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ABSTRACT

This dissertation describes the design and operation
of a vehicle management information system. The
system is based on a microcomputer and is aimed at
the small to medium sized fleet operator. It is
designed specifically for c¢leansing vehicles and
accounts for the various factors which characterise
these vehicles.

The program itself is made up of eight modules, each
performing a specific function. The operation of
each is demonstrated in a worked example. Included
are the output reports which contain information on
workshop activities, costs incurred, vehicle and

fleet performance measures and a replacement decision.
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1. INTRODUCTION

The management of a fleet of vehicles is becoming

increasingly important as the cost of owning and

ocperating the vehicles increases. For many organisa- s
tions a substantial portion of their capital invest- ’
ment and running expenses go towards acquiring and

maintaining their vehicle fleet. Effective management v T

in this area can thus result in large cost savings.

& “ This need for more effective management has resulted

in a number of computer based vehicle management }5f
information systems. These svstems are designed, i
ﬁ ? however, to deal with a large number of vehicles and
require extensive computing facilities. The smallex
fleet operator must join one of the commercially
available shared computing facilities, if he wishes
to benefit from the advantages of a computer based

system. In this way, however, he loses some control
over his fleet and does not benefit from the major
advantage which 1s immediate access to information

for decision making. This project attempts to f£ill
this gap by designing a system based on the relatively
inexpensive microcomputer.

- A comprehensive system must, in addition to providing é,
information relating to costs, also focus attention on
vehicle performance. This is particularly important ;
for the waste disposal vehicles of a public cleansing ?_
department. These vehicles are required to provide a
certain minimum level of service under conditions of
increasing costs. This system is designed for these
vehicles, although it could be used for other types

with some modifications.

e Sl
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2: LITERATURE SURVEY

2.1 Vehiclé Management Information System

There is much to be found in the literature os the
ﬁesign aﬁd'requirements of a general management
information éystem. This is not the case, however,
for the more specific vehicle management information
system. The literature which is available deals
mainly with the economic aspect of vehidle manage-—
ment wiz. ~the vehicle replacement decision.. Although
it ds an important‘tmpic {and is dealt with in the’
next section), it does not give a complete picture.

Vorster (1), in a research thesis, has developed a
systems approach to the management of civil engineer-—.

ing construction eguipment. The approach can be

egually well applied to the management of a fleet of
vehlcles. The model developed, for this systems
approach, is one of three interdependent functions
vig. the ecbnomid,'mechanical and operational aspects
which cannot be treated separately. Furthermore,
performance criteria are established at the
boundaries of these aspects which provide the
information requirea to control the system. The
eriteria and suyggested measures of performance are

as f£ollows:

a) Reliability =~ This criterion ocecurs at the
interface between mechanical and operational
aspects. Two Ffigures of merit are suggested and
are defined as follows: '
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1) freq. of failure/100 operating hours = V % 100
W

where V = number of unscheduled repair actions

and W = number of hours worked by the vehicle.

ii) availability = T - I 7 S
, 5 2

ol where T = total shift time
and I = time for which vehicle is incapable of

work due to repair or service.

These performance measures provide information for
evaluating the effectiveness of maintenance and

1 , repair actions. In addition, they indicate the

[ 3 ”W;  , consequential costs of failure incurred (as opposed
to the tangible coste) and should thus be used to

supplement the replacement decision.

b) Repairability - This is the criterion between the

economic and mechanical aspects. The suggested

S X

figures of merit are: e

i) Repair ratio = RH + MH
W

where RH = number of man hours spent on repair
}v ‘ 3 actions
4~ ‘ ? and MH = number of man hours spent on maintenance

actions.

s The repair ratio indicates the total effort required

- to keep the vehicle working.

ii) Maintenance ratio = MH
W

which indicateg the maintenance effort before failure

occurs.

iii) Mean time to repair = RH
vV + 8

where S = number of scheduled repair actions.
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This indicates the complexity and magnitude of repair

actions. These figures should be used in conjunction

g with the actual repair and maintenance costs incurred e }

by each vehicle in order to determine suitable L i

maintenance programmes. Also, to initiate a replace-

o ment decision when the information indicates that it
B! is not economically feasible to repair a particular

vehicle.

¢) Profitability -~ This c¢criteriow arises between the

economic and vperational aspects and determines the

vehicle cost per unit of cutput. However, data
relating to work output is difficult to collect and

i s an alternative measure is recommended: [l

LR Field utilisation = W b |
o }
|

]

)

|

{

Tt i

This measure of performance indicates the extent to
B ey which a vehicle is being used and thus also, over an
i ‘ i extended period, the extent to which the vehicle QUT

investment is being employed.

¢ A These figures of merit are considered necessary for

| - i a systems approach to vehicle management. The extent
'1‘ 'f to which the existing computer based systems supply ;ﬁ’
V this information can be seen by considering an example. é;f
The system reviewed here is the Fleetmaster(2 & 3). i'

Three types of input documents are reguired:

a) Inventory form which is a comprehensive list of
data relating to each piece of purchased equipment,

ﬁ{ - ; b) Fuel ticket from the pumps indicating fuel issued

o each vehicle.

e

c) Repair order form fram workshop giving details of

repailrs undertaken.




This input data is used to produce a number of manage-

ment reports, a few of which are produced on reguest,

the rest on a monthly basis. The reports can roughly
be divided into six categories corresponding to the
six modules which go to make up the system. These

el AT H - g 3 e B
: S < : ) L

‘é are:

a) Equipment inventory
b) Fuel

c) Repair

d} Billing

e) Preventative maintenance

£} General

Based on the given input data,; the figures of merit

D R
e YTy e =
¥
e ey o

i for the reliability and profitability criteria given
: above cannot be calcunlated. {The British instal-
lation (3} however, plans for enhancement modules but

[C——

only as a final phase of the implementation.) The
majority of output reports, although fairly detailed,
can only serve an administrative function. The
; exceptions are those reports from the repair module
é D ,‘f as well as the performance reports from the general
| module {(which are classified as management reports). f*f

Yet, even in these cases, performance measurements ;p 
are based on the limited input data and in most cases
is merely the appropriate repair and maintenance cost.
{(Examples of the output reports are shown in

bppendix 1.} Finally, the vehicle replacement

decision ig not considered.

2.2 Vehicle Replacement Models

The economic models discussed here are based on
minimising vehicle costs. Models based on profit

maximisation are not readily applicable to the

_ N
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public service of waste collection.

The simplest replacement model is one that considers
only the present vehicle and determines its economic
life by balancing the capital and operating costs as

follows:

Average cost A{x) =P + C(x)
X
where x = age of vehicle
P = capital cost o
and C{x) = cumulative operating cost up to L

period XK.

The minimum average cost is then found by differentia~
ting with respect to x and setting the result equal to
zero. The pericd corresponding tce the minimum cost is
the economic life and the wvehicle should be replaced

when it reaches this age. The model can be improved

by taking into account salvage values and the time

value of money(4).

The model ensures that the historic costs of the

present vehicle are minimised. However, in making a

replacenent decision we are concerned with minimising
future costs and not the sunk costs over which we
have no contrcl. Thus the future costs of the
existing vehicle (or defender} as well as the costs

associlated with a replacement vehicle (or challenger)

must be considered.

The MAPYI and discounted cash flow methods are two

models which consider the future costs of both the
defender and challenger. The models are similar in ;
that both use a cost of capital to obtain present ér
values which are then translated to equivalent |

annuities (alternatively called the uniform

ndrer
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equivalent) for each period. In both cases that
period which gives the minimum annuity is termed

the economic life.

The MAPY method (5,6&7) deals separately with the
challenger and defender. The equivalent annuity per
period for each is calculated using the appropriate
capital cost, operating inferiority and loss on
salvage value. The minimum annuity in each case is
called the adverse minimum (A.M.). The replacement
decision is then determined by comparing the two
A.M.'s. If the A.M. of the challenger is less than
that of the defender then replacement is signalled.

The MAPI method is based on two simplifying

assumptions:

a) 'The present challenger accumulates operating
infericrity at a constant rate over its life.'

This operating inferiority represents the increase
in costs due to deterioration and cbsolescence.

The rate of increase is the differsnce between next
periods operating costs for the defender and
challenger divided by the defender's age. Thus the
assumption presumes that the operating inferiority
of the challenger will resemble that of the defender
and that it will occur at a constant rate.

b} 'All future challengers have the same adverse
minima.' This implies that the best succession of
vehicles which is headed by the present challenger
is a chain of vehicles with like adverse minima.

The discounted cash flow method (6,8&9) determines
the equivalent annuities by considering future flows
of capital, operating expenses and salvage values.
The procedure is to calculate the minimum egquivalent
annuity at the economic life for the challenger,

B T

e L,
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This figure is then compared with the cost of keeping
the defender for one more period and if smallex
replacement is indicated. (The economic life for
the defender by this method is always only one more
period since capital costs are sunk.) A more exact
solution is to consider the two exclusive strategies
viz. immediate replacement or replacement in one

period and their corresponding cagh flows(10).

The details are shown in Appendix 2. Replacement
is indicated if:
- 3 L *
(=85 * By o) <(Cq = 8g * By, o) ¥ BV
O e 1 T
r r
where Sd = defender salvage value at period x
X
Cy = defender operating cost in period 1
1
Emhdn o = minimim equivalent annuity for challenger

PVF1 = present value factor at the cost of capital r

for first pericd.

Note that for no defender salvage values the result
is the same as before.

The data reguirements for the discounted cash flow
approach appear more extensive than for the MAPIL
method, requiring estimates of operating costs per

period up to the economic life.
argue that the reguirements are
inferiority gradient is assumed
approach as is done with MAPI.

that for this case both methods
result.)

Dean and Smith{(11)
similar if a linear
in the cash flow
{In fact they show
give the same

They also point out that in the cash flow

approach this simplification is not forced upon the

analyst and when future costs do not seem likely to

be linear, more realistic estimates can be used.

For cleansing vehicles, a trend

has been found in
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the change of operating costs with age (12). A plot
of:

cumulative operating costs * 100 vs age in months
purchase price

can be fitted with a curve of the form:

) 2
* A
kO +~k1 o+ k2 X

with a correlation coefficient of approximately 0.7.

The operating costs discussed so far are those
tangible costs which are incurred in cwning and
operating a vehicle e.g. repair and maintenance costs.
It is generally agreed that the intangible costs
e.g. downtime and obsolescence also have an effect
on the replacement decision and should be taken into
account (1,8&13). Mehra(8) includes downtime by
substituting the cost of hiring a 'fill in' vehicle.
However, Vorster(1l) in his systems approach

suggests that only the tangible costs be considered
in the replacement analysis and vehicle reliability
be examined separately.

The decision to replace a vehicle 1s an indication
that the average cost is now minimised and will begin
to rise. However, the replacement investment must
first compete on a cost/benefit basis with other
investment proposals for the limited investable

funds (7). This reguirement is an advantage of the
cash flow model since it can be usged for ranking all
types of proposals. The MAPI method reguires
extensive modifications if it is to be used foxr non-
replacement investments (11).

Finally, the analysis must not be left until it is

too late. The test for replacement should be made
according to the following guidelines(9):

e
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a) With the appearance of new technology which
indicates obsolescence.

b) When nonroutine repairs are required indicating
deterioration.

c) As the vehicle approaches its original economic
life estimate.

s —u— R

d) For those vehicles still in service after they
have been indicated for replacement, frequent
testing is necessary.

<
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3. THE SYSTEM

The system is designed to supply information, in the
form of output reports, which is considered necessary
for effective vehicle management. This includes the
measures of performance and the replacement decision
which were discussed in Chapter 2. However, the
system is designed specifically for the management of
cleansing vehicles, For this reason, the design also

takes into account certain features which characterise

these vehicles:

a) The vehicles are single purpose machines requiring
a large capital investment. This leads to a high
usage rate and coupled with the stressful conditions
under which they operate, a high breakdown rate is
incurred. Measures of performance and workshop
related information are thus important.

b) Detailed day to day costing for each job is not
required since the type of work involved is fairly
constant. Cost related information is thus
considered only on a monthly basis. In addition,
taxation which normally affects the replacement
decisicn is not a consideration.

¢) Since all vehicles are required to perform the
same function, the performance of particular fleets
can be meaningfully compared and used as an
additional management tool. Thus the output
information is extended to cover not only vehicles

but also fleets of vehicles.

The system is designed to be used on a micro-
computer and to take advantage of the graphics
capabilities which are a feature of these small
machines. A graphics presentation allows output




information to be examined far quicker and more
ae effectively than can be done with the conventional
& listing of data in tables. o i

The microcomputer used in this project is the

Hewlett-Packard HP85. However, during the develop-

ment of the program the model HPB86 became available
‘ and the program was completed on the new machine. |
4 4(% The HPB86 uses a relatively fast disc drive for ]

storing and retrieving data compared to the slower

magnetic tape used in the HP85. The changeover thus

resulted in large time savings during testing and in

g

program operation. The programming language used on

this microcomputer is BASIC.

The system is best understood by considering
separately the inputs, the outputs and the
processing reguired. The output information is

supplied by various types of reports:

a) Weekly report = A short report produced on an

approximately weekly basis. It gives the number of

shifts worked, spare, in service and in repair for §-f

';;; each vehicle as well as the daily availability. ;
i This is useful for the short term operations side ?
: é of the vehicle management.
b} Monthly report - A more detailed report which is
produced on an approximately monthly basis. This
includes details of vehicles in the workshop,
frequency of breakdowns, statistics on repair
length of stay and maintenance and availability. é i
This report is useful for short term planning and j
supplies the required workshop related information. v

¢) Vehicle performance - A report produced on
request indicating the performance of any
particular vehicle. The information available ‘
includes the figures of merit previously discussed L
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as well as details of distance travelled, fuel used § " i
and costs incurred. In all cases past values are s
stored and arxe output together with the present ; - !
figure. A list of the vehicle characteristics can {iqg §

also be obtained.

