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PREFACE

PLANET (Planned Logistics Analysis and Evaluation Technique) was
developed to satisfy an apparent need for a model of '"weapon system

' It is a series of four computer simulation models designed

logistics.'
to examine the hardware-configuration/operations/logistics-support
interactions of a variety of weapon systems in a single-base or multi-
base environment.

Simulation models such as PLANET can be used to develop logistics
support plans for a spectrum of weapon systems from aircraft to non-
mobile missiles. It can also be used to periodically assess whether
the logistics support planned will maintain a system or equipment
effectively and economically. These assessments combine the relevant
reliability, maintainability, and performance parameters for the com-
plete weapon system. This enables the systematic development of an
integrated logistics support plan for systems and equipments at all
levels of maintenance for its programmed life cycle.

This Memorandum should be of interest to logistics planners at
Headquarters Air Force Logistics Command; to Design Evaluation Boards
at Headquarters Air Force Systems Command during RFP (request for pro-
posal) and PD (project definition) phases of weapon system development:;

and to aerospace contractors.
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SUMMARY

PLANET was developed as a tool for examining the hardware-configu-
ration/operations/logistics~-support interactions of a variety of weapon
systems in a single-base or multibase environment. Its purpose is to
help the manager gain an understanding of the operation of his system
and find a rationale for allocating resources effectively and efficiently.

The computer programs in the PLANET complex include the following:

1. The Availability and Base Cadre Simulator, which furnishes the
framework for the logistics resources assigned to a support base.

2. The Bench Repair Simulator, which processes reparables through
the base repair shops or diverts them to a depot, thus converting the
reparables to serviceables.

3. The Depot Transportation Simulator, which processes the move-
ment of reparables from the base to the depot or factory and return.

4. The Depot Repair and Overhaul Simulator, which simulates the
functions in a repair or overhaul facility.

5. The Reports and Analysis Library, which consists of twelve
different programs.

All programmed in SIMSCRIPT, the simulators can be used separately
to examine specific problem areas, jointly to simulate complete weapon-
system operation from the site or point of demand through to the depot.

Each simulator is structured so that the item being supported can
have any external configuration. The hardware definition (design)
phase of PLANET requires the user to define a 'site." A site, the
term used in the simulators, may be defined as a number of units, sub-
systems, boxes, or parts belonging to some missile or aircraft system.
The level of detail is set at the discretion of the user.

Once the user has specified a site, the operational program and
the reliability and support concept for the units defined interact to
become a demand or workload generator for the logistics resources. The
Availability and Base Cadre simulator supplies the framework for the
logistics resources assigned to a support base or bases. Within this

"framework," the personnel, ground equipment, facilities, and spare
p



parts are assigned various tasks as generated by the demand generator
in the simulator. Demands can be scheduled, such as periodic main-
tenance actions, TBOs, IBRs, etc., and/or unscheduled, as a function
of the reliability of each unit as generated by a Monte Carlo failure
generator. A spectrum of management decision rules can be used for

assigning and dispatching resources to the site.

OPERATIONS DESIGN SUPPORT

AVAILABILITY
& BASE CADRE
SIMULATOR

BENCH REPAIR BASE
SIMULATOR REPARABLE

DEPOT
TRANSPORTATION
b SIMULATOR

!

DEPOT OVERHAUL
OR REPAIR
SIMULATOR

'

REPORTS &
ANALYSIS
PROGRAMS

Through time, as failed parts are removed from a site (and replaced
with serviceable spares), consumables are consumed, reparables are
generated, and units are removed for overhaul. The reparables are
returned to base to be processed by the Bench Repair Simulator and
thus converted to serviceables and returned to stock for reuse. Some

parts can be repaired or overhauled on base; others must be shipped

to a depot or factory.
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The movement of the reparables from the base to the depot or
factory and return is processed in the Depot Transportation Simulator.
The reparables (or other logistics resources) are moved through the
logistics "pipeline" to a repair or overhaul facility, whose functions
are processed by the Depot Repair or Overhaul Simulator.

These programs can be used separately to examine parts of the
logistics system, or they can be assembled into a large, detailed model
of the system. It is always possible, with PLANET, to conduct a more
detailed analysis, directed by the knowledge of the system already

acquired, in order to realize policy determinations more explicitly.
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I. INTRODUCTION

In genéral, computer simulation is a way of using a computer to
produce a-reasonable likeness of the behavior of a system under study.
Simulation models are only representations of reality; of necessity,
the system under study is '"'scaled down'' to manageable size for the
computer. As a result, simulation models are based on the designer's
concept of what the key elements of the system are, and how they oper-
ate and interact on the system. Therefore, one cannot say a priori
that one model is "better' than another.

The size and complexity of the problem that the system analyst
would like to examine increases as a function of the interrelationships
to be considered. It is very difficult, for example, to visualize the
impact of a change in sortie rate on a depot overhaul facility, or even
the effect of a change in reliability/maintainability parameters on the
operational capability if support shortages exist at the higher echelouns
of maintenance. In short, while problems can be bounded and scaled
down to manageable size, it is often desirable to view the analysis in
a broader context to observe more of the interactions.

Many techniques are available for performing cost/effectiveness
analyses, ranging from complex models to simple analytical equations.
These analyses, if properly used, bring into focus the parameters that
affect mission capability. The object is usually to minimize the cost
at which a specified level of effectiveness can be maintained; this
will involve a comparison of alternative ways of designing and support-
ing a particular system for a given mission.

