Exercises Job Shop – with costs
A mechanical SME has to plan a new production system, based on a job shop layout. I twill produce 4 pieces (A, B, C, D), in the following expected demand.
	Piece type
	Expected demand (p/y)

	A
	15000

	B
	24000

	C
	75000

	D
	25000


We know the number of expected batches, the production times on the planned resources (M1, M2, M3) and as well the planned setup times
	Piece type
	N. batches/y

	A
	200

	B
	100

	C
	125

	D
	150


	Piece type
	M1 (sec)
	M2 (sec)
	M3 (sec)

	A
	70
	80
	200

	B
	75
	100
	0

	C
	100
	50
	75

	D
	150
	90
	80


Production times
	Piece type
	M1 (sec)
	M2 (sec)
	M3 (sec)

	A
	600
	200
	1000

	B
	900
	600
	0

	C
	300
	500
	750

	D
	300
	400
	400


Setup times
Then we know what follow

· The system will work 220 days/y.
· If it will work for just one shift, it will be active 8 h/day.
· For 2 shifts, it will work 8 h/shift 1 and 7,5 h/shift2.
· For 3 shifts, it will work 8 h/shift 1 and 7,5 h/shift2, and 7 h/shift3.
· A = 0.95 for all the machines
· HC = 0.95.
· SR = 0.05 (the yeld is 0.95, the scraps are 0.05).
· SE = 0.80.
Please:

1. Design the system with 1, 2 and 3 working shifts
2. Calculate the expected saturation

Solution
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Firstly, we need to calculate the needed hours and the available hours for each machine:
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From their ratio we can obtain the number of machines for each department:
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Then, we can calculate the needed hours Qj
	Piece type
	Annual Quantity (pcs/year)

	A
	15000

	B
	24000

	C
	75000

	D
	25000


Tij:

	Piece type
	M1 (sec)
	M2 (sec)
	M3 (sec)

	A
	70
	80
	200

	B
	75
	100
	0

	C
	100
	50
	75

	D
	150
	90
	80


Qj x Tij:

	Piece type
	M1 (sec)
	M2 (sec)
	M3 (sec)

	A
	15.000 x 70
	15.000 x 80
	15.000 x 200

	B
	24.000 x 75
	24.000 x 100
	24.000 x 0

	C
	75.000 x 100
	75.000 x 50
	75.000 x 75

	D
	25.000 x 150
	25.000 x 90
	25.000 x 90


	Piece type
	M1 (sec)
	M2 (sec)
	M3 (sec)

	A
	1.050.000
	1.200.000
	3.000.000

	B
	1.800.000
	2.400.000
	0

	C
	7.500.000
	3.750.000
	5.625.000

	D
	3.750.000
	2.250.000
	2.000.000

	Total
	14.100.000
	9.600.000
	10.625.000


Considering the scrap rate, we obtain (Qj x Tij) / (1-SRij)
	
	M1 (sec)
	M2 (sec)
	M3 (sec)

	Total
	14.100.000
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	Total
	14.842.105
	10.105.263
	11.184.211


Furthermore, considering the setup time required for each department we can obtain STTij:
	Piece type
	M1 (sec)
	M2 (sec)
	M3 (sec)

	A
	600
	200
	1000

	B
	900
	600
	0

	C
	300
	500
	750

	D
	300
	400
	400


NLj:

	Piece type
	Batches/year

	A
	200

	B
	100

	C
	125

	D
	150


STTjj x NLj:

	Piece type
	M1 (sec)
	M2 (sec)
	M3 (sec)

	A
	200 x 600
	200 x 200
	200 x 1000

	B
	100 x 900
	100 x 600
	100 x 0

	C
	125 x 300
	125 x 500
	125 x 750

	D
	150 x 300
	150 x 400
	150 x 400


	Piece type
	M1 (sec)
	M2 (sec)
	M3 (sec)

	A
	120.000
	40.000
	200.000

	B
	90.000
	60.000
	0

	C
	37.500
	62.500
	93.750

	D
	45.000
	60.000
	60.000

	Total
	292.500
	222.500
	353.750


By adding, for each machine type, both the items related to working and setup time (and dividing by 3600 to have hours instead of seconds) we obtain:

	
	M1 (h)
	M2 (h)
	M3 (h)

	Total
	(14.842.105 + 292.500) / 3600
	(10.105.263 + 222.500) / 3600
	(11.184.211 + 353.750) / 3600

	Total
	4.204
	2.869
	3.205


Considering also some coefficients, like the machine availability (A) and the human coefficient (HC), we obtain NHi:

	
	M1 (h)
	M2 (h)
	M3 (h)

	Total
	4.204
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0,95 x 0,95
	3.205

0,95 x 0,95

	Total
	4.658
	3.179
	3.552


The amount of available hours in function of the number of shifts selected is equal to WHi:

	
	1 shift
	2 shifts
	3 shifts

	Total
	220 x 8
	220 x (8+7,5)
	220 x (8+7,5+7)

	Total
	1.760
	3.410
	5.625


Furthermore, considering the scheduling efficiency (SE) we obtain AHi:

	
	1 shift
	2 shifts
	3 shifts

	Total
	1.760 x 0,8 x 1
	3.410 x 0,8 x 1
	4.940 x 0,8 x 1

	Total
	1.408
	2.728
	3.960


Dividing the amount of needed hours by the amount of available hours we obtain the number of required machines for each department NMi (in function of the number of shifts):
	
	M1
	M2
	M3

	1 shift
	3,30
	2,26
	2,52

	2 shifts
	1,71
	1,17
	1,30

	3 shifts
	1,18
	0,80
	0,90


Rounding to the next integer:

	
	M1
	M2
	M3

	1 shift
	4,00
	3,00
	3,00

	2 shifts
	2,00
	2,00
	2,00

	3 shifts
	2,00
	1,00
	1,00


The saturation rate is equal to:
For each machine type, we obtain SATi

	
	M1
	M2
	M3

	1 shift
	4.658

1.408 x 4
	3.179
1.408 x 3
	3.552

1.408 x 3

	2 shifts
	4.658

2.728 x 2
	3.179
2.728 x 2
	3.552

2.728 x 2

	3 shifts
	4.658

3.960 x 2
	3.179
3.960 x 1
	3.552

3.960 x 1


	
	M1
	M2
	M3

	1 shift
	0,83
	0,75
	0,84

	2 shifts
	0,85
	0,58
	0,65

	3 shifts
	0,59
	0,80
	0,90
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