“ :§ d) Pleet performance - Similar to the vehicle
performance report except that a particular fleet

is examined.
e) Replacement - A decision is made for a particular
vehicle or fleet on whether to replace or retain.

f) Details for any date - Although not essential, o
B f[, it may be useful to know the status of a particular ?;7

vehicle on a certain date.

F e The inputs reguired to supply the above information {fff f
i
|

are: L

a) Status data -~ The daily status (i.e. working, oo

gpare, service 2tc.) for each vehicle is required

i and is input in the form of a status code. An
3 example is shown in Table 1.

’é
i
, ¢
Table 1 -~ Example of Status Data. PR E
;
i
]

o 1 17/1/83 working 1
S 2 17/1/83 spare 2 éw

3 17/1/83 service 3

Although for some industrial vehicles status data
is maintained on an hourly basis, for cleansing [

vehicles it is based on daily shifts.

f« l “ b) Cost data - The monthly costs corresponding to
the user defined status repalr codes are entered P

for each vehicle. ;
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¢) Fuel and distances -~ The fuel used and distance

travelled by each vehicle are entered with the cost
data.

d) Basic data - A number of vehicle and fleet
characteristics are requested and must be entered

by the user. 2aAn example is shown in Table 2. ?

Table 2 - Example of Basic Data.

i Q; Vehicle 1 - Purchase date 1/€/75

Registration number BCD367T

J i Fleet 1 - Number of vehicles 15 {‘1% J

ot Vehicle make BMW L”ﬂ

e) Replacement data ~ Where this is not forecast
using available data it must be entzred by the user.

L VA

‘ o The processing required to produce the outputs from ;

i o the inputs dis fairly extensive. To facilitate the R
1 programming, and bearing in mind the limited memory

available on the microcomputer, the program has been
divided into eight modules. Each module performs a

different function which are shown in Pig. 1.

In designing the program, two overall objectives L
have been kept in mind. These are: v

T
i * 7

: -
e

SRS
[

a) The program must be 'user friendly'.

_fﬁi b) It must f£it in with existing systenms.

A T

The fii1st objective is achieved in that the progran
clearly specifies what is required of the user during
program operation. ‘rhe program makes fregquent use of

«,.A..
—— T e

menus so that one can branch to desired portions of Y

ﬁ L the program. Also, ilucorrect keyboard eustries do not ¥
{ b
I l result in program termination bub give the user H
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Figure 1 ~ Inputs, outputs & processing required
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another opportunity to enter the correct data. The %
second objective is achieved by only requesting input ;é
data that is normally available in the day to day :
running of a cleansing department. No standard input f
forms are specified as is done in the larger systems f
and vehicles can be specified by their existing code

Il numbers. The various types of repair actions are é
?' specified by the user. :
| ]
i It must be emphasised that the accuracy of the H
ﬂ information cbtained is dependent on the input data. flg j
3 The user must ensure the validity of data being . /

% L entered since the program can only check for obvious ;
i };_ﬁV coding errors. To prevent unauthorised changes, a 7 ?Qimw,;f
j& A password is required to correct the status and cost 1Q‘, ,.
;ﬁ ’ ,?i data once it has been entered. ey |
: ) s o %
I j :
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4, THE MODULES

4.1 Module 1

The f£irst module (mod/1) arranges the daily status ;fﬁ
2 data and monthly cost data, keyed in by the user, :
e into a status file which is then stored on a

magnetic disc. The status file contains the status

and cost data for all the wvehicles for one month. ?ﬂ  ' !

A status file is therefore created at the beginning t?ﬁh

‘ of each month and is updated as the status data is % 1 ;
Ty obtained, normally on a daily basis. The cost data
| is then entered at the end of the month. This = ?;:, ,Ti

I
A e

procedure is shown in Fig.2.

Figure 2 - Mod/1
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: <?§; The flowchart for module 1 is shown in Fig.3. Three
; TS main menu selections are possible. Branch 1 is used
; to create a new status file at the beginning of each
i : month while branch 2 iz used on a daily basis to
i; i update an existing status file. Branch 3 is used at
} E the end of each month to enter the cost data for the
é period.
J. e The status data is the daily status of each vehicle
4 and is in the form of a status code. The possible Lo ;
codes are shown in Table 3. | e ,
H
Table 3 ~ Status codes j
A%\   ; Code Status ;iff, 1
| - 2 1 working (single shift) L ;
%; j_é ' | 2 spare g
W o . L b
! 3 service (routine) P ‘
#k   ‘% 4-33 repair : 3;‘ B
950 working but breakdown during shift | |
o
91 breakdown before leaving depot SR
’k Ty 95 working (double shift) }“% |
| A 96 - working (treble shift) s
97 socrapped / no longer there / just [n0 !
: bought ﬁgf
98 weekend / holiday
99 data still to be added
5 A single status code from the list is assigned to z
! each vehicle every day. If double or treble shifts ;
are worked on any one day, then this is accounted ;Iﬁ
, for by codes 95 and 96. Codes 90 and 91 are used 1
q for a vehicle breakdown. The former is used if the }
breakdown occurs during a working shift, the latter ? 
3
;

e 3
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Figure 3 - Mod/1 flowchart
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; N for a vehicle which breaks down before leaving the
i f depot. In addition, for calculations, code 90 is
; 3 considered a working shift while code 91 is taken
43 i as a repair shift. Copde 97 is used for vehicles
b B
T @ that join or leave during the month. For a vehicle
1 ! that is acquired, code 87 is automatically entered
i ; ; ‘
‘ | for the days of the month prior to its arrival.
% For a vehicle that is scrapped, transferred or
§ which for any other reason is no longer available,
: the user must enter code 97 for the days after its
departure. Codes 4 to 33 inclusive are specified
as repair codes. Repair actions can thus be broken f;*” j
down into a maximum of 30 types and these need to be L §
g specified initially by the user. An example of 5
% repair codes is shown in Table 4. ’ e ,
" § Table 4 - Example of Repair Codes f
| Code Repair 3
f 4 Engine B :
5 Body ;
N
¢ [
6 Shovel ; :
%' wod 7 Transmission ,
, 8 {
? 8 Fuel ;
! N0EY !
z 9 Electrical S
] 10 Hydraulics %
11 Brakes 5
12 Chasgsis %
13 Insurance -

I BE The choice of repair codes should be given careful
' | consideration and the following points should be
kept in mind when making a f£inal decision:

hid — ~—--—..—-J_,,(k‘4 e TR
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a) Repair categories should not be too narrowly
defined since no useful information can be obtained
if a particular repair is only performed once or
twice before a vehicle is scrapped. Thus, for
example, a single repailr code for brakes would be
better than separate codes for brake disce, pads,
zable, fluid etc.

b) Repair codes must also be used for various costs
that may be incurred and for which a record is
required but for which there is no specific repair
action. This is important for costs which need to

be included in the replacement analysis.

¢) The fuel used by each vehicle is dealt with
separately. It should therefore only be considered
if a record of fuel costs is required.

The cost data required as input are the monthly
costs incurred by each vehicle. These costs must
correspond to the 30 repair codes as defined by the
user. Also included in this section is the monthly
fuel consumed in litres and the distance travelled
in kilometres by each vehicle.

The status and cost data entered into module 1 is
not processedxin any way but is simply arranged
into a status file. These files when complete are
then used as inputg to modules 2, 3, 4 and 8.

They should not be erased at any stage after
completion since they provide a complete record of
the status of any vehicle on any day.

4.2 Module 2

Module 2 makes use of the status file from module 1
to produce weekly and monthly reports. This
procedure is shown in Fig.4.
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Figure 4 - Mod/2
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Status Fike

A flowchart of the program is shown in Fig. 5. The
weekly and monthly reports should be produced, as
their names imply, at the end of each week and month.
However, the reports can be produced at any time and
covering any period specified by the user. The
status file deoes not have to be complete to generate
a report.

The weekly report includes the following information
(see Appendix 3 for egquations and methods of
calculation) :

a) The total number of shifts worked, spare, in
service and in repailr for each vehicle during the
previous week. This gives an overall picture of
operations and indicates for which vehicles a more
detailed vehicle performance report is necessary.
(This report is discussed later in module 5.)

If routine services are planned for, then this also
provides a c¢heck on which vehicles have been
serviced.
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Figure 5 - Mod/2 flowchart
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b) Vehicle availability for each day of the week.
This gives an indication as to whether sufficient
Usually a known numbexr of wvehicles ;

capacity exists.
will be required for a particular day of the week
T and thus the actual values can be compared with

i ] required values. Shortfalls in capacity can then
be dealt with, up to a point, by employing double

ey,

I

or treble shifts. 5;
Cee

The monthly report includes the following information
{see Appendix 3 for equations and methods of

caleculation) :

[

a) The total days spent in the workshop for each

vehicle. This can be used to initiate a more
The information

‘F . detailed wvehicle performance raport.
also provides feedback on required workshop capacity.

i ,

1 -

% | , | b) The vehicles in the workshop on the last day of
:f the month and the length of stay up to this point.
i e Thus plans for the following month can take into
account those vehicles which will not be available. o
Also, the remaining time required in the workshop §j5
can be calculated if the average time for a %f[ |
particular repair action is known. Alternatively, R
the mean repair length of stay can be used. I

i
ST e e e et s gt et

& ¢) Frequency of breakdowns during shift and before
leaving the depot per 100 shifts worked by fleet.
This information indicates whether the service and
repair actions currently being employed are adeguate.

d) For each fleet the mean and standard deviation
o of the repair length of stay. The size of the mean
g value indicates the effort required in repair
This ig useful since a vehicle breakdown

é actions.

g can then be accurately planned for. The standard Q

f deviation indicatesg the spread of values around the |

i mean. e

e e e —— .
— . .o U S . e
v \,,,w—.»*.“l‘l” e
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e) For each fleet, the pe ~sutage availability,

maintenance ratio and perc. .atage f£ield utilisation.

These three measures are used for making an inter-

fleet comparison in terms of reliability, repair-

ability and profitability. The values should only

be used as a guide since other measgures are also

required for a complete picture. (The fleet
] ‘  i performance report gives these other figures of
' h merit.)

f) For each fleet, the number of days spent in the

workshop and the percentage of total workshop days
by code. This is useful for deciding on what checks
0 SRR to include in a routine service for a particular

i 7"'1 fleet.

. o 4,3 Module 3 é‘

Module 3 takes as input the monthly status file,
processes the datia and stores the results in a
number of vehicle files. These files, one for

i . )
Sheel S

each vehicle, are used in later modules for vehicle
performance and replacement. This procedure is
performed at the end of each month when the current
status file is complete and is shown in Fig.6.

Also required is the basic data which gives the

characteristics of a particular vehicle.

: ;? Figure 6 - Mod/3
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The flowchart for module 3 is shown in Fig.7. The
main menu gives five possibilities. Selection 1 is
used to create a vehicle file and input the basic
data. ‘This is done initially for each vehicle and
whenever new additions are acquired so that a
vehicle file exists for every vehicle listed in the
current status file. The basic data not immediately
available can be updated at any future time by means
of choice 2. The third selection is used to update
the vehicle files at the end of each month when the
current status file is complete. All existing
vehicle files are then updated at the same tine.
Selection 4 gives the user an opportunity to correct
an error in a vehilcle file due to incerrect data in
the status file and selection 5 prevents a vehicle
file from being updated when the associated vehicle
is no longer available.

The basic data which is regquired for each vehicle
file is a list of the vehicle characteristics and
includes the following items:

a) Purchase date for the body and chassis
b) Purchase price for the body and chassis
c) Make

d) Model

e) Registration number

£) Engine nunber

g) Fleet number

h) Current location

The status data is first processed before it is
stored in the vehicle files. The program summates
the daily data for each vehicle into a monthly
figure under each of the following categories:

SO
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3 a) Code 1 %
g3 i
g b
i b) Code 2 g
1 c) Code 3 i
1 d) Code 90 *
1 e) Code 91
i f) Code 95
. g) Code 96
il g h) Codes 4 to 33 | ]
i ; L i
) i) Mean time to repair e !
i :
: 4) Average repair time
‘ Categories i and j must be computed and stored at , V:j ;
| this stage since they cannot later be obtained from ﬁjf o
{ the other eight condensed basic categccies. The -
'% daily data of the status file is reguired for their %w“
E calculation. (See appendix 4) i H
] bt ]
' The resulting vehicle £ile is identified by a ; ;
vehicle file name which must e distinguished from o 1
the vehicle number. The reason for this is twofold: .
Firstly, the system is designed to be used with a
= minimum number of modifications to the existing
i ’«i structure. Thus existing vehicle numbers which
ii ,ﬂ; contain a large number ¢f numerals can continue to
£ be used. Seccndly, so that vehicle ‘and fleet files
e (discussed later in module 4) can be c¢learly
¢ § identified as such, the first character in the file

name is specified as eilthexr a 'V' or 'F!

lnf respectively. It ils unnecessary to keep track of
| which file names correspond to which vehicles,

A

since a master file is created on each disc for

i | this purpose.
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4.4 Module 4

Module 4 performs the same functions as module 3,

but whereas module 3 deals with vehicle files, we

are here concerned with fleet files. These files,
one for each fleet, are used in modules 6 and 7 to
examine fleet performance and replacement. Fig.8

shows the inputs and outputs to module 4.

Figure 8 - Mod/4
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The flowchart for module 4 is the same as. that for

module 3 and is shown in Fig.7. The discussion in
module 3 is also wvalid here, except that the basic
data for the fleet file consists of the following

items:

a) Number of vehicles in fleet

b} Vehic¢le numbers in fleet

¢) Purchase date

d) Purchase price for the fleet and per vehicle
e) Vehicle make

f) Vehicle model

e e TR = 7 T —
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4.5 Module 5

Module 5 uses the vehicle files as input to produce
vehicle performance reports as shown in Fig.9.
The program can be run at any time to generate an

output report.