In the predesign and study phase, the system planner and analyst
face the problem of designing a weapon system to meet some given opera-
tional objectives at a minimum cost. If one considers only the opera-
tional environment, the resulting hardware may be very difficult and
costly to support. It often becomes apparent later, during the develop-
ment of a weapon system, that if some particular factor had been con-
sidered earlier, a more effective system could have resulted for the

same cost.



PLANET (Planned Logistics Analysis and Evaluation Technique) is
designed to examine the hardware-configuration/operations/logistics-
support interactions of a variety of weapon systems in either a single-
base or multibase environmment. By testing various hardware configura-
tions and operational requirements, PLANET can obtain a measure of the
logistics support costs for each.

PLANET consists of five parts: I--The Availability and Base Cadre
Simulator; II--The Bench Repair Simulator; III--The Depot Transporta-
tion Simulator; IV--The Depot Repair and Overhaul Simulator; V--The
Reports and Analysis Library.

All programmed in SIMSCRIPT,-:c the simulators can be used separately
to examine specific problem areas, or conjointly to imitate complete
weapon-system operation from the Site or point of demand through to the
Depot.

Each simulator is structured so that the item being supported
can have any external configuration. The hardware definition phase of
PLANET requires the user to define a Site. A Site, as the term is
used in the simulators, may be defined as a number of units, subsystems,
boxes, or parts belonging to some missile or aircraft system. The
level of detail is set at the discretion of the analyst.

Once the user has specified a Site, the operational program and
the reliability of the units defined interact to become a demand or
workload generator for the logistics resources. The Availability and
Base Cadre (ABC) Simulator supplies the framework for the logistics
resources assigned to a support base (wing level). Within this frame-
work the personnel, equipment, facilities, and spare parts are assigned
various tasks as generated by the Monte Carlo demand generator in the
ABC Simulator. A spectrum of management decision rules can be used
for assigning and dispatching resources to the Site.

Through time, as failed parts are removed from a Site (and replaced
with serviceable spares), consumables are used and reparables are gener-
ated. Some reparables can be repaired ''on base"; others must be shipped

to a depot or factory.

"H. M. Markowitz, J. C. Hausner, and H. W. Karr, SIMSCRIPT: A
Simulation Programming Language, The RAND Corporation, RM-3310-PR
(DDC No. AD 291806), November 1962.
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The movement of the reparables from the base to the depot or
factory, and return, is processed in the Depot Transportation Simula-
tor. The reparables (or other logistics resources) are moved through
the logistics pipeline to a repair or overhaul facility, whose func-
tions are processed by the Depot Repair and Overhaul Simulator.

This Memorandum presents an over-all view of PLANET and briefly
describes each of the four simulators in nontechnical terms. Sections
II through V take up, in turn, the Availability and Base Cadre Simu-
lator, the Bench Repair Simulator, the Depot Transportation Simulator,
and the Depot Repair and Overhaul Simulator. Section VI discusses
the input data requirements. Section VII briefly describes each of
the Reports and Analysis programs contained in the library for use
with the simulators. Section VIII discusses the capabilities and

limitations of PLANET.



II. AVAILABILITY AND BASE CADRE SIMULATOR

The Availability and Base Cadre (ABC) Simulator contains the hard-
ware definition, the operational plan, and the basic framework for the
logistics system.

It can be used for missiles or for manned aircraft. When the
ABC is used for missiles, the word '"availability" is synonymous with
"alert." For manned aircraft, the word "availability'" means ''opera-
tionally ready.'" The simulator generates the workload for both mis-
siles and aircraft in essentially the same manner. The primary differ-
ence for aircraft applications is the "flight status.' Ballistic
missiles do not normally reflect demands on the logistics system as a
result of a flight or sortie; therefore, when ABC is used as a ballistic
missile alert model, the flight status is not used. Flight status may
be used, however, when the model is used for airborne missiles (ASMs),
since these missiles may abort on a particular mission and be returned
for maintenance. The stresses imposed by the flight (even though the
ASM may be considered as a passenger) could be different than for the
various other statuses. The flight status therefore may or may not be
used in the missile alert application, depending on the type of missile

and the operational philosophy.

FUNCTIONAL DESCRIPTION

The ABC Simulator contains the hardware definition, the Monte Carlo
demand generator, and the basic framework for the logistics system.

The hardware is defined as a number of systems, subsystems, parts,
or units for any number of Sites (see Fig. 1). The level of detail is
set at the discretion of the user.* For instance, a missile may be

defined as consisting of three removable and replaceable items (Re-entry

Vehicle, Guidance and Control Sections, and Booster), or as consisting

“Although any one model can be used on a 32 K computer, almost any
PLANET simulation problem can be defined in such detail as to saturate
a 32 K machine with the data alone. A major consideration, therefore,
is the capacity of the computer memory.
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of scveral hundred support units. The same applies to aircraft. An
aircraft may be regarded as a single unit or even a flight of a number
of aircraft in a gross simulation, or it may be defined as consisting
of several hundred items (i.e., a large number of parts in close for-
mation). (Step 1, Fig. 1.)

