Exercises of Capacity Planning and Optimal Product Mix

Exercise 1. 
A company produces a product in 2 shifts pattern and 250 days in a given year. Two machines are available in the workstation. The maintenance needs 8 hours in a month. The performance rate in the first shift is 90%, in the second shift 80%. Each product needs 25 minutes to be finished.

a) Determine the designed capacity (CD) for one year.

b) Determine the effective capacity (CE) for one year.

c) Determine the expected capacity (b) for one year.

d) Determine the number of products (Q) we can produce.

e) Determine the utilization and efficiency if the actual output (Qact) is 15 800 pieces.

f) Determine capacity cushion (Cc).
Exercise 2. Determine the expected capacity (b) of each resource, if the following data are available:

The planning period is 4 weeks (there are no holidays in it, and no work on weekends).
We have three resources (activities). Number of shifts is 2 for the first 2 activities, and is 3 for the third activities. (Each shift is 8 hours long) 

We have one machine for the first and the third activities and 2 machines for the second one.

The time of maintenance is 5 hours per week, but only for the third machine.

Performance rate are 90% for the first and the third machines, and 80% for the second machines.
a) Fill the table below on the basis of these information.

	
	Resource 1
	Resource 2
	Resource 3

	N (number of working days)
	
	
	

	sn (number of shifts)
	
	
	

	sh (number of hours in a shift)
	
	
	

	mn (number of machines)
	
	
	

	ta (time of allowances)
	
	
	

	η (performance rate)
	
	
	


b) Determine the expected capacity for each resource.

c) Create product resource matrix, if the RP coefficients are the following: a11: 10, a22: 20, a23: 30, a34: 10
	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


d) Create a corporate system matrix, if we know the following information about the sales:
Long term contracts determine the minimum level of production, and we need to produce 50 pcs P1 (product 1), 100 pcs P2, 120 pcs P3, 50 pcs P4.

According to the forecasts, the upper limit of demand is P1: 10 000pcs, P2:1200pcs, P3:1000 pcs, P4:2000 pcs.
Unit prices: p1=100$/unit; p2=200$/unit; p3=330 $/unit, p4=100 $/unit

Variable costs: R1=5$/min R2=8$/min; R3=11$/min.

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


e) According to the manufacturing opportunities and the market constraints, determine the optimal product mix, if we want to maximize our revenues.
e) According to the manufacturing opportunities and the market constraints, determine the optimal product mix, if we want to maximize our profit.

Exercies 3. The table below contains data about production opportunities, and market constraints. 

	
	P1
	P2
	P3
	P4
	P5
	b (hrs/y)

	R1
	6
	
	
	
	
	2 000

	R2
	
	3
	2
	
	
	2 000

	R3
	
	
	
	4
	
	1 000

	R4
	
	
	
	
	6
	6 000

	R5
	
	
	
	
	3
	5 000

	MIN (pcs/y)
	0
	200
	100
	100
	400
	

	MAX (pcs/y)
	20000
	500
	400
	200
	2000
	

	p ($/pcs)
	200
	100
	400
	100
	50
	

	cm ($/pcs) 
	50
	80
	40
	-30
	20
	


a) According to the manufacturing opportunities and the market constraints, determine the optimal product mix, if we want to maximize our revenues.

b) According to the manufacturing opportunities and the market constraints, determine the optimal product mix, if we want to maximize our profit.

Solutions

Exercise 1.

Data:

sn= 2 shifts

sh=8 hours

N=250 days

mn=2 pieces

ta= 8 hours/month ( 96 hours/year
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Efficiency: 
[image: image8.wmf]%

29

,

83

83293

,

0

18969

15800

®

=

=

CE

act

Q

Q


Utilization: 
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Exercise 2.

a)

	
	Resource 1
	Resource 2
	Resource 3

	N (number of working days)
	4 weeks*5 days= 20 days

	sn (number of shifts)
	2
	2
	3

	sh (number of hours in a shift)
	8 hours

	mn (number of machines)
	1
	2
	1

	ta (time of allowances)
	-
	-
	5hs*4w=20hs

	η (performance rate)
	0,9
	0,8
	0,9
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b)

