
TEAMSKILL

an exploration of manufacturing 

This simulation introduces you to the issues associated with running a factory. You start by analyzing the operation of the factory, diagnosing bottlenecks and problem areas. Next, before running the factory for up to a year, you must decide machine replacement, layouts, staffing levels, material sourcing and information needs.

Then you run the factory, purchasing materials, scheduling production, deciding output, machine set-ups and maintenance. While doing this, you must deal with varying production rates, missed & wrong raw material deliveries, quality problems, machine breakdowns, staff absences, inventory problems and the financial consequences of these. And, so, you face and overcome all the aspects that make manufacturing management challenging and exciting.
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THE SITUATION

The Specialty Electric Motor Company, as its name implies, manufactures a range of electric motors. The company is about to move its factory to a new site. The reason for this move is that the present late Victorian factory has tremendous potential for redevelopment as work/live "loft" studios. The new factory will be located on a trading estate about thirty miles from the present site. The move to the new factory will be completed in time for production to start on January 1 and you will take over running the factory at that time.

THE FACTORY

The old factory, a multi-storey building, presented a number of material flow problems that resulted in manufacturing inefficiencies. The new factory will provide accommodation for all manufacturing staff and will become a cost center. 

All costs associated with the move will be set against the redevelopment profits and will not be borne by the manufacturing cost center. The move will provide an opportunity to purchase replacement machinery and generally re-organize. The cost of this machinery, together with the cost of operations after December 31, will be charged to the manufacturing cost center. (Note all these costs are in a "universal currency" the Account Unit (or AU).) 

THE ORGANISATION

· Works Manager

· Production Manager

· Inventory Control Manager

· Manufacturing Cost Accountant

· Industrial Engineering Manager

The Board of Directors tends to favor the above organization because of their knowledge of similar organization in other companies where the manufacturing function is a separate cost center.

Your team is invited to assume the management of this new manufacturing unit, within the above organizational framework, and will be required to make decisions, concerning first the new facility, and then the day-to-day management, from January onwards.

The following pages provide the detailed information necessary for you to make your decisions these should be entered on the decision sheets or into the microcomputer.

RESPONSIBILITIES

The manufacturing organization is responsible for:

· evaluation of proposals for improvements in equipment and machinery facilitated by the move to the new factory

· production scheduling of the new factory

· maintenance of plant and equipment

· holding of finished inventories within the limits specified by the marketing organization

· purchase and scheduling of raw materials

· operating the manufacturing operation as a separate company cost center i.e. incurring all the costs for the operation of that center

The goal for the operation is to fulfill the above responsibilities at a total cost of manufacturing estimated at less than 25 AUs per unit.

It company policy to maintain satisfactory employee and community relations.

THE PRODUCT

The product is an electric motor with a power rating of about half a horsepower. As designed, the rotating portion of the motor (the rotor) consists of a series of steel punchings together with an aluminum casting. This aluminum casting is similar in configuration to an exercise wheel used for pet mice and rats. Historically it is also similar to a 'squirrel cage' - hence the term squirrel cage motor.

The fixed portion of the motor (the stator) consists of another series of steel punchings. In this case the electrical portion is a coil made out of copper wire.

The motors are designed to run on either 240/220 volts single phase (as found in Europe) or 117 volts single phase (as found in the USA), depending upon the model type and, a universal (220/117 volt) motor.

	MOTOR SPECIFICATION

	MODEL
	SPECIFICATION 
	FRAME SIZE

	1
	240/220 Volt Single Phase
	Long Frame

	2
	240/220 Volt Single Phase
	Short Frame

	3
	117 Volt Single Phase
	Long Frame

	4
	117 Volt Single Phase
	Short Frame

	5
	220/117 Volt Single Phase
	Long Frame


Each motor type is similar in power rating but the rotors and stators are different.

PRODUCTION PROCESS
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	Material Use Chart
	Model 1
	Model 2
	Model 3
	Model 4
	Model 5

	Stator Assembly 1 (LF)
	1
	
	
	
	

	Stator Assembly 2 (SF)
	
	1
	
	
	

	Stator Assembly 3 (LF)
	
	
	1
	
	

	Stator Assembly 4 (SF)
	
	
	
	1
	

	Stator Assembly 5 (LF)
	
	
	
	
	1

	Rotor Assembly 1 (SF)
	
	1
	
	1
	

	Rotor Assembly 2 (LF)
	1
	
	1
	
	1

	Frame Set (LF)
	1
	
	1
	
	1

	Frame Set (SF)
	
	1
	
	1
	

	Copper Wire (kilos)
	1.5
	1.0
	1.5
	1.0
	1.5

	Aluminum (kilos)
	1.2
	1.0
	1.2
	1.0
	1.2

	Rotor Punchings (cms)
	30
	20
	30
	20
	30

	Stator Punching 1 (cms)
	30
	20
	
	
	

	Stator Punching 2 (cms)
	
	
	30
	20
	30
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Key:

	
	This symbol shows a material storage area

	
	This symbol shows a production process

	
	This symbol shows a production process together with an inspection process (that may cause production to be rejected).


PRODUCTION UNITS
Motor manufacture is done in four major production units:

· Punch Press

· Rotor Assembly

· Stator Assembly

· Final Assembly

PUNCH PRESS

Raw Material:   

· Steel Strip

This unit converts steel strip into rotor punchings and two types of stator punchings. The factory has a single punch press machine that has enough capacity (taking into account some overtime) to manufacture sufficient rotor and stator punchings from rolls of steel strip to satisfy production requirements.

The operators of this unit are required to load and unload the machine, operate the machine and inspect the punchings as they are produced.

The steel strip is fed into the machine and, according to the die being used, stator and rotor punchings are produced.

For all practical purposes the deterioration of dies with time is insignificant.

ROTOR ASSEMBLY

Raw Materials: 

· Rotor Punchings

· Aluminum Bar

· Rotor Shafts

This unit converts rotor punchings into complete balanced rotors on shafts. The major machine in the unit is a horizontal die casting machine.

The manufacture of rotor units - which may be either long frame units (LF) or short frame units (SF) - is carried out in this unit. Standard rotor punchings are stacked into either a 30-centimetre stack for the long frame unit or a 20-centimetre stack for the short frame unit. These stacks are loaded into the die-casting machine that must be set up for either long frame or short frame rotors. The machine operator ladles molten aluminum from the aluminum pot and a squirrel cage rotor is cast. The rotor is removed from the machine and allowed to cool. A shaft is keyed into the rotor and the unit balanced. The normal throughput of the die-cast machine is 500 rotors per day. The machine was purchased last year.