Before the description of the ABC Simulator proceeds further, it
should be pointed out that there are two availability conditions:
actual and apparent (2). As the name implies, the apparent condition
is the condition of the hardware as determined by the scheduled opera-
tional program and the design of the AGE. Since personnel and ground
equipment (test and checkout equipment) are not 100 percent effective,
and further, since most units are checked only periodically (a policy
variable), there is some probability that the system may be in a failed
condition due to some undetected malfunction. If there is such a mal-
function, the actual status of the system may therefore be quite differ-
ent from the appearance which the AGE design, persounel, and maintenance
policies present. .

The system may be unavailable for many reasons other than the
undetected malfunction. As the system changes from one status to
another (3), the reliability of the units will determine if a failure
has occurred. If it has not, the system will be declared available or
operationally ready. If a failure develops and is detected, mainte-
nance will be notified (4).

Upon receipt of a demand, maintenance control will search the
appropriate pools to determine if the required resources are available.
Some demands may require personnel only, some may require personnel and
equipment only, and some may require spare parts as well (5,6,7). The
authorized quantity of resources in each pool is initially predetermined.
Statistics will be gathered regarding demands, utilization, probability
of meeting demands, NORE time (not operationally ready--Equipment),

NORS time (not operationally ready--Supply), NORM time (not operationally
ready--Maintenance) , and so forth.

It should be realized that many decision criteria can be used to
dispatch resources. One criterion involves the assumption that all

demands for resources will be supplied from the maintenance pool. 1If



the demand requires personnel, a maintenance van, and a spare part,
and if all these are available, the required resources will be imme-
diately dispatched. If any one item is not available, the demand will
be filed in a queue to await the fulfillment of the shortage.

When all required items are available, the team will travel to
the point of demand (8). The arrival time is determined by the tran-
sit time (velocity distributions based on the type of transportation
used--air, ground, etc.) and the probability of encountering trouble
en route (mechanical defects, personnel failures, illness, etc.).
Weather conditions can be introduced by changing the transit-time
velocities and probability of failure in tramsit.

At the Site, the maintenance task specified by the demand is
performed (9). The time required to perform the task is drawn from
an input distribution. While the maintenance task is being performed,
there is some probability that other tasks may be discovered; conse-
quently, additional resources may be required and requested from main-
tenance control if the task is beyond the capability of the team already
at the Site. Following each maintenance task, a verification test or
inspection is made to determine if the maintenance action was performed
properly. If the task passes all required inspections, the system will
be made available (2), and the maintenance resources will either return
to the support base and thus to their respective pools (10), or be dis-
patched to meet another demand (11). The dispatch policy available
for use is a variable. The analyst has the option of examining dif-
ferent operating policies.

Periodically, maintenance equipment and facilities will require
servicing, repair, replacement, and so on. A delay is included to
handle this type of event (l0). For instance, OGE (Operational Ground
Equipment) and MGE (Maintenance Ground Equipment) will periodically
require calibration or servicing. The time required for events of this
kind may be a critical factor in determining the quantity required to
support a given operational program. The capability to incorporate
delays of this kind is available if desired. Another example is the
delay in changing a reparable to a serviceable spare part. Obviously,

the time required for this transition will influence the authorized



quantity of spare parts when examined separately. Illowever, when
viewed in the context of the other resources in the system, the time
delay may not become a critical factor until some level of workload

is reached or if there is a shortage of some other resource.

RESOURCES CONSIDERED

The ABC Simulator is a multiresource model using the logistics
resources normally involved in the various activities on an Air Force
base. Three kinds of resources are treated explicitly: personnel,
maintenance equipment and facilities, and spare parts.

The resources are placed in pools from which assignments to appro-
priate work areas are made. With the ABC and Bench Repair simulators
operating together, the personnel, for instance, at the beginning of
each shift, may be assigned to the base shops or may remain in the pool
to await maintenance demands at a Site. The personnel assigned to the
shops can be made available for flight-line duty if specified in the
inputs. Although indirect labor such as stock-chasers, expediters,
and supervisors will not normally be included in simulation runs, they
can be included as part of the personnel input if desired.

Maintenance equipment and facilities are handled in essentially
the same manner. A specified quantity of each type of maintenance
equipment and facility item is placed in the maintenance equipment
pool, from which assignments are made to meet the various maintenance
demands.

Spare parts for each unit defined are also placed in a pool.
Consumables and reparables may be considered. When a demand occurs
requiring a serviceable spare, the part is removed from the pool. If
the serviceable is used to replace a reparable, the reparable will be
returned to serviceable stock after it has been repaired.

For gross simulations, the delays in restoring reparables to
serviceables and the delay in returning maintenance equipment and
facilities to their serviceable pools will be drawn from distributions
specified in the inputs. These distributions can be replaced, for

more detailed simulations, with the Bench Repair Simulator.



IIT, BENCH REPAIR STIMULATOR

In establishing and operating a base repair shop, a planner faces
at least the following problem: Given a repair process and estimates
of the workload, for some period of time, determine the resources neces-
sary to test and repair the units in some given (average) amount of
time.

The Simulator takes as inputs the various shops' operation char-
acteristics, the expected workload through time, and a planned set of
resources. It then simulates shop operation through time and periodi-
cally prints out reports that reflect the performance of the planned
set of resources under the conditions specified. Performance is mea-
sured in terms of repair-cycle time and capacity.

