ISyE 3104: Introduction to Supply Chain Modeling: Manufacturing and Warehousing

Instructor: Spyros Reveliotis

Summer 2002

Homework #3

Due Date: Friday, 6/21/02

Reading Assignment: 

· From your textbook

· Chapter 7 on process strategy and capacity planning

· It is also advisable to read the supplement of Chapter 7 on the technologies currently used by Operations Management

· Material posted on the library reserves on the layout types

· Slides of class layout types, technology selection and capacity planning

Problem set:
1. Chapter 7:

· Discussion Questions: 1,2,4,10

· Problems 5,6,8,10,11,13,14,15,27 and 35 (Hint: for problem 13 use the linear regression theory you learned in your statistics class to build a function: Units produced at year t = at+b , based on the provided data; refer also to the solution of the extra credit problem in Homework 2.)

· Case Study on Shouldice Hospital

Chapter 7

Process Strategy and Capacity Planning

DISCUSSION QUESTIONS
1.
(a)
Some advantages of standardization are:

· Equipment can often be special purpose rather than general purpose, leading to increased operational efficiency

· Equipment operators may be less highly skilled

· Work orders and job instructions are typically fewer

· Raw materials inventory is usually lower, since the fact that the same material is used in the production of more than one items implies a lower variability in the experienced demand (an effect known as variability reduction due to “pooling”)

· Ratio of work-in-process inventory to output is usually lower

· One can often “produce to stock”, since the chances that a standardized item becomes obsolete/outdated are less than those for a more specialized unit.

· Scheduling is usually simpler because of the reduced number of standardization of machine routings

· Quality control is usually more readily accomplished

(b) We typically obtain variety while maintaining a degree of standardization by following a modular strategy where specific standard modules are assembled to get a quasi-custom product.

2.


	Product
	Likely Process

	Beer

Business Cards

Automobiles

Telephone

“Big Mac”

Custom Homes
	Product Focused/Continuous

Process Focused/Job Shop

Modular/Repetitive

Modular/Repetitive

Modular/Repetitive

Jop Shop with components made in Product Focused and Modular facilities


4. Products produced by a repetitive process include virtually all assembled items (i.e., automobiles, motorcycles, home appliances, computers, etc.)

10.
The assumptions of the net present value technique are:

· Interest rates are known for the entire term of the investment

· Payments are made at the end of each time period

· Investments with similar net present value are similar in other respects (at least, we make this assumption if net present value is the only method of evaluation of investment used)

PROBLEMS

7.5 utilization = actual / design capacity = 5,000 / 7,000 = 0.7143 ( 71%

7.6 efficiency = actual / effective capacity = 4,500 / 5,000 = 0.9 ( 90%

7.8
effective capacity = actual (planned) output / designed capacity ( 0.93 = 800/ designed capacity ( 


designed capacity = 800/.93 = 860

7.10 anticipated output 
= (Design capacity) x (Effective capacity) x (Efficiency)





= 108 x 0.80 x 0.90 = 77.76 ( 78 chairs

7.11 8 hr x 5 days x 2 shifts x 4 machines x 0.80 x 0.95  =  320 x 0.80 x 0.95 = 320 x 0.76 = 243.2



243.2 / 4 = 60.8 std. hrs. for each machine

7.13
We shall interpolate the data provided below through a linear function: Y= a+b*X, where the function parameters a and b will be estimated through the standard linear regression theory.

	Year
	X
	Y
	X2
	XY

	1991

1992

1993

1994

1995

1996

1997

1998

1999

2000
	1

2

3

4

5

6

7

8

9

10
	15.00

15.50

16.25

16.75

16.90

17.24

17.50

17.30

17.75

18.10
	1

4

9

16

25

36

49

64

81

100
	15.00

31.00

48.75

67.00

84.50

103.44

122.50

138.40

159.75

181.00

	
	∑X = 55
	∑Y = 168.29
	∑X2 = 385
	∑XY = 951.34


	Regression Output

	Constant

Std err of Y est

R squared

No. of observations

Degrees of freedom
	15.11266

0.301804

0.216841

10

8



X Coefficient = 0.312060, Std err of coef. = 0.033222



X bar  =  ∑X / n  = 5.5



Y bar  =  ∑Y / n  = 16.829



b         =  25.745 / 82 = 0.312060



a         =  16.829 – 0.312 x 5.5 = 15.11266


Year 2001 = a + bx11, therefore



15.11 + 0.312 x 11 = 15.11 + 3.43 = 18.54


Year 2003 = a + bx13, therefore



15.11 + 0.312 x 13 = 15.11 + 4.056 = 19.16


Year 2007 = a + bx17, therefore



15.11 + 0.312 x 17 = 15.11 + 5.3 = 20.41


(a)
2001 capacity needs = 18.54



2003 capacity needs = 19.16



2007 capacity needs = 20.41


(b)  
Requirements in 2003 are for 19.16 lenses, therefore, River Road Medical Clinic will need 8 machines ( 19,160/2,500) = 7.66; round up to 8)

7.14
In 2001 River Road Medical Clinic has 8 machines @2500.  In year 2007 they need capacity of 20,410.


(a)  
Therefore, if they add 5,000 to capacity in 2001 total capacity in 2007 will be 25,000 lenses, more than adequate.  Exceeds by 4,590.