Some rotors, when cast, have voids in the aluminum casting. These are rejected and allowed to accumulate for re-work by hand during times when the casting machine is down for maintenance or set-up.

STATOR ASSEMBLY

Raw Materials:

· Stator Punchings

· Copper Wire

· Mylar Insulation

· Paper Insulation

· Miscellaneous Parts

This unit converts stator punchings, copper wire and insulation materials into completed stators and consists of a stator stacking and welding unit, three "jump-coil" winding machines, and three assembly lines.

The welding unit is two years old and requires no set-ups or maintenance. The unit has a staff of four operators whose activities include "stacking" stator punchings and operating the machines.

A winding machine heads each of the three production lines. The winding machines produce specific coil assembled from copper wire, and must be set up for a specific stator type. A set-up takes one day and consists of the mechanical setting of a series of cams and levers that determine the type of coil produced. Three operators are required to run the three machines.

Each assembly line has eight female operators, and has a throughput of 150 units per day. The motor windings are manufactured and assembly takes place. Assembly consists of inserting wedges and Mylar insulation (manufactured in the insulation department), windings and thermal overloads into the stator. 

The stator assembly area has an incentive scheme.

For the female operators the total absenteeism for the stator assembly area has been 26 person-days over the last 12 months.

Supervision practice is to man lines with the following priority 1, 2 then 3. As a line cannot be run without a full complement of operators, if, a single assembly worker is absent Line 3 will be idle, for. If the winding machine heading a line is being maintained, set up or repaired, then that line will not be manned, thus allowing these personnel to be available to cover absenteeism. It has been noted in the past that if these female operators are idle for a period of time the absentee rate increases. The absentee rate drops during periods of steady employment and during periods when overtime is being worked.

FINAL ASSEMBLY

Raw Materials:

· Rotor Assembly

· Stator Assembly

· End Caps

· Frame Sets

· Bearings

· Miscellaneous Parts

This unit converts stator assemblies, rotors and the frame sets into finished motors.

The Final Assembly area requires no set-ups. However, because of the marketing department's requirements for finished product inventories, it is convenient to set a month's schedule for particular quantities of models 1 through 5. The sequence in which these models are produced is under the control of the scheduler. If, due to lack of raw materials or assemblies, production of the currently scheduled item cannot be continued, the unit may change to other motors and attempt to produce these. This procedure is an attempt to keep the unit producing, although there is some time wasted due to the changeover. Often, during these periods of inventory shortages, quantities in excess of the schedule have been produced. The normal production capacity of the unit is 375 motors per day.

ACCOUNTING INFORMATION

WAGE RATES

All costs and wages are expressed in a universal currency the "Account Unit" (AU).

	FACTORY WAGES

	Manufacturing Area
	Number of Staff
	Weekly Basic Rate

	Punch Press
	4
	200 AUs

	Rotor Production
	
	

	  Stackers
	2
	200 AUs

	  Loader
	1
	180 AUs

	  Assemblers
	2
	180 AUs

	  Balancers
	2
	220 AUs

	Stator Assembly
	
	

	  Welders
	4
	360 AUs

	  Machine Operators 1
	2 or 3
	160 AUs

	  Assemblers 2
	24
	140 AUs

	Final Assembly 3
	8
	160 AUs

	Miscellaneous Areas
	
	

	  Screw Machine
	3
	240 AUs

	  Insulation
	5
	200 AUs


The Weekly Basic Rate Includes applied overhead for holiday, sickness and retirement benefits. For Screw Machine and Insulation the standard direct labor costs are for a weekly production rate of 2000 units. 

Notes:

1. Number of Stator Assembly machine operators depends on the number of line operating.

2. Stator Assemblers average wage rate including typical incentive. Basic Rate is 120 AUs/week and incentive is 0.027 per unit per worker.

3. Final Assembly average wage rate including typical incentive. Basic Rate is 120 AUs/week and incentive is 0.030 per unit per worker.

	Indirect Production
	Weekly Wage

	Receiving Unit
	400 AUs

	Maintenance Mechanics
	750 AUs

	Movemen and Store Keepers
	800 AUs

	Quality Control Staff
	600 AUs


	Production Office
	Weekly Wage

	Managerial And Secretarial Staff
	2120 AUs

	Purchasing Unit
	700 AUs

	Production Control Unit 
	1200 AUs

	Manufacturing and Payroll Accounts 
	1240 AUs


STANDARD COSTS

Standard costs are calculated at normal average rates and current raw material costs and these are used to value inventories.

MISCELLANEOUS MATERIALS

At each assembly stage, miscellaneous materials are used which increase the cost of production. The additional costs are

Rotor assembly - 0.80 AUs added to rotor punchings and aluminum used.

Stator assembly - 1.00 AUs added to stators and coils used.

Final assembly - 0.80 AUs added to sub-assemblies used.

Weekend overtime premiums are not included in standard costs. Premiums are Saturday, 50% of the normal labor rates; Sunday, 100% of the normal labor rates.

Standard costs are established each December for use in the ensuing years and, because inflation last year was negligible, have not been changed from last year.

ASSETS

Since the manufacturing organization is a cost center it has financial responsibility for the money tied up in assets. Thus for internal accounting purposes interest is charged on assets. For inventories - which are valued at standard costs - the charge is 2% per month. For fixed assets, i.e. plant and equipment, this charge is 1% per month.

MANUFACTURING COSTS

The manufacturing organization has responsibility for expenditure on indirect materials, other overheads and depreciation.

Indirect material is 1% of the direct cost.

The other overheads cover power & light, rent & rates, and repairs and amount to 10,000 AUs per month. (Included in the rent is outside storage for finished inventory at 1.20 AUs per 10 cubic metres per month. This means that finished inventory storage should be sufficient for 20,000 motors.) 

Depreciation is calculated on the declining balance of plant at the rate of one hundred and twentieth (1/120) of the current value of plant per month.

MARKETING REPORTS

SALES FORECASTS FOR THE YEAR

This year, for the first time, the market forecasts will be presented in a statistical form. Instead of a single estimated sales figure for each month, there will be three figures:

· Expected Sales

· Lower 10% Limit

· Upper 10% Limit

Sales are expected to be between these two limits ninety-five percent of the time.