The outputs from the simulation can be used as an aid in determin-
ing the resource requirements necessary to support the repair actious.
Normally, an initial target repair time is set at a stage when esti-
mates of the repair concept, test and repair times, shop load, and
other variables are gross. As estimates of these variables improve
through experience, the economy of the initial target repair time can
be reevaluated in terms of the cost of additional resources and fewer

spares, so as to achieve an economic balance between the two.

FUNCTIONAL DESCRIPTION

The Bench Repair Simulator can be used to simulate the repair
process of one or more repair shops on a support base. The typical
functions performed on a reparable (depicted in Fig. 2) are conceptual
notions and may be unrelated to where the actual work is performed.
For instance, all the functions represented in the repair process
(except receiving and shipping) may be accomplished on the same work
bench for some reparables. The model therefore includes a hierarchy
consisting of functions and activities.

Each function can embody any number of activities that the user
chooses, and these can be physically located in the same area or
separated. Within each activity there can be any number of sets of

resources. The activity can be defined in any way--as a team that
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performs a specific function, for instance, or as a piece of test equip-
ment requiring other resources for its operation.

The sequence of functions typically performed on a reparable is
shown in Fig. 2. The repair process begins as the incoming reparable
is delivered by the returning maintenance team (see ABC) at the appro-
priate activity (1). Each reparable then undergoes a series of tests
and repairs. After the line operations are completed, including a
final test and inspection, the reparable--now serviceable--is shipped
to Ehe serviceable stock (POOL). In the normal path, a reparable is
received, visually inspected, and then tested.

The inspection and test (2) determine if the reparable can be
repaired on base; if not, it is declared NRTS (3) (Not Reparable This
Station). An NRTS item is shipped to the depot (4). After a time
delay (5) that is either a standard (average) or computed time (drawn
from a distribution), the reparable--now a serviceable--is received at
the shop (6) and, following a test or inspection (13) to ensure that it
was not damaged in transit from the depot, it is shipped (14) to the
serviceable pool (ABC).

If the reparable can be repaired 'on base," the failed part or
component is removed (7,8) and replaced with a serviceable part or com-
ponent from stock (10). The failed component is then discarded or
repaired (9) and returned to stock (10).

Following a repair (8), a reparable is inspected or checked (11)
to ensure that the repair is satisfactory. 1If not, it is recycled back
to the repair function. If the repair is satisfactory, the reparable--
now serviceable--is returned to its original configuration (12), tested
and inspected (13), then shipped (14) to the serviceable pool.

The above functional description is an example of one base repair
process. The simulator will accept different sequences of repair at a
level of detail specified by the user. For example, the repair func-
tion (8) in the above example could be expanded to include cvery step
in the repair process. Similarly with the other functions. The repair
process can be duplicated completely or in part any number of times to
simulate multiple shop operations. The resource tables can be estab-
lished so that some shops can share resources, or each shop may be

assigned its own rescurces.
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RESOURCES CONSIDERED

The Bench Repair Simulator takes as inputs only the resources
used directly in the repair process; indirect resources such as stock-
chasers, expediters, and nonproductive supervisors are excluded. The
major resources considered are: personnel, manned test equipment or
work benches, and major items of component spares.

Personnel and manned test equipment or work benches are grouped
according to their functions. For example, within a particular shop,
one personnel group (skill level 3) might perform receiving and ship-
ping, another group (skill level 5) might be concerned with disassembly,
repair, and assembly, and yet another (skill level 7) might engage in
diagnosis, repair-verification inspection, and final functional test
and inspection. It is assumed that within each group the job standard

for performing a given activity is the same for all group members.

SHOP INTERACTIONS

Before a function can be performed, the necessary personnel and

equipment obviously must be available. When they are not,% the repara-
ble must wait in line for their services (join a queue).** After
resources have been assigned to a reparable and work begun, the work
may be interrupted for a number of reasons. For example, closing the
shop for a weekend would interrupt all work in process. A shift change,
test equipment failure, or dispatch of resources to a site to perform
flight-line maintenance, might interrupt work in process.

The consequences of interruptions depend on the function being
performed. During a diagnostic test of electronics equipment, for

instance, some of the elapsed time may have to be repeated, while the

total time required for diagnosis of some mechanical units may be

“When used in conjunction with the ABC Simulator, personnel and
equipment may be drawn from the shop to perform maintenance at the Site.

RN
LAY

RANKED at time of arrival in repair shop. This queue discipline
is programmed into the simulator because it is relatively easy to change
to a FIFO or LIFO discipline if desired. The reverse is not true. It
would require programming changes to change from FIFO or LIFO to RANKED.
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unaffected. Failed test equipment must be returned to service. The
extent of the damages and length of the repair job all add to the

reparables' "in process' repair time.
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IV, DEPOT TRANSPORTATION SIMULATOR

In establishing and operating a transportation system, a planner
faces a number of problems. Given cargo estimates and the distances
to be traveled, what mode of travel should be used? What priority
should be assigned to each cargo type to be moved? How large should
the transport vehicle be? What should the transit schedule be? What
routing should be used? How will the planner 'operate' the transpor-
tation system within some given cost?

