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CHAPTFER 1

THE MODEL

1.7 INTRCDUCTION

The Optimal Supply and Maintenance Model (OSAMM) is designed

to simultaneously optimize support and maintenance policies for a

new equipment, Inputs 2 the model are limited to the types of

N information that should be available early in development when the
maintenance concept is being formulated. The model determines

optimal Maintenance Task Distributions (MTD) and Replacement Task
Distributions (RTD) for the major items in an equipment. It also

compares the cost of throwing away an item with the cost of

repairs, In making these decisions the model considers the

spares, special test equipment and special repairmen that will be

needed to support the maintenance policy. Other c¢osts such as

transportat.on, cataloging and documentation are also considered.

The SESAME model is u-ed in OSAMM to optimize supply. It
should be noted, however, that the model i3 not designed to
replace SESAME. The OSAMM model should be used early in
development to help establish a maintenance concept when detailed

data on a new equipment is unknown. The SESAME model should be

oA

used later in development after the maintenance concept ha

determined and more detailed d. :a is available.

pait }
(4

1,2 INDENTURE LEVELS

The model looks at tnree levels cf indenture within an end
item; components, modules and piece parts. The end item in Figure
1 is broken down into two components. Component 1 is composed of

three modules, and component 2 is composed of two modules. Thers
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is a mcdule 3 1in both component 1 and component 2. The
applications listed on the bottom of the figure descrice how the
components and modules are assembled. Piece parts contained in
the madules are not shown. Since detailed plece part data 1s not
generally available in early dcvelopment, the piece parts are

considered only in an ajgregate manner.

The model is based on applications, This gives OSAMM greater
flexibility than most models. Commonality within an end iteu can
be considered. The same module may be contained in two different
components, e.g. module 3 in Figure 1, Since failure data is
input by application, the model can account for the fact that the
module may have a different failure rate depending on the

component in which it is installed.

The maintenance decisions made by the model are output by
application. The model will describe what should be done when the
d item fails due to the failure of a certain module in a certain
component., As an example, suppose that the end item pictured in
Figure 1 has failad because module 3 has failed in component 2.
The model might suggest that the end item be repaired at the
organizational level, component 2 be repaired at the direct
suppoert unit (DSU) and module 3 be repaired at the depot. If
module 4 had caused the failure, however, the model might suggest
that because module 4 requires more 8kill and more expensive test
equipment to remove, repair of component & should be don
general support unit (GSU). The model will also determine which

ne ]
“ v “

[1H)

components and modules should be thrown away instead of repaired.
This information is ultimately used to develop MTD's and RTD's for

individual components and modules.

Occasionally there are parts or groups of parts that do not
fit exactly into the indenture level structure. These parts or

groups can be designated as pseudo components or pscudo modules.

G
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One example of a pseudo component would be a component that
contains no modules and has a washout rate of one. Another would
be a set of wires connecting components, In general, a pseudo
component is not repaired,. It is not removed and replaced as a
unit, unless it consists of only one part, When parts that make
up a pseudo component are replaced, the end item 18 repaired
directly. Since the end item and not the component is repairaed by
such a maintenance action, special test equipment or speczial
repairmen required are associated with end item repair as
described in paragraph 1.3b below, Repair times should be

considered in the development of the end item mean time to repair.

In order for a group of parts to be combined into a pseudo
module, they must be contained in & component which is removed and
replaced as a unit. Replacement of the parts will repair the
component outside of the end itenm, Special test equipments or
special repairmen needed are associated with the application as
described in paragraph 1.3e., Repair times should be considered in

the development of the mean time to repair for the component,

The difference between a pseudo component and a pseudo module
lies more in how repair is accomplished rather than in the actual
construction. Suppose an automobile is considered as an end item.
The engine would clearly be a major component., Considering the
spark plugs as a pseudo nodule would mean that when the spark
plugs fail, the engine (component) will be replaced with a new
engine. ihe old engine will Dbe plac i stock after the spark

ed
pPlugs are changed. This is obviously not how one goes about

changing the spark plugs in a car. The car (end item) is repaired
directly without removing the engine. The spark plugs siould

therefore be considered as a pseudo component. A spark plug
Wwrench would be listed with special test equipment nceded to
repair the end item when the spark plug pseudo component fails.

7
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1.3 SPECIAL TEST EQUIPMINT AND SPECIAL REPATRMEN

A special test equipment or special repairman is paculiar at
an echelon if it is not currently located at that echelon, A
decision to perform a repair action requiring the use of such an
equipment or repairman at tnat echelon would necessitate an
addition to the equipment or skill level already there. New
piecesn of equipment would have to be purchased, or r2pairmen with
skille not common to the cchelon would have to be moved in. The
model assumes that if an equipment/repairman is peculiar to an
echelon it will be peculiar to all echelons below that echelon.
An equipment that is peculiar at a GSU cannot be common at a DSU,
for example. On the other hand, an egquipment/repairman common at
a higher echelon may be peculiar at lower echelons. Common depot
equipment may be peculiar to the retail echelons. The placement
of special test equipment/repairmen c¢an be constrained allowing

the user to prevent their deployment below a Specified echelon.

Special test equipment and repairmen are needed for five

different kinds of repair actions:
a. Repailr end item whenever it fails,

The equipment/repairman is needed whenever the end item

fails and is required until the end item is repaired.

D. flepair end item when it failc due to the failure of a

specific component,

The equipment/re¢pair 13 no% normally needed to repair the end
item, but it is needed when a specific component fails. One
example of this type of equipment would be an equipment needed tc
realign c¢r tune the end item when a specific cocmponeat

replaced. Another would be an egquipment needed to remove and

e




replace a specitic compouanent, These equipments/repairmen are

-needed for a time period wnich 1s input by the user.
C. Repalr u component whenever it faxlsy.

The equipment/recpairman is needed whenever the component
‘fails and i3 required until the component is repalired,

d. Repair a mcdule whenever it fails.

e. Repair a component when it fails due to the failure of a

.specific module. -

The equipment/repairman is not normally needed to repair
the component, but it 1Is needed when a specific module fails.
(See b atove).

Note: An equipment or repairman can be used for more
than one of the above purposes and can be used on any nuuber of
different components and modules.

1.4 COST FACTORS

One time and annual recurring costs are both considered in
-the model. Comparisons are mace using the net present value

metnod as per DODI T7041.3. Details are given in Appendix B,

Full deployment is assumed in year 1. This means cost
estimates produced are not uwrue life cycle costs, but are useful
for ranking policy ulternatives. This approach was taken to
simplify data requirements and processing with the expectation "
‘that this would not unduly bias choice of one alternative over
another, It does tend to exaggerate the impact of costs which

will phase in over time, so Some refinements to the current model

4
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may ultimately be necessary. Note that not only do annual costs
such as requisition processing build up to full ‘eployment levels,
but even "one-time" ¢osts such as purchase price for test
equipment, are¢ not recally all incurred at one time; test
equipment, for example, neced only be deployed as the weapon system U

is introduced over time tc additional fighting units,

~)




CHAPTER 2

INPUT

2.1 INPUT CARD DECK

The data for the model is input on 80 coclumn data cards as
described below. All cards are mandatory except where noted. The
input deck is suwmarized in Figure 2. The first card in the deck
is the end item card containing general information about the end
item., Following this card is a card with a list of
equipments/repairmen identification numbers. These
equipments/repairmen are needed to repair the end item whenever it
fails as described in 1.3a. This card is optional. The next set
of cards lists the identification numbers of equipments/repairmen
that are needed to repair the end item when specific componeats
fail as describea in 1.3b. These cards are also optional, but if
they are used, there must be twoc cards tor each component that has
this type of equipment/repairman asseciated with it, If used,
this set of cards must be followed by a card with 9999 in columns
1«4 vo signal the end of this data.

The next card is the deployment information card which-
contains SESAME type input data about the supply support
structure. The policy selector card joliows the deployment cardg.
The GEMM maintenance policies that are to be considered are listed
on this card. (See Table 1), After the policy selector card
comes the echelon parameters card. This card contains information
about the maintenance echelons. The final card in this group is

tne c¢os3t parameters card which has some overall cost information.

The special test equipment caras are next in the deck. These

cards contain all ol the data for special test equipment. The
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JEABLE 1

LGEMM Policies

1 = ORG 2 = DSU 3 = GSU 4 = DEPOT 5 = Throwaway

Policy Nuamber - End Item Repair Component Repair -.Module Repair
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user gives each type of special test equipment an identification
number between 1 and 30. The equipment cards need not ¢ in any
particular order. This set of cards must be followed by a card
with 99 in columns 1 and 2. If there are no special test
equipments, simply place a card with 99 in columns 1 and 2 after

the cost parameter card.