	Month
	Jan
	Feb
	Mar
	Apr
	May
	June

	Expected
	8090
	7050
	6740
	6340
	5910
	6590

	Lower 10%
	7280
	6340
	6070
	5710
	5320
	5930

	Upper 10%
	8900
	7750
	7420
	6980
	6505
	7250


	Month
	July
	Aug
	Sep
	Oct
	Nov
	Dec

	Expected
	7720
	8400
	8540
	8880
	8810
	8390

	Lower 10%
	6950
	7560
	7690
	7990
	7930
	7550

	Upper 10%
	8500
	9240
	9390
	9760
	9690
	9230


SALES HISTORY - LAST YEAR

	
	Model 1
	Model 2
	Model 3
	Model 4 
	Model 5
	Total

	January
	3494
	2052
	1223
	592
	170
	7532

	February
	3114
	2191
	1188
	436
	58
	6986

	March
	2798
	2054
	1311
	606
	177
	6945

	April
	2926
	1959
	1071
	448
	104
	6508

	May
	2962
	1706
	969
	313
	110
	6060

	June
	3041
	1781
	1277
	435
	182
	6716

	July
	3348
	2080
	1145
	483
	109
	7165

	August
	3754
	2188
	1302
	619
	225
	8087

	September
	4077
	2036
	1417
	647
	135
	8292

	October
	3820
	3011
	1555
	676
	139
	9201

	November
	4169
	2317
	1422
	615
	87
	8610

	December
	4894
	2433
	1624
	615
	207
	8773

	Total
	41378
	25808
	15504
	6484
	1702
	90876


SALES MIX

The sales mix between models is expected to be similar to last year.

FINISHED INVENTORIES

It is imperative that sufficient inventory is on hand at the start of a month to supply the total customer demand for that month; otherwise orders will be lost to competitors.

PREPARATION FOR THE SEASONAL PEAK

To prepare for the second half of the year the Marketing Manager and the Managing Director have jointly decided that finished inventories at the end of April must total between 14,000 and 17,000 units. The Managing Director has reported this decision to the Board of Directors.

PRODUCTION PLANNING AND CONTROL

SCHEDULING PROCEDURES

The production units (punch press, rotor assembly and stator assembly) are scheduled by deciding when a set-up is made on a machine. The quantity produced is therefore approximately equal to the length of time the machine is set-up and the production rate for the machine. The final assembly unit is scheduled by quantity and sequence. Assuming no inventory problems the actual production in the unit for a specific model schedule will be to the nearest whole day.

OVERTIME

Overtime is worked if a production unit does not achieve the minimum average output decided by you. Each Friday, unit lead workers check to compare the average daily production rate for the current month against the specified minimum average rate. If this is below the specified rate then that unit will work a Saturday (and possibly a Sunday) to catch up. Note: Inventory availability is not checked prior to calling in employees to work a day's overtime. The production rates necessary to meet marketing demands may require a certain amount of overtime working.

SHORT WORKING

A situation of over-production may occur which requires a short-term lay-off of the staff of the whole factory. Thus each month production management may choose to lay off for a period of time up to 9 days. This lay-off will reduce factory expenses but will not affect staff salaries in the production office.

PRODUCTION PLANNING CALENDAR

The Production Calendar is shown for the whole year. The day numbers define when  set-ups are done. It is possible to set-up at the weekend (Saturday or Sunday) but this will incur overtime. The calendar shows holiday periods as follows: Easter (E), Spring Holiday (S), Holiday Shutdown (H), Summer Holiday (A) and Christmas Holiday (C).

	PRODUCTION PLANNING CALENDAR
	Last Year
	This Year

	
	Sunday
	31
	 
	
	
	33
	
	
	
	S
	
	
	
	
	33
	
	

	
	Saturday
	30
	 
	
	
	32
	
	
	
	S
	
	
	
	
	32
	
	

	
	Friday
	29
	
	
	
	31
	
	
	
	30
	
	
	
	
	31
	
	

	
	Thursday
	28
	
	
	
	30
	
	
	
	29
	
	
	
	
	30
	
	

	
	Wednesday
	27
	
	
	
	29
	
	
	30
	28
	
	
	
	
	29
	
	

	
	Tuesday
	26
	30
	
	C
	28
	
	
	29
	27
	
	
	
	29
	28
	
	