The time required to move cargo from place to place, sometimes

'will influ-

referred to as a part of the logistics 'pipeline time,'
ence the logistics resource requirements. To illustrate: £for a given
demand rate, a longer pipeline time requires more spare parts than

does a shorter time if a given level of protection against stockouts

is to be maintained. The logistics problem is concerned with the
tradeoff between transportation costs and resources. The Depot Trans-
portation Simulator concerns the transportation system necessary to
move a weapon system's logistics resources from place to place, as

from a support base to a depot or factory.

The Simulator takes as inputs various operating characteristics
of the transportation system, the expected cargo to be moved through
time, and a planned set of resources and facilities. It then simulates
the operation of the system through time and periodically prints out
reports that reflect the performance of the transportation system under
the conditions specified.

The outputs from the Simulator can be used as an aid in deter-
mining the quantity of cargo that can be moved over time and the costs
associated with the operation of the system. Normally, an initial
target transportation time is set when estimates of weapon-system per-
formance are gross. As these estimates improve with experience, the
economy of the initial target times can be reevaluated In terms of the
cost of additional supplies and slower transportation, so as to achieve
an economic balance between the two,

Assume, for example, that the spare parts for a new weapon system

are procured on the basis of the reliability to be obtained after
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several years of operation. When the weapon system becomes opera-
tional the actual initial reliability may be relatively low, the result
being a high NORS rate. An expedited transportation system might then
be the answer. Later, after reliability has improved to the expected
value, a fleet of trucks (instead of airplanes) may be sufficient if
one takes into account the supplies already procured for the weapon
system.

The Depot Transportation Simulator can be used to simulate the
movement of various types of cargo or logistics resources necessary
to support a given operation. Figure 3 is a diagram of the transpor-
tation process, oriented toward the way in which a cargo carrier will
move through the system.

The term ''resource'" is used to define any type of cargo that the
user may wish to specify. For instance, it might be used to represent
personnel, a spare part, or any heterogeneous substance that is to be
moved from place to place. As long as the substance can be defined
by its weight and volume, it can be considered a resource in the
simulator.

The resource(s) to be shipped are generated by the Bench Repair
Simulator or the Depot Repair and Overhaul Simulator when the simula-
tors are used together. When the Depot Transportation Simulator is
used separately, the resource(s) to be shipped are preassigned.

Transport vehicles are defined by their velocity and cargo carry-
ing parameters. There can be any number of vehicles of different types.
Transport vehicles may consist of aircraft, land vehicles (trucks,
jeeps, etc.), or ships. The routes of the vehicles are preassigned and
any base may be designated as the home base for each carrier. The
locations of all bases that transport vehicles may visit must be speci-
fied in the simulator.*

7'\‘It is usually convenient to specify the location of each base
by its longitude and latitude; however, any system for locating bases

is satisfactory provided the distances between points are specified
in the same terms as the velocity of the transport vehicle.
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Three types of runs can be specified during the simulation: 1)

a cyclic run, in which a vehicle will follow an assigned route and
schedule, arriving back at home base after some expected period of
time, and in which the route and schedule are repeated at regular
intervals; 2) a special run, in which a carrier that is available is
dispatched to some base to pick up some '"special' cargo (e.g., hazard-
ous or very expensive cargo); 3) a run requiring a special carrier,
such as a carrier for outsized cargo. A special carrier can also
transport regular or normal cargo, however, if there is room and if

it has been specified that this type of operation will be permitted.

In the following description of Fig. 3, only cyclic runs will be
discussed, not special runs.

The transport vehicle leaves its home base (1) for some preassigned
destination (4). While en route (2) there is some probability of delay
or loss (3) due to weather, accident, etc. Upon arrival (4), the cargo
assigned to the base is offloaded (5). The time required to perform
the offload is drawn from a distribution or specified in the input as
a standard value. The assigned cargo is then moved to the Bése stock
(6) .

Upon completion of the offload, the vehicle is serviced and main-
tenance is performed if necessary (7). The time to perform these
actions can be from a distribution or can be a standard time. TIf the
carrier requires an inordinate amount of maintenance and will not be
able to maintain its schedule, another carrier, if available, can be
dispatched as a replacement.

Meanwhile, the cargoes to be shipped to the depot have been moved
from the base storage area to the loading dock (8,9). When the trans-
port vehicle is ready, it is loaded (10) with the cargo to be shipped
and the carrier will leave for its next destination (11).

The sequence of events, "in transit'" to 'next destination" (2,11),
is repeated until all scheduled stops have been made. The vehicle
visits a base, discharges the assigned cargo, picks up cargo to be
moved, and proceeds to the next base until the scheduled "circuit!"

is'completed.
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After the arrival at and departure from the final base (11), the
vehicle is dispatched back to the home base (12,13,14) where all
remaining cargo will be offloaded. The reparables assigned to the
depot or factory are moved to the repair line (1l6), where the repair
and overhaul process (l7) is simulated. Upon completion of the repair
(17), the reparables--now serviceables--are moved to a loading area
(18) to await the availability of a transport vehicle (19).

Following the offload of the cargo (15) at the home base, the
transport vehicle is serviced and subjected to maintenance as required
(20). The vehicle is then loaded with the assigned cargo to be moved
(21). Thus, the circuit is repeated.

