CALLOWAY SCHOOL OF BUSINESS AND ACCOUNTANCY

BUS 241 Production and Operations Management

Fall 2007
DEAC INC. PRODUCTION PLANNING PROBLEM SET
DEAC Inc. is a manufacturer of small appliances. Their small kitchen appliances line consists of various models of electric mixers, blenders and toasters. These products are marketed domestically through retail stores such as Sears, J.C. Penny etc. In addition, a relatively small percentage of their production is exported. In this competitive industry, product quality (both superior design and conformance to specifications) is by far the most important competitive factor. However, a large segment of the consuming public is also rather sensitive to price. No matter how high the quality of the product, the prices must be in line with the rest of the competitors, for otherwise the market would be confined to a very small group of brand-loyal customers. 


Most retail stores buy the appliances from DEAC by placing quarterly advance blanket orders in aggregate. A typical blanket order from a customer specifies so many toasters, so many mixers and so many blenders without referring to any specific catalog numbers. They then issue actual orders for specific catalog items. These orders depend on the rate at which the stores use up their inventories of the specific items and hence are rather erratic in frequency, order lines and quantities. In one instance, a store may issue four or five orders one month and none the next. Likewise, one order may be heavy on mixers while the next may be on blenders. Stores generally expect to receive their products within two weeks after the order is placed. 


In order to avoid having to rush the production as a result of insufficient inventories, which invariably compromises quality, and to avoid excess capacity, an effective production planning effort is essential at DEAC. The company has been using a hierarchical production planning process in which the aggregate production levels and supporting activities are planned for the entire small appliance line. Then a short-term master schedule is done by detailing the aggregate plan both in terms of time periods and specific items to be produced.


The mixers, blenders and toasters are produced using roughly the same production capacity operated by the same employees. Relative popularity of these three products have been rather stable in the short run, but has, on occasion, shown some mild trends shifting from one product to another.


The aggregate plan is done using an eight quarter rolling planning horizon: The first quarter of the current aggregate plan is used as the basis for certain short term planning modules which include, among others, master scheduling, material requirements planning, and detailed capacity plans. Towards the end of the quarter, the planning horizon is moved by one quarter (drop the current quarter and add a new one to the end), and the aggregate plan is reevaluated and updated.

Deac Inc. 1


Management is cognizant of the importance of good forecasts for planning process and uses a linear regression method to capture the positive trend that they have experienced for the last decade or so as well as the seasonal pattern that the small appliance line has exhibited. The following table provides a three-year history of the aggregate demand (based on actual orders received rather than the actual shipments)

Demand History
	Year
	Quarter
	Aggregate Sales (000)

	1995
	I
	112

	
	II
	117

	
	III
	122

	
	IV
	193

	1996
	I
	182

	
	II
	128

	
	III
	163

	
	IV
	304

	1997
	I
	224

	
	II
	186

	
	III
	196

	
	IV
	299


Deac Inc. #1(a):

Required: Using Excel 

a) Estimate the least-squares linear trend line 

b) Estimate the quarterly seasonal indices

c) Forecast the aggregate appliance demand for the next eight quarters of 1998 and 1999.

Print your spreadsheet to turn in.

     The production planning process uses this quarterly forecast as the basis for detailed production scheduling.  The master schedule is done on a weekly basis rather than the quarterly basis used in the aggregate plan.  The master schedule is also broken down by individual products as opposed to the aggregated sum of the products, which is forecast for the aggregate plan.  The master schedule demand is projected using the aggregate plan for the current quarter. This is distributed to the three products based on the historical mix percentages that have been rather erratic for the last two years (24 months):