	
	Monday
	25
	29
	27
	C
	27
	
	
	28
	26
	28
	
	
	28
	27
	
	 C

	
	Sunday
	24
	28
	26
	C
	26
	28
	E
	27
	25
	27
	
	28
	27
	26
	28
	C

	
	Saturday
	23
	27
	25
	C
	25
	27
	E
	26
	24
	26
	
	27
	26
	25
	27
	C

	
	Friday
	22
	26
	24
	C
	24
	26
	 E
	25
	23
	25
	 H
	26
	25
	24
	26
	 C

	
	Thursday
	21
	25
	23
	24
	23
	25
	25
	24
	22
	24
	 H
	25
	24
	23
	25
	25

	
	Wednesday
	20
	24
	22
	23
	22
	24
	24
	23
	21
	23
	 H
	24
	23
	22
	24
	24

	
	Tuesday
	19
	23
	21
	22
	21
	23
	23
	22
	20
	22
	 H
	23
	22
	21
	23
	23

	
	Monday
	18
	22
	20
	21
	20
	22
	22
	21
	19
	21
	 H
	22
	21
	20
	22
	22

	
	Sunday
	17
	21
	19
	20
	19
	21
	21
	20
	18
	20
	H
	21
	20
	19
	21
	21

	
	Saturday
	16
	20
	18
	19
	18
	20
	20
	19
	17
	19
	H
	20
	19
	18
	20
	20

	
	Friday
	15
	19
	17
	18
	17
	19
	19
	18
	16
	18 
	 H
	19
	18
	17
	19
	19

	
	Thursday
	14
	18
	16
	17
	16
	18
	18
	17
	15
	17 
	 H
	18
	17
	16
	18
	18

	
	Wednesday
	13
	17
	15
	16
	15
	17
	17
	16
	14
	16
	 H
	17
	16
	15
	17
	17

	
	Tuesday
	12
	16
	14
	15
	14
	16
	16
	15
	13
	15
	 H
	16
	15
	14
	16
	16

	
	Monday
	11
	15
	13
	14
	13
	15
	15
	14
	12
	14
	 H
	15
	14
	13
	15
	15

	
	Sunday
	10
	14
	12
	13
	12
	14
	14
	13
	11
	13
	 H
	14
	13
	12
	14
	14

	
	Saturday
	 9
	13
	11
	12
	11
	13
	13
	12
	10
	12
	 H
	13
	12
	11
	13
	13

	
	Friday
	 8
	12
	10
	11
	10
	12
	12
	11
	 9
	11
	11
	12
	11
	10
	12
	12

	
	Thursday
	 7
	11
	 9
	10
	 9
	11
	11
	10
	 8
	10
	10
	11
	10
	 9
	11
	11

	
	Wednesday
	 6
	10
	 8
	 9
	 8
	10
	10
	 9
	 7
	 9
	 9
	10
	 9
	 8
	10
	10

	
	Tuesday
	 5
	 9
	 7
	 8
	 7
	 9
	 9
	 8
	 6
	 8
	 8
	 9
	 8
	 7
	 9
	 9

	
	Monday
	 4
	 8
	 6
	 7
	 6
	 8
	 8
	 7
	 5
	 7
	 7
	 8
	 7
	 6
	 8
	 8

	
	Sunday
	 3
	 7
	 5
	 6
	 5
	 7
	 7
	 6
	 4
	 6
	 6
	 7
	 6
	 5
	 7
	 7

	
	Saturday
	 2
	 6
	 4
	 5
	 4
	 6
	 6
	 5
	3
	 5
	 5
	 6
	 5
	 4
	 6
	 6

	
	Friday
	 1 
	 5
	 3
	 4
	 3
	 5
	 5
	 4
	 2
	 4
	 4
	 5
	 4
	 3
	 5
	 5

	
	Thursday
	
	 4
	 2
	 3
	 2
	 4
	 4
	 3
	 1
	 3
	 3
	 4
	 3
	 2
	 4
	 4

	
	Wednesday
	
	 3
	 1
	 2
	 1
	 3
	 3
	 2
	
	 2
	 2
	 3
	 2
	 1
	 3
	 3

	
	Tuesday
	
	 2
	
	 1
	
	 2
	 2
	 1
	
	 1
	 1
	 2
	 1
	
	 2
	 2

	
	Monday
	
	 1
	
	
	
	 1
	 1
	 E
	
	 S
	
	 1 
	 A
	
	 1
	 1

	
	
	Sep
	Oct
	Nov
	Dec
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec


ENGINEERING AND MAINTENANCE

PLANT ENGINEERING

The plant-engineering group consists of a team of three mechanics responsible for:

· Machine set-ups

· Scheduled maintenance on a regular basis

· Repairing machine breakdowns

· Unscheduled maintenance

The team cannot be split for any task.

Production management may schedule up to twelve set-ups each month - the schedule defines which machine, on what day and which item is to be set up. In all cases the set-up takes one day and occupies all three mechanics. 

SET-UPS

The Punch Press may be set up for either die 1, die 2 or die 3 (where die 1 is for Stator Punching 1, die 2 for Stator Punching 2 and die 3 is for Rotor Punchings).

The Die Cast Machine may be set up for either short frame rotors (1) or long frame (2).

The Winding Machines may be set up for the stators for motors 1 through 5.

A set-up number 9 for any machine will make the mechanics remove the current set-up from the machine (and thus stop production on that machine) until it is re-set for a normal product. This action will cause a certain amount of employee unrest - particularly in the Stator Assembly unit, where an incentive payment scheme is in operation. A schedule might be as follows:

	Machine
	Die cast
	Press
	Line 1
	Line 3

	Day
	5
	9
	20
	3

	Set-up
	2
	1
	5
	1


This schedule means:

On day 5, set up the die cast machine for long frame rotors.

On day 9, set up the punch press for stator lamination no. 1 (used on stators 1 and 2) and rotor punchings.

On day 20, set up line 1's winding machine is set for stator 5.

On day 3, set up line 3's winding machine is set for 1.

The sequence of days is not important. But because there is only one maintenance team, two or more set-ups must not be scheduled on the same day. If you attempt to do this, your decisions will be rejected.

PRESENT MAINTENANCE PRACTICE

Machines may have either scheduled maintenance - which has a significant effect upon their current rejection rate - or they may have unscheduled maintenance during any day when the team of mechanics is not otherwise employed. Unscheduled maintenance on the team's free days is evenly distributed between the machines; thus its effect upon rejection rate is not the same as scheduled maintenance. If a machine breaks down, then the resulting repairs will include a scheduled maintenance and will take one day.

A machine is taken out of service during scheduled maintenance, but during unscheduled maintenance production can continue. In the past about 50% of the maintenance team's time was spent on unscheduled maintenance. During unscheduled maintenance of a machine (which will occur whether the machine is producing or not) a situation may be found which indicates a very high likelihood of breakdown. In this event, the maintenance team will concentrate on that machine to rectify the condition, in exactly the same way as if the machine had, in fact, broken down.

To establish maintenance schedules, you will decide the frequency of maintenance for all machines plus the aluminum pot.

Machine maintenance will be spread evenly throughout the month. If scheduled maintenance clashes with set-up, then the set-up schedule takes priority. 

Repairing a breakdown will pre-empt set-up or maintenance. If there is no slack time in the maintenance and set-up schedule after the breakdown, overtime will be worked at the next weekend to make up for lost maintenance or set-ups. 

PUNCH PRESS

Scrap punchings are caused as the dies and strip guides go out of alignment. The rejects due to the resulting buckling of the strip are proportional to the degree of misalignment and hence the time between maintenance and set-ups. Past frequency of adjustment and setting of dies was three times monthly. Further, as the steel strip is stored in the factory yard, rusting causes some steel to be scrapped each month. Dies are realigned whenever the Punch Press is set-up, maintained or repaired.

WINDING MACHINES

The mechanically set winding machines go out of alignment and this causes spoiled coils. Past frequency of adjustment and setting of alignment was once monthly.

DIE CAST MACHINE

The rejects due to the machine itself are minimal. However, the aluminum pot gradually becomes "poisoned" and the poisoning causes voids in the casting. This situation is corrected by a complete clean out of the pot by scheduled maintenance. In the past this was done weekly. After pot cleaning, the reject rate caused by aluminum impurity is 0.5 per cent.

PLANT ENGINEERING PROPOSALS

PUNCH PRESS

An analysis has been made of the present machine and two alternative machines. The reason for this study is that the age of the present machine, its scrap rate and breakdown record indicates that replacement may be advisable.