Figure 9 - Mod/5
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The input wehicle file contains a considerable volume
oif information and if we consider the management of
fifty different vehicles then it is apparent that
some means of filtering and condensing the inform-
ation is reqguired. However, this reguirement for
including only selected information in the output

i report conflicts with the objective for a general
system requiring the minimum number of modifications.
The problem is solved by allowing the user to specify
what information is required in the report. The
vehicle file is accessed guickly on the computer
monitor and that information which needs special
attention is specified for inclusion in the output
report.

The program flowchart is shown in Fig.10. The
information from the vehicle file is arranged in
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Figure 10 - Mod/5 flowchart
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three sections corresponding to the three main menu

selections. These are:

a) Cost data (excluding the fuel and distances).
This includes the total cost trend as well as the
cost trend by code (i.e. 4 to 33). The values can
also first be adjusted for inflation, past amounts
being brought up to present value. The inflation

rate is specified by the user as a monthly percentage.

A guide to this figure is given in reference 14.

b} Fuel and distances. This is the fuel used and
distance travelled as well as the fuel consumption

(Litres/100 kilometres).

¢} Status data. This includes the shifts spent
working, spare, in service and in repair and the
mimber of breakdowns per month. Also included are
the figures of merit previously discussed. The
calculations used in processing this inforwmation
are shown in Appéndix S5a. The mean time to repair
and the average repair time discussed in module 3
can also be examined here. These figures are
useful for determining the optimum number of
'servers' required in the workshop for repair
actions. (See reference 15 for details on finite

gource queues.)

The above information can be presented by four
different methods:

al A table of the values
b} A plot of the values

c) A plot of the three month moving average to
smooth the values. (See Appendix 5b for the
method of calculation.)
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d) A plot of the cusum which is used as a visual aid
for monitoring the variable under consideration.
(See Appendix 5b for the method of calculation.)

A reference value must be specified by the user
which should be chosen near the process average.
The slope of the cusum then gives the value of the
variable with zero slope (i.e. a horizontal line)
indicating the reference value. A change in the
value of the variable then corresponds to a change
of slope in the cusum., 7Thus small departures from
the average can be easily detected and changes that
occur can be related to actual events., (A full

explanation on cusums is given in reference 16.)

4.6 Module 6

Module 6, which ig similar to module 5, produces
fleet performance reports using the fleet files as
shown in Fig.11. The calculations and discussion
used in module 8 are also applicable here.

Figure 11 - Mod/6
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The program flowchart is the same as that for
module 5 (see Fig.10) except that there is an
additional menu where appropriate. This gives a
choice of using either total values for the fleet
or average values per vehicle which are obtained
by dividing the total values by the number of
vehicles in the fleet.

4.7 Module 7

Module 7 deals with vehicle and fleet replacement.
The module can be run at any time but a replacement
analysis should be initiated according to the
guidelines given in Chapter 2.2. The inputs and
outputs to the module are shown in Fig.12.

Figure 12 - Mod/7

ReEpLpcersens
Drra
~

VVV%%UCL&“

: _ AAG FLEET
fiﬁﬁé (j%i) S /7@&9//?7 S| RE R ACESTENT
% Je )

T
Fleod
Al (Fz

The replacement procedure adopted is the discounted
cash flow method. The input data regquired is, for
the defender, the next period operating cost and
the salvage values now and at the end of the first
pericd. TFor the challenger, it is the present
capital cost and future operating costs and salvage
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values for each period up to its economic life. A

discounting test rate is also required. The calcula-
&

tions are based on a period egual to one month since

the cost data is available on this basis.

The program flowchart is shown in Fig.13. A
particular vehicle or fleet file is first read
depending on whether vehicle or fleet replacement
is to be considered. The required data is then
calculated or requested as follows:

a) The next month operating cost for the defender
can be either forecast or input by the user.
Forecasting is done by one of two methods viz.
second order regression or exponential smoothing.
The first uses the method of least squares on the
cost data to f£ind the coefficients of the second
order equation. This method can be used since
cumulative operating costs can be fitted by a
second orde- equation as previously discussed.
The equation is reproduced here:

, 2
sy = * *
Cumulaﬁlve Cx * 100 ko + k1 X + k2 be

Purchase price

where Cx = defendexr operating cost in month x

{Appendix 6a gives details of the method used.)

The second forecasting method is exponential smoothing
corrected for trend. A smoothing constant and trend
smoothing constant must be specified by the user.
(Appendix 6b gives further details of the method
used.) For both methods the costs used can first be
adjusted for inflation. Also, any codes and their
corresponding costs can be omitted from the forecast.
b) The operating costs for the challenger are required
for all periods up to its economic life. These costs
can be specified by three different methods. The

e
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Pigure 13 - Mod/7 flowchart

1 = 1) VERIELE REPLH CESIENT
g 2) FLEE T RELLY CEAAENT" e

/ =

- N ,
RELL  THE RESY THE
WEH o2 £L/LE FAREE T AL E

O AP S

%
: PURCLAES E ORTE e
i ‘ PO PORICE LR o

T 1) Boly
1 Z2) CAABDIS/S

i l s 7 SABATTA GBE R TR
L COST AR DEFENDER €PN B&°
: e /) FORECHAST~ 2 GROER AECRES /0N
’ | 2) LRSS T EXRPONENITIIL IO a -
3) INPLT By HSER v

/, 2 3
| e R
VPLT COLES TO
L& EXcleroEed ANVO 1 SPLr?” sasq
WVFLBT IO, RA7E

f CRLLEULSTE BND
f OIS PLEYy o857 A

N o \
SAPOLy T~ SELLITIGE L liES N
FOR  Dig fENOLER

; .\ ,
I PLLT PULREAAASE FTLCE
Lpe  EAIPELEN Fa

e -
: FUTLIRE OIEGTPIING CaShs
' FOR CHALLENEER N BES &
1) IPSSEIIED TG KBEE 7T I STAV B
| IVEERIORIITG  GRRBPO/ENT
DESSENMLER
D IREC FIED B THE ISR

i 1 / 2 3
L\ g C oV TrAIEGED




37
Pigure 13 =~ Continued
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first assumes a constant inferiority gradient which

is the kasis of the MAPI method. The user specifies
next month's operating cost and subsequent months
are then determined by:

41?@ * % . *
Cx“c1+(X“1) (C..l"‘c,‘)

o . age of defender

* B
whiere Cx = challenger operating cost in month x. X

The second method assumes that the operating costs o i
are the same as those incurred by the defendexr over

a gimilar period in its life. A second order

<

equation is fitled to the defender cost data as is
done in part a) above. The equation is then used in

reverse with the purchase price of the challenger,

: beginning with %=1, to generate costs for the
v challenger. (This method is shown in Appendix 6a.)
i  f In the third method, the user must specify the
;%, . § constants kg, k1 and k, for the equation given in Ef} b

kﬁ? part a) above. The eqguation then generates the ’
costs. (Appendix 6¢ gives typical values for the ; {

f R constants. )

‘f c) Salvage values for the defender are required for
| f' the present time and at the end of the first month. ‘
!§‘ For the challenger future values are regquired up to %_
its economic life. For this reason salvage values
are only reguested at the end of each year and these
are assumed to decrease linearly over the months
between adjacent years. (Over the first year, the
values decrease from the purchase price to the first
salvage value and, over the last year, they decrease
from the last salvage value specified to zero. If

e et e B

no salvage values are specified however, then the

values do not reduce to zero over the first year.) |
! The values can be specified for a maximum of five
years into the future since after thie period their




effect is minimal. Also, all values should be in

terms of the present value of money.

d) The purchase price of the challenger and the
discounting test rate must be specified by the user.

The purchase date and price for the defender, which

are required for the forecasting methods, are read

directly from the wvehicle or fleet file.

The replacement decisicn is made by considering the
two exclusive strategies viz. immediately replace-
ment or replacement 1in one period as previously
discussed. The processing required is a calculation
of the challenger's economic life and corresponding
minimum equivalent annuity. This result is then
used to determine the present value of cash flows
for each of the two strategies. The more cost
effective strategy is then adopted. The method is
shown in Appendix 6d. Note that taxation is not

included since it does not affect public service

vehicles.

Provision is made to check the sensitivity of the
resulting replacement decision to changes in the
input data. The user may change any item of data to
ohtain a new set of results. This feature also

allows the various forecasting methods to be used

and compared.

Finally, it must be noted that the replacement
decision is based on estimates and forecasts of the
future. It should therefore be used only as a guide
and not as a rigid rule. In addition, downtime
costs have not been included in the model and thus

the reliability (from module 5 or 6) must also be

considered in making a final decision.

The

reliability of the defender will be lower than that

R i

o et o e e
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% of the challenger. Thus downtime costs will be
i ; greater for the defender and this factor will favour E'w
5 replacement. All investment proposals are also i
g y required to compete on a cost/benefit scale for the éﬂJ
g‘ 1 limited investable funds before the dgfender can éfi
1 4 finally be replaced. , , T I
] | ’ ;
1 | 4.8 Module 8
| Module 8 makes it possible to examine and correct
both the status and cost data. The procedure is
shown in Fig.14. .
b d ‘;; Figure 14 - Mod/8 ?;ﬁ A
N 0t %‘ 4
P _ 4
i } @ — /T /8
I 4
i )ig Stalus , > %
- 7k .
g Corrected g
; Status Frle : !
‘é The program flowchart is shown in Fig.15. The i f
;E program can be run at any time to examine the status é ﬁ
~ﬁ7§ and cost data. The module thus provides a complete 3; %
i i record of the fleet operations. In addition, ifﬂ :
 § incorrect data used in updating the vehicle and fleet i \
% files can be corrected by first using this module 5
: followed by modale 3 or 4. To provide a certain s
amount of data integrity, the status full file name i !
must be entered before the data can be corrected. ?A. !
(The status full file name is specified by the user ?: 1
H ;Mi when creating a status file in module 1.) g ‘ ]
|
%
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Figure 15 <= Mod/8 flowchart
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5. SYSTEM OQPERATION
2 & This section is an example of the modules in . g
operation. Only the main branches in each are
- ' | shown to give ‘an idea of how they operate and fit
oy together to form a complete system. Modules 4 and
 ‘§ 6 are not shown since although the processing is
8 different the operation is similar to that in 3 and
5 respectively. -
;
The following symbols are used in the example :
K A row of +++++ indicates that the computer monitox ,
o is cleared and triangular brackets <<< >>> enclose o
’7§ sections which are normally sent directly to the e
g «'f printer. The additional explanatory remarks, ‘
= ' indicated by the word Rem, refer to the adjacent
4] part of the program. §
;  i g i
| |
!
. | |
% y z
A
? ; j
j
) . . - S e
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5.1 Module 1
e e e e oot e e o b el e b oo ok e ook
VEHICLE MANAGEMENT SYSTEM
¢ MODULE 1 : VEHICLE STATUS -
; FRESS “END LINE® TO CONTINUE
T Y ¥ NE B NTRN VRN NN O DR NERE NYSVAR WS S RN
YOU MAY | Rem: Main menu

1) CREATE A NEW STATUS FILE
2) UPDATE AN EXISTING STATUS FILE

) INPUT THE COST DATA

WHICH (1,2 OR &)
7
1 Rem: This selection

is perfor t the
koot o e b e bt e e b bbb e e oot is performed at th
beginning of each

ARE YOU SURE 7 month.

ey

et e

P




THIS.IS DONE ONLY ONCE A MONTH
iY/N)

v

R s A a0 0L S S e e e o
FLEASE WAIT

S T T o N O R
FOR THIS STATUS FILE :

ENTER MONTH (1 70 12)

1

ENTER YEAR (B2 TO %9)

83

THIS FILE WILL BEGIN ON

1 JAN 1983
O 7 (Y/MN)

2

Y
B I o o I I I I NYSN T S B S A S AT A S

ENTER NMAME FOR STATUS FILE
(NAME WILL RBRE --8301)

ENTER FIRST TWO CHARACTERS
?

ol

FILE NAME WILL BE GQWEZ01
Ol 2 (Y/N)

Y
T T L [ N P A I A P
GIVE A FULL NAME FOR STATUS

FILE @WB30l

(MAX 20 CHARACTERS)

3

TESTING

CAAFULL NAME FOR STATUS &332
€48 TESTING 3>

2,

7,

<<< STORE THIS NAME IN A SAFE PLACE

oo o o e b b e e e b e o e e e e o A e e

s . e ot iy S i bt Py P Ve Lhuem Bl iy G bt W TS i e S b b K B e o i S e e

44

Rem: Initialising

arrays.

Kem: Last four
characters of
status file name
are year and
month of file.

Rem: This name is
used as a pass-—
word ko correct
status data at a
later date.




I
i
]
|
'

7
o
INSERT DISC TO HOLD
STATUS FILE
ZHEN FRESS "E/L* TO CONTINUE
é <4< STATUS FILE ORg3a1 e :
| £<¢ NOW EXISTS ON THIS DISK >33
% +++++++++++++++++¥+++¢++++++++++
| THE VEHICLES TO GO ON FILE CAN BE :
1) ENTERED THROUGH KEYROARD

; 2) OBTAINED FROM PREVIOUS STATUS FILE
1 _ WHICH (1 OR 2

é T L oo, 1 N ST S A W RS RNRTS
% ENTER NO OF VEHICLES TO 60 ON

k FILE AT THIS STAGE (MAX S0)

f 10

E oo s e e oo s e o oo s b o oo o e e oo e e
f FOR VERIGCLE 1
“f ENTER VEHICLE NUMBER

VE §1a1

% ENTER FLEET NUMBER

31

% R 2T T O O O O S0 NOC SO T N0 9% 0% MR A R SO0 N SPC B 8 N
f FOR VEHICLE 2

. ENTER VEHIGLE NUMBER

E éiQEk

45

Rem: The disc inserted

must remain in the

drive until the next
dise instruction. This
applies to all modules.

