D 00010 31
JOU4OT7 CALLSD Jouo08 C 00010 31
JO4O8 HREADY D 00010 31
H 00010 NF-2 90 DAY PERIODIC
JOU20 HTUGO4 JO421 D 00010 31 3 C 1INF2 1603X0 1TUG
JO421 200000 JoOu22 S 00010 M1
JO422 HOU90D JOH23 D 00010 31 160 25L 1NF2 1423R5
JO423 HTUGOY D 00010 31
H 00010  NF-2 2 YEAR WHEEL BEARING
JO430 HTUGO4 JOu431 D 00010 31
JO431 200000 Jou32 s 00010 11
JOU432 HO42YR JOU33 D 00010 31 40 25L 1NF2 1423R5
JO0433 HTUGOY D 00010 31
H 00010 NF-2 2 YEAR CORROSION CONTROL
JO440 HTUGOU JOU4T D 00010 31
JO441 200000 Jouu2 s 00010 11
JOU4U2 HPREPY JOU4U3 D 00610 31 240 25L 1NF2 1423R5
JOuU43 HTUGOHY D 00610 31
H AC200 NF-2 UNSCHEDULED MAINTENANCE
XCALLSD FAC200 AC201 F 5 AC200 21
AC201 AAC200 AC202 D AC200 21 2 C 1423W5
AC202 TAC200 AC203 D AC200 21 3 25L 2u23W5
AC203 MAC200 AC204 E .90 aC200 21 5 25L 2423W5
AC204 VAC200 D AC200 21 2 25L 1423W5
AC203 RAC200 AC205 E .10 AC200 21 23 25L 2423R5
AC205 VAC201 AC206 D AC200 21 5 25L 1423RS
AC206 SHOP SAC201 D AC200 21
H AC200 NF-2 CHASSIS
SAC201 LAC210 IAC210 E .19 AC200 21
IAC210 WAC210 E .17 AC200 23 85 25L 1423R5
IAC210 NAC210 PAC210 E .83 AC200 23 15 25L 1423R5
IAC210 QAC210 D AC200 21 !
PAC210 PDEPOT D AC200 43
H AC200 NF-2 ELECTRICAL
SAC201 LAC220 IAC220 E .22 AC200 21
IAC220 WAC220 E .85 AC200 23 37 25L 1423R5
TAC220 NAC220 PAC220 E .15 AC200 23 52 25L 1423R5
IAC220 QAC220 D AC200 21
PAC220 PDEPOT D AC200 43
H AC200 NF-2 ENGINE
SAC201 LAC230 IAC230 E .59 AC200 21
IAC230 WAC230 E .30 AC200 23 34 25L 1423R5
IAC230 JOOO0OO IAC231 E .70 AC200 21
IAC231 NAC230 PAC230 E .96 AC200 23 34 25L 1423R5
IAC231 NAC231 PAC231 E .04 AC200 23 240 25L 1423R5
IAC231 QAC230 D AC200 21
PAC230 PDEPOT D AC200 43
PAC231 PDEPOT D AC200 43

Figure L-2 NF-2 MAINTENANCE NETWORKS
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H 00010 MD-3 NITROGEN CART

J0501 HTOWOS5 J0502 D 00010 31 4 C 1MD3  1603X0 1TUG
J0502 200000 J0O503 S 00010 11
J0503 HKEEP5 JO0O504 D 00010 31 10 25L 1MD3
: JO0504 HTOWOS5 J0505 D 00010 31
. J0505 HSERVS J0506 D 00010 31 2 25L 1MD3  1431Y2
1 J0506 CALLPE J0507 C 00010 31
' CALLPE HRECHG A .33 00010 31 7 25L 1MD3  2431Y2
! J0507 DCRMTE J0508 D 00010 31
J0508 CALLSE J0509 C 00010 31
i J0509 HREADY D 00010 31
H 00010 MD-3 90 DAY PERIODIC
J0520 HTUGOS JO0521 D 00010 31 3 C 1MD3 1603X0 1TUG
J0521 200000 J0522 S 00010 11
J0522 HO590D JO0523 D 00010 31 40 25L 1MD3  1431Y2
J0523 HTUGO5 D 00010 31
H 00010 MD~3 2 YEAR PERIODIC
J0530 HTUGOS JO0531 D 00010 31
J0531 200000 JO532 S 00010 11
‘ J0532 HO52YR J0533 D 00010 31 50 25L 1MD3  1431Y2
J0533 HTUGOS D 00010 31
H AQBOO  MD-3 UNSCHEDULED MAINTENANCE
! XCALLSE FAQBOO AQBO1 F 15 AQBOO 21
AQBO1 AAQBOO AQBO2 D AQBOO 21 5 C 1431Y2 1603X0 1TUG
l AQB02 TAQBOO AQBO3 D AQBOO 21 3 25L 1431Y2
A AQBO3 MAQBOO AQBOY E .80 AQBOO 21 20 25L 1431Y2
AQBOU4 VAQBOO D AQBOO 21 2 25L 1431Y2
AQBO3 RAQBOO AQBOS E .20 AQBOO 21 15 25L 1431Y2
AQBO5 VAQBG1 AQBO6 D AQBOO 21 5 25L 1431Y2
AQBO6 SHOP  SAQBO1 D AQBOO 21
H AQBOO  MD-3 CHASSIS
SAQBO1 LAQBAO IAQBAO E .30 AQBOO 21
d IAQBAO WAQBAO D AQBQO 23 20 25L 1427X4
i H AQBOO  MD-3 CONTROLS & GAUGES
i SAQBO1 LAQBCO IAQBCO E .70 AQBOO 21
¢ IAQBCO WAQBCO D AQBOO 23 100 25L 1431Y2
IAQBCO WAQBC1 D AQBOO 23 40 25L 2431Y2 ‘

—— -

Figure L-3 MD-3 MAINTENANCE NETWORKS
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J0301
J0302
J0303
JC304
J0305
J0306
J0307
J0o308

J0320
Jo32
J0322
J0323

JG330
JO331
J0332
JG333

J6340
Jo341
Jo3u2
Jo343

XCALLSC
AT901
AT902
AT903
AT904
AT903
AT905
AT906

SAT901
IAT910
IAT910
IAT910
PAT910

SATS0
IAT920
IAT920
IAT920
PAT920

SAT901
IAT930
IAT930
IAT93Y
IAT931
IAT931
PAT930
PAT931

HTOWQ3
200000
HKEEP3
HTOWO03
HSERV3
DCRMTC
CALLSC
HREADY

HTUGO3
2060000
HG3180
HTUGO3

HTUGO3
260000
HG32YR
HTUGO3

HTUGO3
200000
HPREP3
HTUGO3

FAT900
AAT900
TAT900
MATG00
VAT900
RAT90C
VAT901
SHOP

LAT910
WAT910
NATG1G
QAT910
PDEPOT

LAT920
WAT920
NAT920
QAT920
PDEPOT

LAT930
WAT930
J 00000
NAT930
NAT931
QAT930
PDEPOT
PDEPOT

AT905
AT906
SATS01
IAT910

PAT910

IAT92GC
PAT920

IAT930
IATON

PAT930
PAT931

Fiqgure

00010
00010
00010
00610
00010
00010
00010
00010

oOoooooone

00010

D 00010
S 00010
D 00010
D 00010
00010

D 00010
S 00010
D 00010
D 00010
00010

D 00010
S 00010
D 00010
D 00010
AT900

4 AT900
AT900
AT900

.90 AT900
AT900

.10 AT900
AT900
AT900
AT90C

E .18 AT900

CoOmoOMmMmUoO™m

E .50 AT900
E .50 AT900
D AT900
D AT900

AT900
B .49 AT900
E .72 AT900
E .28 AT9CO
D AT900
D AT900

AT900
E .33 AT900
E .58 AT900
E .42 AT900
E .94 AT900
E .06 AT900
D AT9GC
D AT900
D AT900

L-4 M2TM-1
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00010 :

21
21
21
21
21
21
21
21

21
23
23
21
43

21
23
23
21
43

21
23
21
23
23
21
43
43

M27M-1

30

200

M2TM-1

wviorow e

M2TM-1
20
15
M27M-1
22
20
M2TM=1
25

27
320

HYDRAULIC JACK MANIFOLD
C IM27TM 1603X0 1TUG

25L IM2TM
25L 1M27M  1423uW5

180 DAY GAUGE CALIBRATION
C 1TM27M 1603X0 1TUG

25L IM2TM  1423R5
2 YEAR WHEEL BEARING

25L 1M2TM  1423R5
2 YR CORROSION CONTROL

25L IMZTM  1423R5

UNSCHEDULED MAINTENANCE
C 1603X0 1TUG 1423W5

25L 1423W5

25L 1423W5

25L 1423W5

25L 1423R5

25L 1423RS

CHASSIS

25L 1423R5

25L 1423R5

HYDRAULICS

25L 1423R5

25L 1423R5

ENGINE

25L 1423R5

25L 1U423R5
25L 1423R5

MAINTENANCI NETWORKS
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H 00010 35 TON AXLE JACK
J0801 HEAVES J0802 D 00010 3 C 1AJ35T 1431x2 !
J0802 200000 JO0803 S 00010 11
J0803 HKEEP8 JOBO4 D 00010 31 15 25L 1AJ35T
JOB8OY4 HEAVES JO0805 D 00010 31
JO805 HSERV8 J0806 D 00010 31 1 C 1AJ35T 1431X2
J0806 DCRMTH J0807 D 00010 31
J0807 CALLSH J0808 C 00010 31
J0808 HREADY D 00010 31
H 00010 AJ35T 90 DAY INSP, CORR CNTL & LUBE
J0820 HEEVE8 J0821 D 00010 31 2 C 1AJ35T 1431X2
J0821 200000 J0822 S 00010 11
J0822 HO890D J0823 D 00010 31 50 25L 1AJ35T 1431X2
J0823 HEEVES D 00010 31
H 00010 AJ35T 1 YEAR HYD FLUSH & PARTS INSP
J0830 HEEVE8 J0831 D 00010 31
J0831 200000 JO832 S 00010 11
J0832 HO81YR JO833 D 00010 31 40 25L 1AJ35T 1431X2
J0833 HEEVES D 00010 31
H AU1Q0  AJ35T UNSCHEDULED MAINTENANCE
CALLSH YNMAOS8 E .96 AU100 21
CALLSH YMAOO8 AU10G E .04 AU100 21
X AU100 FAU100 AU101 F 1 AU100 21
AU101 AAU100 AU102 D AU100 21 2 C 1u431x2
AU122 TAU100 AU103 D AU100 21 2 25L 1431X2
AU103 MAU100 AU104 E .75 AU100 21 5 25L 1431X2
AU104 VAU100 D AU100 21 2 25L 1431X2
AU103 RAU100 AU105 E .25 AUT00 21 20 25L 1431X2
AU105 VAU101 AU106 D AU100 21 2 25L 1431X2
AU106 SHOP SAU100 D AU100 21
H AU100  AJ3ST (RAM) LIFT ASSEMBLY
SAU100 LAU110 IAUT10 E .60 AU100 21
IAU110 WAU110 D AU100 23 40 25L 1431X2
H AU100  AJ35T RESERVOIR & PUMP ASSY

SAU100 LAU120 IAU120 E .30 AU100 21
IAU120 WAU120 AU100 23 30 25L 1431X2

AU100  AJ35T CHASSIS 1
.10 AU100 21

AU100 23 35 25L 1431X2

AU100 23 5 25L 1427X4

H
SAU100 LAU130 IAU130
IAU130 WAU130 IAU131
IAU131 XAU130

oom ©O

Figure L-5 35-TON JACK MAINTENANCE NETWORKS
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J0601
J0602
J0603
JO604
J0605
J0606
J0607
J0608

J0701
J0702
J0703
JO704
J0705
JO706
J0707
J0708

J0620
J0621
Jd622
J0623

J0720
J0721
JoT722
Jo723

CALLSG
CALLSF
CALLSF
X AU200
AU201
AU202
AU203
AU204
AU203
AU205
AU206

SAU201
1AU210

SAU201
IAU220

SAU201
IAU230
IAUZ231

HEAVE®G
200000
HKEEP6
HEAVE®b
HSERV6
DCRMTF
CALLSF
HREADY

HEAVE7T
200000
HKEEPT
HEAVET
HSERV7
DCRMTF
CALLSG
HREADY

HEEVE®b
200000
H0690D
HEEVE6

HEEVET
200000
HO790D
HEEVET

CALLSF
YNMAG67
YMAOG67
FAU200
AAU200
TAU200
MAU200
VAU200
RAU200
VAU201
SHOP

LAU210
WAU200

LAU220
WAU220

LAU230
WAUZ230
XAU230

J0602
J0603
JOo604
J0605
J0606
J0607
J0608

J0702
J0703
JO704
JOT05
J0706
JO707
J0708

OO0 OoOOWmMO oOOoOoOTOOoOWwWoO

H
J0621 D
Jo622 S
J0623 D

D

H
Jo721 D
Jo722 S
J0723 D

H

AU200
AU201
AU202
AU203
AU204

AU205
AU206
SAU201
H
IAU210 E
D
H
IAU220 E
D
H
IAU230 E
IAU231 D
D
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Figure L-6
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3 12