	
	Current
	Alternate 1
	Alternate 2

	Throughput per day (metres) 
	220
	200
	240

	Rotor (metres/roll)
	108
	120
	120

	Stator (metres/roll)
	90
	100
	100

	Value or Cost of New Machine
	30,000
	150,000 
	200,000 

	Maintenance 
	3
	2
	1


Notes

1. Alternates 1 and 2 use narrower steel strips because their accuracy means that less width of strip is required for a similar likelihood of buckling.

2. Purchase prices include modification, or new dies and their installation. The configuration of the existing dies will apply to the new machines.

3. The cost of the narrow strip will be the same as the present strip per roll.

4. Suggested monthly maintenance frequency for roughly equal reject rates.

WINDING MACHINE AND STATOR ASSEMBLY

A proposal has been made to replace the three winding machines with two machines, each having a 50% greater throughput than the existing machines. Thus the throughput for both situations is the same - 450 units per day.

The two replacement machines have electronic controls requiring an estimated reduction in maintenance and rejects of 20%. These two machines will need one operator and two assembly lines of 12 operators each.

	
	Present
	Proposed

	Present Value (each)
	10000 AUs
	14500 AUs

	4 Months
	9650 AUs
	14020 AUs

	8 Months
	9350 AUs
	13560 AUs

	12 Months
	9045 AUs
	13115 AUs


This proposal was suggested three months ago but it was rejected because of a union dispute. However, as the move will involve new hiring new staff, the proposal will not run into union problems this time.

DIE CAST MACHINE

One of three layouts must be chosen for the new factory


6
Work Sequence

(a) Rotor stack is lifted from the rotor stack conveyor (3 on diagram)

(b) Rotor stack is placed in the die on the die cast (1)

(c) Die cast machine is activated (5)

(d) Ladle is dipped in the pot (6)

(e) Molten aluminum is poured into the pour hole (4)

(f) Ladle is replaced (6) and the die cast activated (5)

(g) Rotor is removed from the die (1)

(h) Rotor is placed on the completed rotor conveyor (2)

Diagram Key

1. Position of rotor in die

2. End of rotor stack conveyor

3. Start of completed rotor conveyor

4. Pour hole for molten aluminum

5. Die cast machine controls

6. Resting place for ladle

PURCHASING

PURCHASED MATERIALS

The following materials are scheduled on a frequent basis from suppliers

· Steel Strip

· Aluminum Bars

· Copper Wire

· Frame & End Caps

All other materials are purchased in economic lot sizes that are 6 months' to a year's supply. Typically, these materials account for 20,000 AUs raw inventory and 12,000 AUs work-in-progress.

STEEL STRIP

The sources of supply are the steel mill and the local steel warehouse.

Strip will be scheduled for delivery from the mill at the start of the month. The schedule must consist of a whole number of lots of 10 rolls. The cost for each lot is 5,000 AUs.

Purchases from the warehouse are made to supply any demand that is above that supplied from inventories and the mill schedule. The cost from the warehouse is 1000 AUs per roll in ten roll lots. Besides the extra cost, emergency purchases of steel will take three weekdays between order and delivery.

ALUMINIUM BARS

The total monthly requirements must be scheduled each month as a separate order for that month. The deliveries will be made weekly in equal quantities. The cost per kilo is 1.60 AUs. Purchases must be made in 100-kilo lots. The delivery day is Friday.

COPPER WIRE

For some time in this industry there has been a supply shortage of copper wire. Because of these difficulties at the wire mills, an agreement has been negotiated to place a master schedule with the mills once every four months. The mills will then deliver one quarter of this total schedule at the start of each month. The price per kilo is 4.00 AUs for wire drawn to the specific size required.

Deliveries are made on 250-kilo drums this means that schedules for the four months must be in multiples of 1,000 kilos.

If a shortage occurs in the interim months additional copper wire can be bought at for a 50% price premium. These emergency orders must be placed at the start of the month and no emergency orders can be made at other times. 

MOTOR FRAME & END CAPS

This consists of a Frame and End Caps: The lead-time required for these materials is such that each year a supplier must be chosen for the whole year. Then amounts are chosen on a month-by-month basis.

	Supplier
	Short Frame
	Long Frame
	Delivery
	Location

	1
	1.10 AUs
	1.20 AUs
	F.O.B.
	Needleworp

	2
	1.00 AUs
	1.40 AUs
	Delivered
	Singleton

	3
	1.20 AUs
	1.30 AUs
	Delivered
	Needleworp

	4
	0.95 AUs
	1.25 AUs
	F.O.B
	Singleton


Freight: From Needleworp 0.10 AUs per set; from Singleton 0.05 AUs per set.

	Supplier
	1
	2
	3
	4

	Delivery quantity variation
	12.5%
	25%
	37.5%
	50%

	Missed delivery frequency
	4%
	8%
	12%
	16%


Monthly orders are for a whole number of 100 frame sets and part delivery of these are made each Friday.

MATERIAL QUALITY

STEEL STRIP

As this is stored in the factory yard, before punching it may rust and the longer it is kept the more this happens. This means that a month after delivery about 5% of the steel strip must be scrapped. And, after two months, this increases to 15%.

ALUMINIUM BARS

The quality of the aluminum bars is, generally, adequate. The major problem encountered over the past years has been the supplier delivering the wrong type of aluminum. This is easily noticed and the delivery rejected at incoming materials. However, the missed delivery is not made up during the month and must be rescheduled next month. Over the last four years the deliveries missed were as follows: 3, 4, 2 and 5 respectively.

MATERIAL STORAGE

STORE ROOMS

Material storage was a problem at the old factory because no specific areas had been set aside. At the new factory storage areas will be assigned as follows:

1. Rotor Assembly Store Room: Storage for Aluminum Bars, Rotor Punchings and Rotors awaiting rework

2. Stator Assembly Store Room: Storage for Copper Wire and Stator Punchings

3. Final Assembly Store Room: Storage for Stator Assemblies, Rotor Assemblies and Frame Sets

4. Finished Goods Store Room: Storage for Finished Product

When setting up the new factory you must decide the amount of space to allocate these three areas. For each you must decide the amount of storage in blocks of 10 cubic metres and you only have 1000 cubic metres to allocate across all these areas.

If storage in an area exceeds the amount that you have allocated production may be disrupted, materials may be damaged and your material handlers may have to work overtime to rearrange materials.

STORAGE NEEDS

All materials are stored on pallets or in tote boxes and these may restrict the total amount that can be stored.