Rem: The status file is
created on the disc.

i
Rem: The vehicle and o l
corresponding fleet i !
nunbers are now put on 1
the status file. To
prevent errors in later . :
modules it is important
to enter these numbers
correctly.

Rem: The system is

designed for a maximum
of fifty vehicles and
20 fleets. However, 1f

all procedures are I
repeated then additional
vehicles can be accounted

for.

Rem: This is repeated for
all ten wehicles.

Aot e o o e A e e . o b i e L

. - G A
i e £ A gy
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: oy
] L oo o T Tt B B O T R s ot o S S o o ;
; % THE VEMHICLES TO 60 ON FILE CAN RBRE = Rem: The menu 1is f
i : i . repeated to illus- ! '
: 1) ENTERED THROUSH KEYROARD pe : .
B trate selection 2. ' | !
| 2) ORTAINED FRQOM FREVIOUS STATUS FILE ' ' e ;
§ WHICH (1 OR 2) B
3 T O T N TN ?

; e e e o et e e e Ak ke e i |
1 | |
g s t

INSERT TAPE CONTAIMING P (
STATUS FILE --8212 P

s e b . G 4 5 K o b Yo s 5 sl g B S5 e e PR e S R el ot i FLS st e e S e

f

n*‘;‘::?i S = T —— :
| -
i
!
T e e g

THEN PRESS “E/LT TO CONTINUE
3

e agane T
D e e S

e S e o S o At o X S SR S R S _h ’

DO YOU KNOW LAST MONTH STATUS FILE NAME , f
(Y /M) i a

L s ENTER FILE NAME | |
f . : . : b s . b |
| ASBR1LR Rem: This status file : !
; . L 4
i is now read to obtain s i
1 N L  ae W S S S OV S T U O O M e N S _ i |
f the vehicle and fleet P \
{ ' LEET N (o i
: ROW  VEHICLE NO FLEET NO nunbers . b :
: - . . [ N
4‘ T o D e Sk el A A e ik A Y LGSR SR B B3R Lih R e e st SR el D Ve W B wen B B ek s ]; : i{

. 1 3101 31 L
g 2 102 31 Co
! 3 T1OF 3 s
; 4 3201 X2 !

it = 5 FR202 a2 ke :

‘ . b FR03 32 SO

; s 7 R4 32 & :

{ : g ZR0G &2 X

] i NOTE ROW IF ANY ERRORS. o
| 1 FRESS *E/LT TO CONTIMNUE 3
il 2 |

; | e e e e e o o e e e e e e e e e e e e e o b e e v
| ROW  VEMICLE NO FLEET NO !
| ‘

x




R

I

T

iy i 6 ik Gt i o G Sy e St Car kot B i B ot i (A ok i MG 52 i S b e i i S iy oA

? JT01 33
10 3302 A&
11 3401 a4

ANY ERRORS 7
(Y/7N)

Y

e Tt B B B T R O o S SR W W M S O

0

YOu Ay

1) LIST TARLE
2) CHANGE DATA
Z) DELETE DATA
4) ADD DATA

9) CONTINUE

WHICH (1,2,%,2 OR 5)

L

echeepeoterpe ot e oo e oo o b e oo b ool b e e e
ENTER ROW TO EE DELETED

~

11

oot et o bt o o e o e e o e et b

ROW VEMICLE NO

wwwwwwwwwwwwwwwwwwwwwwww R,
1 2101 31

2 3102 =1

X S103 31

4 3201 xR

b T20R B2

& J203 22

7 J204 W

a8 2205 X2
et e e S e e 58 1 0 4 e i 5 b

NOTE ROW IF ANY ERRORS.
FREGS *E/L" TO CONTINUE

B T O I I T T S U OO S Y O A A M

ROW VEHICLE NO FLEET NO

ot s s 6 e i s s i S, bt e S S D 5 e - S P B 0 £ G 5 e
o g N
v ;
‘? Q%‘Ql Wi
i - i e
10 3302 33
e v e s i i o i g e A e Tt i e, B i s ot S 1

ANY ERRQRS ?
(Y/N)

47

L
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e e e S o i e s e S o e e

N
T S T m i
DO YOU WISH TO ENTER DATA NOW

CY /N

Y

Ao oo o oo o o e e e e o e e e s e e o
AKE YOU READY TO ENTER DATA ‘
FOR FIRST DAY 830101

(Y /ND

v
S SN W T N TN SR N RV SE NS NS AT AN
FIRGT DAY 870101

VEHICLE 3101

STATUS DATA

98
Y 10 S BE RO YU VS SR W NG FE N MU NI S S
FIRGT DAY 630101

VEHICLE S102

STATUS DATA

7

o8

L YO 0 Y BN TSP A OF S P O P08 U C ¥ S SO B o e

VEH NO STATUS

3101 28 WEEKEMD/HOL
3102 98 WEEKEND/HOL
S1o3 ?8 WEEKEND/HOL
S3201] 78 WEEKEND /HOL
JEOZ 28 WEEWEND/HOL
TROF 98 WEEKEND/HOL
J204 Q8 WEEREND/HOL

3208 8 WEEKEND/HOL

NOTE VEH NO OF ANY ERKOR

48

Rem: Status data which
is available can be
entered at this stage.

Rem: This is repeated
for all ten vehicles.

P L =rey

«




FRESS *E/L" TO CONTINUE

H

e o SL Bt B O ks e vt 20 o ST

VEH NO . 8TATUS
=301 98 WEEKEND/HOL
IO 98 WEEKEND/HOL

NOTE VEH NO OF ANY ERROR
ANY CHANGES (Y/M)

N

B

I s T o U I MU NE N ARE B N o R RO A

ARE YOU READY TO ENTER DATA

FOR DATE SUNDAY Inlol
(Y/N)
N

a2 IO I O RO MU S S S R R o N

i i i, S st e S 0 VR W B o S B i B e e BSDR 033 Uk S vk S B ) 5 G S S

INSERT DISC CONTAINING
STATUS FILE @W8301

Sk e i 955 e it M S B i B wmh Lid G s S SR G G B et ik i v, JOA s W Sk i) W e

THEN FRESE *E/L* TO CONTINUE

B B N o =
STATUS FILE QWE3I01 WﬁFTTEN

UFDATE COMRLETED

-7

49
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i e
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;ﬁ s e T R O B B s 20a 0 S 01 % S S R M B

1 YOU MAY 3

1 1) CREATE A NEW STATUS FILE

1 2) UPDATE AN EXISTING STATUS FILE

1 : 3) INPUT THE COST DATA

T WHICH (1,2 OR &)
h Rem: This selection

b

is normally performed

;{ o T O S 8 R N R e SO on a daily basis.

INSERT DISC CONTAINING
STATUS FILE

i Wi a9 st AN k. B i bl ot ot it ot e B 45558 B i P o Sl o it ik 6t A (s ekl bk

THEN FREBS *E/L7 TO CONTINUE

s 0 O O N AL W O YR IS S N T e O 0% MO S 0 DS
DO YOU KNOW THE STATUS FILE NAME (Y/N)
Y

E " ENTER FILE NAME
t “ (WEz01
B g .
? ,; e erdesfrfordecte o obe o b oo e e oot b s o e s e
i ? THE FILE JUST READ 1§
i ¥ NAME : CWaE01
. . FIRST DATE (YYMMDD): 830101
) | NO OF VEHICLES OM FILE = 10
j)'\ WA i WAt AT Bam AU Lt R s G G D e s W LU S B B A b Aol Geiia e b Wiy R Tl et W g bited gad
I 15 THIS THE FILE YOU REQUIRE
o (Y/NY C
I8 P
i Y
¥
gg ot e e sbe oo e b v e s s e oo o e
3‘ CHECK BACK DIL\TQ Rems This checks for
1 ﬁ e e e o the status code 89,
I EJ
L ENTER DATA AS FROMPTED

e b 8k b

et me

B ettt it i

g o




I T O N Y T L LA T S S 5 e R T A e s ot

R A S e e S AP o

3
i
(
¢
{
i

PRESS "E/L7 IF DATA UNENOWN
FRESS 7£/L7 TO CONTINUE

e o o bbb b b bbb e ek e e e e e o

DATE FRIDAY

e S s v, e i i e G S A s K i S i e o Ko e st i e £ i

VEHICLE 3201
STATUS DATA :

X

1

e ot T R NSRS A S ST S B

THE VEHICLES NOW ON FILE ARE:

Yy F101 2
Yy OF10E 4
) ZR02 s}
)
)]

Z102

I201

SR I

I20X
J2048 g IR0O5
aZ301 10 )y 3302

ARE ANY NEW VEHICLES TO RE
ADDED (Y/N)

N
e o S T T8 I8 0 S S O IV S S e VM W6 R S SO0 B SO S8

ARE YOU READY TO ENTER DATA
FOR DATE MONDAY 8F017F1
(Y/HND)

Y
e T e TR S S S AN B B W W W

DATE MONDAY 830131

e (S s o s $o s s i . it S, Pt iy i s S, G R A o i s A S i vt Y Al e Wiy

VEHICLE 314t
STATUS DATA

1
L I o T e B o o

MONTH COMPLETE
NO MORE DAYS CAN RE ADDED

251

Rem: Status data for
the first thirty
days has already
been entered.

Rem: The status data
is now entered as
shown before.

5
|

v
R eer eV s b

:
T e N TR oy

T e
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e
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INSERT DISC CONTAINING
STATUS FILE QW8I01

et e e o i v S, b b i Yo g Yo Sl s e A i $oi Gty Gt i S5 e s ki et i et St

e i e e

1 THEN FRESS *E/L® TO CONTINUE :
g oot o b bbb bbb e b o b b o b Eﬁf'" |

STATUS FILE QW8301 WRITTEN R

1 UFDATE COMPLETED %
! . f
: ﬂ
7!
‘E o ' ?gf,, |
2 YOU MAY :
= 1) CREATE A NEW STATUS FILE 3
5 3 ; N . ;
2) UFDATE AN EXISTING STATUS FILE . Bt |
A ) UT THE COST DATA Lo
@ WHICH (1,2 OR &) s
3 é Rem: This selection i
3 : is performed at the s
F T T T T A e e o0 T SO TS AR B S O P o e . , !
i . end of each month. £ j
! ;ﬂ'
e
| ok . INSERT DISC CONTAINING : AR
3 ! STATUS FILE =
§ ! N
i g T @
i N 3
‘ 4 '
. THEN FRESS ’E/L°® TO CONTINUE g




53

e T T T S ot O B et e o o

] , ‘??F DO YOU KNOW THE STATUS FILE NAME (Y/N)

Yy R | L

i ENTER FILE NAME
i et 2
¥ o — i_y s
i QWE3E01 ;
SRS UFIE B WFREIRTTOE ST SISO S VU S RE SV S SY SN NE S S RS g
i ‘} &

THE FILE JUST READ I8
NAME :@WBXO01 [
FIRST DATE (YYMMDD): 830101 o
NO OF VEHICLES ON FILE = 10 i

o e i, i P e o i B S A A Y s e 1AL e, 0 4 i e M St e e A i i . i

g 1S THIS THE FILE YOU REQUIRE RO S |
i i : YD ' = ?

Y

L o L S e s TS T B R s

FOR THE MONTH JAN - 19283 i
ENTER CODRES AND COSTS AS FROMPTED -

FRESS ?E/LT TO CONTINUE : &

B S L o 1L o T NI B B St P S s

e et e
? e R e oo 2
- .

VEHICLE 3101

. St i i A it i, ot R, ek S, it Labi R SR g D KA S e S Gk, S By st S s Bl ani s i e

U SO

g

0 S

ENTER REPAIR CODE (4 TO 3% OR O TO END) Rem: A maximum of

15 five codes and
R o)
; thelr corresponding

¥ ENTER CORRESFONDING COST costs can be L

e

R T e e
T

420,15 entered for each

SETEEEN

vehicle per month. P :

S i i s onst ot A ] et Wi b b fentd Sk S DN B AN S Gk S el ied S Gl Sl St e HEAD S S, S

ENTER REFAIR CODE (4 TO 33 OR O TO END) “ !

j G = i

e T e e o M SR TLL SO S S O O A S
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VEHICLE 3J101

FUEL CONSUMFTION (LITRES):

368

(S DISTANCE TRAVELLED (KILOMETRES) 3

1723

i e o S L St T B B e S a1 08 O O 20 S o o by

ot

VEHICLE 101 §
CODE COBT/VALUE % ;
i ; J——— — e — .

18 420.15 i
Q o) )

- N §
0 I8
0 . Q

. 0 @] i
i A ; FUEL 368 L
i i f HMS 1723 =
j - § ANY ERRORS 7 : L
o (Y/7N) Fa '

: }
o - £ i
i N -

e T L s St ot S 0 N O S L S S

VEHICLE - Zt102 Rem: This is repeated

! for all ten vehicles. ?fl
] ENTER REFAIR CODE (4 TO 33 OR O TO END) %

: . . il R
; : ) b

S P * : S
Eig ! [ I

)

H .