The special repairman data cards follow the special test
equipment cards. There can be one, two or four cards for each
type of repairman. If there is only one set of cost data for a
repairman only one card is necessary. Two cards are used if there
is separate data for the wholesale and retalil echelcons. Finally,
if there are different costs at eszch echelon for a repairman that
performs the same functions, four cards are needed. If there are
multiple data cards for a single repairman, they must be kept in
the specified order. The cpecial repairman cards are followed by
a card with 99 in columns 1 and 2. If there are no special
repairmen, two cards with 99 in columns 1 and 2 must be placed
after Lhe special tezt cguipment data instead of one. If thes
are neither special test equipments nor special repairmen, the two
cards with 99 in the first two columns follow the cost parasmeters
card.

The special repairmen are also given identificaticn numbers
between 1 and 30. These numbers must be different than the
numbers given to the special test equipment. Thus, there can be
no more than a total of thirty special test equipments and special

repairmen.

The ccmponent data cards which follow the repairman cards
contain information about the individual components. There are
one or Lwo cards for each cowmponent. The first card contains the
compeonent information. The preprocessor uses the identifications

which must be different for each component and module., Component




and module names arc¢ input only for the convenience of the user.
The second;card, which is optional. contains the identification
numbers of the equipments/repairmen which are needed to repair the
component (Sece 1.3c¢). {1l there wre two cards for a component,
they must be kept together and in the proper order. Otherwise,
the tomponent cards may be arranged by any order. A card with
999" in the first four coclumns should follow the component cards,

The pseudo component cards follow the regular .component
cards. These cards are optional, The price and weight should be
the price and weight of parts consu.aed during an average repair
action, The MTBF should be the MTBI of a representative part.
This eatry will be converted to failiures per year and will be
multiplied in the main program by the number of parts to give the
total number of component failures per end item per year. There

is one data card for each pseudo component. Since these

2]

nmponents themselves are not reparable, no special test
equipments or repairmen are listed here, Equipments/repairmen
needed for maintenance actions assgciated with a psevdo component
are repairing the end item and must be 1listed with
equipments/repairmen used to repair the end item when the specific
pseudo componeat fails (sece 1.3b). This sct of cards is followed
by a card with 9999 in the first four columns. If there are no
pseudo components, two cards with 9969 in the first four columns
must follow the regular component cards.

The module data cards follow the component cards and are
arranged in exactly the same manner., The identification numbers
listed are those of the equipment/repairmen used to repair the
modules as described in 1.3d. Failure information is input with
the applications, The module data is also foliowed by a card with
9999 in the first four columns,

The pseudo module cards foliow the regular module cards,




These cards are also opiional. The price and weight da:a shoulc
be the price and weight of parts consumed during an av.rzge repair
action. As with regular modules, the failure information is input
with the application data, The MTBF should be the MTBF of a
representative part. This entry will be converted to failures per
vyear and will be multiplied in the main progream by the number of
parts to give the total number of module failures per yeer. Since
these modules themselves are not reparatle, no special test
equipments or repairmcen are listed nerc. Equipments/repairmen
needed for maintenance actions associated with a pseudo module are
repairing the component and must be listed with the application
(see 1.3e). This set of cards is followed by a card with 9999 in
the first four columns, If there are no pseudo modules, two cards

with 9999 in the first four columns must follow the regular module
cards.

The final set of cards in the input deck contains the
application data. 'As with component and module data, there can be
one or two cards for each application. The first lists a module
and the components to which it belongs. Since there can be
several copies ¢f the same module in the end item, a module may
appear in several applications. The failure data is also on the
first application card. Thus, the failure rates depend not only
on the module itself, but also on where it is installed. The
second card associated with an application is optional, This card
contains the identification numbers of the egquipmentes/repairmen
that are needed to repair the component listed when the failure is
due to0 the module listed as described in 1,3e. These equipments
are not needed every tilne the component fails,
Equipments/repairmen nceded cvery time the component fails should
not be listed here since they are already listed with the
component. This second card also contains the length of time for
which each of the equipments/repairmen listed is needed. 7Tre tvo

cards for an application must be kept together and in the proper

/3
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order. Otherwise, the appliwation cards may also be arranged in
any order. The last card . wof the input deck following the

application data must have & 9399 in columns 1 to 4.

2.2  INPUT FORMAT

The dinput variables are liated below. Definitions of input
variables are given in Appendix C. Some of the variables have
default values which will be used if a zero is input or if the
data field for that variable is left blank, Care should be taken
when using default values since the correct values may change, but
the defaults may not reflect the change for some time.

All data entries should be right justified in their field
unless otherwise noted. The ‘decimal point will automatically be
placed so that the entry has the number of decimal places
indicated. The user may insert his own decimal peoint which will

override the assumed decimal poinv.

As an 'example, suppose the variable SAMPLE is to be input in
card columns (cec) 25~30 with 2 decimal places, The following

ce 25 26 27 28 29 30

2

-
o
U

would -set SAMPLE equal to 10.25. The following

ce 25 26 27 28 29 30

PR

n
wn
3

w
-~
w

would set SAMPLE equal to 25.375.
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End Iten cCard

*All MTBFs are multiplied by this factor.

analysis.

It is used when performing sensitivity

Variable Units Default e Dec imal Places

End Item Identification Alphanunmeric None 1-8 N/A
End Item Price Dollars None 10-19 0
Operating Life Years None 21-23 0
Operating Hours/Year Hours " None 25-31 0

_ Mcan Time Between Fallurces
(MIBF) Hours None 33-39 1
Mean Time to kepair End

. Item (MIR) Hours .5 41-45 2
‘Availability Target N/A None 49-51 3
Erroneous Removal Rate N/a .1 56-57 2
Number (Quantity) of
Equipment/Repairmen Types
for End Item Repair N/A 9 59-60 INTEGER
Indicator (1) for Equipment/
Repairmen as
Described in Para 1.3b N/A 0 62 INTEGER i
MTBF multiplier” N/A 1. 64-68 2




—

Equipment/Repairmen to Repair End Item Whenever it Fails
(Optianal)

This card is ne¢eded if there is a number other than 0 in card
columns 59-60. Special test equipment/repairmen that are needed
Wwhenever the end item fails (1.3a) are listed on this card.

Equipment identification numbers are listed (right justified) in
c¢c

1"2' 3‘“' 5-6’ « ey 59-60

If the number in cc 59-60 of end item card is 0 (blank) this card
should be omitted.




Equipment/Repairmen to Repair End Item When Specific
Components Fail (Optional)

If a 1 is placed in c¢olumn 62 of the end item card, special
test equipment/repairmen that are needed to repair the end it m
when specific components fail (1.3b) must be entered as follows.
Two data cards are required for each component that needs
equipment/repairmen for this purpose. If this type data is input,
it must be followed by a c¢ard with 9999 in columns 1-4,

. Decimal
Variable Unita Defaults cc Places
Card 1
Component Identification Alphanumeric N/A 1=4 N/A
Number (quantity) of N/A None T7-8 INTEGER

equip/rep type asso-
ciated with this

component
Card 2

First equipment/Repairman N/A None 1-2 INTEGER
Identification number

Time Needed Hours None 4-8 2
Second Equipment/ N/A None 9-10 INTEGER
Repairman Identification

Number

Time Needed Hours None 12-16 2

. Third Equipment/Repairman N/A None 17-18 INTEGER

IJdentification Number

Time Needed Hours None 20-24 2




Deployment IngggpacionVCard

Variable 7 Units Defsult cc Decimsl Places
Retail Stockage Criteria (RSC) None 1 INTEGER
SESAME Support System Ve Verticael

0 = Direct Exchange None 2 N/a
Indicator N = Noavertical
Claimante N/A None
Number of Shops at: ’
Crg 3-¢ 0
nsy 7-10 0 .
G&U 11-14 0
Dengity 15-20 0
Order Ship Time (0ST) Days None
Org-DSU 2124 1
DSU~GSU 25-28 1
GSU=-DEPOT 29-32 1
Procurement Lead Time Days None 33-36 1
Contact Team Delay Time Days None 3740 1
Operuting Level Days None
Org 42-45 0
DSU 46-49 0
GSU 50-53 0

Policy Selection Card

Place a 1 in card I column if GEMM maintenance policy I is

Default is 0 which means policy will not be considered.

to be

considered.