	Area
	Material
	Amount/cu metre

	Stator
	Copper Wire
	500 Kilos

	Assembly
	Stator Punchings
	2000 Centimetres

	Rotor
	Aluminum Bars
	800 Kilos

	Assembly
	Rotor Punchings
	2500 Centimetres

	
	Rotors to rework
	1500 Centimetres

	Final
	LF Stators
	60 Stators

	Assembly
	SF Stators
	90 Stators

	
	LF Rotors
	90 Rotors

	
	SF Rotors
	120 Rotors

	
	Long Frame sets
	40 Sets

	
	Short Frame sets
	 60 Sets

	Finished
	Long Frame Motors
	40 Motors

	Motors
	Short Frame Motors
	60 Motors


Besides the storage needs for the major materials, there is a need to store miscellaneous materials. The Stator Assembly Storeroom requires between 10 and 30 cubic metres to store miscellaneous materials. The Rotor Assembly Storeroom requires between 20 and 40 cubic metres to store miscellaneous materials and the Final Assembly Storeroom requires between 20 and 40 cubic metres to store miscellaneous materials. 

MANAGEMENT REPORTS

To help you manage the factory several reports are produced each month. Some of these are produced automatically but others must be requested and incur an additional indirect labor cost.

STANDARD REPORTS

These are as follows:

· MANUFACTURING ACCOUNT

· CAPITAL STATEMENT

· PRODUCTION SUMMARY

· MONTH ENDING INVENTORY

· FACTORY COMMENTS 

· CURRENT SET-UPS

MANUFACTURING ACCOUNT

The Manufacturing Account shows the financial consequences of your decisions.

	Manufacturing Account 

	
	September
	October
	November
	December

	Opening Raw Materials
	63,400
	52,229
	39,658
	52,321

	Material Purchases
	84,450
	91,700
	96,550
	90.99

	Closing Raw Materials
	52,229
	39.658
	52,321
	59,705

	Raw Material Used
	95,621
	104.271
	83,887
	83,615

	Direct Labor
	49,121
	51,575
	44,373
	42,093

	Direct Cost
	144,742
	155,846
	128,260
	125,708

	Indirect Labor
	32,802
	34,364
	29,678
	28,116

	Indirect Materials
	1,447
	1,558
	1,283
	1,257

	Depreciation
	5,883
	5,834
	5,785
	5,737

	Interest Charged
	18,865
	19,024
	18,642
	17,990

	Other Costs
	10,000
	10,000
	10,000
	10,000

	Manufacturing Overhead
	68,997
	70,781
	65,388
	63,100

	Manufacturing Costs
	213,739
	226,627
	193,648
	188,808

	Opening Work in Progress
	175,322
	181,698
	196,308
	197,201

	Closing Work in Progress
	181,698
	196,308
	197,201
	203,370

	Cost of Goods Produced
	207,363
	212,018
	192,755
	182,639

	Total Production
	7,928
	8,138
	7,010
	6,659

	Average Cost of Production
	26.16
	26.05
	27.50
	27.43


Opening Raw Materials is the value of Raw Material Inventories carried forward from the end of the previous month.

Material Purchases is the value of materials delivered from suppliers for the month.

Closing Raw Materials is the value of Raw Material Inventories on hand at the end of the month.
Raw Material Used is the Opening value of Raw Materials plus Material Purchases less the Closing value of Raw Materials.

Direct Labor is the total payment to production staffs for the month.

Direct Cost is the total of Raw Material Used and Direct Labor.

Indirect Labor is the payment to the manufacturing staff who are not involved with the direct production of the motor.

Indirect Materials is the cost of materials and items such as electricity that are used by manufacturing but do not directly form a part of the motor. Typically this has been about one percent of direct costs.

Depreciation is the charge for use of factory plant and equipment.

Interest Charged is the charge made to cover the investment in Fixed Assets, Raw, WIP and Finished Inventories.

Other Costs are the other manufacturing costs such as rent, rates and repairs.

Manufacturing Overhead is the total of Indirect Labor, Indirect Materials, Depreciation, Interest Charged and Other Costs.

Total Manufacturing Cost is the total of Direct Cost and the Manufacturing Overhead.

Opening Work in Progress is the value of Work in Progress inventories carried forward from the end of the previous month.

Closing Work in Progress is the value of Work in Progress inventories on hand at the end of the month.
Cost of Goods Produced is the Total Manufacturing Cost plus Opening Work in Progress less Closing Work in Progress

Total Production is the total number of all types of motors produced during the month.

Average Cost of Production is the Cost of Goods Produced expressed on a per unit basis.
CAPITAL STATEMENT

The Capital Statement shows the amount of money tied up in Assets and owed to suppliers.

	Capital Statement 

	
	September
	October
	November
	December

	Closing Raw Materials
	52,229
	39,658
	52,321
	59,705

	Closing Work in Progress
	181,698
	196,308
	197,201
	203,370

	Finished Inventory Value
	376,746
	358.618
	328,751
	272,084

	Total Inventory Value
	610,674
	594,584
	578,273
	535,159

	Fixed Assets
	700.85
	694,251
	688,466
	682,729

	Total Assets
	1,201,898
	1,093,578
	1,054,571
	968,545


Closing Raw Materials is the total value of the Raw Material inventories (steel strip, aluminum, copper wire and frame sets) on hand at the end of the month.

Closing Work in Progress is the value of Work in Progress Inventories (punchings, stators and rotors) on hand at the end of the month.

Finished Inventory Value is the value of the finished motors on hand at the end of the month.

Total Inventories is the total of closing raw materials, work in progress and finished inventory.

Fixed Assets is the depreciated value of plant, machinery, fixtures and fittings at month end.

Total Assets is total inventories plus fixed assets.

PRODUCTION SUMMARY

This report summarizes the production for the month for each key production unit.

	Production Summary 

	
	September
	October
	November
	December

	Punch Press Output
	4812
	4907
	4308
	4109

	Days Worked
	22
	26
	22
	21

	Average/Day
	219
	189
	196
	196

	Rotor Output
	7325
	8097
	5541
	6737

	Days Worked
	15
	22
	19
	18

	Average /Day
	488
	368
	292
	374

	Stator Output
	8778
	9251
	7827
	7474

	Days Worked
	20
	22
	19
	18

	Average/Day
	440
	420
	412
	415

	Finished Motor Output
	7928
	8138
	7010
	6659

	Days Worked
	21
	22
	19
	18

	Average/Day
	378
	370
	369
	370


MONTH ENDING INVENTORY REPORT

This report shows the inventories of Raw, Work in Progress and Finished Products on hand at the end of the month. The report is in several parts:

· Raw Materials
· Punchings
· Rotors
· Stators
· Finished Motors
For each of these the reports show: 

Opening Inventory

Purchases/Production

Total Use/Sold

Inventory Adjustment

Reported Inventory

Inventory Value

And for the raw materials

Purchase Value

Opening Inventory is the amount on hand at the start of the month.