	Month
	Toasters
	Blenders
	Mixers
	
	Month
	Toasters
	Blenders
	Mixers

	Jan, 1996
	17%
	32%
	51%
	
	Jan, 1997
	30%
	33%
	37%

	Feb
	19%
	37%
	44%
	
	Feb
	46%
	20%
	34%

	Mar
	25%
	43%
	32%
	
	Mar
	28%
	22%
	50%

	Apr
	23%
	37%
	40%
	
	Apr
	32%
	29%
	39%

	May
	25%
	37%
	38%
	
	May
	36%
	29%
	35%

	Jun
	26%
	57%
	17%
	
	Jun
	40%
	40%
	20%

	Jul
	31%
	31%
	38%
	
	Jul
	30%
	35%
	35%

	Aug
	31%
	26%
	43%
	
	Aug
	41%
	42%
	17%

	Sep
	30%
	43%
	27%
	
	Sep
	40%
	25%
	35%

	Oct
	30%
	24%
	46%
	
	Oct
	48%
	28%
	24%

	Nov
	35%
	44%
	21%
	
	Nov
	41%
	24%
	35%

	Dec
	31%
	36%
	33%
	
	Dec
	40%
	22%
	38%


Required: 
a) Set up a spreadsheet and plot the monthly percentages of each product for the two years. 

b) Does it appear that there are sustained trend patterns to the percentages?

c) Set up Excel worksheets, one for each product, implementing appropriate exponential smoothing models to estimate the popularity percentages.  Suzi can use these percentages in forecasting demand for each of the three product lines to be the basis of her master schedule proposal.

  Use January and February 1996 data for each product to obtain estimates of initial average trend (if required).  Experiment with various smoothing values to minimize the mean absolute deviation of your forecast.  Name your worksheet (containing the best results) with one of your last names (e.g., smith.xls) and e mail it to me with Deac#1 in the subject field.
Deac Inc. 2


The starting point in the planning process is a draft aggregate production plan that consists of quarterly aggregate production, inventory and workforce levels as well as aggregate overtime and/or subcontracting budgets.  The draft is subsequently reviewed and critiqued at a staff meeting chaired by the assistant plant manager, Ms. Eichler, her assistant and representatives from the Sales, Finance and Customer Service departments. 

The aggregate inventory at the end of quarter IV of 1997 is projected to be 21,000 units. Inventory holding cost is roughly $7 per unit per quarter. The shop calendar shows that there are 61, 70, 55 and 65 normal production days in quarters I, II, III and IV for both 1998 and 1999. A typical unit of output (a mixer, blender or toaster) requires 0.68 standard labor hours. Currently there are 450 employees on payroll operating the production facilities during the two 8-hour shifts (225 employees per shift).  Discounting for the normal non-productive time, each of these employees provides 7.25 standard hours of capacity per shift.  Average wage rate per employee, including fringe benefits, is $16 per hour.  It is possible to schedule overtime not to exceed 20% of regular time during any quarter at a 50% overtime premium.  Employees may be hired or laid off at the beginning of each quarter at an average cost of $8,500 and $10,700 per employee hired or fired respectively.


Ms. Eichler is considering several alternative plans:


Plan A. Vary the workforce level to meet exactly the projected demands while maintaining a safety stock of 50,000 units. (Chase strategy)


Plan B. Maintain a minimum 50,000 safety stock and keep a stable workforce level throughout all periods by scheduling a constant daily production rate equal to the average daily requirement calculated by using the entire eight periods. (Level strategy)


Plan C. Keep a stable work force of 450 (225 per shift) employees, maintain 50,000 units of safety stock and absorb fluctuations in demand by under-time and overtime, and subcontracting for up to 100,000 units per period which costs the company $25 per unit. 

Deac Inc. #2

Required:
a) Use Excel to do an aggregate plan including costs for each of the above three strategies for the eight quarters of 1998 and 1999. Which of these plans would result in the least total cost that includes regular payroll, overtime, subcontracting and inventory components?  Print your spreadsheets and turn them in. 

b) Suggest an idea for a lower cost mixed strategy based on all of the options: hiring/firing, accumulation of inventory, over/under-time and subcontracting. (Pay attention to all the constraints mentioned with respect to each option. Note: a full worksheet detailing your mixed strategy plan is not required.)