Echelon Parameters Card

Variable Units Default cc Decinal Places
Shift Hours Per Day Hours
Org 16 1-2 0
DSy 12 3-4 0
GSU 8 5-6 0
DEPQT 8 7-8 0
Days in Workweek Days
Org 7 10-11 0
DSU 5 12-13 0
GSU 5 14-15 0
DEPOT S 16-17 0
Common Labor Rate Dollars
Org 6.00 19-22 2
DSU 9.00 23-26 2
GSU 17.25 27-30 2
DEPOT 17.25 31-34 2
Distance Between Echelouns Miles
Org-DSU 7 3641 0
DSU-GSU 250 42-47 0
GSU-DEPOT 3500 48-53 0
Transportation Cost per Dollars
Pound-Mile
Org-DSU .01 55-61 5
DSU-GSU .00029 62-68 5
GSU-DEPOT .0003 69-75 5
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Cast Parameter Card

Variable Units Default cc Dacimal Places
First Ycar Cataloging Cost Dollars 555.00 11-1¢ 2
Subsequent Years Cataloging Dollars 138.00 18-23 2
Cost (per year)

Annual Cost to Maintain Item Dollars 30.00 25-30 2
in ASL

Inventory lHolding Cost N/A LU3(3%) 36-37 2
Percentage

Cost per Requisition Dollars 20.20 39-44 2
Cost of Technical Dollars 200,00 46-51 2
Documentation per page

One Time Cost tc Add a Line Dollars 187.00 53-54 2

to ASL




Specjal Test Equipment

(one card per equipment)

Variable Units Default _cc Decimal Places

Equipment Identification
Number N/A None 1-2 INTEGER

|

!

l Equipment Price *
J (Each, Excluding
|

Developument) Dollars Nene 4-11 0

Useful Life Years End Item Life 13-15 0
. Annual Maintenance Cost

Factor (CF) N/A .27 19-20 2

Other One Time Initial

Costs* (Each) Dollars 0 22-28 0

Availability N/A .65 32-33 2

[ Highest Echelon at

. Which Peculiar 1 = Org. 4 35 INTEGER
) 2 = DSU

I 3 = GSU

i 4 = DEPOT

) Lowest Echelon at which

r Can be Placed 1 36 INTEGER
|

|

i

' *These costs are for one unit of the special test equipment and will be multiplied
F . by the quantity deployed.




Special Repairmen Data

Cption | ~ Same Cosks for All Lchelons

Variable Unity Lefault ce Decimpl Places
Repairmen Idencification N/A None 1-2 INTEGER
Nuxber
Military/Civilian Indicator 1 = Military 1 6 INTEGER

2 = Civilian
Annual Salary Dollars None 8-12 Q
Salary Loading Factor (LF) N/A Mil .682 16-17 2 .
Civ .45
Training Cost per Man Dollars None 19-23 0
Turnover Years Mil 2.5 25-28 2
Civ 5.0
Availability N/A .70 32-33 2
Highest Echelon at Which 4 35 INTEGER
Peculiar
Lowest Echelon at Which 1 36 INTEGER

Can be Placed

LA
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Special Repairmen Data

Option 2 - Diffurent Costs for Wholesale and Retail Echelouns

Card 1 Retail Costs

Variable Units Default cc Decimal Places
Repairmen Jdentification N/A None 1-2 INTEGER
Number
"2" Place a 2 in rthis column 4 INTEGRR
Military/Civilian Indicator 1 = Military 1 6 INTEGER

2 = Civilian
Annual Salary Dollars None 8-12 0
Salary Loading Factor (LF)  N/A Mil = .682 16-17 2
Civ = .45
Training Cost Dollars None 19-23 0
Turnover Years Mil 2.5 25-28 y3
Civ 5.0
Availability N/a .70 32-33 2
Highest Echelon at Which N/A 4 35 INTEGER
Peculiar
Lowest Lchelon at Which N/A 1 36 INTEGER

Can Be Placed
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Spacial Rapairmen Data

Option 2 - Different Costs for Wholesale and Retail Echelon

Card 2 Whelesale Costs

Variable Units Detault ce Decimal Places
Military/Civilian Indicator 1 = Military 1 6 INTEGER
2 =» Civilian

Annuval Salary Dollars None 8-12 0 -
Salary Loading Factor N/A Mil =, 682 16-~17 2

Civ =.45 .
Training Cost Dollars None 19-23 0
Turnover Years Mil 2.5 25-28 2

Civ 5.0




Special Repairmen Data

Optivn 3 - Diffcrent Cosis for Lach Lchelon

Card 1 - Organization

Variable Units Default ce Decimal Places
Repairmen Identification N/a None 1-2 INTEGER
Nuaber
"4" Place a 4 in this column 4 INTEGER
Military/Civilian Indicator 1 = Military 1 6 INTEGER

2 = Civilian

Annual Salary Dollars hone 8-12 0
Salary loading Factor N/A Mil .682 16-17 2

Civ .45
Training Costs Dollars None 19-23 0
Turnover Years Mi 2.5 25-28 2

Civ 5.0
Availability N/A .70 32-33 2
Highest Echelon at Which N/A 4 35 INTEGER
Peculiar
Lowest Echelon at Which N/A 1 36 INTEGER

Can Be Placed
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Special Repairman Data

Option 3 - Different Costs for Each Echelon

r ~ Card 2 DSU
| Variable Units Default ce Decimal Places
{ ‘
i Military/Civilian 1 = Militavy 1 6 INTEGER
: Indicator 2 = Civilian
Annual Salary Dollars None 8-12 0 B
|
| Salary Loading Factor N/A Mil = .682 16-17 2
i Civ = 45 .
Training Cost Dollars None 19-23 0
Turnover Years Mil = 2.5 25-28 2
. Cive~ 5.0
Card 3 - GSU

Same format as Card 2 above,

Card 4 -~ DEPOT

T T

Same format as Card 2 above.

T« I T 7




Component Data

Card )
Variable Uniks befault ce Decimal Places

Component Identification Alpharumeric None 1A% N/A

(Do not use 9999)
Component Name Alphanuneric ~ None 5-14 N/A
Component Price Dollars None 15-21 Y3
Weight Pounds None 22-27 2
ECsseantiality Code N/A None 28 INTEGER
Washout Rate N/A None 30-33 3
Repairman Time
to Repair the Component Hours .25 34-38 2
Number of Pages of
Technical Documentation N/A Vone 39-42 0
Nay NSN Indicator 1 if NSN exists

0 is no NSN G 43 INTEGER
exists

Number (quantity) of
Special Test Equipment
Types N/A 0 4445 INTEGER
Number (quantity) of
Special Repairmen
Types N/A G 46-47 INTEGER

*LEFT JUSTIFIED
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Conponiant Data

Card 2 - Equipwens/Regaizmen to Repwiz Compemant
(Not needed 1f both number of equipment amd number of repairmem is 0)

Variable Units Default ce Decimal Places

First bquipment/Repairman 1-2
Idencification Nomber

Second Equipment/Repairman 3-4 ' -
Identification Number

Third Equipment/Repairman . 5-6
Identif ication Wumber

AS MANY AS NEEDED

. °

® L]

[ 4 *

* L]
Thirtieth Equipment/Repairman 59-60

Identification Number
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Pseudo Component DNata

.ceimal Places

Variable Units Default ce
Pseudo Component
Identification
(Do not use 9999) Alphranumeric None 1-4% N/A
Pseudo Component
Name Alphanumeric None 5-14 N/A
Price of Parts
Consuumed Per
Average Repair Actjon Dollars None 15-21 2
Weizht of Parts
Consumed Per
Average Repair Action Pounds None 22-27 2
Essentiality Code N/A None 28 INTEGER
Total Number
of Parts N/A None 29-33 0
Number of Parts
Needing a New NSN N/A Nomne 34-38 0
Mean Time Detween
Failures (MTBF)
for Representative
Part Hours None 39-47 0

*LEFT JUSTIFIED

02 {

¢




Jbodule Data

T ———r

*LEFT JUSTIFIED
**This time is added to the OST to create the "TAT" input to SESAME.