Purchases/Production is the amount purchases (for raw materials) and the amount produced (in the appropriate production unit) during the month.

Total Used/Sold is the amount of inventory passed to the next production unit or (for finished motors) sold to customers.

Inventory Adjustment is an adjustment to inventory when a discrepancy between physical and reported inventory has bee found. If the Inventory Adjustment is positive then the physical inventory was found to be greater than the reported inventory. If it is negative then the physical inventory is less than the reported inventory.

Reported Inventory is Opening Inventory plus Purchases/Production less Total Used/Sold plus (if appropriate) the Inventory Adjustment.

Inventory Value is the Reported Inventory multiplied by the standard cost of the material.

Purchase Value is only shown in the Raw Materials Inventory report and shows the value of materials purchased.

	Raw Materials Inventory - December 

	
	Steel
	Alumin.
	SF Frame
	LF Frame
	Wire

	Opening Inventory
	14
	1962
	1915
	1578
	4401

	Purchases/Production
	50
	7500
	999
	60000
	11250

	Total Used/Sold
	44
	8046
	1020
	5639
	9992

	Reported Inventory
	20
	1417
	1894
	1939
	5660

	Inventory Value
	100007
	2267
	2273
	2521
	22638

	Purchase Value
	250000
	12000
	1199
	7800
	45000


	Punchings Inventory - December 

	
	Stat Punch 1
	Stat Punch 2
	Rotor Punch
	Scrap Rotor

	Opening Inventory
	2310
	91
	2263
	316

	Purchases/Production
	3040
	0
	1069
	0

	Total Used/Sold
	1998
	0
	1938
	0

	Reported Inventory
	3312
	91
	1393
	319

	Inventory Value
	232
	6
	84
	19


	Rotor Inventory - December

	
	SF Rotor
	LF Rotor
	Total

	Opening Inventory
	1295
	6136
	7431

	Purchases/Production
	1411
	5326
	6737

	Total Used/Sold
	1020
	5639
	6659

	Reported Inventory
	1687
	5823
	7509

	Inventory Value
	7604
	31619
	39223


	Stators Inventory - December 

	
	Stator 1
	Stator 2
	Stator 3
	Stator 4
	Stator 5
	Total

	Opening Inventory
	7796
	3740
	303
	147
	850
	12836

	Purchases/Production
	5035
	2439
	0
	0
	0
	7474

	Total Used/Sold
	5171
	1020
	0
	0
	468
	6659

	Reported Inventory
	7660
	5159
	303
	147
	382
	13651

	Inventory Value
	93222
	48856
	3688
	1392
	4649
	151807


	Finished Motors Inventory - December 

	
	Motor 1
	Motor 2
	Motor 3
	Motor 4
	Motor 5
	Total

	Opening Inventory
	6143
	4633
	4042
	1629
	596
	17073

	Purchases/Production
	5171
	1020
	0
	0
	468
	6659

	Total Used/Sold
	4894
	2433
	1624
	615
	207
	9773

	Reported Inventory
	6450
	3220
	2418
	1014
	857
	13959

	Inventory Value
	132999
	54418
	49859
	17137
	17671
	272084


FACTORY COMMENTS 

Finally, each month you receive feedback from the factory and may receive comments from sales and accounts. This information is provided as follows:

· Month start and month end comments

· Comments week by week

· Month ending comments

Month start and month end comments provide (if appropriate) perceptions of factory and sales staff at the start and the end of the month. (If nothing significant happened at the start of the month, these sections will be omitted.)

Comments week by week are presented on a week-by-week basis. Within a week's report, information about set-ups, maintenance, breakdowns, material shortages are presented on a daily basis. (If nothing significant happened on a day, that day will be omitted from the report.)

	Week 1

	Tuesday

Aluminum Pot Cleaned

Rotor Rework backlog cleared

Wednesday

Winding Machine 3 maintained

Thursday

Winding Machine 2 maintained

Friday

Winding Machine 1 maintained

Saturday

Overtime Worked by Punch Press


CURRENT SET-UPS

This report shows how the machines are set-up at the end of the month.

	
	Press
	Die cast
	Line 1
	Line 2
	Line 3

	Current Set-up
	Die 3
	Short
	Stator 1
	Stator 2
	Stator 1


OPTIONAL REPORTS 

The following reports are only available if you ask for them at the start of the year:

· PRODUCTION REPORT
· INVENTORY REPORT
· PAYROLL REPORT
As these reports will involve taking on extra staff to prepare once you have decided to take a report you will not be able to reverse the decision. And, this extra cost is added to the Indirect Labor Cost.

PRODUCTION REPORT

This report costs 500 AUs a month and details production on a day-to-day basis for every production unit as follows: 

	Final Assembly - Week 1 December

	
	Motor 1
	Motor 2
	Motor 3
	Motor 4
	Motor 5

	Tuesday
	0
	0
	0
	0
	468

	Wednesday
	0
	356
	0
	0
	0

	Thursday
	0
	302
	0
	0
	0

	Friday
	0
	362
	0
	0
	0

	Saturday
	0
	0
	0
	0
	0

	Sunday
	0
	0
	0
	0
	0


	Stator Assembly - Week 1 December

	
	Stator 1
	Stator 2
	Stator 3
	Stator 4
	Stator 5

	Tuesday
	292
	135
	0
	0
	0

	Wednesday
	162
	137
	0
	0
	0

	Thursday
	304
	0
	0
	0
	0

	Friday
	154
	133
	0
	0
	0

	Saturday
	0
	0
	0
	0
	0

	Sunday
	0
	0
	0
	0
	0


	Punch Press & Rotor Assembly - Week 1 December 

	Day
	Stator P1
	Stator P2
	Rotor Punch
	LF Rotor
	SF Rotor

	Tuesday
	222
	0
	0
	0
	0

	Wednesday
	215
	0
	0
	0
	494

	Thursday
	231
	0
	0
	0
	520

	Friday
	206
	0
	0
	0
	447

	Saturday
	226
	0
	0
	0
	0

	Sunday
	0
	0
	0
	0
	0


INVENTORY REPORT
This report costs 200 AUs a month and provides inventory levels on a week-by-week basis showing the position at the end of Friday. 