L aa e - e

:

i :
!
o

3 STATUS FILE QW8301 WRITTEN b

B H 4
| L. :
| " :
M g
]
I 5
‘ 3
; 1
; i
i i
i i
H
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R I, D e e
s W‘&—s&n:tmw,wf;?@“zs.»:nz AP e o L e oo T e R e TS e R Pk e et P
. - 3 . :

5.2 Module 2

O R T S SRS OUNY ST U Y SRR S D WPSE WER UL SRS B

et A . i, e St iy i i i s i s S8 R du K Bt B B S0 e e s Sl b Lrut it

VEHICLE MANABEMENT SYSTEM
MODULE =2
WEEKLY % MONTHLY REFORTS

e e o e b i iy e o i i g, D 500 S B R i, i S S Fd, O Yo i S s i e 04

FRESS *END LINE® TO CONTINUE

e s s e L 0 S T e o e i e ot 20

INSERT DISC CONTAINING
THE STATUS FILE

s e G i S i s i, e v i Wi Lty Bk i IR s s gm0 LS G A Gt e B G Ak G0,

THEN PRESS *E/L7 TO CONTINUE

o T e e B T B o o

DO YOU ENOW THE STATUS
FILE NAME (Y/N)

Y
ENTER FILE NAME

QW8I0
R I e S L O e B S o B R s e e ot S RO

THE FILE JUST RFAD IS8:

1 0
e
i
kS
i
i
i




AL

NAME : @WBZ01
FIRST DATE YYMMDD : 830101
NO OF VEH ON FILE: 10

s i ok e e i s e G O mr b e S St e v bt ine i i (il 0o et i Gt e e v bed

IS THIS THE FILE YOU REQUIRE
Y/N

-\
o

Y

T R T 15 T SRS SN BRSSO

TQE FIRST DAY YOU CAN GET REFORTS FROM IS
SATURDAY 1 JAN 1983

the days for j
THE LAST DAY YOU CAN GET REFORTS TO I8 which status |
MONDAY 1 JAN 1983 data has been ;
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww entered. %
DAYS FOR WHICH DATA HAS NOT YET Rem: This L
BEEN ENTERED j
checks for b
NONE code 99. 3
P ?
L S T e She 2 ofY 212 08 T S o S e o o o o E
MAIN MENU )
SELECT = g
1) WEEKLY TYFE REFORT 3
2) MONTHLY TYPE REFORT -
I END VEH/Z2 j
WHICH (1,2 OR 3 |
:
B L T !
ENTER FIRST DATE FOR REFORT j
(YYMMDD) ¥
? X
830124 |
CONFIRM THIS DAY I8 A ‘
MONDAY 5
(Y /N) -
Y :
T . - il — — M*w ‘

56

Rem: These are




e
o

R i o = R

ENTER LAST DATE FOR REFORT
(YYMMDD)

3
830130

CONFIRM THIS DAY IS A SUNDAY
(Y/N)

=

Y

L A o O JOUSOU U SO S Y O A0 RO SO 0% U N S 8 S8 RSO

€<

E2 S 2222 FIEPS LSS LSS ELEEE S
WEEKLY REFORT

FRRELRIRRRFORRRR IR R KR KRR KRR

START DAY MONDAY 24  JaAN o 1983
END DAY SUNDAY IO JaN 19g3
VEH TOTAL SHIFTS

NO WORK SFRE SERV REF

Zi01 7 0 Q 2

Zi02 = 1 ] 2z

F103 5 0 0O 2

3201 2 8] 0 g

J202 4 O Q Y

A203% 8 0 0 Q

r204 b O QO 1

I205 & G Q 0

I301 5 Q Q 2

IRO2 4 0 0 2

B Gl i e S e e L . 4 i B R 4D ) i sk G e T e 0 My b it b ek S Yl e Kingh

s o L I VA0 W U B A U U WO T N N O R S A O A O S

WOULD YOU LIKE DAILY AVATILARILITY :

1) FOR ALL VEHICLES TOGETHER
2) FOR EACH FLEET SEFARATELY

WHICH (1 OR 29

57

e e R e e e YEemeEwsmy o




e S T R S

I N NI 0T S R B St S

L

NO OF VEHMICLES AVAILABRLE

ON MONDAY 24 JAN &
ON TUESDAY 25  JAN &
ON WEDNESDAY | 26 JAN 8
ON THURSDAY 27  JAN 7
ON FRIDAY 28 - JAN 8
ON SATURDAY 29  JAN 7
ON SUNDAY X0 JAN O
T3

e T TS SN WU TR O N W M S A T

WOULD YOU LIKE DAILY AVAILARILITY

1) FOR ALL VEHICLES TUBETHER
2) FOR EACH FLEET SBEFARATELY

-

WHICH (1 ar 2

)

1]

T T L B o oL X = R S AR

rr
o {: o,

FOR MONDAY 24 JAN
FLEET VEME AVAIL
31 2
2 4
I35 O

FOR TUESDAY 25 JAN
FLEET VEME avVAaIL,
31 :

=

-
33

i

FOR WEDNESDAY 24 JAN

FLEET VEHE AVAIL
31 2

32 4

33 2

FOR THURSBDAY 27 JAN

FLEET VEHES AVAIL
a1 2
32 3
33 2

58

Rem:z The menu is
repeated to illustrate

Selection 2.

e e o o o e
SRR B - H




R A T R

FOR FRIDAY 28  Jan
FLEET VEHS AVAIL

1

AR
LWL 4

ey
PR

LRS- 8

FOR SATURDAY 29 JAN

FLEET VEHS AVAIL
31 3
32 3
I3 1
FOR SUNDAY 30 JAN
FLEET VEHS AVAIL
31 Q
I2 Q
I3 Q

P
T o e T SO U SO A A A0 O S S S S S S R

MAIN MEMU

i s i o S i s i G ied A

SELELT

1) WEEELY TYPE REFORT
2) MONTHLY TYFE REFORT
) END VEH/Z2

WHICH (1,2 DR 3
';)
2

0 O WO I S S R UL SO O SO SO0 0 M e M T S S S o

ENTER FIRST DATE FOR REPORT
(YYMMDD)

830101

COMFIRM THIS DAY IE A
SATURDAY

(Y/N)

Q

Y
s L S B A N o o 00 M A

ENTER LASBT DATE FOR REFORT
(YYMMDD)

D

830131
CONFIRM THIS DAY IS A& MONDAY

(Y/N)
?

58

D e e e



» LR / ;
1 N i
o — -
: o ,
°° R
: ? |
Y I
- |
i ST NN RN SRR SN SN SR SPRCRYSAS 1‘
i\ : B
% f ,
L PLEASE WAIT B
s : B ;
: R s ol T T U0 S0 S R O S0V ST 5 S 00 S L 5
‘ ; . .. | .
i FRRRR KR HLRRRRRRERARERARKE KKK KR
1 : MONTHLY KEFORT :
! g e
g KEREERERKRIONR KR RERRKRE KR RRRKK b |
{ i i
K VEH TOTAL DAYS }; nA
i u NO IN WORKSHOP r '
& g 3101 & 3 i
N = s102 5 i 4
° : T103 4 | |
a i 3201 5 | /
| | 3202 10 | ‘
: 3203 7 ? : f
; 3204 5 . | l
: 3205 2 ; |
i 3301 1% iz
IFOR 10 %
v . s i Vs G o i K Vo B S e Mo S5 WA B B, B i S, G b Gy b, o Yo R Y, M5 G4 : ‘ - L

§

; l

VEHS IN WORKSBHOPS ON ' | !
MONDAY 31 JAN ; - E

VEHICLE CODE DAYS IN

2002 13 4 i }
3204 10 @ ‘ ;
X301 4 2 !%
202 91 1 %
wwwwwwwwwwwwwwwwwwwwwwww R |
. ~ §
FREE® OF BREAKDOWNS DURING SHIFT o ;
FER 100 SHIFTS | !

FLEET o

! |

3 8

, |
; FRERD OF BREAEDOWNS BEFORE i
} LEAVING DEROT PER 100 SHIFTS !

By j FLEET
' ' 31 1

&N

32 Q

T e s
R T TR S it

Pniis

e
=i




T S N S
sty O

i i Gk e 0 B D i g G st A i oy B ity S i hodon e e G . .8 b e

REFAIR LENGTH OF STAY STATS

FLEET MEAN 8TD DEV
MO DAYS DAYS
31 1.7 o 4

32 = 1

I3 2.5 1.4

AVATLARILITY AND MAINTEMNANCE

61

beas e e

FLEET AVATIL  MAINT FIELD
MO A RATIO UTIL%
31 83 4

F2 78 3
I3 g4 1

S e i i i S Tk S e, il md B B B4 et o i A Ko g B it Gt e S5 S ot At

FAULT ANALYSIS

FLEET 31

FAULT DAYS 72 0F  WHSHP
COnE IN bsF DAYS

= 8 53

5 2 13

7 2 13
18 2 13

1 1 &

FLEET 32

FAULT DAYS 7 0OF WHSHP
COng IN WEgE DAYS

3 & 27

S 3 10

8 8 27

10 2 &

13 4 13

15 1 =

2 3 10

FLEET I8

FAULT  DAYS % OF WKSHF
CODE , IN WK&F DAYS
4 5 21
6 1 4
7 2 g
11 g 21
14 1 4
16 2 8
17 4 17
91 5 13

> '

g s b




R e
7 o

oo i =
e v P DA IO T R T

EONIISTE N ) EEIA

5.3 Module 3

i

L B e AT S S AR S AR S S e

b, $6052. G B S B B Wt o i €543 o S Wikl G A Fa B e BN P e G S350 G i i i A Wt SR

VEHICLE MANAGEMENT SYSTEM

MODULE 3 ¢ VEHICLE RECORD

FPRESS “END LINE® TO CONTINUE
A

e S S O I T ST SRR I A ST A

YOU MAaY:

62

Rem:+ Main menu

1) CREATE A VEHICLE FILE AND INRPUT THE BASIC DATA

2) UPDATE THE BASIC DATA

) READ IN THE STATUS FILE AND UFDATE THE VEHICLE FILES

4) CORRECT A VEHICLE FILE
9) CANCEL A VEHICLE FILE
&) ENMD

WHICH (1,2,3,4,5 OR &) 7
1

e o s o bk ofe oo dacde e dere e b b e oo

ARE YOU SURE?

VEHICLE FILES ARE ONLY CREATED
ONCE FOR A FARTICULAR VEHICLE.
{YZN)

P

Y
o e e s o oo e o oo e e e e s ob oo

FLEABE WAIT

®

Rem: Initialising
arrays.

i e

s o o

.

i i S

Vi

e

. e

oy o




63

B Lo T ST T % B 20 S0 O O S O SO S S T M S 20 N TR S

e i S i i s B S 4 VA S, e S S b $ia L (- i s s, s o . ey, F4ret S, s a5 Sk A e

INSERT DISC CONTAINING
VEHICLE FILES

THEN FRESS “E/LT TD CONTINUE

<

B T L . 2T P S0 WA YL W6 M ST S AO% We e S S SO B A

DOES A VEHICLE MASTER FILE EXIST ON THIS DISC (Y/N)
(ENTER U IF UNCERTAIN)

?

N |
ASSIGN A NUMBER TO THIS DISC (MAX 4 CHARACTERS)

1

THE VEHICLE MASTER FILE ON THIS DISC WILL RE KNOWN AS MV1I
IS THIS 0.K. (Y/N)

Q Rem: If a master file
does exist then it is

<<« VEHICLE MASTER FILE MV1 »>>
e read.

<<< NOW EXISTS ON THIS DISC

S 23 N YU S S0 NE M TYCE N TP SNN WS N A0 NI WA

ENTER VEHICLE NUMERER

;éngHIS VEMICLE ENTER A VEHICLE FILE NUMEER
(MAX 5 NUMEERS)

11

o TR B N S B L 10 S T D DU SO e Y B S RN SRS S

VEHICLE: =101

FILE NAME: Vi1

IS THIS 0.k. (Y/N)

Rem: The vehicle file is
created and the master file
is updated to include this

<<< VEHICLE FILE Vi1 >»> e vehicle.




Lo e ome mmea e b

64
<4< NOW EXISTS ON THIS DISC >»»

s o St S MU B S o SR S

VEHICLE 3101

FOR THIS VEHICLE ENTER THE EASIC DATA AS FROMPTED
(ENTER —1 IFF UNENOWN)

FRESS "E/L® TO CONTINUE

N B s ST I 1 S SE MU H e SR MR A SE S AN AT S

VEHICLE 3101

s i i o e ik i b it o i St b Yt Lo e e il i b, b e i e s s gb Ao, i v, i Abint

PURCHASE DATE?
(BODY % CHASSIS)

BODY : (YYMMDD)

;90708

CHASSIS : (YYMMDD) -
510101

o o S S T O O N e

FPURCHASE FRICE?
(RODY & CHASS51S)

BODY:
%GGQQ

CHABEIS:
"?,
40000

bbb bbb e b b e e e e e e e

s Mk £ €50n g b A S it o) Bl o ot B ) ] i G e R bk S8 P i s Ao Wt i g S amnd

MAKE?
(MAX 4 CHARACUTERS)

BMW
O o 0 Y S Y Y S U B TOL e i S S S KRR R RS

VEHICLE 3101




65

MODEL " ;
(MAX 4 CHARACTERS) e

P

5281

. e e e e e S S S SO SO T S o

REGISTRATION NUMBER?
(MAX 7 CHARACTERS)

2

EMD123T

LB o e e T S R R S \

T L )

ENBINE NUMEER
f ~1

Bk I s o T = S T WA o ;
¥
I3

S di 205 i 0 b w2 Womn wanid Ry P S s 2 ek i B B s et i e

FLEET NUMBER? ‘ c
- ,

f . { 31

T ST SO S S S0 O OC SO U A S M % e L S

VEHICLE 3101

i s i e Vo oAb Bt i e S )

CURRENT LOCATION?
(MAX 4 CHARACTERS)

?

SHHE Rem: The vehicle

file is written. o
o e o e e s e e o e e e s o oo oo o e e e e e e e I

- YOU MAY: B

1) CREATE A VEMIGLE FILE AND INFUT THE RASIC DATA

2) UFDATE THE BASIC DATA

) READ IN THE STATUS FILE AND UPDATE THE VEHICLE FILES

4) CORRECT A VEHICLE FILE

5) CANCEL A VEHICLE FILE

6) END




o 4
,\‘\ ); 1o
;
s i
o 66 k
3 i ;
WHICH (1,2,%,4,5 OR &)7 : |
2 E |
e e e 0 2O S B B T I » 7 : ﬁﬁ
- P
i
1l INSERT DISC CONTALINING ‘ ; b
A VEHICLE FILES i |
i ' : |
T P SO i 1t o it 5 it i i o e i e i S e b e }
;g!