. Gard 1
Variable Units - pefault cc Dacimal Places
‘Module ldentification
(Do mict use 9999) Alphanumer ic Noane A4k . NJA
Mcdule Name - Alphanumeric  None - 5«14 - N/A
. Module Price Dollars Nune 15-21 2
- Wedght Pounds - None 23-27 2
.Essentiality Code - N/A « Mone 28 INTEGER
Washout Rate " N/A None 30-33 3
Repairman Time
to Repair the Module Hours .25 34-38 2
Number of Pages of .
Technical Documentation N/a None 39-42 0
New NSN Indicator 1 if NSN 0 - 43 INTEGER
exists
"0 if no NSN
- exists
Number {quantity) of
Special Test Lquipment
Types N/A 0 44=45 INTEGER
Number (quantity) of
Special Repairmen Types N/a 0 4647 INTEGER
Average Time to Repair
Module including waiting
time NOT including
shipping time to another -
echelon#** Days None
ORG 48-50 0
DSU 5153 0
GSU 5456 ¢ -
DEPOT 57-~59 0
Number of Pilece Parts
in Module which Need
a New NSN N/A None 60-64 INTEGER
Average Price of Piaece
Parcse Per Repair Action Dallars None 65-70 2




Module Data
Card 2 - Equipment/Repairmen to Repair Module
(Not nceded if both number of cquipment and number of crepalrmen is 0)

Variable Units Default ce Decimal Places

First Equipment/Repairman 1-2
Identif{catlon Number

Second Equipment/Repairman 3-4
- Identification Number
Third Equipment/Repairman 5-6

Identification Number

AS MANY AS NEEDED

. L
. .
a *®
| .
} . ]
i
|
Thirtieth Equipwent/Repairman 59-60

Identification Number
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Pseudo Module Data

Variable Units Default cc Decimal FPlaces

Pseudo Module
Identification

(Do not use 9999) Alpharmmeric None 1-4* N/A
Pseudo Module Name Alphanumeric None - 5-14 N/A
Price of Parts
Congumned Per
Repair Average Action Dollars Noace 15-21 2
Weight of Parts
Consumed Per
Average Repair Action Poundsg None 22-27 2
Essentiality Code N/A None 28 INTEGER
Total Number of Parts N/A None 29-33 0
Number of Parts
Needing a New NSN N/aA None 34-38 0

*LEFT JUSTIFIED
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Application Data

Ta
LI B

Card 1
Variable Units Nefault ce Decimal Places

Component Identif ication Alphanumer ic None 1-4% N/A

Module Identification Alphanunmeric Nonc S-8* N/A

Mean Time Between Failures

(MTBF) of the Mcdule

in the Component (or of

part for pseudo module) Tlours Nonc 12-20 0

Average Time to Fault

Isolate to Module and

Repailr Component (remove

and replace faulty

module) plus waiting

time** Days None
ORG 21-23 0
DSU 24-26 0
GSU 27-29 0
DEPCT 30-32 0

Number (quantity) of

Special Test Equipment

and Repairman Types N/A 0 33-34 INTEGER

*LEFT JUSTIFIED

**These times are compiled for compunents and added to the OST to create
the component "TAT" inputs for SESAME.

5V




Application Data

Card 2 Equipment/Repairmen as in l.3e

(Not needed if number cf special test equipments and repairmen is 0)

Variable 7 Units Default cc Decimal Places
First Equipment/Repairman N/A None 1-2 INTEGER
Identification Number
Time Required llours None 4-8 2
Second Equipment/Repairman N/A None 9-10 INTEGER
Identification Number
Time Required Hours None 12-16 2

) )

° AS MANY AS NEEDED °

L J [ ]




CHAPTER 3

PREPROCESSOR QUTPUT

3.1 INTRODUCTION

The preprocessor generates an ocutput which can be used to
check the input data for errors, Several error messages, which
will be discussed in 3.3, point to specific errors in the input
data. Most of the preprocessor output is a sinple listing of the
inputs, Some computations done by the preprocessor are reflacted

in the output, however, A sample output is given in 3.4.

3.2 NORMAL OUTPUT

Preprocessor output is divided into several sections. The
first contains end item, deployment, and general cost data. The
next section has specclial tesL equipment and special repairmen
data. The final sections 1ist data associated with spacific
components, modules and applications.

Most of the data listed in the first section is
self-explanatory. The average OUPS is computed from the claimants
and the deployment density, The column headed; "policies

allowed™, iists the GC

1<

YV - s b
LN R T - SR ¢ I ]

-

e¢ngonce policglies which will be
considered by the model, The wage rate is the hourly salary of a
common repairman loaded with the c¢ost of benefits. The base
rates are adjusted by a military loading factor at the
organization and DSY, and by a civilian loading factor at the GSU
and depot. Transportation costs between echelons are computed
from inputs. The present value per unit of various other costs
is output at the end of this section. Details of the present

value computations can be found in Appendix B.

Th2 second section of output contains data pertaining to

JE
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special test equipment and special repairmen, Identification
numbers assigned by the user are listed under the column headed
"numbers®., The only data for special test equipment that is not
input by the user is listed under the column headed "present
value", Details of this computation are given in Appendix B.
The numbers listed under the column headed "common above" glve
the highest echelon at which a special test equipment 1is
peculiar. It will be considered as common for all echelons above
that echelon. The only outputs not input by the user for special
repairmen are listed under the columns headed "org, DSU, GSU and
DEPOT". These values are the present value for each type of
repairman at the repair echelons. Details of the computa”.:ons
used to derive these c¢osts are also given in Appendix B. The
¢column headings in this section are printed even if there . . .=

special test equipments or special repairmen.

The final sections of preprocessor output contain all ¢f the
data associated with the individual components, modules, and
applications. The component and module names are only for the
convenience of the user. The component and module ID's, nowever,
are used by the preprocessor for identification Each component,
module and application is gziven a reference number by the
preprocessor to aid in debugging. These numbers are cumulative.
The modules and applications are also given separate numbers

r
which are not cumulative. A component's number would be the same

as its reference number,

The comporent data has a few entries which require
explanation. The equipment count 1s the number of special
equipments or special repairmen needed to repair the component.
The entry in the "NSN" columns will be Q0 if the component does
not have an existing NSN and 1 if it has an NSN. Pseudo
component data is a simple listing of the inputs except for the

failures per year which are derived from the MTBF and the end
item operating hours,

36
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The module data listea is essentially the same as the

The additional c¢olumns contain inform.tion about
"arr-shelf"

component data.
module repair which nas been 1nput Ly the user, The

column lists the averuge elapsed time from the arrival of a
failed module at the maintenance echelon where it i3 to be
repaired until the time is on the shelf and ready for use. The
"new parts" column gives the number of piece parts in th2 module
which will reguire a new N3N if the module is to be roepaired.

The column headed "parts price per repair" Jlists the average

price of piece parts required for each repair action, Pseude

module data is simply a listing of the inputs.

Each application has only two data outputs. The "arr-shelf"
time is the average elapsed time from the arrival at the repair

echelon of the component which has failed because of the specific

module until the component i3 on the shelf and ready for use.

The failures per year are computed from the MTBF of the module in

the componrnent and the annual coperating hours of the end item.

The ecuipment stack which follows the applications describes

how special test equipments and special repairmen are used to

repair the end item, components, and modules when specific

failures occur, Components, modules and applications are

identiflied by reference number for this list. The integer part

of a plece of equipment information is the specizl test equipment
or special repairman identif{ication number. The fractional part

i3 the reciprocal of the number of special repair actions the

equipment/repairman can perform in one year.

The specilial test equipments and special iepairmen are not

grouped 1in the sSame manner as they are input. An

equipment/repairman listed with a2 compcnent is needed to repair

the end item when that component fails (See 1.3a or 1.3d).

Equipments/repairmen listed with a module are used to repalr that
module (See 1.,2d). Finally, eguipments/repairmen listed with an

application are used to repair tne component when the module

37
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fails (See 1,3c or 1.3e). These groupings are necessary because

the module works with applications. An equipment or repairman

used to repair a component every time it fails is input with the
component, Since the module works with applications, however,
this equipment/repairman must be listed with every application
invelving that component. Similarly, an equipment or repairman
used to repair the end item must be assocliated with the component
that has caused it to fail. If an equipment or repairman is
neceded every time the end item fails, it must be associated with
every component, since the failure of any component will mean
that the equipment/repairman is needed to repair the end item,
The preprocessor performs these manipulations autgmatically. and
it is not essential for the user to understand the details of the

groupings.

3.3 ERROR MESSAGES

Ml 2 vmca s 2t oom st o A '
ThE preprocesser has scveral e

checking input data. The program may execute normally even
though an error message 1s printed, but every error message
should be investigated. In addition, any time a data field on
the preprocessor output i3 filled with asterisks, the data for
that field should be verified. The asterisks indicate that the
number to be written in the field 18 too large. Since the data
fields should bes big encugh to accommodate the entries that are
supposed to fill them, asterisks usually indicate an error in the
input data, There can be no asterisks on Lhe data file that is

passed to the main program.