(b)
If they buy the standard machine in 2001, their capacity in 2007 will be 22,500 lenses still more than adequate; the smaller machine will suffice.  Exceeds by 2,090.
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Notice that the above suggestion adopts the typical approach of maximizing the expected profit. Another, more conservative approach would be to pick the option that maximizes the worst-case outcome. In that case, the small line would be the selected option, since it guarantees a net profit of $100,000 even under an unfavorable market condition. The criterion to be optimized at each case depends on the considered situation, and essentially reflects the philosophy/attitude of the decision-making team with respect to risk-taking. However, no matter which criterion is used, the information provided by the decision-tree can help structure the decision-making process.

7.27
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(b) At 3,000, C is best


(c) Between 1,600 and 2,400, B is best

7.35

	Expense
	Machine A
	Machine B

	Original cost

Labor per year

Maintenance per year

Salvage value
	10000

2000

4000

200
	20000

4000

1000

7000


	Machine A

	Year
	
	
	NPV Factor*
	NPV

	Now

1

2

3
	Expense

Expense

Expense

Expense
	10000

6000

6000

6000
	1.000

0.893

0.797

0.712
	-10000

-  5358

-  4782

-  4272

	3
	Salvage revenue
	2000
	0.712
	-24412

+  1424

	
	
	
	
	-22988



* NPV factor from Table 7.4

	Machine B

	Year
	
	
	NPV Factor*
	NPV

	Now

1

2

3
	Expense

Expense

Expense

Expense
	20000

5000

5000

5000
	1.000

0.893

0.797

0.712
	-20000

-  4465

-  3985

-  3560

	3
	Salvage revenue
	7000
	0.712
	-32010

+  4984

	
	
	
	
	-27026



* NPV factor from Table 7.4


NPV for machine A is -$22,988; NPV for machine B is -$27,026.  Therefore, Machine A should be recommended.

CASE STUDY

1. Shouldice beds are only fully utilized four days per week, but doctor operate five days: so the question of utilization has at least these two perspectives.





Utilization = actual/design = 450 / (90*7) = 71%

2. Per the table below, if surgery is added on Saturday and held at 30 per day, then added beds are wasted capacity. Beds are available on Saturday under current operating policies.
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Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

Sunday

Monday

30

30

30

Tuesday

30

30

30

Wednesday

30

30

30

Thursday

30

30

30

Friday

none

Saturday

none

Sunday

30

30

30

Total

60

90

90

90

60

30

30

Check In

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

Sunday

Monday

30

30

30

Tuesday

30

30

30

Wednesday

30

30

30

Thursday

30

30

30

Friday

30

30

30

Saturday

none

Sunday

30

30

30

Total

60

90

90

90

90

60

60

Beds Used under Current Operations (150 per week)

Beds Used with Saturday Surgery (180 per week)






Utilization = 540 / (90*7) = 85.7%


3.


· If beds are increased by 50% (to 135) but surgery is held at 30 per day, the added capacity is wasted.

· With the added beds, surgeries could move from 30 per day to 45 per day.

· A 50% increase in bed capacity needs to be matched with 45 surgeries Monday, Tuesday, Wednesday, and Thursday to fully utilize facilities 4 days per week.

· If 30 surgeries are performed each day in 5 rooms, then 6 are performed in each room. To perform 45 per day, the rooms will need to be occupied 9 hrs per day or more rooms will need to be added. Extending the hours may complicate the smooth recovery process used at Shouldice. More operating rooms are recommended.


4.
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Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

Sunday

Monday

45

45

45

Tuesday

45

45

45

Wednesday

45

45

45

Thursday

45

45

45

Friday

none

Saturday

none

Sunday

45

45

45

Total

90

135

135

135

90

45

45

Income for 15 more surgeries at $2,400 each =

36,000

$         

 

Daily receipts

Less surgery cost at $800 per surgery = 

12,000

$         

 

Less surgery cost

Less other cost (room/meals/supplies;

15,000

$         

 

Less est. of other cost

        assume $500/day) [Not given in case]

Daily income after surgery costs =

9,000

$           

 

Daily income

Five surgeries per day x 5 days x 50 weeks

11,250,000

$   

 

Yearly income

       = 1,250 surgeries

Bed cost over 5 years = ($1000,000 x 45 beds)/5 years =

900,000

$       

 

Yearly write-off

Net income per year

10,350,000

$   

 

Yearly income

Beds Used with 50% Increase in Beds (225 per week if surgery keeps up)



If the expansion decision is made on the basis of ROI ( Return On Investment), this is a very good investment.




(NPV is ignored, but can be added – no interest rate is given in the case.)


The expansion could be made on the other basis (i.e., Shouldice investors and personnel decide they are doing a good job and are happy with life, then the decision might well be made on other criteria.)
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