.50

050

.60

.30

.10

00010

00010 31
00010 11
00010 31
00010 31
00010 31
00010 31
00010 31
00010 31
00010

00010 31
00010 1M
00010 31
00010 31
00010 31
00010 31
00010 31
00010 31
00010

00010 31
00010 11
00010 31
00010 31
00010

00010 31
00010 M1
00010 31
00010 31
AU200

AU200 21
AU200 21
AU200 21
AU200 21
AU200 21
AU200 21
AU200 21
AU200 21
AU200 21
AU200 21
AU200 21
AU200

AU200 21
AU200 23
AU200

AU200 21
AU200 23
AU200

AU200 21
AU20C 23
AU200 23

30 TON TRIPOD JACK (NORMAL)
3 C 2TJ3ON 2431X2

30 25L 2TJ30ON
2 25L 2TJ30N 1431X2

30 TON TRIPOD JACK (EXTENDED)
3 C UTJ30E 4431X2

30 25L M4TJ30E
4 25L U4TJ30E 1431X2

TJ30ON 90 DAY INSP, CORR CNTL & INSP
2 C 1TJ30ON 1431Xx2

40 25L 1TJ3ON 1431X2

TJ30E 90 DAY INSP, CORR CNTL & INSP
2 C 1TJ30E 1431X2

40 25L 1TJ30E 1431X2
TJ3ON&E UNSCHEDULED MAINTENANCE

2 C
2 25L
10 25L
2 25L
20 25L
2 25L

1431X2
1431X2
1431)2
1431X2
1431X2
1431X2

TJ3ON&E (RAM) LIFT ASSEMBLY

4o 25L 1431X2
TJ3ON&E MANIFOLD & HYDRAULIC LINE

10 25L 1431X2
TJ3ON&E CHASSIS ASSEMBLY

35 25L 1431X2
10 25L 1431X2

30-TON JACK MAINTENANCE NETWORKS
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< 1 3 0500 w0 DiFwl 4 1 8
ey 1 S R0 D DEFDeD 4§D
e 1 ¢ OTOM D0 DFI0 410
oy 1 2 Joil YOS ST R W Y
o 1 3 Joy JEFIeD L 1@
el i c oD DEFJen 0 1 O
U 1 3 e P 110
o 1 & MY DSFIx 1 1 0
cu 1 3 1000 QG0 b= b (T I U B X
o 1 P ] TR pECT U1 I ST
2 1 3 11on DéD SFIm 210
cu 1 c 1120 I Ui ST S O X
21 i 3 1200 Do i ST S IR W
2 1 & 1830 Deir SN SOUTH X B S S
) 1 3 1300 Dni DEFIe | 1 0
e 1 € 1320 Ded DEFIeD [ 1 0
ol i 1 0200 I FEIcOD 1 1 0
S ] 1 1 1900 Hre DEFNFE 1 10
cv 1 1 1160 NFZ DERHFS 1 O
ik 1 1 1e HWrFe U R | RO G
il 1 Il 300 e WIFHFC o
&n 1 1 1408 NHFe DERPHFE L1 4
=i 1 1 15089 NFc JIPNFE 1 0
IS(x) 1 I lean NHFE DIFWFZ 1 1 &
cn i 1 1700 HFe DaPIFEe 11 0
et : 1 1a8oo METH DHMETH L in
Sh 1 1 180) MaTM IMETH 114
b 1 1 av30 Ma3 SPM2: 11 @A
Py i 1 99386 NIZ DSFMDE 11 0
20 i 1 11306 HDZ DOPNDE 1 L0
et 1 1 320 M2z DEFMDI 1 1 0
o 1 1 1830 MI3 IPMDE L LA
ce 1 1 @700 AJ3ST DARJIZST 11 o
co 1 1 1630 AJSST DRJIZST 11 0
e 1 1 83w TJI30H DTA30H & & @
213 1 1 1e30 TJ30E DTJ30E < 4 @
e 2 1 1000 Déix FEI1SVE {1 @2
¢ 3 1 0800 NFZ FES90D 1 1
28 9 I 8sy Hre FE4SF 1 i 0
L I 1 0300 TJ3DE FETOD 1 1 @
007 1 e300 MDZ PES9OD 1 1 @
20 19 1 98860 AJ3ST PESZ0D 1 1 @
O 1 9200 TJ234 PEc90OD 1 1 0
RIS 3¢ 1 0200 M2PM PESIS 11D
<0 13 1 0200 Do FEIFHNT 1 | ©
¢ 1S5 1 V300 AJSST FESLIYR L 1 0
¢0 17 1 @320 MeTH O FEIEYPE 11D
20 &3 1 B8ex MSTHM FEXFNT L 1 0
20 25 1 0500 NFe FEAPHNT | 1 ©
ea ev 1 06300 Mz PESSYF 1 1w

This data may be decoded usi

Figure L-7
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AGE SCENARIO FOR LLANDING GFAR FFAILURE DEMAND

Figure L-8
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networks within an aircraft maintenance scenario, was still
achieved. The original MSBMAs of the landing gear system
were reinstated for the final simulations in order to
determine the manpower and resource needs as well as provide
for a comparison with Reliability and Maintainability (R&M)
model mean value outputs. Results of the 1initial runs
indicated (a) for the constant demand scenario, an overall
mission success of 67 percent, and (b) for the landing gear
demand scenario, a 100 percent-misssion accomplishment.

The fifth step in the effort involved analyzing the output
products of each successive simulation run and making
changes to the input data in order to create the desired
results., The apparent difference between the mission
success of the two scenarios is due to the fact that the
demand rates of the two are different, While in one case the
success is far below that desired, because of an apparent
insufficiency of manpower or resources available, in the
other, there may be an overabundance of personnel and
resources allocated to landing gear and AGE maintenance, 1In
the following paragraphs, the two scenarios are analyzed
separately, although it is pointed out that changes made in
one with respect to task times, task probabilities, or
failure rates are also entered into the other.

On its initial run, the constant demand scenario simulation
called AGE indicated an overall 65-percent mission
success. Analysis of the output products indicated that it
was only the dispatch missions on the "D60" generators and
"NF2" light carts that were not totally successful Further
analysis of output products showed that post-sortie times
for these two units v greater than 24 hours., Since there
are 40 demands per . ' on 30 D60 units with a failure
expected every two demands, it is not surprising that the
average 25-hour post-sorties time would yield the results
obtained. Some of c¢nis known time is probably due to the
fact that repair pe-sonnel, AFSC 423R5, work only one shift,
so that any maintenance task not completed by 1600 must wait
overnight before work is resumed. The 12 percent
unsatisfied demand for these AFSCs lends further credence to
this. For the second run, the mission scenario was changed
slightly to permit a l-hour delay (originally 30 minutes) on
a dispatch call to see if this reduced the number of mission
aborts, While the mission success percentage for the D60
went up only .03 percent, the additional half-hour allowed
the NF12 enough extra time for repair in the shop for its
mission success went up to 100 percent. Average post-
sortie, or downtime for the D-60 increased slichtly, while
for the NF2, it went down to 17 hours,
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The next modification to the AGE data input was to change
the D60 failure rate from every two demands to every
three. Mission success rose to 62 percent for D60
dispatches as a result of this change. However, this value
was still not satisfactory; so as an experiment, the 1600 to
2400 shift was activated with two 423R5s in the repair
shop. The result, was that dispatch success increased
again; this time to 69 percent, This value was still
unsatisfactorily low, so a further analysis of the input

data was made, It is pointed out here that the input
analysis of the input data was made. It i pointed out here
that the input networks were constructed data collected
during a visit to Charleston AFB, ask times and
failure rates were based wupon est: made by the
maintenance personnel in the appropriate ps on base. The

demand rate was also based upon Charleston's demand. Since
there seemed to be enough units there to meet all
maintenance demands, it become necessary tc look further
into the task times and probabilities for the D60. Several
possible areas were considered for modification: (a) the
probabilities of flight 1line maintenance versus shop
maintenance, (b) the mean flightline maintenance time, and
(c) the remove-and-replace task times in the shop. Each of
these modifications was made in turn, with increasing
success; the mean probakility ratio for flightline/shop
maintenance was changed from 80/20 to 90/10. Flightline
maintenance time was reduced from 24 minutes to 15 minutes
and the mean removal task time was reduced from 2.2 hours to
1.1 hours because this time might have been duplicated
initially in the shop maintenance times. With all these
changes included, the D60 mission success went up to 89
percent as shown in Figures L-18 through L-20. At this
point, it was deceided that further manipulations of the
maintenance data would serve no useful purpose, and runs for
this scenario were concluded.

The scenario based upon AMSI landing gear maintenance demand
is called "LGAGE." The first simulation run was made after
the third "AGE" run. Results, indicated 100 percent mission
accomplishment across the board, as shown in Figures L-21 to
L-25. While the 100 percent success may have been affected
by the reduced landing gear failure rate, it appeared to be
due primarily to the unconstrained number of personnel, the
more than adequate supply of AGE resources, and only 17
flights per day. Looking at the Personnel report, Figure L-
22, it can be seen that personnel utilization was 4 percent
at most. An analysis of manpower demand by hour over the
180-day scenario was conducted using the Manpower Martix
output products of the run. For the next run, the number of
personnel was limited to from one to four per shift for a

79

A kil

!
i
i




NOILVTINNIS HODV "TVNIA

8T-1

2aINb T4

"0 "0 0 -0 (IviI0L)SE LAY aIW 40 <55&NN 91
T T o = T = T SHIVSIE WYE JI0 WIFEEATIN 5]
0 ] "D *0 SHOTLTIELLY 40 B3dmiiN %ld
™o . 0 =0 T IMIWHSING G IY [AITVY F0 FIERATIN ET
b ] o "o *0 SAVT30 BEIWLYIN J0 aIawnm 21
bl '] b /] n e S13JEV] AINIVIN JU EJIWNME T1
- | o8 *00T OoO"0ODT £9%*26 OHEINdW0IIY UINIIE 34 ']
*D—  oap=22 ‘MBTeSL po*£02071 O3IHETT4R0TIV " ¥IEHNN £
*0 po*g2 009K BD*STOEY Q3153038 5311805 40 s38kNik 9
T MD"RDT  BECOODT T EET"26 T T OIASTWAHODTIY INITESS £
" Dptz2 00 *06 (LR 37 Q3IHSINAKDLIY HIEWMN F
] O ZZ OO0~ OO0"SS90T  OIISINOIE SRUISSTE J0 JITHNMN T
. L ELIN) nnrnul w-n__..:u Ivi0L SNODOI1 L VEIdO
I | \d ] d | M4 J M W Yy 'R My T T T TCIV1I0IISIN08Y JIVOJ0 WIBWNK 91
) P 0 9 9 ” bl | 0 b ] " 0 SHIVAIY WYY 40 N3IBNNN 31
B 3 vy M. ] M| d | b | =y b | bl | b | o SNOTITEITV U TIENON Wi
) °9 °0 0 *0 id) bl | -0 | 0 0 LIN3KHHSIN3IVdIY 183V 40 ¥3AWAM 51
hd ] b ) b ] vy hd -Illl_-_.- e ol A e AT 0 T T SAVII0 YIHIVIN JO EIFRNAN 24
9 °9 ] A ] ‘e \{ ] bl ] hd | o | "0 STIONYD HIHAVYIM JO A2ENAN T2
Iqudjidjjdddﬁliddllaqﬂ:l TTeOT  MOTDRT 9726 " OINSTASHOIIY INIJT 34 9
80 °23 00°08F W0°S 80°8% 88°09C 08y ey Bi"DE DB *DWwT BB "2 B0*£020°% QIHSINENOIIY 438NN d