Incorrect data cards may cause warning or error messages
that are not par{ of the preprocessor to be printed. Thesge
errors must also be invest.gated, The preprocessor is designed
30 that component, module and application data is printved socn
after it is input. Thus, the user can easily identify the data
cara that is causing 2 problem. The bad data is most likely on
the card immediately following the last card priuted.
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The preprocessor error messages and possible cau: °s are as

follows:

a. OPERATING LIFE IS ZERQO CAUSING DIVISION BY ZERO- The

operating life of the end item has been set to zero. None of the

present value computations will te torrect.

b. POLICY SELECTOR CARD INCORRECT OR MISSING - The entries

on what 1is being read as the policy selector card are other than

zeros, blanks, or ones. This will occur if the first few cards
are out of order or if a card is missing.

c. COST DATA CARD STARTS IN WRONG CARD COLUMN MUST HAVE
BLANK CARD(S) IF USING ALL DEFAULTS - The first ten columns of
the cost data card must be left blank. If some other card is

read as the cost data card, this error will occur. The cost data
card and echelon parameters card must be included in the input

deck even if they are blank. (using all defaults)

d. EQUIPMENT NUMBER FIELD IS BLANK, etc. - Data for a
special test equipment wus input without assigning an

identification number. The message gives the unit price to help
locate the incorrect data card.

e. NUMBER FIELD IS BLANK FOR REPAIRMAN, etec. - Data for a

special repairman was input wihout assigning an identification

number. The error could occur if multiple cost cards are input
for a repairman and c¢c 4 of the first one is incorrect. The
repairman will be identified by his salary.

f. BLANK MILITARY/CIV INDICATOR FOR REPAIRMAN, etc. -~ This

is a warning message. Jt reminds the user that since no
indicator was input, the repairman will be considered as
military. For repairmen with multiple cost cards, the jiacorrect
card is identified. For repairman with only one cost card, the

Y
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message says that the error i: on the first cost card.

g TRAINING CO31 BLANK FQR REPAIRMAN, etc, - This message

warns the usgser that the training cost for a special repairman i3

zero, While zero is a possible input, it 1s hardly realistic and
should be reconsidered. The message identifies the repairman and

the cost card where the error occurs.

h. MODULE IS5 A DUMMY WITH NO PARTS PRICE - The parts price

per repair action for a dummy module is zero.

i. COMPONENT XXX¥Y HAS NOT BEEN INPUT. THIS APPLICATION IS

INCORRECT - This message precedes the printout of the incorrect

application, The component identification listed on the
application card does not match any of the component which have
teen input. The component identification on the application card

must be identical to the component identification on the

component card.

J- MODULE XXX HAS3 NOT BEEN INPUT. THIS APPLICATION I3

INCORRECT - This message precedes the printout of the incorrect
application. The module identification listed on the application
card does not mateh any of the modules which have been input,
The module identification on the application card must be

identical to the module identification on the module card.

3.4 EXAMPLE

An example of a preprocessor run is given in this section,
The data for this run is not meant to be realistic. It is
designed only to illustrate now the preprocesscer wWorks, The
input data deck is listed 1n Fipgure 3. The c¢utput s=2¢ctions

described above are shown in Figures 4a=f,
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11

12
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Card No.*

AdCLEFOE lesans LU Bil60 1004
Olu4
CCCC ]
ue o)
AAAA a
02 =] o 10
dbdu 1
09 5
9999
6N 300 100 110 1000 2 a3 43 180
1 1 Jt11111 111l Ltiitidlil 1l 11l
13 I 21
01 1000 10 éo 100 9o 32
0z 100v0 10 i V0
07 1000 10 29 100 6% 3¢
08 10000 10 1 200
99
03 1 16000 2% 1ou0 2309 5 31
09 1 10000 29 1000 2009 75 31
10 1 20000 20 2600 100 .2l
04 2 1 20000 20 ¢u00 100 21
2 30000 10000
11 1 10000 30 10090
[0S & 1 10000 30 1000
‘ 1 20000 2000 390 -
1 30000 3000 LoJde
2 0000 +000 i
9 o
AAAACOMP, 1 432100  3avol 34 25
31 )
BEBEBCOMP, 2 Da32ly 12343 8 1}
7
9999
CCCCPLOMP.‘ln 1111 50 20 v
DDUDPCUMP. 2 . 2e2e ! 100 2»
Y935
1234M0ODYLE 1 S64uu 1007 2S
MOU MOLULE £ 123400 2o05 140 S0v
2 3
Y999
EEEEPMODULE ] 2céee 1 100 F 4]
FFFFPMOLULE 2 1111 51 20 10
999y
ARAAZEEE 87160 vy 81 8¢ o3
AARAFFFF 8760 80 dl 82 o3 2
09 10 10 1%
BAARLZ3G 8760 ©0 w1 82 wo ¢
0% 10 1l 1o
hHodrllse 43cy YO Y1 92 93 1
11 b
AAAAMUY 10 70 71 72 73 1
5 25
949Gy
w-*3ee Figure 2. 4/

IRV

99 21
19 30 39 30
cHs é
100l 1§
S0 1 i
8760
100
1 100101102103 123 11 [N
20 1 1leoizilacles 1234 1050 K
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CHAPTER 4

FINAL OUTPUT

4,1 MAINTENANCE POLICIES

Tte final output from the model is divided into several
sections. The first section lists the maintenance policies
suggested by the model. The level at which end item, component,
and module repair should be done is given for each application,
Suppose application 1 consisted of MODULE1l and COMPCNENT1, and
the repair levels for end item, component and module were ORG,
DSU, and DEP respectively. This would mean that when the end
item failed because MODULE1 failed in COMPONENT?1, the end item

should be repaired at the organizational ievel, COMPONENT!1 should
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depot. If the component should be thrown away instead of

repaired, no repair level will be listed for the module.

To avoid the deployment of an extra special test
equipment/repairman which would be idle for most of the time, it
may sometimes be advantageous to have two different maintenance
pclicies for the same application. As an e¢xample, suppost that
one special test equipment can handle almost all repair of a
module at a DSU, Instead of buying a second piece of test
equipment to handle all repair of the module, it may be better to
ship a few modules to the GSU when the test egquipment 1is
unavailable at the DSU. It may even be better to throw away a
few modules rather than buy an extra piecc of special test
equipment that is hardly ever needed. When the model suggests
such a split maintenance policy, the number in the percent column
will be the fraction of repairs performed according to the

maintenance policy listed.

Certain approximations are made by the model when

ks



considering split maintenance policies. The approrimations are
not made in evaluating the costé for these policies, however.
Although the approximations do not introduce a signiticant error,
split maintenance policies suggested by the model =hould be
examined by the user in his sensitivity analysis. A more
detailed discussion of the approximations can be found in the

theoretical documentation to the modé}. [21

The column headed, "MODULE PROMOTED", will generally be
blank. An asterisk in this column indicates that the module 1is
considered as an LRU for this application and is included in the
availability computation. A module is promoted if it is removed
from a component at the same level as the end item is repaired
and if the component has a washout rate of zero. If the promoted
module is the only module in the compcnent, the MTD and RTﬁwfor
the component will be zero. The component will not be stocked
since it never washes out and the end item is repaired by
replacing the module. There is no reason to stock ihe component
if the module is stocked and considered in the availability

computation.

The washout rate, MID and RTD for each component and module
are listed after the maintenancne policies. The washout rate,
which may be different from what was input, considers any throw
away decisions made by the model. The entries for a component
will?bg zero if all modules in the component have been promoted
as déséribed\ebove. The entries for a module will be zero if it

is only part of components which are not repaired.

4,2 SPECIAL TEST EQUIPMENT AND REPAIRMAN REQUIREMENTS

The special test equipment/repairman requirements are
divided into two categories. The first consists of the
requirements for equipment/repairman where they are peculiar.

These equipment/repairmen are not currently located at these

echelens, The requirements are given as whole numbers since
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fractions of an equipment or of a repairman cann:t be deployed.
Requirements for equipment/repairman where they are common, given
next, can be fractional, however, These equipment/repairmen are
already in use at the echelon, Additional equipment/repairmen
may have to be deployed, but the qﬁqntity deponds on what is
currently done at the echelon. As an example, supposec a piece of
special test equipment at a DSU is only used to fifty percent of
its capacity. If the requirement for this equipment to support
the new end item were 2.4 only two moré.need be deployed. Three

more would have to be deployed if the requirement wore 2.9,

4.3 LOGISTICS COST3

The logistics cost section follows the test
equipment/repairman section. These costs are not true "life
cycle costs" as noted in paragraph 1.4, The spares costs are
separated from other logistics costs. Initial spares costs are
computed from the unit price (input) and the allowances per
claimant, Consumption spares costs are given in terms of present
value. These costs are the present value of the replacement
spares that will be purchased over the operating life of the end
item. All other logistics costs are also given in terms of
present value over the operating life of the end item. Repair
costs include the cost of technical documentation. When all of
the modules in a component have been promoted to LRKUs, the
component is not stocked and there are nc inventory costs. If a
module is only part of components that are not repaired, no
logistics costs are listed. Parts costs are listed with module
logistics costs. These costs will te zero for modules that are
not repaired. Back order costs are given for meodules and parts.
These are penalty costs charged when a module or part is out of
stock. No back.order costs are charged for components since
compoinent back orders are considered directly in the availability
computation. Back-é?her costs for modules which have been
promoted reflect the fraction of time that the module is not

considered as an LRU. A more detailed discussion of backorder

N Y4




® " 2 "8 2T e TeTR T e TR T A R TS TR I T m e s mes v ewm Ctmr W e e e e e —m e e

costs is presenved in the theoretical documentation ¢ the model.