PAYROLL REPORT
This report costs 100 AUs a month and summaries factory wages on a week-by-week basis and shows the wages paid, incentives earned (by Stator and Final Assembly workers) and overtime. 

DECISIONS

You make decisions in two stages. First you decide about the new factory (Factory Planning) and then, each month, you schedule the factory's operation (Factory Scheduling). Besides making these decisions you must decide on a team name (of up to six letters) to identify your team.

FACTORY PLANNING

This involves making decisions about machinery purchases, factory layout, suppliers, storage, reporting and staffing

Punch Press Decision involves deciding whether the existing machine should be retained or which of the two new machines should be purchased.

Die Cast Decision involves deciding which of the alternate layouts should be used in the new factory.

Stator Assembly Decision involves deciding whether you will continue with three lines (as at present) or purchase new faster winding machines and work with two lines.

Stator Assembly Staffing Decision involves deciding how many stator assembly staff you will employ to provide (if necessary) protection against absenteeism. 

Frame Set Decision involves deciding which of the four frame set suppliers to use for the ensuing year.

Storage Area Decision involves deciding how much space to allocate to the rotor assembly, stator assembly and final assembly storage areas. (The finished product storage area will use the balance of storage space).

Reporting Decision involves deciding which (if any) of the optional reports that you wish to receive.

FACTORY SCHEDULING

This involves making the decisions required to ensure the smooth operation of the factory each month. These cover raw material purchases, minimum acceptable production rates, the final assembly schedule, maintenance frequency and a set-up schedule for the punch press, the die cast and each of the stator winding machines.

Raw Material Purchases

You must decide how much to purchase of:

· Rolls of Steel
· Aluminum Bars
· Long Frame Sets
· Short Frame Sets
· Copper Wire
Rolls of Steel is purchased in lots of ten rolls for delivery at the start of the month.

Aluminum Bars is purchased in 1000-kilo lots for delivery in approximately equal amounts every Friday.

Long Frame & Short Frame Sets are purchased in cases of 100 sets for delivery in approximately equal amounts every Friday.

Copper Wire to obtain the best price must be purchased in 1000-kilo lots and ordered every four months (January, May and September). Approximately a quarter will be delivered at the start of each month. However, between this time, emergency purchases of copper wire may be purchased in 50-kilo lots that will be delivered at the start of the month.

Note: Some suppliers are not reliable and deliveries may be missed or the wrong material delivered. If this shortfall is not caught up by the end of the month the materials must be rescheduled (if required the next month).
Minimum Daily Production Rates

These rates are set separately for the Punch Press, Rotor Assembly, Stator Assembly and Final Assembly. These rates will be used every Friday to determine whether overtime will be worked on Saturday and Sunday. If the total production so far divided by the number of weekdays is less than the minimum you have set then the designated unit will work overtime on the Saturday. If at the end of Saturday, the total production divided by weekdays is still below the minimum then the unit will work Sunday.

Punch Press production rates are set in metres of punchings per day.

Rotor, Stator and Final Assembly production rates are set in units produced per day.

Notes: 

1. Overtime is worked without checking that there are sufficient materials.

2. The workdays used in the calculations include any days when the production unit is idle being set-up, maintained or broken down or because of inventory or staff shortages.

Maintenance Schedule

This involves deciding how many times the major production units are scheduled. The units you schedule for maintenance are:

· Punch Press
· Die cast Machine
· Stator Winding Machines
· Aluminum Pot
Scheduled maintenance is spread as evenly as possible during the month. But, set-ups or machine breakdowns may affect this as they take precedence. As, the maintenance crew do not normally work overtime at the week-ends it may not be possible to complete scheduled maintenance, set-up machines and deal with breakdowns. This means that some work may be incomplete at the end of the month. If this happens, the work must be rescheduled (if required the next month).

Machine Set-ups

This involves deciding how many times the major production units are scheduled. The units you schedule are:

· Punch Press 
· Die cast Machine
· Stator Winding Machines
For each set-up you must enter three sets of data:

· Machine
· Set-up Day
· Set-up Number
The Machine is as described above. The Set-up Day is a number from the month's production calendar. And the Set-up Number depends on the machine as follows:

Punch Press: Set-up 1 for Type 1 Stator Punchings; set-up 2 for Type 2 Stator Punchings and set-up 3 for Rotor Punchings.

Die cast Machine: Set-up 2 for Long Frame Rotors and set-up 1 for Short Frame Rotors.

Winding Machines: The set-up numbers are the same as the Stator number to produce. So, set-up 1 sets the designated winding machine to make Stator 1.

Final Assembly Schedule

This involves deciding the sequence and amount of the different types of motor to produce. However, in the past, when materials have not been available to produce the scheduled motor, the final assembly workers have built other motors where the materials were available.

Factory Shutdown

In necessary you can shut the factory for up to nine days at the start of the month. If you do this factory workers will not be paid but factory office staff will.

FACTORY SCHEDULE - DECEMBER

	Team Name
	ALL
	Month
	DECEMBER


	
	Steel Rolls
	Aluminum
	SF Castings 
	LF Castings 
	

	Purchases
	5
	75
	10
	60
	


	
	Punch Press
	Rotor Assembly
	Stator Assembly
	Final Assembly

	Min. Daily Rates
	220
	0
	0
	0


	
	Press
	Diecast
	Line 1
	Line 2
	Line 3
	Pot

	Maintenance Frequency
	1
	1
	1
	1
	1
	2


	Machine Set-ups

	Machine
	Die cast 
	Press
	
	
	
	

	Day
	21
	18
	
	
	
	

	Set-up
	1
	3
	
	
	
	

	Machine
	
	
	
	
	
	

	Day
	
	
	
	
	
	

	Set-up
	
	
	
	
	
	


	Final Assembly Schedule

	Motor
	Motor 5
	Motor 2
	Motor 1
	
	
	

	Quantity
	500
	1000
	5000
	
	
	


	Days Shutdown
	0

	Emergency Wire
	0


This simulation is one of a comprehensive range of Computer Aided Management Education simulations developed by Hall Marketing, Studio 11, Colman's Wharf, 45 Morris Road, London E14 6PA.

Phone & Fax +44 (0)20 7537 2982

E-mail jeremyhall@simulations.co.uk
Web http://www.simulations.co.uk
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