T 27 — U EUT  OU'T S0y - ST WV Y NI T Oy 0 D0 S T0IT O 1$3N03%3 SITIN0S 40 rIeNNN—9 -

BU°88T 90°8AT 00°80T 00°00T 00°00T 00°00T HE*EET RMO°E0T 0O *0BT 00°0d} ¥E*26 Q3HSIVdN033Y AN3J¥ 3d £
TWUTZY T UWUEE  PEE T VUIT T SCI9E SEYY Ty DW*OE—B0COYNT 00°2 — BO°EN86 ——— —— QINSIVIRDIIV- NIENAN - 2
00°27  20°86  08°f 00°0T  03°09F BO°Y (TR BO"UE  DDOYNT BOD°2 B0°55907 031530034 SNOISSIN 30 ¥3BWAN 1
TUUEIId RULTIU FATVIE UWEVId ISITWU INGYId  BAZYII D06YId ZANdSO™ LIMJETd WINE - — —— -SNO I LlVvXTegO— -
] ] ] 3 *0 1] 1] " s " 0 "o (TWA0L)S1H0GY NIv 4C M3IGWNK 91
Y B i § hd | 2 9 ¥ M | '} ey - 0 - ] - T ESElvdaTo Wyl b EdEWie Sl
-0 0 -8 '8 » 1] *0 *0 0 *0 "0 SHNDIATNLILY 40 239NN 4}
— vy —vg——— % v -y .y g og - 0 ININHS ININdTH LI S0 SrEENAN 1
s .8 0 * 9 T o 0 *0 °p ' SAVI30 WIHLWIN 40 HIIHON 21
-y vy g —T ~g —y vy >~ o Seg————=¢ ~.uu...qui:u:.-....l.J.oiwu.n:._.=.Lﬂ|.
90°80T 08°00T 90°90T B0°00T 00°08T B0°80T 08°00T 00°00% 89°00T 22°¢P £9°26 03HS ITdN0IIY IN3ITE 3
vu2 11 ] TE0SE W0 00T SIS 0L 00T ——B0°06 — 00°*99L9— 0O LOZ0T —  OINTITANDIOT HIEHMM— - __
2 po°*s 80°098 00°2 S0°YT  80°006 00°Z 00°s 00°06 00°002Z GOD*SIELE 03153ND34 SITLWOS 40 HISHANN 9
TETCEET T 3T SIS I IET SRR T S0 T SE IRt 08 08T 80007 ~22°8% — - WE*ZEH — O IHESTIANOTIV INIONIL ——— - —
80°2 se°s 88°095 08°2 00°%T  80°006 O°Z 099 80°06 00°98£9 O0O"ENEE GIHSI1dM0IIY GIENMN 2
B L SCS Lt SRR | A ) S| A Sunan | b 4 Jmamn | A - Rmm 4 Do smmnmm s he st | BEmmn g {7 S ) Gk b A Bk p x k1LE L Rl L RLr Rl e e E i
YA2E3d  00TE3d  WI2MO WA2534 006534 SON4SO INdT3é WA2T34 009134 090450 Wwiol SHOTLVENILO
2 AN 8°881 01 °8  MOWJ 00I¥3d AwVyNuns IINVYNYOC 4B 9 39v ¥IGNNN z:u




T T e,

NOLLVTIANWIS ADV TVNId  6T-7 2anbrag § %

AT (7] LT ] L] ] L] ] Ll | L] ] Ll ] L] PR e "0 T {dDIV UITI0NIVE SHILT I0 TON IS
.g g " .y g *p ] *p p 0 0 _1d03) #lvd3s W1 SW3ILT 40 *OM 05

] ol ] o | o | b ) | hd | . | L D D 0 - Jawds JITHN 178 — ~ B

"l Ll | b | bt | 0 N | 0 | *0 *0 wIvd3dd JIAIADY 13d L]

] ] ] ] L ] L | L] ] L | Ll | bl ] bl '} T 0 ITILT WIVSIF I5TE I979IRnvT IN

g i | bl | 3 bl | 2 "o | bl ] e e WIvd3iW L0430 L3d bl
-_-li .u o | b | | | | bl I | b | I I T T T WIvd3¥ ISVE OITd -1 ]

| 0 i i 8 " "y * *n SHOTIwN3IN3ID 3M8vavdib 40 "0k %%

Jﬂ!lnﬂﬂudlahillﬂﬂﬂﬁl-ﬂﬂﬂ-lﬂuﬁju%a|1=-ﬂlla Wit "THTITVYd ITHE A0FS

JE*L b T " bl & b | 29"y L A8 11 Bt B ) HNOH SNIATY H3d HH O3LVINW IS 0%
bl I ] ] A | bl | i b | " &0* " T tO0TY OFSN SENOMNVE - MM IidIA0 BF
b | "0 a5 "w sarsa "D i 11N | F & *SIAVS LON SONYM3IO |3d wE
bl | ] hd | ¥ bl | . | B I | L { TTTTTTHOITIMIANd AR CAOHS 134 . iE
bl | ol | b | *» *a 0 ] nz* po*" 3L J03dX3 AE “AD8d 13d 9§
*¥ ¥ bl | ¥ | I 0 bl | 0 TISINsST TW/YIIvVAY T8  &f
il | go*onE Se"ER B *ROT RO*Sd 0 76 BB 0% dw 9266 (3IMidd) I8V NIVAN LTd L1
¥ WISEIFZEWTDE LY B SYed OU™Y "0 Oo"aeTeloe*iie —  ODoTsssEv O30MYHIO0 M3IW IC H238uHNN £E
| - £ FL RS Y e "0 "0 EZ*5S EE*E9 Teesd FINTHALN]I WM OIHIS 1Dd 1§ ~
= bl | B9~ K52 NE'S WETWWY "0 1iCYW T letYsf ET*%2 ~—  TINYNIINIVH OIHISHN [3d oL @
* 19vsl 269 " i0* | Si%in TL°2% LI Tb ') ] f0D1) Q3ISN SHNOHNYR &2
i B il B B L Ak R | B 1 \ [ ' SUTTT TR T T 20S NOLIVITY I — I YT IT W E-
bl | MTETS  BO*wnT  BRTZEY BETR2 FAd 4 | 00*2E%Y D¥*91E [ RLLT F (00T} INEYIIVAY SENOHNYM [2
T THIT WEEEY — ZAVEY ZITEY —WXIZY UEEZY — SME2Y SHEZY — Wi0L — - I NN OS ¥IFog——
g B2"* B2 ac* (T4 L [ LA eg* k" *nz:.w__.n- ATAMOS3Iud Iv "9AY Wl
bl | L. B | L 1§ L § | - TN T S R ST Y D e — A
| Y ) E2"9E 26"INT E&"SE I93*16 ZE"6%9 EL"iE 211201 SHNOH INIATA %2
- i | T W s —— Iy it BZ*E - TIn* a7 5 - T kWE 24w /8511409 40BN oAy P2
*a 99k 14 8253 BE*9% Fe b 1 LL R ] ] i s."01 (SHHIINIL 3TLIMOS LS04 2% "9Aw 22
- bt | TETSE 9T ZYTZY iS50 I  &STIT 0L CEE - ZECSsbk §E-59 T AGY I A TWHOTiva3oD 10a -~ A2
b (TR an* S6°12 1L B T £Z2"01 &6 *9E oo* 9102 OMILIVA + IDIAHIS 13d [ F
i | L L0 1} k b T 13 3 i1 ) i T AMIvis rIve o Rt Tt St
b | bl | ol ] "0 bl | bl | | "0 "0 SHON 134 Wi
bl |} | i 4 TE*Z LTl | T2 Ly —"TI*1— Zo*w P21 T AMMYHIALR IV OIS e )
=0 f o B EQ" 59" £ i93" 912 LA 5 90°1 JINVNILIN]IWE OIHISHN 1 Da 91
i | I - e IT* L J L | B —&¥* - Mt NI TR A NS e —- of -
| P0*ONDT DO*09TZ MO *ODLT OOD*ERE QO*0SZT BD*DOMNS DO*00G oo*DO%% g TIVAY SAvO=1livEI¥Iv 40 438WNN w1
b | Y |} A% S | Bt 3 Bummn | b mummme | o smm el ] s semmmml 1 a1 B 11 el e e s e e e T
d3iHL0 MRETLX 3DErix 24HX W ZuX E0MK P90x LISECWX Wiolk 1 4wadudlvw
2 1AMl o"oRT OL "0 HWNE4 00TH3d L dw WMKHNDET TINVYHPOD I B I 9 P T YR

e




NOILVIANIS d9DV TVNIA

0Z~-1 @anbty

°g 0 0 *0 M) *0 00° ] 0 uo* (030400109072 0VE8 Sunce <INDJ 0R
L] ] ] ] [(FA *d *B 9 TY T T e 20 T *STIVS 1ON SCHYRIT 199 ®I
*0 °0 °0 0 0 *0 _ -o. hd 1] °n "o NHOILckZild AB "ADEd 13d i
°0 ] ] ] *0 ] I D R ) “a 31273443 AE "AOWS 1 rI
°g 08°081 00°00% 2%°6 00°00%V Q0°D8T 08°0O0T @0°00F O0G°CEI ¥b*Bh 378w ivAY 10d ag
] 80°5620200°956 ©80°99352 q.:om POCIONTY BOCEN6T 00°2905208°%60%T (IR ETL ] TOFINVMIO STINM 30 7ISHNK s
) M *0 e1° °0 *0 ] ‘0 8 SAVU=8308002WE 40 &3AWMNN wf
) 12°96 Awdawjdlujdml’ajoaﬂl TBZFE B E L LLL LU " A ¥ §
8 29°% 9 °g 20°¢ 62°%)  82°4 06°9 $2°%2  20°w 59°g INIWM 03WIS-035N 13d 21
°0 A 0 I ] b L I I 90" T T T INIW DIHASMN-QISN I T W
°Q 00°025% 02°652 B%°8TS 0Q0°We9 B88°912 0%°20f 00°962% 00°312 [(TRLYYY (00%) *VIVAW SENOH LkIwalili3 04
hdl | POTU2EY B2°E52 URTGTS  W0°PRY OU°YTZ UN'ZIF 009621 00°3TZ LR P ¥ ] “[00TY “HLIMNY SENOH IF3IARLINODZ &9
°0 80°0302 00°027 00°0% 00°00E 00007 08°08T 00°009 0O0°DOT oo *p09f (403N I00BT ) "LSIANI ¥y TINC LNL w9
YINIT S0 WOErl  3Isry 23R WI T 090 1TV T wWlaI TR IR I T O I—
] °Q 3 °y °g *Q 0 °0 °0 (d03) ¥3J40MO¥E NO SK3L1T °*OM £9
A | . —— ] - T ' 0 g SNUIIVZIWEINKYI JIC JTEBRNK 29
A ] ‘0 ‘s h< | ‘s \d b | °0 ‘0 *SIAVS AON SUNVYK3IO 1 19
b vE ¥ vy M. o S v 0 WOTIew3d™e 1da 09
*0 d ] ] ] ] i} *0 °g °0 0 dlvd3d 0311034%3 13d 65
d | M ] M. ] M I M | TR T CTTegTT T TP0t00T T T T T 4TIHS-3IHI-340 ISd vs
°8 9 o ] 9 0 °0 Q0 00°902 O0FNYHIN SLIMN 40 3danN LS
L M | 4 | R | hd YT Y ——— 0 Teg T TUSAVO-HIOEUNINE 40 TIMHNN 95
.9 0 4 ] L4 ] A ] °s ‘0 ‘0 oo®*00t AN 3J¥3d Jdws 11143 S9S
Ad BRSNS | Ad 1 1 AN 1 AA 1 5 SN 1 A 2 NS L A 1 iGN 1 Ad 1 1SRN Lt 1A 1 Ad'1 R Y 11284 11237 130IITVOUTI *ISIANT BVIT00 103 9%
YML0 PEeNY B22ly 9120V 9sINy  s2InvV_ pTIny  d38OYV viol- Adddnes

. I | bl | bl | A | | hd | | " " 14037 @0a0AIVE KO SHILYT Cow 19
| . | “8 » 3 " | D o 0 "o SHNOTAIWZIIwBIKNYD 4C %396k 29
¥ T . J | ¥ | - ol | i | o i | +*STIVS 10N SONVNID I2d———19
o | ] "w L "W o | W "w ] " o NOIidW33Hd 130 09
bl | hd g | b | Al J b | T = - g ——— - —— wWiva¥d 03i10%uxF idd &5
o B8°A8T BE"EAT  BRCEDT GECERT  BOCERT PECEET QOUBAT Q&R0 T 0E*007T ge"pot AVIHS=3HA-430 134 1
jﬂlﬂﬂ-]iﬂlijigldzu PR*RET - DOROZ —— —— — -OJOMYHIC SIIsn SO MIEWAN LS
o A | ol ] " b ] b ] o | *g 0 SAYO=¥INNONIVE 40 c3IBWHN 95
ja!ljgij-ﬁfﬂii. So-ToT B LEr L e st S TSN
BET0EE BRTHEE BETOOE GATEOE AETORE MECARE NECERE POCEOE  MECBOE QECGO0E go"0RIS (403) (008T)"iSIAMI H¥TIC0 101 %5

TEVReY  UEEIY  ETEIY WIS IYT ORI IOV ETEav—i0dwy - oy — -ddwwy - Wi ——— —— — A¥ oo P9
o | | " b | ] g "y " 0 1403} n..__..._u......xu._n SH3l1 40 "ON 15
i | | i | ot | . | - T — = T Y T S o
8 n o 8 2 ] ] 0 o} 3I¥dS ILTIHM 13d &%
= | i IEE— ] | o o g ——- =y - oy - — Hlvd ¥ INTEIY 4O - Y
b | w b | | bl | o ] o | g | 371240 wIvd3dd 3ISVE IIvaIAv 4w
b | | R | ¥ i T g -—RIvd I i3I0 — Y
e | | | b | 0 b | 3 "0 0 dlvd3is 35vE 13d 5%
d | i b | - F bl 0 T T N IITYI T YETENTE T S UN YT

!J.:_n EENY pdzny agany sEINY aziny stiny 9280y .._.__-n_— H1Ivd 38 d0HS
.~|au>u._ 8°08tT 012 °0 HO¥4 001¥3d AdBVENONS u u NVYMNUIO J4Y3d 9 39V VIGKON NNY