(231

The last section of ortput contains totals for all of the
logistics costs. The ope+~. i10nal availability achieved given the

suggested maintenance policies and stockage is also listed in

this secticn.
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APPENDTX A

Preprocessor Variable List SRR

AVAIL(J) - availability of special test equipment or special
repairman J
INPUT

DEFAULT: Test Equipment .63
Repairman .7

- AVTAR - target availability
INPUT

CF - annual maintenance cost factor for special test equipmeat
INPUT
DEFAULT: .27

COSBIN

cost to maintain an item on the authorized stockage
list (ASL)

INPUT
DEFAULT: 130,
See Present valuec

COSHOL

holding cost percentage

INPUT v
DEFAULT: .03

See Present valuc

COSNSI

first year cataloging cost
INPUT
DEFAULT: 555,

COSWNSN

]

present value of NSN cataloging costs

COMPUTED

COSNSN = COSNSI-+COSNSR (PVF -3 - 1 ) i

————

2¢1.1)
COSNSX

annual NSN cost in subsequent years
INPUT

DEFAULT: 138

55




GOSBEG - cost pen neqpigition,

JNPUT
DEFAULL: 20,20

. Seq Rresent valpe

|
|'
!
|
{
[ CROPTD. - katal cask of feshnigsd documentation per page
-INPUT

DEFAULT: 200.

GORTRA ~ trapaportation Gost bsiween eshelons (per pound)
= 1: Qrg =+ DSU, J = 2: DSU-GSU, J = 3: GSU - DEPOT
COPUTRD
- CEMLT) % (BISTJI)

See Present wvglue

‘CEM -~ trangpoxtstion cosf per li-mile
J = 1l: Qrg-bSU, J = 2: DSU-GSU, J = 3: GSU-DEPOT

INPUT

REFAULTS: Qrg--DSU .0l
DSU=GSU .00029
GSU-L4POT .0002

CIDEL - contact team delay time -

N T T i r———

DSU~Qrg

INPUT ' ’
] DIST(J) - distance hetween echelpns (miles) i
;r; J = 1: Org-DSU, J = 2: DSU~GSU, J = 3: GSU-DEPOT '
l'[_f INPUT
g . DEFAULIS: Grg-DTU 7
'a; | DSU-GSU 250

GSUY-REFOT 3500

~DOC(L). ~ cost of teghmical desumentatien for component/module I

> 5 59
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COMPUTED

PAGE(I) * COSTD

o~

DWK - days in workweek al cchelon J

INPUT

DETFAULTS: Org 7
DSuU 5
sy 5
DEPOT 5

EIDl, EID2 - end item identification

INPUT

EQCST(J,K) - preseut value of special test equipment/repairman J

i at echelon K

Test Lquipment; EVP + CF * EUP * PV¥  ETC + REPCST
Repairman: (SAL * (1 + FL) + TRMOS/RTR) * FVP
'EQPEC - highest echelon at which a special tcst equipment or repairman

is peculiar
INPUT
DEFAULT: & (DEP(T)
EQPLA - lowest echelon at which a specisl test equipment or repairman
is allowed
INPUT
DEFAULT: 1 (Org)

EQSTK (integer part) - lisi of equipments needed by component, module
and application
COMPUTED
ERR ~ erromeous removal rute
INPUT

DEFAULT: .1
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-ETC - one tiri¢ jnitlal cost foyp spegial test equipment

LI S el A
Fa

" O

¢ INPUT

= PEFAVLT: O

Oy

S'EIAME - time requited for speclal repairmar or test equipmen: for
- end item roepair assqoiated with gpecific component or component

v repeir.assogiated with specific applications

[

"jl_?_"_'T,—
r & P A

2 INPUT

-

<VEUR o .gperial test_gquipment umit price

- INPUT

KUY - L
"

- FAIL - fajlure rate:of a mqdule in a particular component
LLINRUT: - MTIEF.of medule in gomponent

- QOMPt LED:  FALL = OH/MTBF

- 1.e: failures pex .year
. “.FL =.,salery loading factor for special repairman
T INEUT

. \DEFAULTS HE Mil i!;ary e 68 2

Civilian 45
! “2ID(I) - component or module identifjcation
-
e INPUT
3; . IDL(L) - identification numper of component im anplication L
) «
= COMPUTED

:IDS(L) - idemtifjcacion number of medule iu application L

PR AP

COMPJTED

STY T
LR




IESS - essentiality code of component or module
INPUT
INDSTK(I) - cond of equipmwent stack f&r compenent, module oc
application I
COMPUTED
IPQL(I) ~ policy iundicatcr
IPOL(I) = 1 if policy I is allowed
INPUT
DEFAULT: O (policy not considered)
IREP - number of times a special test equipment must be purchased
COMPUTED

IRSC -~ retail stockage criterion

INPUT
IVSYS - SESAME supply support systems
V = vertical support
D = direct exchange
N = non-vertical support
INPUT
MAXEQ - maximun special test equipment/repairman identification number
@ COMPUTED '
MTIBF - mean calendar time between failures of end item
- ' COMPUTED
MCIBF = MTIBF*365./01
MIL - military/civilian jindicator
1: milicary, 2: civilian
INPUL

DEFAULT: 0 - assumes military and prints warning message




MIBF - mean time between lailures of end item (hours)
INPUT
MIR -~ mean time to repair (hours)
INBUT
DEFAULT: .25
MULT - indicates multinle cost cards for special repairman
INPUT
DEFAULT: Q (one set of costs for all echelons)
NAP? - number of applications
COMPUTED
NEQ - number of special test equipments for a component or module
INPUT
DEFAULT = O
NLE - test equipment life
COMPUTED
NLE = UL

NLET -

NLET = NLE *IREP
NLIFE - end item iife
COMRUTED
NLIFE = QOLIFE

NLRU - number of components

COMFUTED




NNSN - new NSN iadicator: O if component or module does not have an ;, 1
existing NSN. 1 if component or module has an existing NSN.
INPUT
DEFAULT: 0O
NREP - number of special repairmen for a component or module
INPUT
DEFAULT: O
NSPEC - indicators for special test equipment/repairmen to repair AR
end item associated with specific components
INPUT
DEFAULT: O
NSRU - number of modules
COMPUTED
NSTACK(I) - number of special test cquipment/repairmen associated
with component, module or application
INPUT
NSTKT - temporary number of equipmencs in STK5
INPUT: if NSPEC = 1
NSTKi - number of special test equipments/repairmen to repair end-item
INPUT
DEFAULT: O
NSTK2(I) - number of special test equipment/rcpairmen for component

repair

COMPUTED: NLEQ+NREP




NSTK3(1) - number of special test equipment/xepaimmen for module repair
COMPUTED: NLEQ+NBEE
NSIK4 (1) - number of special test equipments/repairmen fox componeat
repalr associated giﬁf) specific module, application 1
INPUT
DEFAULT: O
NSTKS5(I) - number of special qes;‘equipqents/nepairman_for end item
repalr associated with specific componeat 1
COMPUTED: from NSTKT
OH - end item operating hoyrs per yeax . N
INPUT
OLIFE - operating life (years) of end item
INPUT |
OPSL - operating safety level
INPUT
ORGHR - aumber of hours an organization works in a year
COMPUTED
ORGHR = SHOURS (1) * DWK(1) * 52
OSI(Jj -~ order ship time (days) betwgen echelons
Jel: ORG ~ DSU, J=2: DSU-GSU, J=3: GSU-DEPQT
J-4: Progurement Lead time

INPUT

PAGE - number of pages of techmical documentation required for
component or module repair

INPUT

.