	
	P1
	P2
	P3
	P4
	b

	R1
	10
	
	
	
	17 280

	R2
	
	20
	30
	
	30 720

	R3
	
	
	
	10
	24 840


c)

	
	P1
	P2
	P3
	P4

	MIN
	50
	100
	120
	50

	MAX
	10 000
	1200
	1000
	2000

	Price
	100
	200
	330
	100

	Contribution

margin
	50
	40
	90
	-10


CM=price-variable costs per product

P1 product uses only the first resource, thus we calculate only with the variable cost of the first resource. And the total variable cost is products of coefficient and cost.
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d) Product mix is determined by the production opportunities and the market opportunities.
First we need to determine, how many product we can produce.

First product (P1):

Our capacity is 17280 mins, one piece need 10 mins, so the amount is:


[image: image18.wmf]pcs

P

1728

10

17280

:

1

=

 

Than we need to examine, whether we can sell this amount:

The maximum is 10 000 pcs, so it is possible to sell. Final solution is for P1 is 1728 pcs
Second and third product (P2):

We need to mention these products together, because these use the same resource. So first we need to determine which the best is. It is important, because the resource must be used to that product that has more benefits.

Calculate the marginal price to maximize revenue.

P2: 
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So P3 is the better one. Determine the amount of P3 by subtracting the minimum amount of P2 from the total capacity, than divide the margin by the coefficient of P3:
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 (always round down!)
Than we have to examine to sell this amount. P3: 957 pcs is between the market minimum (120 pcs) and market maximum (1000pcs), so it is marketable.

Because there is no working hour left, P2 remain the market minimum: 100 pcs.

Fourth product (P4):

The same case is as P1.
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 But because that is above market maximum (2000pcs) we only produce that amount, we can sell. P4=2000 pcs
e) Maximize profit. 

P1: the case is the same as previously, so P1=1728 pcs
Second and third products (P2 and P3):

In this case we examine the contribution margin per one hour of resources.
P2: 
[image: image23.wmf]min

/

$

2

20

40

=

 
<
P3: 
[image: image24.wmf]min

/

$

3

30

90

=


The case is the same as previously: P3=957 pcs, P2=100 pcs
Fourth product (P4):

Because we maximize profit, and contribution margin is negative, we have to produce the minimum that is possible. (If we increase the number of P4, we will increase the amount that will decrease profit.)
Thus market minimum is the optimal level of production: P4=50pcs

Exercise 3. 

	
	P1
	P2
	P3
	P4
	P5
	b (hrs/y)

	R1
	6
	
	
	
	
	2 000

	R2
	
	3
	2
	
	
	2 000

	R3
	
	
	
	4
	
	1 000

	R4
	
	
	
	
	6
	6 000

	R5
	
	
	
	
	3
	5 000

	MIN (pcs/y)
	0
	200
	100
	100
	400
	

	MAX (pcs/y)
	20000
	500
	400
	200
	2000
	

	p ($/pcs)
	200
	100
	400
	100
	50
	

	cm ($/pcs) 
	50
	80
	40
	-30
	20
	


a) maximalization of revenue:

P1:
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P2-P3:
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P5: bottle neck effect arises

[image: image31.wmf]1000

6

6000

:

R

4

=



[image: image32.wmf]pcs

1666

67

,

1666

3

5000

:

R

5

®

=


min{1000;1666}=1000pcs
	P1
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	P4
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b) maximalization of profit:

P1:


[image: image33.wmf]pcs

333

3

,

333

6

2000

:

P

1

®

=

·

the amunt we can produce, and because it is between the market maximum and minimum, we also can sell it. Than we examine the contribution margin to be above or under zero. Now it is positive, so nothing changes: P1=333pcs

P2-P3:
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but contribution margin is negative, so we only will produce the market minimum: 100 pcs

P5:

the same as previously: P5=1000 pcs

	P1
	P2
	P3
	P4
	P5

	333
	500
	250
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