@

82




T —— . & T TR

NOILVINNIS dDVDT1 1IVILINI 12-1 @anbT1d
*E ez" 52" (15 (1 gc* 2 1z* 81°2 69° 1 (SHA) 3414 ITLWISIda OV "OAV @1
¥ ML | i | T i | i 3 T T - Bl T ANT T SFSVI 373 IUoTYeaTTN I
] 121 g2z P14 [ % ety i5* 01 b1l 4 B9*3395% 09*TL357 3400 INIATS w2
B TR T 15 ol 1 NN 1 b -k SR T i S—— 1 ¥V AYDY Wy 7STILE0S 30 O oAV -T2
o ] FLLL 98 *h s@*iE ng*ez ES"y iy wiw 28'E ¥2*s 158H) 3414 ITAN0S LS2d 2% *aay 22 |
T TF T IITsE BITEE  SITIB WITWE TI'6F  WETYE T VYTEE  SYUSP T 206 T AOVWIE ATTYNILLVUISO- 104 114 |
*n bk | Fh 92T L3* " ir"z " BI*E 961 INILI¥Y + 3TTAEIS 404 L F
bl R 2 L 1 S 1 A 1 ki T L - BT | STIvIS IIvw moIssia 1o 81—
L | “p b | - e o ] bl L | i ] SHIN A3d it
- | b | IS ) - T L) T g2 357 ;| g YL BT TRINYNITINIVE It tom — b
o Y | ol | . ] o | 0 o b | Lt e FINTNILNI /R UIHDSAN LOd 9t
— bl B 1 L | b 1 A L L 11 b 11 A L2 AN { i B G- LN TINIVSITINTs 90— — - &1
"3 “A*ARET BLURSEZ YOTONLZ D0TO0& A0*NGZT BO"ODpNs 39CTRE  13°N9E6 0u*p9dE2 TIVAY SAVI=L4VHIHIw 40 HIBWNN 4T
*¥ L b | L L RCA N {0 S | b SO L A T L bl | S 1k TN [ b R | 4 4 ] TTIT"RINT LIVEIFIY 30 3731
WIHNIOD ML INEF IX Z4mK HiZMX £OMx 890x  LSECVWX LSHY Iviod Ldvd4d2alcyxw
= S e L e e S L B | bl | ol | i | —w YT TN T T UWIDLITSIEUEY AIV 40 WIEHNN 91
| g .y oy " . =3 =5 e Sylvd3d WYE 10 d43dWNM sl
| = T ¥ bl | hd | o | bl I | T SRITITEIIV 30 E39ATR "I
" ' ol | bl ] il ] o "5 * b INIWHSINI Va3 LE3T¥ 40 B3IdWNN £
_ e d ] ¥ | T ol TR | o T SAYTIO WINLYIW 30 EISAON 21
w ol | ) " " b | o 0 't STIONTD BIALVIM 40 BIGHON TL s
T T T I0T U INT PUTONT  ATTEET I0TOOT MUCUTT  UtLGT  OTHSITHWIIOY fviadd o - - £0
*a (T RE) w2z s [T 04} ae*n 20y QB "SEEE CIHSTNA402IF s3adnk ]
v Ll A4 Wiz Iwf  §rET 7Ty L) ] TTSELY T3S0y SITINDS 30 nagnTe T
¥ i A0*NET  BCCOET  GOCMAT  BECEAT  ACCEYT 1597 RO*pu T JIHSTIN4HIOIY AN3IJH3d £
0 R ZF W EETT It OTtTY T gty T T RS EED T O MSITAeOTIV SEtMnm — - -
| 3 [T Rt4 aetz2 [T L]+ ce*ny T AL 371" QU*SELE JILSINIIN SHNIISSIA 40 HI3ANN T
m T T T T UTTTUWIHID OOuRl3d OUEYId HATVIA  OUENId  [NINId WAZnI4d O WioL TENDTLIVY YISO
ok | "8 bk | g b | ] b | ol ] "y "y " (IVLIDL) SLUDEY HIV 40 NIBANN 21
% b | 1 -y . . FE i [ S— | - T TSMIVATY WY¥E F0 WIFWAN 6)
L ] 8 *a ol | *) ] ] 'y 0 *9 0 *n SNIILIHILY 40 H3aAWNH %)
e -0 T -3 ol bl S - 3 T T N IHHS I 4% e 18Ty 30 sREanN i
. "g . o .y =p "y 0 . -8 LT SAPTI0 BIHAYIM 40 43IBWON 21
ey i e | i | b | b, [ or— ol | STINY Y LI IVIN 30 EIORTN F I
£ #9°98T @0°08T BO"EET WSCCQOT WECOCT 20887 NC"80T @0°O00T  0°0AT  BOCONT 1M u0T JIHET T4W0ID9 L430434 ]
I TV OENTZ T OUETE T TYsS W OWEYT Wt Ity It et iItE  OCSEEE  —  OWNSTYA4OYIY YIFANN - - 2
rR=ag bl L4 ra~z ants ar+z an*sy np=g v 171* 26 29=321% 0O*SERE J3L53NUIY SITANIS 40 H3IBWNN 9
TWVTITT CWETTRE YUY ODRCTET T OTTIET CWECUET RNCUUT OBUCUET ITCTOUT 60t IOl Ot rOT — — OMMSITENITIV Ividmda - i
e Mtz 0g"2 s [ TRF [ TRLE N | L TR Be*2e  0O*RZTE QO*sSEED IIHSI V440039 d3aknN 2
. T T e vz | 1Bt TR | S-S | ok NN L A SR R SN i | TS B8 M | ) % M Rt TP T 10D PR B LR L1 L0 e
1 1°6%3d  INdEId  dA2idd  0PIE3Id  BA2534 006534 INgTIg HA2TI4 079FI4 L4 aviol SND2TLVYHILD
2 1l a"rldT 0L =0 HI¥4 O0TH3d A gy ¥VuwWwne 1 I3 H @ A4 XTI 4 HI g §39¢9Y AA3mNN WL
k.




™

T

T

NOILLVTIANWIS dAODOVODT "IVILINI ZZ-1 2anb14 _

Y

aJ_- {0 S SN0 ONIXTd ¥3d A7 UIIVINAIS 9%

°g °p The (037) 03SN SUNOHNVY 3IAILNIAD 6F *
k! ] . | LI 4 SIIVS [ON SOVVA3IT 109 14
*n op °y NOI LdW3384 A@ °AD3d 124 15 .
i } 3 b 7 3ITIIAXT XKE *ADYT 199 It '
e *h ‘0 (*°1S3NnS) 318YVIVAY 104 1% i
i M | OB ONT 21%26 T UI3RINIY IIBVIIWAY t0d  —— —wi— "
°3 83°6692 LEAE T LTI 03INEN3I] N3A 40 d38ANN £F
v L 12 %] YL FIRTTIINIVR J3RIS TId 133 t
*g 23°9 £9°2s JONYNIANIYN O03IHOSNN 104 0: 1
= g9 S ST 00T OIS SHTOHYYN 82— “
°0 2% [.-{' R § NOZIJVZIVNIAN iN3Du3d B2
R MY oUTN9tTe g0 Tevoe %ﬁ ¢
¥3IN10 excao Wwio4 ]
ddlndollqdq|j4|llddd|ﬂ¢l’|ddr k) | 1 el BAOH INIATS ¥ OITVINATIS Ov—
] g ol | i | £8° v g *) 1L (00F) D03SN SYNOHNVA 3IAILNU3IAD 6F
Iﬂn.qﬂl TSRy YW vy ¥ YNy L 1 0 4 S L Ad TN | 0t oy 8T —*SIIVS ION SONVWID t0a 9t —
9 i | 0 0 e i ] °3 d °e L ] A ] NOXidW3I3¥4 AB °*AOY¥d 104 P15
M | B v M ] M | R vy M J vy vy U EP ST 25 Ir Y R i [ JiP ¢/ EREEE— ) w
9 4 ] *8 i | Ml 4 ‘9 4 ] M | i *¢ (*°1S68NnS) 318YIIVAY LOd 1
TR S99 NI AT SOl RN T WV Y T YL YV AN T 2220 tINTWIT A TSVIIVAY 19—t — 0
$71°342 87°692 00°6F 082 88°Tv50T00°S58T -..oon ..ooo.- 30°£6 80°2 00°CoOn2e 03ONENKIT N3N 40 ¥3IBHNN ££ Mo
| M M M J 11 2a T4 M T *v PARd A | INYNIINIVR NS 10— 31—
g0°10T O00°08T BQ8°08T B3°00F 3e°52 [ A4 I )4 ...u-u .-..: 0°00T 09D0°9T £9°2§6 JONYNILNIVN O3IHOSNN 404 b H
B i 0 DEEEEE L 34 TR % M Ty L1 Dle” S 5 Al ) )2 ] I T4 § TeS ) M L1 2 A [ TUSYY OIS SHTUHNVYR 6¢
Y §i° 98 e 62°t A w°® $0°t 41° T ag°t NOIAVZINIAN IN3Ju3d 92
TO0YUIT 99127 $UTUZZ  WETUZL UETOSTZ S8R 0TI N0 e0TUZT SO0 00U eRET 1RO IOV IIVAV SHTOHNYN 22—
13 {1 T 11 { 0STIES  SETES TSTEN  MSTEY  MSTEW  TETEY  METEN  AETEN w04 TINNOSGEIJ
R B L T M| ') 8 L ) L1 Ad r 4 Ad \d ZRER L M LA 2 11 ' STOR INIX Y3 ¥33 AR ULV INAIS OY
*q °s 0 C) & (10 £8° 20° °s *9 (7 N L LR (08F) J3SN SNOHNYN INTAB3IAD 6F
B LA IS AR ] dhd 7 SN % Y A N 4 34} ANEEE 3 Ad ) SENREREE | ;| yo*e L LA § SIIVS TON SONVHIY 30— 8t —
L | °0 *9 M ] 4} M | 9 i M d *3 °t NOI1dW33dd AB °*AO03¥d L1Od F3y
- b bau v vy v M J M J — vy M ] M EPOULT ) E AN Y R 101 [P ¢ [- U |
3 M °e |} °8 e | ] 4 | 4 | i ] °e (*4SONS) 3IVEYIIVAY 104 3£
WYL WECWEY YU S9VIY  I9'e¥  FUENY T ITTY YU WUTIUY  95v2Z6  2IvZ6 U 3IAI¥IT ITEVIIVAY IJd Wi —
[:] R 7§ 80°2%97 9 00°200T 00°6556 €0°TTS  88°LL9 ‘s 00°6902 MNJI°SsH2 8g° een22 Q3ONYKRIAT N3N 40 HIGHNN £F
CI°986 4341 - vy Mt J ¥ *v s —8Ee TS 11 M1 ITvIv FOINYNTIINEYR——QINIS LI i —
oo g0°s *3 05°00% J5°00T 60°80T g0°90} ] 0489y £65°9 £9°2s JONYNIINIVYN 03AISNN LDd 1Y
%'Nq]l,ddjﬁcalajlljjgn TP QIS SUNOHNYR 82—
ra44 [ {44 *9 95 °¢ 92°2 £6° 29°% °s | 7 T0°Y 00°% NOILYZINIAN AN3D2d3d 82
GO sV T N TEl Itz oi'iel WETNIl WITRT O WeTWRel UTYNITI U Tel  TUT VWY
Z2ALY 2XTIEN S22y L 21¢4] (3344 S E2SHY fgcey 8XE2y MLy (1 14 wiola N ND F]
Rk ¥R 0°09T OF °*8 oYy OOr¥id AdVHNNNS 39NVYHNUODIYNT G S39¥91 ¥3BWNN NNY