PARTSP - average price of piece parts used in repair of a module
INPUT
See present value

PARTSR ~ number of parts requiring an NSN in a module
INPUT

PVF ~ present value factor for recurring costs

COMPUTED

PVF = 3 + 1 ~ 1.1~ (NLIFE-1) 1
1 2(1.1) NLIFE

»

FATL - common labor rates

See present value

INPUT -~ base rate per hour

DEFAULIS: ORG 6 -
DSu 9 -
GSU 17.25
DIFPOT 17.25

COMPUTE: loaded rate

ORG, DSU RATL= RATL*1.682
GSU, DEPOT RATL=RATL*1.45

REPC(I,J) -~ common labor cost to repair component or module I at level J

e ——

l’ COMPUTED
TMTR*RATL (J)

| See present value

REPCST - special test replacement equipment cost

COMPUTED:
. . -NLET
(1,17 (NLET-1) o o o “NLEL, o urup

]
!. RIR - turnover period for special repairmen (year)
|
f INPUT

DEFAULTS: Military 2.5
Civilian 5.0

|
|
L ;/
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SAL - annual salary of special repairmen

INpUY

SHOURS(J) - hours in a workdey at echelon J

INPUT
DETAUL'LS : ORG 1€
DSy 12
GSU 8
DEPQT 8 ""‘ [

T

STK1 ~ list of special test equipments/repairmen to rep'mix end item

STK2

STK3

STKS

TAT

INPUT

- list of &pecial test equipments/repairmen-to repair components

{added to application with that component)

- list of special test equipments/repairmen to repair modules

INPUT

~ list of special tesi eyuipment/repsirmen for applications
INPUT

- list of special test equipments/repairmen for end item repair
that arc associated with specific component failure
INPUT

- The average e¢lapsed time from turn in of a fajiled itam at the

maintenance unit until that item is repairod and ready for use.
INPUT for modules

INPUT by application

COMPUTED for components from application data

TEQSTK - fractional part of EQSTK

reciprocal of number of repair aclioms which can be performed

by a special test equipment/repairman in one year

»
A,




R L VP L Ry - .

COMPUTED:

(1) End item repair
MTR/{ORGHR*AVAIL)

(2) End item repair associated with specific
component ETIME/(ORGHR*AVAIL)

(3) Compoucnt repair
TMTR (of compounent)/(ORGHR*AVAIL)

(4) Module repair
TMIR (module) / (ORCHR*¥AVALL)

(5) Application (repair component with specific
module) ETIME/(ORGHR*AVAIL)

TMTR - common repairman time (hours) for component or module repair
INPUT
TRAT(J) - ratic of operating hours at
J=1; ORG, J=2: DSU, J=3 GSU, J=4: DEPOT
to operating hours at ORG
CQMPUTED:;
TRAL(J) = SHOURS(J)*DWK(J) *52./ORGHR
TRMOS - training cost for special repairwman
INPUT
DEFAULT: O prints error message
UL - special test equipment useful life (years)
INPUT
DEFAULT: OLIFE
UP - unit pricc of component or module
INPUT
See preseut value

UPEL - end item cost

INPUT




ST

-

. O

WaSlH - washout rate of component or module

I _ INPUT

L: WGT = weight of coumponcnt or moudule
[ )

R INPUT

| -
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Present Value Fornulation

Present value of recurring costs is computed using a 10% discount
rate as pev DoDL 7041.3

1 ~(LIFE-l) . 1
1 2(1.1) LiFE

PVF =k +1 -1

Variables Which Consider Present Value

T T T Y T v e ——— . _

COSNSN = COSNSI + COSNSR (PVF -k - ——-——-)
2(1.1)

COSBIN » COSBIN#PVF + COSBINI

COSREQ = COSR:Q*PVF

. RATL = RATL*EVF
EQCST = EUP+CFEUP*PUF+ETCH+REPCST Sequipment)
ﬁ = (SAL*(1.+FL)+TRMOS/RTR) *PVF (repairmen)
COSTRA = COSTRA*PVT

C I ™

Pipeline Stouck

7R~

H

UP = UP + COSHOL*UPYPVF
PARTSP = PARTSP + COSHOL*PARTSP*PVF
Replenistment Stock

UP = UP*PVF

ST T T T T

PARISP = PARISP*PVF
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APPENDIX C

Definitions of Input Variables

7. End Item Card

End Item Price: The unit purchase price of one end item.

Operating Life: The expected number of years the end item is to be supportec.
This variable is used to compare one-time costs with annual recurring costs.#

Operating Hours/Y.ar: The number of hours that the end item operates in one

year. This value is used tc convert mean time between failure data into failures
per year.#

Mean Time 3etween Failures (MTBF): The MTBF of the end item. This value 1s used
in the computation of operational availability.

Mean Time t¢ Repair End Item: The average time it takes for end item repair.
Include in this variable the time required to transport the end item to the
organization or the time it takes organizational personnsl to travel to the user.
This time is used in the computation of operationai availability.

Aya;}abiligy_Target: The desired operational availability of the end item.®

Erroneous Removal Rate: The percent of removals of operational items. A4All
Tailure rates are increased by this percentage to reflect the burden placed on

the maintenance and supply system by the removal of operational compohnents and
nodules.

Number of Equipment/Repairman Types for end Item Repair: This variable tells the
preprocessor how many equipments/repairmen identification numbers to look for on

the next card. These are equipments/repairmen needed to repair the end item
whenever it fails as described in paragraph 1.3a.

Indicator (1) for Equipmeut/Repairmen as Described in Para 1.3b: This is only an
indicatcer variable. If it is equal to one (1), the preprocesor expects
equipment/repairmen as described in paragraph 1.3b to be input. If it is equal

to zero, no equipment/repairmen needed to repalr the end item when 8specific
component failures are expected.

MTIBF Multiplier: All MTBFs, including the end item, are multiplied by this
factor. This variable is used in performing sensitivity analysea.

2. Equipment/Repairmen to Repair end ltem Whenever It Fails

This card contains a 1list of the identification numbers of equipment/repairmen
that are needed to repair the end item whenever 1t fails. This carc is included
only if the variable in CC 62 of the end item card is non-zero.

3. Equipment/Repairmen to Repair Eid Item When Specific Components Fail
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Component Identification: The four character alphanumeric identification of the

component whose failure necessitates the use of a special equipment or repairmen
to repair the end item.

Number of Equipment/Repajirmen Associated with This Component: How many

equipment /repairmen types are required to repair the eond item when this specific
conponent fails, This variable tells the preprocessor how many
equipment/repairmen identification numbers to lock for on the next card.

Time Needed: The length of time each particular test equipment/repairman will be
needed when the specific component fajls.

4. Deployment Information Card

Retail Stockage Criterion: The number of demands per year that must be
experienced by a retail stock point to qualify for stockage of a spare of that
part. It is usually six per year for all items except aircraft, missile systems,
and ammunition which all require three. This number is the basis of SIP stock.®

SESAME Support System Indicator: The supply support system that is used by
SESAME in computing stockage levels. Undér a vertical sy:stem (V), the GSU
performs a normal supply mission., Under a non-vertical system (N), the GSU
performs a maintenance function and stocks only those items removed and replaced
at the GSU in quantities necessary to provide shop stock. If an item is repaired
by a GSU it is assumed that the item is being repaired for a DSU on a job order
basis, and that it is returned immediately. The repair time is considered in
computing D3U stock. Under a direct exchange system (D), the GSU i8 permitted to
stock only those items which are repaired at the GSU, These items are stocked if
the numkter of issues at the GSU equals or exceeds the stockage criterion.®

Claimants: The number of maintenance/supply shops at each echelon which support
tne end item in the fielg.®

Density: The total number of end items which are fielded.®

Order Ship Time: The time between th. initiation of a stock replenishment action
and the receipt of the material by the requesting activity.¥®

Procurement Lead Time: The time it takes for the wholesaler to procure spares
from the manufacturer.#¥

Contact Team Delay Time: The time it takes for a DSU contact team to travel to
the organization or for the end item to be evacuated to the DSU for repair and
returned to the user. In either case, repair is considered as being performed by
the DSU., Do not include actual repair time in this variable Since it will be

added autematically. The contact team delay time is added to the end item
downtime whenever the end item i3 repaired by the DSU.®

Operating Level: The number of days worth of stock intended to sustain normal
operation during the interval between receipt of replenishment shipment and
submission of a subsequent replenishment requisition,#®
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5. Policy Selector Card: The GEMM policies that are to be considered are
indicated on this card. In the current version of the model only policies 1
through 2% should be considered.

6. Echelon Parameters Clard

Shift Hours Per Day: The number ¢f hours per day that an echelon is open for
maintenance.¥ .