% THEN FRESS *E/L° TO CONTINUE {
il 7 |
"%
ié B e B | w
é{ 3 ;j WHAT IS THE VEHICLE NUMBER é; |
I é z101 S i
;ﬂ é O B e e ol S ST P o T S R a8 O S S TS S S )
E, § DD YOU ENOW THE VEHICLE FILE NAME (Y/N)
k ié ; A J?W

g ENTER FILE NAME : .

EE Vi1 ﬂ Rem: The vehicle g'

€% et bbb bbbt ook e e e b e e file is read. ; 

:;é VEHICLE 3101 é

L CHANGE EBASIC DATA AS FROMFTED | 2

g (=1 IF UNKNOWN) o

B FRESS "END LINE® FOR NO CHANGE |
| FRESS "E/L° TGO CONTINUE {
1 g ? ¥
;E S B B o Ny g
| VEHICLE 3101 |
FURCHASE DATE? :
(BODY & GHASSIS)



~ 7
~ e
5 67
EODY : (YYMMDD)
790708
. CHASSIS & (YYMMDD)
- 810101 _
: g Rem: This proceeds
i ‘ as bhefore.
i:‘ g 7
%
;& e T ks a2 o LT 208 8 S R S O R T R N O S T e z
% , i T vyOu MAY: SR
I B 1) CREATE A VEHICLE FILE AND INFUT THE BAS I DATA [
g ) 2) UFDATE THE EASIC DATA i
ﬁ { ) READ IN THE STATUS FILE AND UPDATE THE VEHICLE FILES b
i . 4) CORRECT A VEMICLE FILE X
: Ik
| S) CANCEL A VEMICLE FILE v i
6) END ~ - |
WHICH (1,2.%,4,5 OR &)7 i
L o T T s T2 T30 O W 0 B I e e e ff
i INSERT DISC CONTAINING L
b e d 8TATUS FILE i
i 1 , 1

THEMN PRESS "E/LT TO CONTINUE

T o S T e i (X R




— /
‘4 68 i
| DO YOU KNOW THE STATUS . |
FILE NAME (Y/N) . 4
g ENTER FILE NAME LA
& ? |
i QWET01
7§ ) Rt B R o " e SN S
A _ THE STATUS FILE JUST READ 1S:
/ , NAME z OWS3IOL LT
FIRST DATE (YYMMDD) 0101 B ;
NO. VEMICLES ON FILE : 10 5 |
1§ THIS THE CORRECT STATUS -
FILE (Y/N) £
| o) o
F i v i
K . S S LB B S S S P M N N ‘
% CHECK STATUS FILE Rem: This checks L
* | PLEASE WALT that the status b
{ e b bbb bbb o b bbb b e bbb e and cost data are %
E - complete. ¥
INSERT DISC CONTAINING v
VEHICLE FILES 4
3 THEN PRESS *E/L° TO CONTINUE RN
gg ? bbbt o e b e oo e et e e ok o %
i |
% ’ DO YOU KNOW THE NAME OF THE VEHICLE MASTER FILE (Y/N) i
| ? -
¥ M | E
zi ENTER FILE NAME I
: ﬁv1 Rem: The master %‘
il - | file is read. ¥
\ e b ot et bbb ot e e e obe o oo e e e b e b |
THE NEXT OFERATION WILL TAKE APPROXIMATELY 8 MINUTES ?
IF NO ERRORS OCCUR \
ORI U HC P AT SO S FOT ST S OO S Y MU OB B e Y MU S SO é

o o



FLEASE WAIT
S L S N s o 0 T L i o N
NUMBRER OF VEHICLE FILES UFDATED:
TOTAL VEHICLE FILES: 10

YOU MAY :
1) UFDATE REMAINING FILES
2) RETURN TO MAIN MENU

WHICH (1 OR 2)

P

B T

ARE YOU SURE (Y/N)

69

Rem: The vehicle files
on the master file are
read, one at & time,
updated and written.
In each case a check
is run to ensure that
the status file used
for updating is the

correct one.

Rem: This is only usad
if for some reason the

vehicle files on a

NORMALLY ALL FILES ARE UFDATED AT THE SAME TIME.
el

N
LR S o S N S B A S s e a0 N SR
NUMBER OF VEHICLE FILES UFDATED:

TOTAL VEHICLE FILES: 10

e i S, o i, e e, e €54 S e Bt ] Darn G i i ok S G o S B v, A1 R MY FE S, A L G

YOu MAY =
1) UFDATE REMAINING FILES
2) RETURN TO MAIN MENU

WHICH (1 OR 2)

Lo T U IO SO U e U SO U LU S SO S S U S0 R0

o whip £o50a Vs Sl i s Ih B S i B L ] Nin s S KiaB Bt Sy 05510 S o 230D S R B G e S i Vo

S i i S et b b oo Yoty favs ik B3 $S5S y Frtag donsd ek Tenid o Bace foed SHEd oty Viasd Y Seen S 4 i S B s

THEN FRESS "E/L* TO CONTINUE

particular disc were
not updated. These
can be updated and
this selection used
to return to the main

menu.

[ R

s s




* {4 /
’ <
st 70
T‘ U;r}i o S e ot IO 0 0 O e T e e e IE
'%é DO YOU KENOW THE NAME OF THE VEHICLE MASTER FILE (Y/M)
: C Y
1 M ENTER FILE NAME
| MY
- | _ .
: - T S SRS T S N B R o
/
THE NEXT OFERATION WILL TAKE AFFROXIMATELY 2 MINUTES
IF NO ERRORS OCCUR
et bbb bbb bbb e b b o e b b e
FLEASE WAIT Rem: The remaining B
files are updated. e ‘
; . T I N T N M S S N A M NI N RPN S MR A -
f\ YOU MAY: |
% 1) CREATE A VEHICLE FILE AND INFUT THE BASIC DATA %
g “ 2) UFDATE THE BASIC DATA
i ) ; ‘
¥ ) READ IN THE STATUS FILE AND UFDATE THE VEHICLE FILES
% 4) CORRECT A VEHICLE FILE '
1 S) CANCEL A VEHICLE FILE
&) END
__ } WHICH (1,2,73,4,5 OR &) 7 |
i L 4 Rem: This selection §
?u bbb bbb e e et o oot bbb ook 18 used for correcting | !
* - a vehicle file which 3 §
; 2 (1 TO 12) ?: |
5 ; G status file containing :
ik | 12 an error. The status % ;
ENTER YEAR file must first be ;
b g 8l 70 99) corrected using module 8. | |
; 82 ‘E
I ; : i
0 j Lt S O U S Y U W S T A A ST S | ;

i, e Sy e i b $55 R b i o Ghuee W b i ik it ey M et Corad B binns e b e iy ok ey My

INSERT DISC CONTAINING
STATUS FILE

! PR T LGS B SRR e e A ERRCR S S REE LIS D W ias st ny ANE- LA WL Sh AR LA s A 0 S R A S BT A B e BRI Gl SR o b GO i ©
¥ Lol Ao STMTE RS S VR T A NSOEG N A )
A
i
i
i
|
i
i
i
vl
* ) LS &k




k.

THEN PRESE "E/0° TO CONTINUE

o oo b e bbb e b oo e e e oo e e e e oo

D0 YOU ENOW THE STATUS
FILE NAME (Y/N)

v

ENTER FILE NAME

ASBRLR

R R e e e e o T S e e e e R 2 e 2
THE STATUS FILE JUST READ IS:
NAME 3 ABB21R

FIRST DATE (YYMMDD) : ©21201
NO. VEHICLES ON FILE : 11

IS THIS THE CORRELT STATUS
FILE (Y/N)

)

-
5

Y
A DT T W8 M AN i S S WG M M O SR M M M

CHECK STATUS FILE
FLEASE WAIT

shofente oo et et o e e e e oo oo e b e b e

ENTER THE VEHICLE NUMRER
FOR WHICH ERROR WAS MADE

2101

T T AT A L T U S MU MU S S S ¥ A MY NSRS

s ik it o e B o i S ik 1 Sk G A S B i B G B, e et b o e bt S i G e Sh

INSERT DISC CONTAINING
VEHICLE FILES

THEN PRESS *E/L? TO CONTINUE
-

71

Rem: This checks that
the status and cost
data are complete.

T

e P S AT R M

o G

P g e



= e e et e

/rl &
N =
: 72
: RS S N 5 N TS IS VP N NEN NS S N SRR SR AR
o DO YOU KNOW THE VEHICLE FILE NAME (Y/N)
§ &, Rem: This illustrates L }
:é = how a vehicle file can e !
e e T T B s L L 0 (S S St S o Y , ; i
i n also be accessed via o ;
A ) DO YOU KNOW THE VEHICLE MASTER FILE NAME (Y/N) |
| .7 ;
X Y the master file. i
A ENTER FILE NAME ;
| MV ;
‘ At ot 00 S S S S ST SR R R T S Rem: The master file is ;@
; ‘ ; 3.t : e ::7 P
) PLEASE WATT read and the vehicl {
| file name determined. §
| T T S N N S RSP AFAF NPT R SRS vhe vehicle file is :
% YOU MAY: then read, corrected ;
% 1) CREATE A VEHICLE FILE AND INPUT THE BASIC DATA o
| 2) UFDATE THE BASIC DATA -| and written. 5
f 3} READ IN THE STATUS FILE AND UPDATE THE VEHICLE FILES Sﬁ
. 4) CORRECT A VEHICLE FILE E
| §) CANCEL A VEHICLE FILE 5 %
? &) FEND Rem: This is used for } ﬁ
| cancelling a vehicle % i
f WHICH (1,2,3,4,5 OR &) 7 _ | ; i
? ] file from the master i
? file. This procedure 5 |
1 e Mt s 1 T N O IR N S S S 8 T , . . i '
o is automatic when a Lo

ARE YOU SURE
} A VEHICLE FILE IS ONLY CANCELLED WHEN IT I8
i NO LONMGER LISTED IN THE BURRENT S8TATUS FILE

‘ !
(Y /N é
B vehicle file is complete - i
% Y i.e. after 60 months.
Ed
ot bbbt b bbb b bbb o oo e The vehicle file is not

ENTER VEHICLE NUMBER

erased and can still be ;

- used in the other
2401 modules but it must then

be accessed by its file

S A o a0 I I A E N SIS S W R S R e 8
-t * * b name and not by the

master file.

- B
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by S, o o o 110 i Wats P A St Fir Mo £t 2 S B Bk sl ESE Bk i o b Gt it s by ret b5y

INSERT DISC CONTAINING
VEHICLE FILES

o i 3059 b it s WAL B2 i o i G0, W S P, e skt Dot By i b Rk b e e R i o5k oves s Sham) vk

f o THEN FRESS "E/L® TO CONTINUE

R T Y RN

DO YOU ENOW THE VEHICLE MASTER FILE NAME é,
(Y/N) e
?
Y
ENTER FILE NAME

coohican T

3 I MYz Rem: The master file
4 v is read, the vehicle Lo {
. n removed, and then %T
| written. £ i

B e e S

S R




L besceit

= ;}” e

5.4 Module 5
lé }
f S U S OV N N K ME NURC NS O WA N 8 RERER SR TR
WEHTLE MANAGEMENT SYSTEM
MUOIRLE 5 2 VEMIDLE PERFUORMANCE
5 PRESS CEND LINET TOCONTINUE

B L T I T T B N S LT LT IS SEC T TP SP% S T98 N W OO A s ata ot o1

[ W s S Rl R, B et i S8 b B

FINARY PROGRAM GDUMP

printer.

PHEM RESS "E/LY TGO CONTINUE

L}

o \ S TR RIS I3 B B S S O S O o U8 A 0 o o B o o o e e A o B o

i . . £ e il b R SR 0 R SOAT B BV Ve e S o i M S S

o INGERT DISC CONTAINING

THE VEHICLE FILE

S e e B N oAl 300 BT i bt BENE Bty R G B YA IR St Vi s Sk B i S

THEN PREBS "E/LT TO CONTINUE

-y

74

IMEERT DISC CONTAIMNING Rem: This program
dumps a graphics
s i s i display to the

S _,‘_A'_.._ud&" L i



— 7/
R gy
* S '_f‘ ) I Rt b o e o o T o 2t 2 s o 202 %
4 WHAT IS THE VEHICLE NUMEER f
/ ; J101 \
g SRR %ﬁ bbb oo o b s e b o o b b e e :
I 2l
! . DO YOU ENOW THE VEHICLE FILE NAME (Y/N)
) g Y
: | ENTER FILE NAME
e
Qii Rem: The vehicle file
] is .ead.
9 el ) Rem: This is the only
KRR KKK KKK KKK KA K KA KK KK KK KA K KKK section in the module ,
i - which 1s printed e
: R VEHICLE 311 _ o
| S directly. , e S
I 4 KHREK R LR KK KRR K KRR KRR KKK 5
n - DATA IS AVAILABLE FOR
i j I2 MONTHS
S e
i § FIRST MONTH :JUN 1980
i ! LAST MONTH :JAN 1983 - §f
¥ 4 e S S R %
I i RASIC DATA L
i ¥ FURCHASE DATE: RODY 780708 :
H 5 CHABSIS 800101 '
e s { FURCHASE FRICE: EBODY 30000 i
¥ : CHASSIS 40000 4
i3 3 VEHICLE: MAKE EMW i
| E MODEL 5291 B
: g REGISTRATION NUMBER EMD123T L
I o ENGINE NUMEER -1 |
i » FLEET MUMBER = ;
] CURRENT LOCATION JHEX ;
I g FRESS *E/L° TO CONTINUE L
T | OR *P’. FOR PRINTOUT? [
4 ~; Stttk b b b bbbt e bbb e e
J‘j: | MAIN MENU
5 % CHOOSE
1) COST DATA