NOILVINNIS dDVDT TVILINI €Z-1 {Inots

T

T B i PR T~ Td03IY UINT0VNIVI SHITI S0 ON TI5
*C 11°E 0J*L5 (4031 PIvadd NI 34341 40 *ON 85
I T e =y B 1 o= 14 & /- S % 4 | e BY
" dl*ant Fagury dlvd34 IATLIV LDs "L ]
T 2% 07 FVUT ITILT BIVSIS 5T JOVIINY Iy
| 0 -1 *o LIvdis LO43] 423 an
R = T O WTROT T T TOT T T BIVIEIT OYSYR 194 — 5w
. b+ BI°GT LI 1L SHIILYEINID IVEVEF434 30 "ON 9y
i— WINIT — U39  WIol 8T v I T @Y AS =
] *3 °g *n ‘0 g ) M | ] bl | o | *3 PE"T 1g33) 0339228298 S43LI 40 *OM TS
D B | A2 JIRSENA S ARG IS SNEEEES | A0 UENSE 4 SR G ) b ] tevIs TEIEY FIVEIN YT SHILT S0 ~Omus—
* o on i .9 8 4] "9 LEL “3 "0 3IV4S ALT4M LDg BY
AR L Ad- 1 )R L Ad | ) SEEEEEAA RREREE | Ad | ) JENEEREA IR ) A4 { NS A4 ) LS J bel | 0 SEE L bd L DI L Ad K o ouT T WIVIIW OINIXIV OL3E W
.. 6n° 26°,% ‘e ') &4 °p 80°089 10°99 LT L] av*o9 922 #E 0T 37340 wIVd3¥ 35ed 3IVAIAY LIw
. | bl ] vy ¥ vy, W L ¥ il | - T (P8 CEL I Y0 F LU - A &
] >8° 6T o00°(8Y oA (] ] )9 ‘q 00°8QT @6°09% RI*BET OAPET  BA*IPT TJ*00T bIvi3y 35va Lod L]
LA A4 B | Ad | SRS BN | A4 | (NG R | A4 G | Ad JERNEEE | fu 3 S | e T L b G el £ 3 Be— 1P P A £-F b ATEVETS I A0 CON Yy
209t 099%Y wmunq L] 191 8vIee [ P14 oViET 0B3ALT DY IET -Uun" ..:.._..n» HIw 4 w H d 0 H 3 %
7Y v v vy b | vy e | v vy vy 1.0 A | Ta0IT UITIVTAIVE SATXT I ON 35—
0812 2 90°T i 80 °2 ‘s 08°9 [ 1 R 09°% ] 9048 (d403) ¥Ivd3d NI SA311 40 °*ON 8BS
iy | A B A M B | A4 bk | L L Ad B | M 0 M J L'L') T AIVISITIAR L3 - B
00°20T Q80°GOT 00°0OT 00°CHT CO°NBT  SG°BOT QG°08T RO°ODT e0°00T 99°30% 06003 dI¥d3y IAILIVY 435d ‘L]
~Jd-d»|ﬂdjﬂ¢j;|mﬂculﬂ3alqﬂjd‘dml ) A -4 M ST TT 3T ULIVLIT ISTT IIVEIAY Y —
*n 8 9 0 *3 *o YIVdly 10433 103 39
3-«Jui]1ﬁ]«4jjj}jdﬂajjd]qﬂj
00°S42 OA°y ne* 4Ly 00°¢ 00°nS 99°2 00°%¥ 00°TY g0°*ns 11 04 ¥4 00°849 SNOILIVN3INIY 318VYNVIId 30 °*ON 49
TTTYIEY T OVOEY . INIET UOEET - CUSET  SVETY  SOVET 83VEt  C8VET T IYVEYT T IVI0] TTIvya I oS — —
*9 ‘s LG *3 9 b4 } b | . e i 4 *Q bu*y €d23) 0Q3920I%Ir0 3431 40 °*ON I35
- s¥ M DA B A vy L 1 A4 ZRDEENEEEA | 1 £ 3 Y vy T0*ZS TIVIV BIVEIE VI SATIT 30 —ON U —
°3 ‘s °s ‘g *q s 4 ] ] °Q ‘Y | 1i M 3IVdS ILI4M LId 3%
A SRR - S g M | ) ¢ vy vy Yy s T T0°MIT -T co°uoT —HIVSIE IAILIV 109 o
L | °p s$1°09 4 °3 i | ‘e o ] £4°C9 9 88°GT 37043 ulvdid 3ISkE 39VHIAY L%
B D S 6] "3 Y ] i . s g WIVaIy L0EIT 194 97
®n - Jocgor @ecaer 3 [ T34 1 )] °9 08°00T 39°0nN%¥ * 0O*ucCt HIvs39 3S¥3 L4 1]
vy v 14 A 1 1} ¢ vy oY vy 111 A 4 T q L'AS 2 A ) SROTIVYINIT IT8VNVY IS 30 ~ON WY —
0tély 8261V 116 1Y g2V 8229y 123y 83vy 208vVy 90vvy S¥3H L0 Iviod I VidIY d0HKS
2 13A3T geCotT 0L °*8 NO¥4 QOTV¥3y AdyWNNS I INV KR Y¥I 483 d 339797 ¥IBNNN NNN

g
o « —



NOILVINNIS HADVHT 1IVILINI pz-1 2anbtd

M Y M} " (3337 I3T¥OIANIVE YT SA3IJT "OR 9
*t L " SNOILVZIVYSINNYD 40 U3awnN 29
- T % Y Jullnglnquzuuddl!|3|
*9 ] °f NOI)dnI3¥d 40d 03
T ’ T vJ B 3 gIvd3d IIXII3AAI 1T BS
N b LR ¢ LY TR 1 4 4V134S~3H4~440 13d 89
M TTIVEY I IGI WIUNVRIT STIVIT 30U S3URTIR 7S
i ] ] °¢ SAV3-¥I0NINIVE 40 ¥3IBWIN IS
M L LAk "U*I0T INTONIT ILvy TVIF 55—
°9 83°uJs 0L 00 b (d03) (ULLTI*LA33ANI BYII00 101 %S
R . GIRIO  W3ISET T IWWLOY Y I N s T
*) 0 0 0 °y 9 .9 s ] ] o 3 (403) ¥3IAI»2¥3 NO SW3JI °*ON £3
hd: e A | v A R | M4 | e T i g § 0 SNOILVZIVVSINNYI J0 §38ANN 23—
*9 ‘0 * *p *°9 4 4 J 4 | °6 °0 0 *SILVYS LON SINWK3ID ACTd 13
Yy M 4 = ¥ T M 4 B J 7 A 1 vy ML YOT13433¥3 173 &
*) ‘0 9 ‘s * ] i ] ] ‘s ) ‘0 d17d38 03I4I73d4%3 154 5s
L £ At AR | A | 3 L1 AL A3 MG Z | Ad ) 4 | A4 L 4 BEER A At L3 JEEE L At hABEES 1Akl LEEEEEEE I'Ad | R INSSEEE—— R T 1 F 3L SE _
082 [ 1 A4 1) °9 [ ] A4 ]¥ ‘8 [ ] 24+ [T 3 4 88°s5¢ jee2%y 30°6¢ 30°904 G3INVHIO SLIND 40 ¥IGWNN ¢S
v L] M 4 vy & § M J B J hd 2NN i A M j g J SATO=uI0OUINIVE FO SIUNNN IS
00°19T @88°00F *9 00°00F 3 88°00F OQ0°08T 06°08T §0°00T 03°08T [ DAS] B4 AN3IUY¥3Id dlva 1VIa SS
TERTIOE EETUET UPCUIT ST SO WETIEL ST 00 S0 T R0t ute 0t 00T G0 U0 (a0 ITTOSOT I IS IANT BV TI00 01 1S —
309¢% 089¢3 8d9ss SVIES avocs [ "Fia4 Svisct 083ET ov3es blels]oR wio} Al dd N S
TN hd vy M ] vy vy A | A J M M | M T3 ¥ITWONIVE Y SRIIT "ON T3 -
*3 *e *9 *9 *) i d ] M M 1] 0 SNOILVZITVBINNYD 40 Y3IEBWNNN 23
N .2 b M. M) ~y vy I J T vy 0T "STIVS ION SONVR3IO 103 33
*3 °o °> LX) *) °0 *8 g 0 *2 °0 NOI JdA333¥d 404 9
bk | A} vy M | vy Y vy \d IO M YU - J RIS CELR'ERYSELLE BP Y F NN )
00°90T OG0°R0T 20°CeT $8°06T 88°08T QO8°80T 00°080T 00°08T 00°08T 08°00T [ 12T 24 434S ~-3INL =340 40d 8s
L)L M Y44 L A SR | A4 SN | Ad RN | Ad ) TNNER | AC2RRRSES | A4 2 JNEEEE 1 A4 3 ZEEENE N AS 1 BEEEE L M T 00901 G3ITRIRI0C STINNT 30 §IBANN L5
*3 o *n °g o ) g 8 °9 *3 °g g SAYO-I0NONIVE 40 HU3IGANN 95
TOETTIT  WETEEY  YETAET SUCRUT GRVRET ST WU BECUET 30 O8T  S9CIUY T RECuUY INIOWIG IIVE TTIF 95
83°085 G0°SEC  60°00C Q0°00F  U0°00C Q0°00L 00°30C PO0°0RE  B0°COT  00°1BE co°L0ab (d03) (000F) *4SIANI ¥V¥1I00 401 %S
—WURY UVOTY  W§VOTYT BJBFTYT  eal Y EVaTY WOV WOVEYT  TuvrY 11 4 44 TVIUI XT3 3 Ims
N LA *9 o | ° A M ] 4 *9 *3 ‘0 (d403) M3IJNONOVYE NO SW3ILXI °ON £9
b | M § g vy b | 'y M J M} M| '] M SNUTIVZITVOIRNYDY 30 WITWIN 23
| i ‘e ‘s 9 e 90 A 9 ] o | *SILVS LoN SINYNID 104 9
vy 4 | - vy vy \d 3 \ | vy \d | ¥ -~ L7 @ FLEES [ e Rumm— |
=W °e ®a ° *) 4 ] d *0 *9 °g *9 ¥Ivd3e 031133443 404 69
DD A AL - A TG T AT DO A LA LB | A | | S S | A | e B F Lt P S | o[ I |
3 °e 88 [ ] Ra *3 09y T 34 0°9 980t M 60°90L Q3ONVYNIQ SLINN -40 UIBNNN ¢S
q v *9 . vy B ] — vy g I | M| >0 SAVI=EI0YONIVE J0 I3GANR 995
*3 b 00°N3T 68°08: M S6°00T QC0°08T O88°0 Y )" oe0t * gacunt ANIOY3d 31v¥ V1134 Ss
R el ) L S s L L e L R L A L) S L R 0 ) e L Ll b)) ¥ T 9V TS0 TIIUTT " ISIANT W TWU IO %%
_8f6lv  8261Y o361V 920V 9220V 3%2OV  GA3IVV  B0GYY  $O0yyy  S3IHLO VL0l AVYddans

-N T3A3 0°839% 01 °y NOu¥4 QOTVId AN Y yuuns I ONVYNYO 43I $399971 M¥IBHAN NDOY

86




NOILVINWIS dODVDT TVILINI Gz-1 @anbrd

m
w,

87

—— W, v B WA ~g —(FUIITSETTITIXIVE SENON JINoT 9
9 on o8 ) " . °p 0 'y *SILVS LON SANVYN3] 10d 6L
—— —~e— -y Jc‘ll\o.\o-l“i‘qT *t —RoTIeWITad XGOS 2oy 81
g e ) °p ) 9 8 *0 9 0 31733443 L6 °*AD3d 13d L

—— v ¥ - ouUTeY 31eVITeRY$08—— 9~
s 08°6632 80°%93 00°22CT 88°995T 83°3nE 00756V n0°08SE 93°FLL  00°%2607 Q3INYN30 SLINN 4O W3EWNN 5¢

= —— vy %y v ¥ — " SKYU=¥IUIIXIVE IO WITHN T
666  4T°96  WI°G6  TS°l6  C€¥°96  EN°66  4v796 99°26 12°66 33SNNN 104 £2

= l]«.\lu]qﬁ 745 S AN § 2 AC ). 9> INTVHOINOS=CISN LA 21
11 t2°3  T2°% 2y 2l 02’ 6s°7  15°% s ANIVN 3343SNN-03SN 12d 7

——= " T o 9502t ——tSRTY TIVRY-Sano NI InoI v
3 10°%%09 §2°652 On°9TS  89°943  00°932 #v-2al 80°962% N9°9%2 0396027 (08T1 °HiNY SENIH INIW4IND3 69

15E0Y wiod iN3IN4IINDI
539v97 YIGHAN NNY

24N HiZH £0M %90
ANYNWWAS 309NVHYI 4N

L EL P onl NoErl e

2 Y33 s°rq% 01 °O Wiu4 00L¥3d

AT ——p——




e

shop, depending upon the AFSC,. The run was made and the
output results indicated a mean utilization of 19 percent,
with a maximum of 51 percent. This seemed satisfactory in
light of the fact that some of the work centers required a
set number of people for a job that 1is not performed
often, Also, 1increasing utilization by decreasing the
number of people would lead to an inability to perform
maintenance during peak demand times, resulting in a much
higher mission abort rate. Twelve AMST missions were not
accomplished, vyielding a 99 percent mission success
overall, Figures L-26 - to L-30 illustrate the results of
this run.,

A final LGAGE simulation, with MSBMA values for the landing
gear set to their true (original) values, was not made prior
to updating of LCOM to version 3.0,

Toward the end of this effort, a study was conducted which
compared manpower and AGE utilization requirements of a
given scenarios for the LCOM and R&M models. The study
required constructing a maintenance network which could be
fully utilized by both R&M and LCOM models for comparative
purposes. This network focused on the AMST landing gear
maintenance with flightline AGE wuseage but no AGE
maintenance. The LCOM simulation RMLCOM was run using the
network and both manpower and support equipment data were
output from the post processor programs. A short progranm,
called TIMETO1., was written to extract AGE usage time
against each type of AGE from the voluminous data produced
by LCOM, In order to extract flightline AGE data from the
R&M model, two changes to the model program were necessary.
The first change involved (a) calculating usage time on the
flightline in a manner similar to that used for calculating
personnel utilization time and (b) formatting a presentation
for the output data. This change is now designed to handle
any flightline resource that might turn up in Extended Form
11 networks.