Days in Workweek: The number of days per week that a maintenance echelon
operates.*

Common Labor Rate: The unlcaded nhourly labor rate for a common repairman. The
salery is loaded by the model at a rate of 45% for Depot and GSU (civilian
loading rate) and 68.2% for DSU and organization (military leeding rate).®

Distance between Echelons: The average one way distance between echelons,®

Transportation Cost Per Pound/Mile: The cost of shipping one pound one mile
between echelons.¥

-

7. Cost Parameters Card

First Year Cataloging Cost: The initial cost to obtain an NSN for a new item
entering the inventory system.?¥

Subsequent Years Cataloging Cost: The annual cost of maintaining the new NSN in
the inventory system.¥

Annual Cost to Maintain an Item in ASL: The annual administrative cost of
stocking an item at an echelon.¥

Inventory Holding Cast Percentage: Annual invent ry holding costs are computed
as a percentage of the dollar value of Stock. This percentage is multiplied by
the pipeline stockage to glve inventory holding costs.®

Cost per Requisition: The cost tu process a requisition. It is assumed that
every demand for an item results in a reguisition. There is a3 limit, however, of
twelve requisitions per item per yesr.®

Cost of Technical LDocumentation per Page: The cost of one page of technical
documentation needed for repair of a component or module. The resulting
documentaticn cost is incurred only if the item is repaired.

One Time Cost to Add a Line to ASL: The initial cost of adding a line to an
authorized stockage list (ASL).¥

8. Special Test Equipment Card

tquipmeni Identification Number: A number between 1 and 30 which identifies the

test equipment.
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Equipment Price: The per unit purchase price of a piece of test equipment. The
amount of tast equipment required will be determined by the model Research and
development costs should not be included in this figure. .

Useful Life: The expected 1life of the test equipment. If this life is less than
the end item life. the test equipment will be replaced when it wears out. No
salvage value is considered.(* cnly if common)

Annual Maintenance Cost Factor: This percentage will be multiplied by the test
equipment purchase price to yield the anaual cost to maintain the test equipment.,
Test equipment maintenance costs are treated in this simple manner to limit the
input data required to run the model.(* only if common)

Other One-Time Initial Costs Any other one-time, per unit cost ..¢- as
installation associated with a piece of test equipment.(® only if commo~

hvailability: The percent of time that & piece of test equipment 13 avu. 3.«
for use. If an organization operates 2080 hours per year and the test equipn M.

availability is .80, then the equipment has 2080 x .80 = 1664 svallable test
hours.®

Highest Echeluon at Whieh Peculiar: This variable tells thne model where & test
equipment is common and peculiar. An entry of 2 mneans the equipuent is psecullar
at Org and DSU and common at GSU and Depot. In the current model, a8 test
equipment must at least be peculiar at the organizational level. Integer
requirements are computed for test equipment where JU is peculiar. The
requirements for & test equipment where it is common can te fractionsl.®

Lowest Echelon at which Can Be Placed: The lowest echelon at which the test
equipment will be authorized. An entry of 2, for example, means that the
equipment is not allowed at the organizationsal level.®

~ Q : | o JP R S -
g. Special Repairman Data

Identification Number: A number between 1 and 30 which identifies the repuirman.

A speclal repairman and a special test equipment ocannot have the same
identification number.

Military/Civilian Indicator: A varlable used to indicate whether & apecial
repalrman 18 military or civilian, Military and civilian repairmen have
different default values for salary loading factor and turnover rate.

Annual Salary: The base (unlioaded) salary of the repa.rman. ¥

Salary Lozding Factor: This percentage is used to load the annual salary of the
special repairman with benefits, overhead, etc.®

Training Cost per Man: The cost of training each special repairmen.¥

Turnover: The average length of time a special repairman stays at the same
maintenance location. After this pericd of time a new repairman must be




Lrained.*

Availability: The percent of time this special repairman is available. If the
organization operates 2080 hours per vear and the special repairman availabilit,
is .80, than the repairman is available 2080 x .80 = 1664 hours per year.®

Highest Level at Wnich Peculiar: OSame as for test equipment.¥

Lowest Echelon at Which Can Be Placed: Same as for test equipment.®

10. Component Data

Component Identification: The four character alphanumeric identification of the
component. This identifies the component for use in the preprocessor. Each
component must have a unique ideniifier,

Compcnent Name: Any ten character name to identify the component for the user,

Component Price: The price that one expects to pay for spare components.

Waight: The packaged shipping weight of the component.

Essentiality Code: A component coded 1, 5, o 7 is essenbtial to the cpera
the end item. A compcnent coded 3, 6 or blank is not essential and
considered in the avallabiiity computation,

Washout Rate: The percent ¢of failures ihat are non-reparable because of physicai
damage, loss, etc, ,

Repairman Time: The amount of hands-on repairman time (common or apecial)
required to repair the components., Component repair consists of isolation to and
removal and replacement of a faulty module. This time is also used to compute
test equipment requirements. It is assumed that a plece of test equipment 1is
required for the entire time the repairman is working on the component.

Number of Pages of Technical Documentation: The number of pages of technical
documentation that must be purchasec if the component 1s repasired. Teat Progranm
Set (TPI) development cost can be considered in this variable. If the TPS costs
$1C00,000 and the cost of technical documentation is $200 per page, the number of
pages entered would be 500 plus the number of pages in the technical manual
devoted to repair of the component. This cost is incurred only if the combonent
is repaired.

New NSN Indicator: Tnis variable should be set to one (1) if the component has

an existing NSN. 1f it is zero, no NSN exists and the cost of acquiring one is
incurred.

Number (Quantity) of Special Test Equipment Types, Number (Quantity) of Specisl
Repairmen Types: The sum of these two variables tells the preprocessor how many

special test equipment/repairmen identification numbers to look for on the next
data card.




11. Pseudo Ccmponent Data

Pseudo Component Identification, Pseudo Component Name: Same as for component.

Price of Parts Consumed Per Average Repair Action: An average repair action of a
pseudo component results in the replacement of some parts, The price of the
parts used in an average repair action is to be entered here,

Weight of Parts Consumed Per Average Repair Action: The weight of the parts
repiaced in an average repair action.

Essentiality Code: Same as for component.

Total Number of Parts: The total number of parts that have been grouped together
te form a pseudo component,

Number of Parts Needing a New NSN: The number of parts described above which do
not have an existing NSN.

Mean Time Between Faiures (MTBF) for a Representative Part: The average mean
time between failures, ETBFav, for n parts is computed as fcllows:

o1 = l ( 1 + T 4 oo + 1 )
L =) Gl
MTEFaV n MLB.1 M'I‘BF2 MT Fn
The number of failures of an average part is computed from NTBFa and the end
item operating hours. The failures are multipiled by the total ﬁtmber of parts
in the main program to yieild the number of failures of the pseudo component,

12. Module Data

Identification, Wame, Price, Weight, Essentiality Code, Washout, Repairman Tiie,
Pages of Technical Documentation, New NSH Indlcator  Humber of Special lest
Equipment Types, Number of Special Repairman Types: GSeme as for components.

Average Time to Repalr Module Including Walting Time NOT Including Shipoing Time:
The average elapsed time from the arrival of a falled module at the mainterance
echelon where it is to be repaired until the module is repaired and ready for
use, This time includes waiting time, processing time, and actual repair time,
It does not include shippning time.®

Number of Piece Parts in Module Which Need a New NSN: If the module is repaired,
the cost of obtaining NSNs for the new repair parts will be added. It will nect
be added if the module is thrown away.

Averzge Price of Piece Parts per Repair Action: A module repair action resulis
in the replacement of plece parts. The cost of the parts used in ar average
repair action is entered here. This amount will be charged for each module
repair action.

13. #Pseudo Module Data
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All pseudo module data is the same as pseudo component data, The MIBF for a
representative part is, however, entered on the application card.

14, Application Data

Component Identificationt The four character alphanumeric identification of the
component.

Module Identificatiocn: The four character alphanumeric identification of the
module. An application consists of a component and module pair.

Mean Time Betwen Failure (MTBF) of the Mcdule in the Component: The MTBF cf the
module is entered here. If the mocdule is part of severel components, the MTBF
nust be entered separately for each application. Multiple occurences of a module
in the same component should be entered as one application with the MTBFs
combined. The number of failures of the module in each component will be
computed by the model and added to oatain the total number module feilures. In
the case of a pseudo moduie, the MTLF of a representative part, which is computed
in the same way as describved above for a pseudo component, 13 entered here.

Average Time to Fault Isolate to Module and Repair Component, etc.: The average
elapsed time from the arrival of the failed compouent at the maintenznce echelon
until the component is repaired and ready for use. This time inocludes walting
time, processing time, time to fault isolate to the module, and vime Lo remcve
egnd replace the faulty module. It does NOT include shipping time.®

Number (Quantity) of Special Equipmeat and Repairman Typea: This variable tells
the preprocessor how many test equipment/repsirman identification numbers and
repair times to read from the next data card. :

Equipment/Repairman Identification Number: The identification number(s) of the
test equipment/repairman necessary to repai-~ the component when the particular
module fails.

iime Required: The

needed when this modul

ength ¢f time each particular test equipment/repairman is
fails in this component.

> =
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lote: Possible guvernment furnished data indicated by an asterisk (%)