2) FUEL AND DISTANCES
I) STATUS DATA
4) END VEW/S

WHICH (1,2,3 0OR 4)

i

i e o O L B A R N Tt SR SN S

CHODSE =

1) COST TRENMD RY CODE
2) TOTAL COST TREND
Iy MAIN MENU

WHICH (1,2 OR 3)

B

1

B L S T L e A R L O T
WHICH CODE

hped

15
ARE COSTS TO BE ADJUSTED
FOR INFLATION (Y/N)

Y
ENTER MONTHLY INFLATION RATE (%)

2

1.2
o T T I O O B B B O 2

TOTAL COBTS FOR CODE 15
4821.93

PRESS “E/L7 TO CONTINUE
OR "F" FOR PRINTQUT

T o T % T S D AP S S B O e 8 S A A
CHOOBE

1) TABLE OF DATA

2) FPLOT OF DATA

F) PLOT OF CUSUM

4y FLOT OF 2 MONTH MOVING AVG.
S) NONE

L e

76

Rem: For any item to be '

examined this is always

the final menu.

g e A T A

e s

e e ety A

N i




o ‘ o e /

‘\/. i W,
1T "“W 77

% . i
: £ WHICH (1,2,3.4 OR 5 i |
1 5 A :

t»‘ \ ,’% 1

1 e L I e N T S B e B B R ML A s T o

ﬂy : e o ot 2 T B N B B R sl o 2 2t X 2 2 2P 2

1 g month code : 15 {(rand)

i i o o e i et e b 0 2 i i o o e e i e S it S i v b, ot i e

. g - 111,63 oo
A % 0 L

A ! 217.71 i

a} f”“ /
0
Q
161.11

WO U B A B

| S FRESS "END LINE® TO CONTINUE

. Al ‘ B R

month cade : 15 {(rand)

ORI i e ks i i i e 4 bt i s e i i A Pt Wi B G B e Gl

9 116.94 b :
10 129.36 | |

§ 11 212,23 e
: 12 Q b
| 13 155,67 : b
| 14 232,06 e
| 15 398,39 !
. % 16 101,91 ;
i FRESS *END LINE’ TO CONTINUE = i
{ ) . [
? et cber b e oo e o e s e b oo L]
| month code & 15 (rand) b
| 17 o :
5 19 0 |
| 20 0 : ¥
| 2 29,93 i
| 23 116.06 ;
| 24 232,13 1
3 | FRESS *END LINE® TO CONTINUE |
H ~ 1
éy !
y

pw



|

T s
e LIS PG

st
o ey EA

P —

s gt
AT RS

i

e T N Y e N O

e s e Shns . otk S438 Sras i W o, G . iR SO b i B s S e Bk st i i Gt o b

P

2

2 J60 .92
2 2046.78
Q0 I31.82
=1 299,94
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2 DEGREE COEF= ,0284
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END MOD/7
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B L T B e O e o S S S

PLEASE WAIT

e T o T S e S PO B O B O

CHALLEMGER

s i g . S W . i e G Bl R o it it s Ry 700 % Ao N B Wy . e i i Sk B

ECONOMIC LIFE (MONTHS) 68

MINIMUM UNIFORM EQUIVALENT 14688.3%
FRESS “E/L7 TO CONTINUE

OR *P° FOR PRINTQUT?

e oo oo o b e s e e et e oo o e b oot

STRATEGY 1 : RETAIN DEFENDER FOR 1 MORE MONTH
PRESENT VALUE = 131000

STRATEBY 2 : REPLAGCE DEFENDER IMMEDIATELY
FRESENT VALUE = 130064

THUS THE DEFENDER CAN BE
CONSIDERED FOR REPLACEMENT

FRESS *E/LT TO CONTINUE
OR TET OFOR FRINTOUT?

et e e e e o oo o o oot e e o o b o e

Yau MAyYy

st

e e h

o e

a7

T o

o

S

T - "
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1) EXAMINE UNIFORM EQUIVALENT FOR CHALLENGER
2) CHANGE REFLACEMENT DATA
%) END MOD/7

WHICH (1,2 OR )

o o e o S ol D S T T R A A S e R A N S e b o 3 ?

YOU MAY CHANGE

1) DEFENDER : OFERATING COST

2), SALVAGE VALUES

3) CHALLENGER @ FURCHASE FRICE
4) OFERATING COST
3) SALVAGE VALUES

&) TEST RATE
WHICH (1,2,35,4,5 OR &)

4

e T SO O O SO S SO O T SO S A S

CHALLENGER

OFERATING COSTS CAN BE .

1) ASSUMED TO HAVE A CONSTANT INFERIORITY GRADIENT
2) TAKEN FROM COSTS FOR DEFENDER

3) SFECIFIED RY THE USER

. WHICH (1,2 OR 3)

3

s I 2t M I o Y S O O B S B S S

B T T L X T T

(CUMULATIVE COSTS/FRICE) ¥ 100=HO+K1EX+HHEXX™R
WHERE X=AGE IN MONTHS

ENTER O

1
ENTER k1

T e o 1 U I OB M S O A

e e et
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o +4++DEFENDER ++4-+
- NEXT MONTH OFERATING COST= 1573.9 :
: SALVAGE VALUE : PRESENT= S000 '
NEXT MONTH= 4000 i
++++CHALLENGER ++++ i
FURCHASE PRICE= 50000 B
CUM OFERATING COSTS =. FRICE/100% (RKO+K1XX+K2¥KX2) ;
x : WHERE PRICE = 50000 AND KO= 1 Ki= .5 K= .04 ¥
f ; SALVAGE VALUE AFTER : 1 YEAR= 10000 2 YEARS = 5000 i
] e % YEARS= O 4 YEARS= 0 5 YEARS= O
E o YEARLY TEST RATE= 15 %
5 FRESS “E/L° -TO CONTINUE . |
L . OR *#° FOR PRINTQUT?
B R o 0 10 I S S T R S R SR %
\ FLEASE WAIT e |
: L o o B O L T o S T L
N X CHALLENGER %
N
' ; ECONOMIC LIFE (MONTHS) 56 i
ﬁ MINIMUM UNIFORM EQUIVALENT 24€8.1 i ‘
% FRESS *E/L® TO CONTINUE t
, ‘OR *F* FOR FRINTOUT? 8
T o T e S X S ?
| f STRATEBY 1 : RETAIN DEFENDER FOR 1 MORE MONTH A
3 3 , FRESENT VALUE = 194194 i
% §
: : STRATEGY 2 : REPLACE DEFENDER IMMEDIATELY ; !
r PRESENT VALUE = 194048 - :

THUS THE DEFENDER CAN RE
CONSIDERED FOR REFLACEMENT

FPRESS "E/LT TO CONTINUE !
OR *F7° FOR FRINTOUT? %f

P b S

B B B B M 1 S S O MR T

YOU MAY

1) EXAMINE UNIFORM EQUIVALENT FOR CHALLENGER |
2) CHANGE REFLACEMENT DATA =
) END MOD/7




WHICH (1,2 OR )

2

1

e o o T S O S e e e O e s

CHALLENGER
MONTH  UNIFORM EQUIV b
4228, 3 . :

4227.5 o i
224.7 5
4225, 9 -

e . -
.&;.-t»uJ ! !

LS OUNTUTD W

24,2
23. 4
.L..l.-t..- é)
21.8

—— PRESS *E/L* TO CONTINUE? Rem: The inter- L
i 2 mediate months are v

L

N ‘2 not shown here. s

,§ . . a1 o o T S S S S S A e R O S OOt e S O VIO ST S

CHALLENGER

, ; MONTH  UNIFORM EQUIV
1' . 55 2488.3
: 5 2488.1
57 2488. 4 ! i

FRESS "E/L” TO CONTINUE
OR 7P’ FOR PRINTOUT?

B L T B B N S N Tt 20 oo s S RO

YOU MAY

B 1) EXAMINE UNIFORM EQUIVALENT FOR CHALLENGER u \ |
i 2) CHANGE REFLACEMENT DATA ; |
3) END MOD/7 5 J

WHICH (1,2 OR 2

, A,
et
-
-

pum—— — =
Eg e S = AR e
»




N

5.6 Module 8

e oo oo b oot bbb b et ek

i G i Aokt o, Mt M et G B §eren ik i bl A Sk WS A S W, Wi i, S G A Gt o W e i,

VEHICLE MANABGEMENT BYSTEM
MODULE B : STATUS DATA

o i s i i S s A L e Kl S B B i i e G Sy Som e 5 M G o 4 e 550 1 En St

FRESS TEND LINE® TO CONTINUE

B I T T T T B B B S Y A e A T e s
ENTER REGUIRED MONTH AND YEAR
CYYHMM)

301

o T O Ot O T ML B S o S O O T

B b g, i, G A G 16 S B SNt s i i G A S0y ADoK R M W e it s M

INGERT DISC CONTAINING
THE 8TATUS FILE ~-B8301

o iy ok whs et s Gl Mo Ry w403 L 9 Ui (G0 Sy N G i bl i e et i 425 bk, L B G il e

THEN FRESS "E/L" TO CONTINUE

e et oot e ofe b e ot o et e e o

DO YOU ENMOW THE STATUS FILE NAME
(Y/N)

Y

ENTER FILE NAME
2

aWBsE01

e e e e e e b e s e bbb b o b

97

Rem: The status file

is read,

P4

e e o e g i

i
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Yau MAayY
1)y EXAMINE THE STATUS FILE

2) EXAMINE AND CORRECT THE STATUS FILE -

WHICH (1 OR 2)

?
2

1 o T ST SO NC S0 W X SOT B SO WO O NS S WO S

ENTER FULL FILE NAME FOR STATUS FILE
-

%ESTING

et et e o ek oo e e e e o e e e bbb e b
CHOOSE

1) STATUS DATA RY DATE

2) STATUS DATA RBY VEHICLE

J) CAsT DATA RY VEHICLE
45 END

WHICH (1,2,3 OR 4)

.
H

i
B Tt O s s T M W I R PR o P A

ENTER REGQUIRED DATE
(YYMMDD)

3

830114

CONFIRM THIS DAY I8 A FRIDAY
(Y/N)

Y
e T I L S A O L Ot A e S M O

DATE : 14 JAN 1983

e i Loy ik a2 ok ke G S hed Sadpy B Sty Sah M 3 bk e S i T i L Boing S s B B A s, ek

VEH NO STATUS

3101 1 WORKING
X102 1 WORKING
X103 2 SFPARE

I201 1 WORKING

I202 1 WORKING

J20Z I BERVICE

IR204 93 DOUBLE SHIFT

NOTE VEH NO FOR ANY CORRECTIONS
PRESS "E/L" TO CONTINUE?D

Rem: This is used as
a password. Selesction
1 above does not

require this entry.

P

o e e e e e




e e

L

e o o L S I 10 T o N I R S S SR S O

DATE : 14 JAN 1983

s B Wi Vot b s S e . ot g s i o 415 ek e, o St i, it G Cht i L1 Sl L. gt i A it oty

VEH NO STATUS

I205 Q0 R/D DURING SH
IEQ1 1 WORKING

IFOR 1 WOREING

FRESS °C° TO MAKE CORRECTIONS OR
FRESS *F° FOR PRINTOUT OR
FRESS TE/LY TO CONTINUE?

e e L B R B R . (L o S S S S S W M
CHOOSE =

1) STATUS DATA BY DATE

2) STATUS DATA RBRY VEHICLE

) COST DATA BY VEHICLE
4) END

WHICH (1,2,3 OR 4)

B )

ottt bbb b e e b e oo ke etk
ENTER VEHICLE NUMEER

-

%101

S S WS N NE N R SAT SN NP SN S SR SRR

VEHICLE : 2101

DATE sTaTUS

830101 98 WEEEEND/HOL
8I0102 98 WEEKEND/HOL
BRO103 3 BSERVICE
830104 I SERVICE
IZ0105 3 BERVICE
ARO106 1 WORKING
gaa1a7 95 DOUBLE SHIFT

£

NOTE DATE FOR ANY CORRECTIONS
FRESS “"E/ZLT TO CONTINUE?D

e T B s 0 T A 0 Y 0O MU S S AR S AR A
VEHICLE = F101

it Lo o 2hs e s iS4y et St b A i i i L iy 013, W) et S U i G i Y e e SRt

DATE STATUS

99

e e T

T




‘gsﬁwiﬂwr“w S alimaa

N i ag

e T e 8 e o —

830108 1 WORKING
830109 2?8 WEEKEND/HOL
30110 1 WORFING
830111 1 WORKING
830112 25 DOURLE SHIFT
830113 1 WORKING
830114 1 WORKING

NOTE DATE FOR ANY CORRECTIONS
FRESS *E/L™ TO CONTINUE?R

L e TS R A X0 ST 0% N N0 N6 N B MR W )

VEHICLE » X101

DATE STATUS

0118 i WORKING
830116 98 WEEKEND/HOL
8I0117 1 WOREING
830118 ?1 B/D REFORE SH
Q119 99 DOURLE SHIFT
820120 1 WORKING
BIO121 1 WORKING

NOTE DATE FOR ANY CORRECTIONS
FRESS "E/L° TO CONTINUE?

A o " S A S N A P R R RN N

VEHICLE : 3101

DATE STATUS

8301272 1 WORKING
830123 98 WEEKEND/HOL
830124 15 REFAIR
830125 15 REPAIR
B8I0126 1 WORKING
830127 1 WORMING
30128 95 DOUBLE SHIFT

NOTE DATE FOR ANY CORRECTIONS
FRESS "E/L" TO CONTINUE?

e e 0 T U2 O SO O O RO O O 00 O S Y N Y MR R S

DATE STATUS

J0129 24 TREBLE SHIFT
830130 78 WEEKEND/HOL
8I01&1 1 WORKING

FRESS *C° TO MAKE CORRECTIONS OR
FPRESS "F* FOR FRINTOUT OR

100

PUSCI
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FRESS "E/L" TO CONTINUE?

e I L T o o S T S Bt e R e

CHAAGE =

b i 1) STATUS DATA KY DATE

f 7 - 2) STATUS DATA BY VEHICLE
B 3) COST DATA EY VEHICLE
4) END

WHICH (1,2,3 OR 4) ? -

o A T Ty
“ ENTER VEHICLE NUMBER
u - ?
3101 3
B T T T

VEHIGLE @ 3101 i

CODE CO8T/VALUE

~ : 15 420.15
| 33 222

FUEL =68
KME 1723

FRESS "C° TO MAKE CORRECTIONS OR I
FRESS TE/L" TO CONTINUE? !