The second change implemented in the R&M model program was
specific to the effort, wherein there are different possible
combinations of AGE for each of possible landing gear
failures. In LCOM, this parrallelism is handled through
node probabilities. Since parallelism is not within the
designed scope of the R&M model, a "work around" was
conceived such that additional or parallel subsystems having
only flightline tasks were permitted, and each subsystem of
a set was used to model an AGE combination for the given
failure type. For example, a main landing gear failure
required one of five AGE combinations (e.g., a D-60 or D-60
and an NF-2) for flightline maintenance. Thus five main
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landing gear subsystems were placed in the network, The
total task time for each task type (e.g., troubleshoot or
remove and replace) was then proportionately subdivided
among the five subsystems, based upon the likelihood of a
given AGE combination. The wuse of different support
equipment combinations was considered in the shop tasks for
this scenario, so that only one of each subsystem type was
required for those tasks.

Results of this comparison study are presented in Table L-2
and Table L-3, For the AGE demand, the percent difference
in overall usage time between the two models is less that 4
percent of the total. The primary reason for the
differences in the two models appears to be due to the
random nature of the Logistics Composite Model in failure
selection and the probability distribution of the
maintenance task times.

Table L-2

COMPARISON OF AGE USAGE (FLIGHTLINE)
BETWEEN LCOM AND R&M

A% =
HRS/KFH LCOM-R&M

Unit LCOM R&M (o) (HRS) R&M
AJ35T 114.92 137.87 -22.95 -16.65
D60 592.45 609.87 -17.42 -2.86
MD3 27.42 25.18 2.24 8.90
M27M 53.51 51.41 2.10 4.08
NF2 237.50 250.90 -13.40 -5.34
TJ30E 53.51 51.41 2.10 4.08
TJ30N 53.51 51.41 2,10 4.08
TOTALS 1132,82 1178.05 -45.23 -3.84

The results shown in Table L-3 for manpower utilization in
maintenance manhours per thousand flight hours (MMH/KFH)
show approximately a 5 percent overall difference between
the models. The reasons are again primarily those discussed
above, The two columns of R&M output data are listed to
illustrate the slight changes in workhour needs due to
differences between the model which incorporates AGE usage
and that which also handles the different AGE
combinations. One column lists the number of personnel
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Table L-3

COMPARISON OF MANPOWER UTILIZATION
BETWEEN LCOM AND R&M

MMH/KFH
L.Com 1 R&M RaM A %7 Mean #
(Modified 1 - 3 Personnel/
AFSC for AGE)2 (Orig.)3 — 3 Work Center
1 42330 329, 38 348.08 348,08 -5.317 6
2 42334 222,56 257.11 230.19 -3.31 5
3 42350 472,20 524,11 508.96 -7.22 9
4 42354 583. 54 626.65 626,65 -6, 88 11
5 4313R 0.27 25,32 12,41 -97.82 1
6 4313W 43, 38 42,15 42,15 2.93 1
7 43131 244,41 249, 23 248.41 -1.61 5
8 4315R 153. 25 149.70 147,16 4, 14 3
9 4315W 57. 86 55.27 55,217 4,68 2
*10 53151 931.67 609, 87 609, 87 52,177 (16) 11
11 53135 . 123 . 165 . 165 -25.65 1
12 53150 3.35 3.41 3.41 -1.87 1
13 53154 73.27 84.08 84. 08 -12.86 2
14 53155 73. 39 84. 24 84. 24 -12.88 2
Totals 3188.65 3059, 39 3001.05 6.25 (65) 60

*includes inspection, preflight and post flight tasks in LCOM which are
not in R&M - approx. 338.91 MMH/KFH are used - removing this, yields:

10 43151 592,76 609. 87 -2,81
and overall,

Totals 2849. 74 3059, 39 3001. 05 -5.04
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needed for each work center. The total, 60, represents only
direct labor personnel performing landing gear maintenance
within the scope of the scenario.
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APPENDIX M
SAMPLE TRAINING PLAN

C-141 AIRCRAFT BRAKE AND WHEEL REMOVAL

INTRODUCTION

This training plan presents the content, instructional
components, and instructional delivery system appropriate
for task-oriented training related to brake and wheel
removal/replacement on the C-141 aircraft. The entire
training plan was developed employing a modified version of
the instructional system development (ISD) process described
in Air Force Manual 50-2, The training outlined by this
plan is complemented by a task-oriented technical manual
which covers the same maintenance operation.

RELATIONSHIP BETWEEN THE ISD PROCESS AND TRAINING PLAN
DEVELOPMENT

The total 1ISD process 1includes the actual development,
implementation, and evaluation/revision of a given training
program, Thus, the development of a training plan
constitutes only a portion of the ISD process. That portion,
commonly termed "training program design," is depicted in
the nine-step model presented in Figure M-1, Each of the
nine steps and related procedures is discussed in the next
section,

STEPS IN TRAINING PLAN DEVELOPMENT

The first step in training plan development is to select the
specific task areas for which training will be required.
For the C-141 wheel and brake removal/replacement, task
areas were identified via an integrated task analysis of an
actual C-141 wheel and brake assembly (for this training
plan, a modified version of the integrated task analysis
procedure described in AFHRL-TR-73-43 was employed). The
integrated task analysis also identified and documented each
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of the discrete tasks involved in the removal/replacement
operation,

The integrated task analysis of the C-141 wheel and brake
removal/replacement revealed 10 task areas. These 10 areas
subsumed each of the discrete tasks. Pictorially, the task
areas, as well as their relationship to both the
removal/replacement operation, and the discrete tasks are
shown in Figure M-2,

The second step in training plan development 1is to
categorize each of the task areas into an instructional
area. Basically, and instructional area is defined as a
group of task areas which, for training purposes, are
closely related. For the (C-141 brake and wheel
removal/replacement, the instructional areas and their
related task areas are shown in Figure M-3,

The third step is to add additional instructional areas as
appropriate. Additional instructional areas are sometimes
required either to complete the overall instructional
sequence (e.g., 1introduction, summary) or to achieve the
objectives of task-oriented training (e.g., a special skill
required for a task area). For this training plan, three
instructional areas were added. The areas and a rationale
for the addition of each are as follows:

1. Orientation to Brake and Wheel Removal/Replacement
- This 1instructional area was added to complete
the overall instructional sequence. It will be
used to introduce the entire brake and wheel
removal/replacement operation to the students. In
addition, it will ©provide an opportunity to
describe the process of instruction to be used
during the entire training program.

2. Use of Special Tools for Brake and Wheel Removal/
Replacement - This area was added to achieve the
objectives of task-oriented training. It assures
that students can both recognize and use those
special tools involved in C-141 brake and wheel
removal/replacement,

3% Wheel and Brake Removal/Replacement on the C-141
Aircraft - This instructional area was added to
complete the overall instructional secuence. It
assures students an opportunity to demonstrate
skill mastery on the actual C-141 aircraft.
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INSTRUCTIONAL
AREA

Preparing for C-141
Brake and Wheel
Removal/Replacement

Removing and
Replacing C-141
Wheel

Removing and
Replacing C-141
Brake

T R

Figure M-3

RELATED
TASK
AREAS

set and release brakes
inflate and deflate struts
jack axle

inflate and deflate tires
disconnect and connect leveler rod
remove and install outer hardware
remove and install wheel&inner hdwr.

clean and lubricate hardware
(partial)

remove and install brake
separate and install torque link
clean & lubricate hardware (partial’

Instructional Areas and Related Task Areas

103




- 4

The fourth step in training plan development is to construct
one or more performance objectives for each instructional
area (See Figure M-4), Briefly, there are two general
purposes fo a performance objective (Vaughan, 1977). The
first is to communicate to students exactly what is to be
learned. The second is to communicate to instructional
designers exactly what must be taught. In order to meet
both of these purposes, the performance objectives for this
training plan were constructed to reflect the criteria
outlined by (Mager 1962).

In addition to the Mager criteria, each of the performance
objectives was constructed to reflect the application level
of Bloom's Taxonomy of Educational Objectives (Bloom et al.,
1971). Learning at the level of application will help
assure that over job-related performance, rather than simply
information recall, is emphasized both in the development
and conduct of training. Thus, the training will be better
matched to the requirements of the job. The performance
objectives for the entire sequence of instruction related to
C-141 wheel and brake removal/replacement are presented in
Appendix N,

The fifth step in training plan development is to conduct a
learning analysis of each performance objective., Briefly,
the purpose of a learning analysis is to both state and
sequence each of the prerequisite learning (termed enabling
objectives) required for successful attainment of a
performance objective (Gagne, 1970). It 1is the enabling
objectives which provide the specific focus for both the
development of instructional materials and assessments.

As with the construction of performance objectives the
content of each learning analysis reflects the levels of
learning within Bloom's Taxonomy. This assures that the

list of enabling objectives within + '~h analysis is complete
(reflects all of the prerequisite of learning required
by the performance objective well as correctly
sequenced (in respect to the re complexity of Bloom
learning types). The learning yses for all of the

performance objectives within the (-141 brake and wheel
removal/replacement training plan are presented in
Appendix O.

The sixth step in training plan development is to select the
general method by which training will be delivered. Any
single method (e.g., computer assisted instruction, teacher
led instruction, small group 1instruction) or array of
methods could be selected. Normally, this methodological
decision is made based upon the type and complexity of the
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INSTRUCTTONAL
AREA

Orientation to C-141
Brake and Wheel
Removal/Replacement

Use of Special Tools
For C-141 Brake and
Wheel Removal/Replacement

Preparing For C-141 Brake
and Wheel kemoval/Replacement

Removing and Replacing
C-141 Wheel

Removing and Replacing
C-141 Brace

Wheel and Brake
Removal/Replacement
on the C-141
Aircraft

SOURCE OF
INGTRUCT10NAL
AREA

additional
(introduction)

additional
(special
skill)

integrated
task
analysis

integrated
task
analysis

integrated
task
analysis

additional
(real world

skill demonstration)

Figure M-4

C-141 wheel and Brake Removal/Replacement -~

PERFORMANCE
OBJECTIVE
NUMBER

3 (strut inflation/
deflation)
4 (axle jacking)
5 (brake sat/
release)

Instructional Areas and Related Performance Objectives
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performance objectives (and related learning analyses), the
ability of the learners, and the environment for training.

For this training plan, the general method of "self-
instruction" was selected. This choice was made based upon
a number of considerations. First, the complexity of the
performance and enabling objectives is not of a level which
would preclude presentation via a self-instructional format.
Second, recent trends in training include a movement toward
valid and predictable instruction which is exportable (i.e.,
capable of replication at a variety of locations without
special facilities or personnel). By definition, validity
and predictability are consistently achievable only via
highly structured self-instructional apprcaches to
learning. Third, the concept of self-instruction will
permit students to spend as much or as little study time as
required in order to achieve the goal of mastery learning.

The selection of self-instruction is not intended to remove,
or reduce the importance of, the instructor within a
training program., Rather, self-instruction permits many of
the lower level types of 1learning to be mastered by a
student working independently. Instructional personnel are
thus able to devote their expertise to the more crucial
aspects of training; e.g., complex skill development,
individual student supervision, individual student
assessment, and remediation.

The seventh step in training plan development is to select
the primary instructional delivery technique which will
adequately carry out the general method of instruction. For
this training plan, "instructional modules" were chosen as
the primary delivery technique. The choice was made because
instructional modules are wuseable by a wide range of
students who possess varying abilities to learn, speed in
learning, and levels of interest. Further, a given
instructional module may include a variety of different
media forms reflecting various student interests (a more
thorough discussion of instructional modules in general and
for this training plan may be found in Appendix P).

The eighth step is to select an assessment type for each
rerformance and enabling objective. The assessment type
selected for the performance objective will 1indicate the
manner in which student performance (for purposes of
grading) will be judged. The performance objective
statement normally indicates the assessment type to be used.
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The assessment types selected for the enabling objectives
will indicate the format of diagnostic tests (when given
before instruction) and/or self-tests (when given following
instruction). However, enabling objective assessment items
are not used for grading purposes.

The assessment type chosen for a given enabling objective is
based upon two constraints. First, that the assessment type
can adequately measure the behavior specified in the
enabling objective, Second, that any restrictions imposed
by the instructional method (in this case self-instruction)
or the instructional delivery technique (in this case
modules) can be reflected. The enabling objectives and a
preliminary choice of assessment type for each presented in
Appendix Q.

The ninth and final step in training plan development is to
select a media type for each enabling objective.*

As with assessment types, media types are selected 1in
respect to the behavior specified within the objective, as
well as, by any restrictions imposed by either the method of
instruction or instructional delivery technique. In
addition, media type 1is often a direct product of the
abilities and interests of the students who will undertake
the instruction.

For the training plan under discussion, a single tentative
media type has been selected for each enabling objective.
Alternative and/or additional media types may later be
chosen in order to satisfy the different learning abilities
and interests of different students. The tentative media
type selected for each enabling objective is presented in
Appendix Q.

* (Note: Media types are not selected for a performance
orLjective because performance objective is not directly
taught. Rather, the behavior specified in the performance
objective is the result of the attainment of related
enabling objectives.
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VALIDATION AND USE OF A TRAINING PLAN

The preceding paragraphs described that portion of the ISD
process required to complete the developmetn of a training
plan for bcake and wheel removal/replacement on the C-141
aircraft. Those paragraphs, as well as the content of
Appendices N to Q and constitute the training plan. This
training plan for the brake and wheel removal/replacement
operation 1is considered preliminary and should undergo
review and revision by three groups of individuals:

.. Instructional designers who can analyze the
contents of the plan 1in respect to accepted
standards of instructional design.