Name your worksheet with one of your last names (smith.xls, e.g.,); include your e-mail address in the worksheet;  include deac#2 (no spaces) in the subject field; and e-mail it to me by noon.

Deac Inc. 3
It is now the end of quarter IV in 1997 and Suzi Eichler and her staff, having just completed the review of the aggregate plan is working hard on the master schedule for quarter I of 1998. Their approach to master scheduling is quite simple. They assume capacity to be proportional to the number of days available in each of the thirteen weeks of the planning horizon and distribute the aggregate production forecast (aggregate plan) to the three product groups on the basis of percentages determined by the product mix forecast.  Finally, they take the quarterly forecast for each product and distribute it equally to each week during the quarter. 


The shop calendar for the first quarter of 1998 (Jan -March) shows the following:

Week
Dates



Days available






1 
Jan 3-7
5


2
Jan 10-14
5


3
Jan 17-21
5


4
Jan 24-28
5


5
Jan 31-Feb 4
4 (plant is closed on Groundhog Day)


6
Feb 7-11
4 (Feb 7 allocated to R&D for testing) 


7
Feb 14-18
5


8
Feb 21-25
5


9
Feb 28-March 4  
5


10
March 7-11
5


11
March 14-18
5


12
March 21-25
3 (March 21-22 scheduled maintenance.)


13
March 28-Apr 1  
5


   Total first qtr.                        61 days


The finished inventory of mixers, toasters and blenders to be on hand at the beginning of the first week (Jan 3) is projected to be 10,000, 5,500 and 5,500 respectively. These projections are obtained from the physical inventory now, plus scheduled production till Jan 3 less expected shipments. Since the product mix percentages are rather unreliable forecasts, the company tries to schedule safety stocks to cover significant deviations in actual product mix from estimates. Current policy is to carry 5,000, 8,000 and 6,000 units of safety stock respectively for and Mixers, Toasters and Blenders. Furthermore in order to balance the fixed set up costs against inventory costs the master schedule is based on EOQ order quantities. For this purpose cost accounting provides best estimates of the setup and carrying costs yearly. This year the setup costs are respectively $1600, $2100, and $2100 per set up for mixers, toasters and blenders. Inventory carrying cost is roughly 25% per year that translates into carrying costs of $155, $170 and $154 per thousand per week for mixers, toasters and blenders.



The customer service department, which is responsible for order taking and promising, has sent the following memo:

To:
 Suzi Eicler, Operations Manager

From: John Jordan, Customer Service

Date: Dec 12, 1997

As per your request, we are happy to provide you with the existing booked orders detail for the toaster, mixer and blender lines. We will be happy to clarify any further questions.

Order
Qty.
Product

Customer

Week Promised

2365 
2500
Toasters
Sears
1

2365

3400
Mixers
Sears
1

2365

5000
Blenders
Sears
2

2457

6000
Mixers
JC Penny
1

2457

3000
Toasters
“
2

2341

2000
Blenders
Monkey-Ward 
2

2341

1500
Mixers
“
2

2341

2500
Toasters 
“
3

Deac Inc. 3a

Required:

a) Compute the EOQ quantities for the three items to be used as fixed lot sizes for master scheduling of the three products. Hint: Base calculations on weekly demand and holding costs per thousand as given. Round the EOQs to the nearest hundred.

b) Using Excel prepare a proposed master schedule and display available to promise (ATP) quantities for the first quarter of 1998 based on the item forecasts, projected beginning inventories and the booked orders. Use the scheduled production for plan C (DeacInc#2 solution) and the forecast mix percentages (DeacInc#1 solution).
Toasters, blenders and mixers are produced using largely automated techniques. They are processed in various work-stations in which many operations such as cutting, forming, assembly, finishing and inspection are performed. Some of these operations are done in work stations which DEAC have historically regarded as critical. It is important to make sure that enough hours will be available at these stations to fulfill the master schedule. DEAC has the following standards:

	Product
	Critical Hrs.
	Non-Critical Hrs.