In detailed simulations, this simulator replaces the Ship to Depot
time distribution discussed in connection with the Bench Repair Simu-
lator (see Fig. 2 (4), p.10). The Depot Transportation Simulator does
not necessarily have to be used. LOGAIR, for example, can be simulated
as a delay distribution between the Bench Repair Simulator and the
Depot Repair and Overhaul Simulator. When used, however, the Depot
Repair and Overhaul Simulator can replace the Repair Delay distribu-

tion (17) to simulate the depot processes.
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V. DEPOT REPAIR AND OVERHAUL SIMULATOR

Before discussing depot simulation, it may be well to consider
the spectrum of activities that must be encompassed. At one extreme
is an overhaul depot; at the other, a repair facility. Perhaps good
examples are the jet engine overhaul process at OCAMA (Oklahoma City
Air Materiel Area) and the Inertial Guidance System Repair Activity

(SRA) at Newark Air Force Station (NAFS).

THE REPAIR PROCESS

Figure 4 is an example of one kind of repair process performed on
a reparable. The repair process begins as the incoming unit is uncrated,
identified, and disassembled. It then undergoes a series of tests and
repairs. After the line operations are completed, including a final
test and acceptance, the reparable is returned to a using organization.
The different paths through the repair line are also illustrated
in Fig. 4. Normally, a reparable is received (1), undergoes a visual
inspection, and is then moved to the mechanical areas to be disassem-
bled (2). It then goes to a test station for a diagnostic test (3).
Diagnosis reveals the cause of the failure, and the unit is moved
to a repair area (4), where the faulty component is removed and replaced
with a good part from stock (5). The failed part is then sent to its
repair area, repaired, and returned to serviceable stock (6).
After repair (4), some electronics reparables, such as inerFial
guidance systems, are given a series of vibration tests (7,8,9). 1If
a system passes, it is assembled (10) and inspected (1l). Once it
passes inspection, it receives a final functional test (12) and is

shipped (13) back to the using organization.

THE OVERHAUL PROCESS

Mechanical units regularly require a certain amount of part
replacement as a result of wear, fatigue cracking, corrosion, and simi-
lar processes. To prevent the majority of such failures during opera-

tion (when the effect upon aircraft may be disastrous), these units
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are completely overhauled at regular intervals to clean and service
all parts and make certain that they are in first-class condition.

Engine overhaul, for instance, consists of the servicing or
replacement of parts because of deterioration chargeable to such fac-
tors as wear; the replacement of parts because of cracks, fractures,
or deformities; the removal of deposits accumulated during service;
and the inspection of parts to determine the servicing and part replace-
ment necessary.

After receipt of the unit, the overhaul process begins with the
disassembly of the unit into major subassemblies (see Fig. 5). These
are further disassembled, and component parts are removed, cleaned,
inspected, and tested. Parts failing the inspection or test are
repaired or replaced, and later all components are reassembled to form
a complete unit ready for shipment.

If the same overhaul process is oriented functionally, even though
function types may be repeated, the similarities between the depot over-
haul process and the SRA depot repair process begin to emerge. The
overhaul process may be visualized as a number (N) of functions to be
performed at the same time in the real-world overhaul process; if the
functions are different (e.g., disassembly and cleaning), the resources
and equipment to perform them are usually different. Orienting the two
functions to occur simultaneously in the simulation program is handled
automatically by SIMSCRIPT. As previously stated, the overhaul process,
when functionally oriented, becomes a sequence of functions between
disassembly and assembly.

Simply stated, the depot repair process is a sequence of disassem-
bly, test, repair, and assembly functions. The difference between the
overhaul and repair processes is the effect of a unit's failure to
pass an inspection or test. In the repair process, a unit failing an
inspection recycles back to some previous function, while in the over-
haul process if a part fails an inspection, it is rejected and replaced
with a new or serviceable item and continues through the sequence with

no recycling.
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SIMULATOR DESCRIPTION

The Depot Repair and Overhaul Simulator can be used to simulate
a spectrum of depot activities from a simple repair to a complex over-
haul process. The Simulator is structured so as to permit any number
of functions to be performed simultaneously or in sequence. Functions
performed on a reparable need not have any relationship to where the
work is performed in reality (the physical locations are accounted for
in the transit time between work areas). For instance, in some simple
repair processes all work functions may be accomplished on a single
workbench, while in overhaul processes the work may be moved to a dif-
ferent area for each function.

Within each function (the number being at the discretion of the
user) there can be any number of activities. An activity is defined
as a group of work stations all performing the same type of work and
using the same kinds of resources. A work station is a set of resources
required to perform the task of the activity; it may be defined in any
way-~-for example, as a team of personnel to perform a specific task,
or as a piece of equipment requiring other resources for its operation.
Figure 6 illustrates the relationship of functions, activities, and
work stations, together with a hypothetical routing sequence.

The routing of a reparable through the activities is at the user's
discretion. Any routing sequence may be specified. The user may also
specify the '"repeat' cycle if a reparable should fail a particular func-
tion. A parts-demand capability is included in each activity (except
those contained in the first and last functions), thereby permitting
flexibility in simulating an overhaul process. Naturally, during simu-
lation of a repair process, only one or possibly two activities would
use this capability.

In short, the Depot Repair and Overhaul Simulator is structured
along functional lines. The fact that it does not attempt to dupli-
cate a variety of physical plants permits a great deal of flexibility

in simulating different depot processes.
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THE RESOURCES CONSIDERED

The Depot Repair and Overhaul Simulator takes as inputs only the
resources used directly in the process; indirect resources such as
stock-chasers, expediters, and nonproductive supervisors are excluded.
The major resources considered are personnel, manned test equipment
or workbenches, and major items of component spares.