2, Equipment user's who can analyze the contents of
the plan in respect to the maintenance needs of
Air Force work units.

3, Equipment builders who can analyze the contents of
the plan in respect to the maintenance
requirements of the equipment under consideration.

This validation process would continue until an acceptable
degree of consensus on the contents of the training is
obtained. At this point, the training plan would be deemed
"final."

Upon acceptance of a final training plan, the following ISD
activities would be undertaken:

1. Development of the assessment items.

2. Development of the instructional materials.

3. Packaging of instructional materials and
assessments into self-instructional modules.

4, Training for the instructors vis-a-vis the use of
self-instructional modules as well as the
supervision and evaluation of student performance
in a self-instructional setting.

Sie Design and development of required equipment
mockups.
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6. Field test and revision of the instruction in
order to achieve predictability and consistency.

Wie Deployment of training.
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APPENDIX N
TRAINING PLAN PERFORMANCE OBJECTIVES
Cl41 WHEEL AND BRAKE REMOVAL/REPLACEMENT

PERFORMANCE OBJECTIVE 1:

Given 10 multiple choice items, the student will be able

a. to identify the tasks and task sequence involved
in the removal/replacement of a Cl41 wheel and
brake assembly and

b. to recognize situations in which
removal/replacement of the wheel and  Dbrake
assembly is necessary.

To successfully achieve this objective, the student must
correctly answer nine of the test items.

PERFORMANCE OBJECTIVE 2:

Given the five special tools required for brake and wheel
removal/replacement on the C141 aircraft and mockups of
fasteners requiring the tools, the student will

a. select the tool required by each fastener and
b. use each tool to loosen and tighten the related
fastener,

To satisfy this objective, the student must follow the tool
use and safety procedures outlined in the module.
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PERFORMANCE OBJECTIVE 3:

Given mockups of a high pressure nitrogen servicing cart and
of a given Cl41 main laiding gear strut, a height to which
the strut is to be raised, and a Cl41 strut
inflation/deflation checklist, the student will be able to
inflate and deflate the strut mockup. To successfully
achieve this objective, the student must accomplish the
following steps:

1. Determine if strut inflation/deflation is
required.

2. Set up, operate, and shut down the servicing cart.

3% Ensure that maximum strut extension limits are not
exceeded,

4, Ensure that maximum strut servicing limits are not
exceeded.

5. Ensure that maximum permitted differential in
strut heights are not exceeded.

6l. Carry out each of the strut inflation/deflation
procedures indicated in the module.

7. Carry out each of the related safety procedures
indicated in the module.

PERFORMANCE OBJECTIVE 4:

Given mockups of a Cl41 main landing gear strut and aircraft
jack, and a Cl41 axle jacking checklist, the student will be
able to raise and lower the strut (aircraft). To
successfully achieve the objective the student must
accomplish each of the following steps:

1. Inspect the jack prior to use.

2.5 Correctly position the jack.

35 Raise the wheel approximately one inch.
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4. Carry out each of the axle jacking procedures
indicated in the module.

5. Carry out each of the related safety procedures
indicated in the module.

PERFORMANCE OBJECTIVE 5:

Given a brake number, mockups of Cl41 rudder pedals,
hydraulic system control panel, and a Cl41 brake setting/
releasing checklist, the student will be able to set and
release the brakes., To successfully achieve this objective,
the student must accomplish the following steps:

1, Pressurize the correct hydraulic system for the
given brake.

2. Check that the brakes are actually set,

35 Carry out each of the brake setting/releasing
procedures indicated in the module.

4. Carry out each of the related safety procedures
indicated in the module.

PERFORMANCE OBJECTIVE 6:

Given mockups of a Cl41 axle, wheel and related inner and
outer hardware incorporating one or more defective parts,
and a Cl41 wheel removal/replacement checklist, the student
will be able to remove and replace the wheel/related
hardware. To successfully achieve this objective, the
student must accomplish the following steps:

1. Inspect all required hardware components and
identify/replace and which are defective.

2. Correctly lubricate all required hardware
components,

3. Use all tools correctly.
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4. Torque wheel to proper tolerances.
3% Verbally indicate cautions and carry them out.

6. Carry out each of the wheel removal/replacement
procedures indicated in the module.

7. Carry out each of the related safety procedures
indicated in the module.

PERFORMANCE OBJECTIVE 7:

Given mockups of a Cl41 axle, brake assembly, strut, and
torque 1link incorporating one or more defective parts, a
brake removal and replacement checklist, and the instructor
acting as a hydraulic specialist, the student will be able
to remove and replace the Cl41 brake assembly/related
hardvare and recognize/replace all defective parts. To
successfully achieve this objective, the student must
accomplish the following steps:

1. Request the hydraulic specialist to depressurize
the hydraulic system and cap/plug the cap/filler.
2, Use all tools correctly.

3. Inspect all required hardware components and
identify/replace any which are defective.

4. Correctly lubricate all required hardware
components.

S Verbally indicate cautions and carry them out.

6. Carry out each of the brake removal/replacement
procedures indicated in the module.

Tt Carry out each of the related safety procedures
indicated in the module.
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PERFORMANCE OBJECTIVE 8:

Given an actual Cl41 aircraft, and related Cl41 job guide,
the student will be able to remove and replace both the
wheel and brake assembly. To successfully achieve the

objective,

B

the student must accomplish the following steps:
Inspect all hardware components and
identify/replace any which are defective.
Lubricate all required hardware components.
Verbally indicate all cautions and carry them out.

Carry out the aircraft procedures for the task as
indicated in the module.

Carry out each of the related safety procedures as
indicated in the module.
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APPENDIX O
TRAINING PLAN LEARNING ANALYSES

C141 WHEEL AND BRAKE RFMOVAL/REPLACEMENT
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APPENDIX P
DESCRIPTION OF MODULARIZED INSTRUCTION

OVERVIEW OF MODULES

A module 1is an instructional package dealing with a single
performance objective, It is an attempt to individualize
learning by enabling a trainee to master one unit of
instruction Dbefore moving to another. The learning
experiences within a module are presented in a self-
instructional format which permits the trainee tc control
the rate and intensity of study. Since the module package
may involve materials which are portable, the trainee can
take it to the library, a study carrel or living quarters.
The length of a module may vary from only a few minutes of
trainee time to several hours. Modules may be used
individually or combined to form sequences of learning
devoted to a specific overall outcome (e.g., a particular
job skill).

CONTENT OF A MODULE

Modules may vary dramatically in terms of content. Some
modules provide only a prescription in the sense that a
trainee is told where to obtain and how to use such items as
instructional materials and assessments. Conversely, other
modules may be totally self-contained in that they would
contain everything a trainee required in order to achieve a
given performance objective. For the modules related to C-
141 brake and wheel removal/ replacement, the following
general content is proposed:

l. An introduction including the statement of the
performance objective.

2, A diagnostic test related to each of the enabling
objectives.

33 An answer key to the diagnostic test, including a
| relationship chart matching incorrectly answered
n diagnostic test items with appropriate
’ instruction,

A
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4, All instruction required for each enabling
objective (other than that limited amount of
instruction requiring either instructor delivery
or supervision).

5. Self~-tests valid for the instruction within the
module,

6. Directions on how and where the module post-test
will be administered.

STUDENT USE OF AN INSTRUCTIONAL MODULE

Based upon the above proposed content, the modules would be
used in the following general manner:

1. Trainees would begin use of a module by reading
the introduction including the performance
objective.

2. Trainees would complete the diagnostic test.

3% Depending upon the results of the diagnostic test,
the relationship chart would gquide each trainee to
the appropriate instruction.

4, Upon completion of each segment of instruction,
trainees would complete the related self-test.

5. Following compietion of all instruction, the
trainece would take the post-test related to the
module. (The post-test could be given on demand or
based upon a schedule provided by the instructor.)

Most of the study related to the module could be undertaken
independently ¢t a location of the trainee's choosing,
Hnowever, that instruction regquiring the use of mockups or
special tools would be completed within the confines of a
training environment under instructor control.

128

L Y



e

ROLE OF THE INSTRUCTOR

The role of the instructor in moduler instruction is that of
facilitator and evaluator, Essentially, instructors have
limited responsibility for delivering "stand-up"
instruction. 1Instead, they are available to assist trainees
in overcoming learning problems on a one-to-one basis.
Further, instructors will supervise trainee practice of
skills involving ~ockups or special tools as well as
evaluating student completion of each post-test. Thus, in a
modular situation, the responsibility for instructional
delivery moves from the instructor to the modules while the
instructor tends to take on a heavily diagnostic role,
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APPENDIX Q

PRELIMINARY MEDIA AND ASSESSMENT CHOICES

Cl141 BRAKE AND WHEEL REMOVAL/REPLACEMENT

Enabling
Objective

Preliminary
Medial Choice

l.1

1.2

1.3

written instruction
written instruction

written instruction

written instruction
written instruction
written instruction

written instruction
with still pictures

written instruction

written instruction
with still pictures

alternative response
written instruction
written instruction
written instruction
written instruction
written instruction
written instruction
written instruction

with sequenced still
pictures

Preliminary Assess-
ment Choice

short answer item

short answer item

alternative response

item

short answer

short answer
alternative response

alternative response
with still pictures

short answer

alternative response
with still pictures

alternative response
short answer
short answer
short answer
alternative response
short answer
short answer
alternative response

with sequenced still
pictures

A
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2,16
2,17
2.18

2.19

2,20

2.21

3.1
3.2
3.3
3.4

3.5

3.6

3.7

practice

written instruction
written instruction
written instruction
written instruction
written instruction
written instruction
with sequenced still

pictures.

practice

written instruction
written instruction
written instruction
written instruction
with sequenced still

pictures

practice

practice

written instruction
written instruction
written instruction
written instruction

written instruction
with still pictures

written instruction

written instruction

132

instructor
observation

short answer
short answer
alternative response
short answer
short answer
alternative response
with sequenced still

pictures

instructor
observation

short answer
alternative response
short answer
alternative response
with sequenced still

pictures

instructor
observation

instructor
observation

short answer
short answer
short answer
short answer

alternative response
with still pictures

short answer

alternative response




3.8

3.9

3.10

3.11

3.12

3.13

3.14

3'15

3.16

3.17

4,1
4.2
4.3
4.4

4‘5

4.6

4.7

4.8

4.9

with still pictures
written instruction

written instruction
with still pictures

written instruction
with still pictures

practice

written instruction

written instruction
with still pictures

practice

written instruction

written instruction
with still pictures

practice

written instruction
written instruction
written instruction
written instruction

written instruction
with still pictures

practice

written instruction

written instruction
with still pictures

practice

with still pictures
short answer

alternative response
with still pictures

alternative response
with still pictures

instructor
observation

short answer

alternative response
with still pictures

instructor
observation

short answer

alternative response
with still pictures

instruction
observation

short answer
short answer
short answer
short answer

alternative response
with still pictures

instructor
observation

short answer

alternative response
with still pictures

instructor
observation
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5‘1

5.3

5.4

6.1

6.2

6.3

6.4

6.5

6.6

6.8

6.9

6.10

6.11

6.12

6.13
6.14

6.15

7.1

7.2

written instruction

written instruction
with still pictures

practice

written instruction

written instruction
with still pictures

written instruction

written instruction
with still pictures

written instruction

written instruction
with still pictures

written instruction

written instruction
with still pictures

practice

written instruction

Written instruction
with still pictures

practice

written instruction

written instruction
with still pictures

practice

written instruction
with still pictures

written instruction
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comnletion

alternative response
with still pictures

instructor
observation

short answer

alternative response
with still pictures

short answer

alternative response
with still pictures

still pictures

alternative response
with still pictures

short answer

alternative response
with still pictures

instructor
observation

short answer

alternative response
with still pictures

instructor
cbservation

short answer

alternative response
with still pictures

instructor
observation
alternative response
with still pictures

alternative response
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7.5

7.6

8.1

8'2

1
Ejl 8.3

fg 8.4

8.5

8.6
8.7

8.8

with still pictures
written instruction
written instruction
with still pictures

practice
practice

written instruction
with still pictures

written instruction

written instruction
with still pictures

practice

practice

written instruction
written instruction

practice
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with still pictures

short answer
alternative response
with still pictures

instructor
observation

instructor
observation

alternative response
with still pictures

short answer

alternative response
with still pictures

instructor
observation

instructor
observation

completion
short answer

instructor
observation
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APPENDIX R
SAMPLE JOB GUIDE MANUAL

vE AND INSTALL MAIN LANDING GEAR
.LS AND BRAKES

INPUT CONDITIONS

Applicable Serial Nos: All
Supplies:

Clean rags (as required)
Grease, MIL-G-25760

0il, MIL-C-6529

Cleaning solvent, P-D-680
Cap and plug kit

Personnel Required: Two
Assistant required to aid in jacking and handling wheel and

brake during remove and install,

Specialist required to connect and disconnect hydraulic
swivel fittings during remove and install brakes.

Technician required to perform In-Process inspection during
installation.

Equipment Condition:

Aircraft parked, chocked and statically grounded per T.O.
1C-141A-2-23G-4.