& ? m bbb bbb b bbb ek g o b b b X i
15 - : : CHOOSE &

1) STATUS DATA RBY DATE 2
2) STATUS DATA BY VEHICLE | &
3) COST DATA EBY VEHICLE . &
43 END * J

)

WHICH (1,2,5 OR 4)

i
4 Rem: This selection is
it : important since if

i S XS o a7 ST N0 N Y O RO W O SO % 08 S 2% S S S S . ‘
corrections have been

made the status file ‘
e e e oo oo o e e e e e e e oo A e e e e o o b . . o ¢
is now written. :

END
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6. CONCLUSIONS |

It is apparent from the work done that a micro- L
computer based system is adeguate for a small to

medium sized fleet. Although the system has not

‘é yet been used in the real environment of a cleansing
i department, it does perform satisfactorily under

ﬁé testing using synthetic data.

Existing systems, which require large computing
facilities, can store and manipulate large amounts ;k 4
of detailed information. However, this is not o
essential for a smaller fleet and the use of a micro-

N { computer has the advantage of a low purchase and ?
x operating cost. Only a single operator is needed
for maintaining the system. { J

e e e e

The system, which is written specifically for
cleansing vehicles, could be modified for use with |
other types. For the same output information, the

following changes may be reguired:

a) Input status data based on individual jobs as

-opposed to daily shifts,

b) Costs incurred also based on individual jobs

S * instead of a monthly figure. ﬂ

c) The inclusion of taxation in the replacement

f RN decision.
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Appendix 1

1 : Fleetmaster Reports

é: This Appendix gives examples of the output reports ?
i  from the Fleetmaster system (7). The first report :
- [ is output from the fuel module, the second from the

repair module and the third from the general module.
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Appendix 2

Replacement Decision

{ The replacement decision is made by considering two
‘ exclusive strategies wviz. immediate replacement or

ﬂ : i. replacement in one period. The cash flows for each, %i
1 ;E assuming that the present challenger is kept for its 5
‘i econonic life and that future challengers are the

same as the present one, will be:

Year : 0 1 2 3 9.

A Immediate replacement ~Sdo EAmin e EAmin et o f

b . B Replace in 1 period - Cd1-~-8a1 ER in ¢ *"° ;

i

,F :; where Sd defender salvage value at period x

X

Cc

I a defender operating cost in period 1

it

1

EAmin c = minimum equivalent annuity for

challenger

At cost oi capital r, a cash flow x in perpetuity is |
worth x/r. Thus the flows can be written: ’

Year 0 ' 1 b

A 3 =8 + EA_, - @

T ‘% B B Cd1 - Sd1 * EAmin;q 7

?é A The present value for each strategy is therefore:

PVy = -8 * EAmin c

g

e e et e e i

!
q % -
I ! PV = ( C ] - Sd1 * BAminrc ) * PVF

[
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where PVF, = present value factor at cost of
capital for first period
Af Replacement is indicated if : b
i i
’ B PV, < PV
| g A Vg
N
il )
¥ I
i - /
1 3 |
, 13 1l
| | |

o e e

S

e

e G

=
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Appendix 3

Calculations for Module 2
In each case Cx = number of times code x is encounted

on the days included in the report.
Weekly_report;
a) Total shifts working = C.l + C90 + 2*C95 + 3*Cgg
Total shifts spare = C2
Total shifts in service = Cyq
Total shifts in repair = 04 + CS + 06 + ...-+033+ 691
b) Number of vehicles available = C1-¥Cz-%C90¢*C95~+096
Monthly report:
a) Total days in workshop = Cy#Cy+Cp# oo +Cyy+Cyy

b) Vehicles in workshop: This gives all the wvehicles
in the workshop on the last day of the report which
is not a holiday. This covers the vehicles with
status codes 3, 91 and 4 to 33. The 'days in' is
calculated by moving back from this date one day at a
time until a code 1, 2, 90, 95, 96, 97 or 99 is
encountaed. Code 98 rnieither stops the count nor adds

a day.
¢) Frequency of breakdowns dorxing shift per 100 shifts
worked = Coo = 100
. ‘ *, . K
Cq * Cgg * 2¥Cg5 + 37Cy4

If the denominator = 0 then the result is set equal
to ~1.

d) Frequency of breakdowns before leaving the depot
per 100 shifts worked = Cgq % 100

¥ BE IR
Cy *+ Cyg + 2%C . + 3%C

95 96

T N

P g
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:' v;f If the denominator = 0 then the result is set equal ?
: to -1. s
i :
g / e) Repair length of stay: Bach repair stay is a I
ﬁi N single code or sequence of codes consisting of ;
%? either 4 to 33 or 91. The codes which terminate a f
¥ j stay are 1, 2, 3, 90, 95, 96 and 97 while 98 and 99 }
i neither terminate nor add to a stay. o
Let n = number of repair stays ?
and L, = length of stay i !
Then total days in repair R = igj Ly 5
‘ Mean = R ?
n
: n 2 |
| Standard deviation = L 2 - R 2
§ i=1 7i n 1 !
! n ; ¢
| £) Availability = (work + spare) * 100 3 ;
] work + spare + repair + service i
: Maintenance ratio = work ?
I repair + service 3
f Field utilisation = ; work * 100 % ;
¥ ' work + spare + repalr + service L
; O 3 = * * . - é\ i
f where work C1 + C90 + 2 C95 + 3 C96 | %
E spare ~—:"02 ?
§ service = C
| 3
f and repair = Cy * CS + C6 + ... * C33 + c91
~§ g) Days in workshop for code x = CX for x = 3,4,5,
«..+33,91
f‘ Percentage of workshop days = CX * 100
| IC |
? X t
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Appendix 4

Calculations for Modules 3 and 4

The mean time to repair and average repair time for
the month being updated are calculated in modules 3
and 4. The length and number of sequences, represen-
ting the time to a repair action, are calculated
according to the following rules :

a) Codes 1,2,3,90, 95 and 96 add one day to the
length.

b) Codes 4 to 33, 91 and 97 and the last day of the
month all terminate a sequence.

c) Code 98 neither ends nor adds to a sequence.

Then if n = the number of time to repair sequences
and L, = length of sequence i

the mean time to repair = % Li
i=1

n

For the average repair time :
a). Codes 4 to 33 and 91 add one day to the length.

b} Codes 1,2,3,90,95,96 and 97 and the last day of
the month alli terminate a sequence.

¢) Code 98 neither ends nor adds to a seguence,

Then if n = the number «¥ wapair seguences the
average repair time 1is . n as above. In both cases
if n = 0 then the month.i, result is set egual to zero.

The same rules and equatiens are used in module 4.
However, n is then the number of sequences for all
vehicles in the fleet and the equation is only applied
when all the vehicles have been taken into account.
The result thus gi&es an average figure for a vehicle
in the fleet.

| N et et e AT g e

-
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; Appendix 5

Calculations for Modules 5 and 6 E

a) Status data - These calculations are based o6n the e
status data in the vehicle and fleet files. This

data is stored on a monthly basis in ten different

categories as discussed in module 3 and reproduced

o

P )
;f o 4 c
% ¢

C

here:

Category Data

90

i it gk
= S R R T BT R

91

6 95
; 7 ~96
j 8 Cy * C5 + ... * C33 g (
9 Mean time to repair ¢
10 Average repair time 3
i where C_ = number of times code x occurs for the month. ;
‘) i | = *( * i
o Shifts working W C1 + CQO + 2 C95 + 3 C96 {
i shifts spairz Sp = C, i

Shifts in service Se = C3

é shifts in repair R = C, + Cg + ... + Cgq + Cg, b

Number of breakdowns B = C90 + C91
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h Availability = W + Sp * 100 . : ]
i ) W+ Sp + Se + R

i Field utilisation = W % 100 . 7 i
t R W+ Sp + Se + R L

g | Frequency of failure = * 100

B
W
} ) ;% If W = O then frequency of failure = B * 147
; Maintenance ratio = W

R + Se

If R + Se = 0 then maintenance ratio = W L ’

G b) Three month moving average and cusum - For any
item chosen to be examined a series of monthly values

3 will be obtained. Let these be Xqr Xor sy X where ? ‘

n is the number of months updated.

e e s Sk
: e ; ’

: Then 3 month moving avg. for month 1 = (XiJIﬁ'Xi'+xi+1) ?
g 3 b

for i = 2 to n-1

i} and cusum for month i : 8, = S, . +x, -k L

o for i = 1 to n

. where k = reference value
31

and SO = 0

i
i
H 1
; i
¢ !
¢
{ s
4 I
H i
{ i
] H
: 1
i i
A
t i
¢ N
i i
i :
¢ it
}
| |
o !
i o
ii
B 1
i i
8
1 i
t
i
i
{




i 114
f ‘ Appendix 6

Calculations for Module 7 -

¢ a) Second order regression:

E This method is used for both the defender and
?E challenger operating costs. A curve of the form:

. 2
= £33y *, i
Y ko + k1 x o+ k2 X ;

ig fitted to the defender data:

Y = cumulative CX* 100 versus x .

x=-L+N
price for x = L-I+1 to L

AN 4 where x = vehicle age in months
b i Cx = operating cost in period x
% ﬂ L present vehicle age in months

Q N number of months updated i.e. number i
8 . of months for which data is available i

il

it

The method of least sgquares i1s used to calculate the

constants k,, k, and k, as follows: it

1}

Y'. - y.

Let e~ror e,
i i i

it

2
- s * - *p”
Yi ko k1 Xy k2 Xy
2 The least squares criterion requires that the sum of

the sguare error

LA
s = I ey be a minimum i
i=1 !

| Thus taking partial derivatives and setting the result i

{ equal to zero gives the normal equations:

2 5
N . = 3
N + k in + kzzxi EYi l

H | ko 1

071 1 i !

. L2 3 .- i
kix, + k in + kzzxi ZXiY. i !

e

ot

A = g i

e o

& it 31 bt e e b .

-

'
%

B R AT SRR D
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2 3 4 2 :
; LT o+ X L x = 1L . %
i k0 £y k1 %3 +-k2 x4 XiY1 .
TR This system of equations is then solved by Gaussian i
i ’ j elimination for koe kg and k. (See reference 17 for §
1 ) . i
( i details.) |
] i ;
f The error messages given are defined as follows(18): ;
Standard error of estimate S:= [IL{ Y, - ¥ )2 |
| N - n - 1 '
ji where n = order of regression = 2 ?
| |
gg This can be written as: ,
N I - - k. 5x2
N S o= BNy = KBV, = Ry ERGY - kR Yy
! ) | i
31 i Coefficient of correlation r = [&( Yy - Y ) ! ‘
% 0¥, - ¥ 12 1
i ‘ N
ﬂ § where Y = the mean of Yi % ;
b} i This san be written as: i
: ! [ t.\_: 3 . . > X, " ' V
1. B Yi " k1F X1Y1 ! k22xlyl (EYl) /N )
r- 2 s 12
Y, (EYi) /N g
I '
~ |
i The next month operating cost for the defender is i i
i given by: I B
% k,*{n+1) k *(L+1)2) - {k,, + k *L 4 k *Lz)) 1i i
((ko + 1 + 2 0 -1 2 '
i * price ‘ %
jil 100 | 1
[ |
|
%

dacyp:
g

s E s R eSS

o . Ay
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Future operating costs for the challenger are given

by:
2.
, * %3 - -
((kO + k1 X+ k2 X7y (ko + k1 * (X=1) +
kz * (X-1Y2) * price

100
for x =1, 2, 3, +..

In this case price is the purchase price of the

challenger.

b) Exponential smoothing:

A trend model is used to forecast the next month
operating cost for the defender as follows(19):

g, = a*D+ + (1 - a)*(s + 7

t £ for t = 1 to N

t~1)

it

where Dt defenderx operaﬁing cost for period t

w3
i

N smoothed average for period t (SOﬁD1)

a = smoothing constant between 0 and 1

N = number of months upated

and T smoothed trend for period t (TO=O)

it

- ' - * .
B* (S, - S,_,) + (1 = B)y*m

t 1

where b = trend smoothing constant between 0 and 1

The forecast for period N+1 (i.e. the next month
operating cost) is given by:

The erruvr messages are defined as follows:




T

o . N

N
‘

%, Forecast -~ Actual
t=2 a

]

Average error

N-1

¢) Reference 12 gives values for the constants kO'

k1 and k2 for the second order equation :

. , 2
- * . *
Yy ko + k1 X 4 k2 X

for x in months as follows:

k k k

0 4 5 Correlation

coeff

Compactor ~8.1 L7177 .068 .733
Tipper 8.4 .244 .0567 .703
All cleansing =~ 1.51 .825 .0516 .693

d) The challenger's economic life and corresponding
minimum equivalent annuity are calculated as follows:

Let P = purchase price

i

c

n operating cost for month i

S
XL

It

salvage value at end of month i
r = monthly discounting test rate

Then equivalent annuity for i periods is given by:

by N B
(p + ¥ c, * (1+r) T I - si*(l-nr)"l y x X
3

je=1 ' 1= (14r)~t

i e e L L 'W”"'MW'F“WI"FT‘
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The economic life is the period which gives the
minimum equivalent annuity. This figure is then used
to arrive at a replacement decision, the details of

which are shown in Appendix 2.

e it

g e
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