Personnel and manned test equipment or workbenches are grouped
according to their functions. For example, one personnel group might
perform the receiving and shipping functions, while another is engaged
in diagnosis, repair-verification inspection, and final functional test
and inspection. It is assumed that within each group the standard time
to perform a given function is the same for all group members. If dif-
ferent types of test equipment are involved, and their processing times
differ, they would be put into different groups even though they might

perform the same tests.

SHOP_ INTERACTIONS

As with the Bench Repair Simulator, the necessary personnel and
equipment must be available before a function can be performed. When
they are not, the reparable must wait in line for their services (join
a queue) . Reparables may queue behind an activity because of the lack
of personnel, equipment, and/or component spares. After the necessary
resources have been assigned to a reparable and work is begun, the work
may be interrupted for a number of reasons. For example, closing the
depot for a weekend would interrupt all work in process. A shift
change or an equipment failure might interrupt work in process.

The consequences of work interruptions vary, depending on the func-
tion being performed. During a diagnostic test of electronics equip-
ment, for instance, some of the elapsed time may have to be repeated,
while the total time required for diagnosis of some mechanical units
may not be affected. Equipment failures must be corrected before the
equipment can be returned to service. The extent of the damages and

length of the repair job add to the reparables' "in-process' time.
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VI, INPUT REQUIREMENTS

As previously mentioned, PLANET is an advanced planning tool
designed to examine the hardware-configuration/operations/logistics-
support interactions for a variety of weapon systems. 1Its input
requirements will vary, depending on the problem to be simulated. For
example, the input requirements for a design-support tradeoff (examin-
ing different designs in a constant support enviromment) will differ
from those needed for developing the quantities of logistics resources
for a given set of hardware. In the first case, emphasis will be
placed on the logistics data; in the second, emphasis will be on the
hardware.

With this flexibility in the problems that can be simulated, there
obviously will be equal flexibility in the input data requirements.

In reviewing the detailed data requirements for the individual simu-
lators, one's first impression might be that enormous quantities of
data are required to use the simulators. Not all inputs listed in the
detailed working Memorandum need be used; however, those selected will
depend on the problem. For example, many input data elements provide
for distributions. 1In all cases, a standard value can be used instead
of a distribution (a single-point distribution). Likewise, aggregating
data elements, which is common practice in the early phases of system
development, also reduces the quantity of data required to run a
simulation.

In short, PLANET is designed to accept the kinds of data that are
commonly available early in the design phase of weapon system develop-
ment. PLANET will also accept expanded data as refinements occur,

thus making more detailed data available during system development.
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VII, THE OUTPUT PROCRAMS

The simulation phase output of PLANET is a tape listing of every
change in selected variables. The bulk of the data available for accu-
mulation, collation, comparison, and analysis suggests a wide spectrum
of applications. Naturally, different problems will require different
analysis programs. The manager can select, from the library of pro-
grams, the output program best suited for his particular problem, or

a special-purpose report can be programmed with relatively little effort,

NOR TIME SUMMARY

The NOR (not operationally ready) time summary is a listing of
the ABC Simulator NOR time distributions and a count of the unscheduled

demands for the simulated fleet.

WEAPON SYSTEM AVAILABILITY

The weapon system availability program is designed for use with
missile simulations. From the ABC éﬁtput tape, it displays the mis-
sile off-alert time by tail number as well as a chronological, time-
oriented listing of what happened while the missile was off alert.
Details include the time a team was dispatched from the support base,
the arrival time at the site, when the maintenance action was completed,

and when the missile was returned to alert status.

LOGISTICS RESOURCE UTILIZATION

The ABC logistics information is presented in three parts: Spares,
Personnel, and Equipment. The spare part data presented by this report
contain information regarding stock levels, NORS (not operationally
ready--supply) time, NORS count, and demand quantities. The person-
nel report contains the man-hour accounting information. This report
displays the utilization factors for each personnel type and the man-
hours consumed by various tasks. The equipment data presented contain
information regarding the utilization of maintenance equipment and

facilities. NORE (not operationally ready--equipment) time, NORE count,

and demand quantities are included.
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The logistics resource utilization report can be used for either

aircraft or missile simulations.

ATRCRAFT RECOVERY PACKAGE

The following four programs are peculiar to aircraft simulations;

they cannot be used with in-place missile simulations.

Aircraft Recovery Time Distributions

The aircraft recovery histogram presents a display of the entire
aircraft (as opposed to system or subsystem) recovery. The display
1s divided into two halves: one half shows the touchdown time by work-
shift, the corresponding second half shows the type of sortie. Below
this display are a number of statistical computations for facilitating
analysis, e.g., the average recovery time (for unscheduled maintenance)
and the operationally ready (OR) time lost in recovering aircraft from

the effects of the sorties, etc.

Recovery of Three-Digit WUC

The aircraft three-digit work-unit-code (WUC) recovery program
produces a summary of the actions to clear unscheduled maintenance
demands. This display serves two purposes: it enables the monitoring
of break and recovery rates, and it provides a set of job standards
for unscheduled maintenance. Below the display are a number of sta-
tistical computations for facilitating analysis, e.g., the total OR
time lost to this subsystem, the average number of men working on

system recovery, etc.