Aircraft positioned on hard, level service. Slope tolerance
of 1.5 percent, zero degrees, 51-1/2 minutes.

Landing gear ground safety pins installed per T.O. 1C-141A-
2-1MS-1.

Main landing gear shock strut serviced per T.O. 1C-141A-2-
ZJG-S .

No. 3 hydraulic system accumulators pressurized per T.O. 1C-
141A-2-33G-2,




WARNING
Observe all safety precautions in AFM127-101; T.O. 00-
25A-1; T.O0. 1C-141A-2-1MS-1.

CAUTION

Always jack aft axle first, or both axles
simultaneously when there is a requirement to change
tires on both axles on one gear.

Special Tools & Test Equipment:

Axle - Type F-2; used to jack bogie (two required if
forwar t wheels are to be removed). (Alternate: Axle
jacks, 5; used to jack front or rear axles if both
tires « rat.)

Torque wrench, calibrated to 960 inch-pounds; used to torque
axle nut,

Torque wrench, calibrated to 480 inch-pounds; used to torque
axle nut,

Spanner Wrench, PN 3S50034; used to remove and install axle
nut.

Torque adapter Wrench, PN 7227089-10; used to check position
of lockring.

Valve core Tool, PN 968RB; used to remove or install valve
core. (Alternate: Equivalent)

NOTE: Under an emergency situation, or when a MLG
brake leak occurs at a station where brake change
capability does not exist, it is permissible to cap off
a maximum of one brake per main gear for a one time
flight to a station having brake change capability.
Cap off brake by obtaining cap/plug adapters from crew
compartment, Disconnect flex hose (4) from swivel at
brake (20). Install female part of adapter to the
brake swivel and flex hose (4) to male part of
adapter. Using number 3 hydraulic system pressurize
affected brake and check for leaks.

.
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REMOVE WHEEL AND TIRE

NOTE s

If there is not enough room between the aircraft

and axle to remove the wheel, inflate both landing gear
struts, (Refer to T.0O. 1C-141A-2-2JG-4)

Make sure that the parking brakes are off.

Remove forward and aft chocks.

Disconnect leveler rod (37).

f.

Remove cotter pin (36).

Remove nut (35).

Remove outer washer (34).

Free leveler rod by pulling it off of bolt.

Leave inner washer (38) in bolt and put outer
washer (34) and nut (35) onto bolt for

safekeeping.

Tie leveler rod to forward torque arm so it will
not dangle or be damaged.

Jack axle until tire clears ground. (Refer to T.O. 1C-
141A-2-23G-4)

Set parking brake.

Depress top part of rudder pedals (40).

Pull out parking brake handle (39).

Release rudder pedals (40).

NOTE: If parking brake handle will not set in the

out position, check to make sure that there is
enough hydraulic pressure (Refer to T.O.

Deflate tire,

Remove air valve cover.

Use valve core tool to deflate tire until all air

is out.

T
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C. Use valve core tool to remove valve core,
7. Remove outer wheel hardware.
a. Remove snapring (23).

b. Remove hubcap (5).

(P Remove grease retainer ring (9). 1
f 4. Remove felt grease seal (10). ]
9 8. Disconnect anti-skid detector (6). ]

71 a. Use wire snippers to cut and remove safety writing
from screws.

: b. Remove the three screws and place them in hubcap E
] for safekeeping. 3

Chs Place skid detector (6) inside axle (22) for safe
storage.,

i e

95 Remove axle nut (7) and lock ring (8).

a, Remove cotter pin (25) from lock ring (8) and axle
nut (7).

b. Use circular spanner wrench to remove axle nut !
(7).

Ce Remove lock ring (8).

10. Clean axle nut (7) and lock ring (8) with clean rag.
11. Remove rest of outer wheel hardware.
J a. Remove grease retainer ring (1l1l).

b. Remove outer bearing (12), catching it in rag and
keeping it wrapped in rag for protection.

§ 13, With assistance, remove wheel and tire from axle.
CAUTION

In removing wheel, try to support wheel as it
comes off so as to avoid damaging end of axle.

- T

END OF TASK
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REMOVE BRAKE {

NOTE: Remove wheel and tire as per this T.O. 1
18 Remove outer spacer (19) from axle,
2. Request hydraulic specialist to:

1) Depressurize #3 hydraulic system per T.0. 1C-141A-
2-3JG-1 .

2) Disconnect hydraulic line (4) and swivel fitting
(3).

3) Cap fitting and plug line.
;' 31 Separate torque link (31) from brake (20).

a. Use screwdriver to pry lock tab on star washer
(32) out of the indent on nut (33).

b, Use spanner wrench to loosen nut (33) 3 or 4
turns.,

C. Tap nut (33) with hammer to free bolt (30).
d. Remove nut (33), star washer (32), and bolt (30).
e. Set torque link (31) out of the way by lifting it
up and back.
CAUTION .

In taking the brake off the axle care must be
taken to protect the bearing surfaces on the axle.

4l With assistant, remove brake (20) from axle.

jﬂ 5. Use brake dolly to transport brake to service chariot.

@:-;’

NOTE: Sometimes the inner spacer sticks to the
brake. Be sure the spacer is removed before brake
leaves the area.,

END OF TASK
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INSTALL BRAKE

1.

Using solvent, clean axle (22) and spacers (19,20).
Apply a thin film of grease to axle (22).

Install inner spacer (21) on axle (22). (Make sure it
goes all the way on).

Get the new brake (20) and remove any service tags
and/or wire attachments.

Align the rotor and stator discs of the brake.

With assistant, install brake onto axle. (Make sure it
is snug against shoulder of inner spacer (21.)

Install torque link (31).

a. Align torque 1link (31) with brake (20) so that
bolt holes line up exactly.

b. Install bolt (30) so that flat edge of bolt head
lines up with alignment bar on brake housing.

NOTE: When bolt is properly installed, the bolt
will stick out the other side of the hole by about
1/32 of an inch.

Cl Place star washer (32) on the end of bolt (30).

NOTE: If the star washer will not stay on end cof
bolt, make sure that the bolt is seated correctly
and that it sticks out the right amount. If the
bolt does stick out the right amount, then you can
hold it in place by applying a little grease to
the brake housing for the washer to stick to.

d. Install nut (33), tightening it with the spanner
wrench until all end play in the bolt is removed.

e, Continue to tighten nut (33) with the spanner
wrench (or with a punch and hammer) until a tab on
the star washer (32) lines up with an indent on
the nut (33).

£ Use a screwdriver to bend a tab on the star washer
(32) part way into an indent or nut (33).
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q. Use a hammer and punch to seat tab securely into
the indent,

Request hydraulic specialist to:

1) Remove cap from fitting (3) and plug from line
(4).

2) Connect line (4) to swivel fitting (3).
3) Bleed brake per T.0O., 1C-141A-2-3JG-2,
4) Service hydraulic system per T.O, 1C-141A-2-2JG-5,

5) Check adjustment of brake and leak check brake per
T.0. 1C-141A-2-123G-6.

Set parking brake.

a. Depress top part of rudder pedals (40).
b, Pull out parking brake handle (39).

cr Release rudder pedals (40).

Install outer spacer (19) with the flared end toward
the brake.

END OF TASK
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IN-SHOP PREPARATION OF WHEEL. FOR INSTALLATION

NOTE: For wheels which have been removed and are
to be reinstalled, follow steps 1-6 only. For
installation of a new wheel follow steps 7-12
only.

Remove inner wheel hardware.

a. Remove snapring (18).

b. Remove grease retainer ring (17).

C. Remove felt seal (16).

d. Remove grease retainer ring (15).

e. Remove inner bearing (14), placing it in a rag for
) protection.

NOTE: Check for proper bearing part number -
#PN522549.

Using cleaning solvent, clean inner and outer wheel
hardware,

a. Clean felt seals (10, 16).
b. Clean retaining rings (9, 11, 15, 17).
Cle Clean bearings (12, 14).

Inspect felt seals, retaining rings, and bearings for
wear and defects.,

Lubricate felt seals (10, 16) with oil.
Repack bearings (12, 14) with grease.
Install innevr wheel hardware.

a. Install inner bearing (14).
Bl Install grease retainer ring (15).

C. Install felt seal (16).
d. Install grease retainer ring (17).

e. Install snapring (18).
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12.

NOTE: For wheels that are being reinstalled, step
6 ends the wheel preparation task, For the
installation of a new wheel follow steps 7-12.

Using cleaning solvent, clean outer wheel hardware.

a. Clean felt seal (10).

b, Clean retaining rings (9, 1ll).

C. Clean bearing (12).

Inspect felt seal, retaining rings, and oearing (9, 10,
11, 12) for wear and defects.

Lubricate felt seal (l10) with oil.
Repack outer bearing (12) with grease.

Remove inner wheel hardware to check for proper bearing
part number - #PN-522549,

a. Remove snapring (18).

b. Remove grease retainer ring (17).

(S Remove and discard paper protective seal.
d. Remove felt seal (16).

e, Remove grease retainer ring (15).

f. Remove bearing (14) and check for proper part
number - #PN-522549,

Reinstall inner wheel hardware.
a. Install bearing (14).

b, Install grease retainer ring (15).
C. Install felt seal (16).

4. Install grease retainer ring (17).
e, Install snapring (18).

END OF TASK

145




INSTALL WHEEL AND TIRE i

-~

:; NOTE: Prepare wheel for installation as per this
3 T.O.

NOTE: Before starting installation, check to be ‘
sure parking brakes are set. 1

1. Visually inspect wheel and tire assembly as per T.O.
1C-141A~-2-1MS-1,

2, Check tire pressure for proper inflation (190 +10, -5
psi).

! 31 Check to make sure that the outer spacer (19) has been
) installed with flared end towards the brake.

| 4. Remove inner wheel hardware to check for proper bearinrg
‘ part number - #§PN-522549,

' B Remove snapring (18).

b. Remove grease retainer ring (17).

€l Remove felt seal (16).
a, Remove grease retainer ring (15).

e, Remove bearing (14) and check for proper part
number - #PN-522549,

5. Reinstall inner wheel hardware.
a. Install bearing (14). ;
b. Install grease retainer ring (15).
C. Install felt seal (16). ,;
4. Install grease retainer ring (17). -
e, Install snapring (18).

6. With assistance, put wheel onto axle and engage it with
brake,

a. Check alignment of rotors on brake.

b, Guide wheel onto axle.
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10.

11.

12.

13.

14.

15,

NOTE: Lift wheel carefully so as not to damage
end of axle,

Gk Keep aligning rotors as necessary while jiggling
wheel all the way on.

Install outer bearing (12).
Install lock ring (8) and axle nut(7).

a. Install lock ring (8) with lock keys in axle lock
slots,

b. While holding lock ring (8) 1in place with one
hand, install axle nut (7) and hand tighten it
with otner hand.

Release brakes.

Using spanner wrench (round head), torque axle nut (7)
to 960 inch pounds,

NOTE: While tightening axle nut, rotate wheel
clockwise,

Let up on axle nut tightness by backing off to zero
incn pounds.

Using spanner wrench (rectangular head), torque lock
ring (8) to 600 inch pounds (in either direction) to
insure that the lock keys are firmly seated in axle
lock slots.

WARNING

If ring nut (8) is not properly seated, the whole
wheel assembly can come off.

Using spanner wrench (round head), torque axle nut (7)
to 480 inch pounds.

Continue tightening axle nut (7) until the first (of
the three) locking holes you come to lines up with an
indent on the lock ring (8).

Install cotter pin (25).

a. Insert cotter pin (25) through indent in lock ring
(8) and into locking hole in axle nut (7).




| 16.

17.

18I

'y_wf

19.

_p

20,

21,

e a5, S

b. Secure cotter pin and flatten rounded head into
lock ring indent.

Install anti-skid detector (6).

a. Remove anti-skid detector (6) from inside the axle
(22) and place in position on axle nut (7).

Br Secure anti-skid detector with three screws (24).
NOTE: Be sure screws are securely seated but do
not overtighten them.,

Cle Safety wire the three screws (24) using single
strand method.

Install rest of outer wheel hardware,
a. Install grease retainer ring (1ll).
b. Install felt seal (10).

G, Install grease retainer ring (9).

d. Install hubcap (5) with key inserted into
alignment hole in wheel,

e. Install snapring (23).
Release parking brake.
CAUTION

Be sure to get all equipment out from under the
aircraft before lowering the jacks.

NOTE: If both axles are jacked, do step 1l7a to
both jacks at the same time.

Lower aircraft,
a. Slowly release pressure on jack.,

b. When jack 1is clear of jack pad (38.2), remove
jack.

Put forward and aft wheel chocks into place.
Install leveler rod (37).

a. Untie leveler rod.
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f.

Remove nut (35%) and outer washer (34), leaving
inner washer (38) on bolt.

Place end of leveler rod (37) omto bolt,

Put on washer (34) and nut (35).

Tighten nut (35) finger tight and then back off so
that one of the indents on the nut aligns with the
cotter pin hole in the bolt.

Insert and secure cotter pin (36).

Deflate the struts (Refer to T.0. 1C-141A-2-2JG-4).

END OF TASK
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Note. - Item 36, cotter rin, not shown.