Work Center Recovery

The work center recovery output is a series of frequency distri-
butions (one for each hour of the simulated day), showing how the
flight-line demands were distributed throughout the 24-hour period.
The purpose of this display is to aid in determining shift assignments

for personnel.
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The work center data the recovery program produces are: the
touchdown time, the time the work center began the first job and ended
the last job, the number of pecople at work in each 30-minute trial

period, and the conventional AFM 66-1 data.

Splattergram

The splattergram provides a graphical history of break-rate infor-
mation. This display presents the flight-line demand data. The break
rates are inferred from the demands, both scheduled and unscheduled,
against each individual unit. The probability data are computed only
for 25 or more sorties; the mean sorties~to-failure data are computed

if five or more fixes have occurred.

COST-EFFECTIVENESS PROGRAM

The Cost/Effectiveness program can be set to examine two cost
factors: the total system cost and the logistics support costs.
Logistics costs are the summation of the various resource and facility
costs specified for the simulation. Total system costs are the logis-
tics costs just mentioned plus the cost of the items being simulated

(sites). The measure of effectiveness is operationally ready (OR) time.

BASE SHOPS MAINTENANCE CAPABILITY

As the title implies, this output program is used to display the
outputs from the Bench Repair Simulator. The output display consists
of five parts: the input to each shop and its output and repair times
for the period(s) of time selected; queueing and utilization factors
for each resource group (personnel and equipment groups) ; queueing fac-
tors for each component spare-part type; stock levels, component spare
repair times, stockouts, and demands for each component spare part; and
detailed information for each activity about its performance during each

period of the simulation.
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NRIS PROGRAM

The NRTS (not reparable this station) data display shows the repara-
bles shipped off base for repair. It displays the pipeline time for
the reparables. This program is used primarily as an input to the Depot

Transportation Simulator when the simulators are operated separately.

TRANSPORTATION CAPABILITY

This output program is the output display for the Depot Transpor-
tation Simulator. The outputs are presented in six parts: the tonnage
delivered to the various bases for each type of priority cargo; the
quantity of each cargo type delivered to the various delivery points;
the mileage and in-transit time for each transportation mode; the
utilization rates of the vehicles assigned to the transportation sys-
tem; cargo processing time and quantities; and queueing factors asso-

ciated with cargo transportation at each base.

DEPOT CAPABILITY

The depot capability output program is used with the Depot Repair
and Overhaul Simulator. The output displays consist of six parts: the
input to the depot, and the depot's output and in-process time distri-
bution; queueing and utilization factors for each resource group (per-
sonnel and equipment groups); queueing factors for each component
spare-part type; stock levels, spare-part repair time, stockouts, and
demands for each spare part; detailed information for each activity
about its performance during each simulated period; and queueing factors
and downtime for any ''special' type of activity within the repair or
overhaul process.

As previously mentioned, the manager may select from the library
of programs those best suited for analysis of his particular problem.
Even though the output programs cover a wide spectrum of problem areas,
it can be anticipated that additional outputs will be required for
some analyses. Either the output programs can be modified to incor-
porate any additional data required, or new programs can be written

with relative ease.



-31-

VITI. CAPABILITIES AND LIMTTATIONS

Prior to coding the simulation programs, considerable time was
devoted to structuring the model. It was obvious (in 1963) that the
bulk of the computers envisioned by the projected release date (1966)
would have memories of 32 K words. Although larger computers were
being proposed at the time, there was no guarantee that very large com-
puters (greater than 96 K) would be readily available to prospective
users.

In addition, it was desired to structure the programs so that the
internal logic of the simulator could be modified with relative ease
for special applications. This required making the family of weapon
systems the model is designed to imitate as broad as possible, while
keeping the program itself segmented into as many small subroutines as
as practicable.

The simulators are therefore organized in a logical order of
Flightline or Site, Base, Depot, and a link between Base and Depot.
Each segment of the total simulation package can be used on a computer
with a limited capacity of 32 K. 1In some instances, this constraint
limited the amount of detail that could be included. However, the addi-
tional detail can be incorporated later if the trend continues toward
procuring larger (larger than 32 K) computers.

During the study phase, many logistics systems and logistics plans
were examined. From this effort there emerged a commonality in the
functional similarity of logistics systems. Although the jargon used
to describe specific functions was different in many instances (partic-
ularly in comparing aircraft and missile logistic systems), the function
performed was similar. This meant that even though the input parameters
for the simulation differed, the same computer program logic would
represent either aircraft or missiles if the real-world jargon could
be defined into common terms. The functional descriptions of the
various logistics actions and activities were therefore used as much
as possible in the hope that users will be able to translate the jargon

into functional terms for use in the simulation.
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As previously mentioned, the model was intended to simulate as
broad a spectrum of weapon systems as possible. For part of its proof
testing program, PLANET simulated systems ranging from in~-place (non-
mobile) ballistic missiles to conventional and VSTOL aircraft. In all,
five different types have been successfully simulated: (1) ballistic
missiles (Titan II and Minuteman); (2) air-to-surface missiles (ASM)
in a SAC environment; (3) ASM in a Navy environment (delivered from a
carrier-launched aircraft); (4) conventional aircraft (of the F-4C
type) ; and'(ﬁ) a VSTOL in an austere base environment. These are

weapon systems that PLANET was designed to simulate.
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