	Mixer
	.35/unit
	 .55/unit

	Toaster 
	.30/unit
	 .85/unit

	Blender
	.50/unit
	 .95/unit


A total of 1300 and 3300 hours per shift of demonstrated (historical) capacity is available at the critical and non-critical departments respectively for each day that the plant operates.

Deac Inc. 3b

Required:

Prepare a rough-cut capacity plan for the proposed master schedule and comment on its feasibility. Would you suggest any revisions?  If so, what approach to revisions would you take?  (A spreadsheet of revisions is not required)
 

Name your worksheet with one of your last names (smith.xls, e.g.,); include your e-mail address in the worksheet; include deac#3 (no spaces) in the subject field.

Deac Inc.  4

Top management of Deac is fully aware of the crucial role that the inventories and their management play in the competitive success of the company. As a result they have implemented a rather elaborate MRP II system which not only allows them to acquire (buy materials and build components) in the right quantities and at the right time but also includes modules that do capacity requirements planning, master scheduling and order promising and order entry. 


After the master schedule is created, checked against rough-cut capacity plans, reviewed and critiqued by various functional areas and finally approved, it becomes the basis of the material requirement plans. Typically, material requirement plans are done on a rolling horizon basis-- in a synchronous manner with master schedules, every week for the next 13 weeks (one-quarter).


The bill of materials is rather stable for the three products in the sense that they seldom change through design modifications and material substitutions. The bill of materials for the three products are given in indented format below:

1. Blender: 

Level


part No


Descr.







Measure


Used



LT

0




B001




Blender







ea.




1



0


1



JARA



Jar assembly





ea.




1



1



2


JAR0




Jar









ea.




1



2



2


PCVR1



Cover








ea.




1



1



2


BL0X




Blade assembly




ea.




1



3



2


BASE



Jar Base







ea.




1



1



2


STAND



Drive Stand






ea.




1



2


1



MOTB



Blend. Motor Assy.



ea.




1



3



2


CM-Kit



Common Parts(kit)



ea.




1



0




3

MOT01



Motor







ea.




1



3




3

FAN02



Fan








ea.




1



1




3

BA




Brush assembly




ea.




1



1





4
BRS00



Brush








ea.




1



2





4
B-HOUS


    Brush Housing





ea.




1



1




3

CLP0




Retaining Clip





ea.




1



1



2


COLL



Motor Collar





ea.




1



1



2


STUD



Drive Stud






ea.




1



2



2


SHIELD



Dirt Shield






ea.




1



1


1



FACE



Facing assembly




ea.




1



2



2


FPLT




Face Plate






ea.




1



3



2


SW001



ON-OF Switch





ea.




1



1



2


SW002



Short Spurt Switch



ea.




1



1



2


W-G16



Wiring






inch




20



2



2


WNUT



Wiring Nuts






ea.




2



1


1



BOTT



Bottom Assembly




ea.




1



1



2


BPLT




Base Plate






ea.




1



2



2


FIT23



    Strain Relief fit.




     ea.




1



2



2


SC001



½” Screw






ea.




4



1



2


W001




Washers







ea.




4



1

1



PC




     Power cord






ea.




1



3

Note: Details of those components common to more than one product is not repeated; e.g., CM-Kit is used both in blenders and mixers but mixer’s BOM does not explicitly repeat the details of this component. 

2. Mixers
Level


part No


Descr.







Measure



Used

LT

0




M001




Mixer








ea.




1



0


1



M-HOUS


Top Housing





ea.




1



1



2


CLINK



Speed Control Link



ea.




1



1



2


CAMF



Cam Follower





ea.




1



2



2


CAM




Speed control Cam



ea.




1



2



2 


COVER



Gear Cover






ea.




1



1



2


TIE




Motor Strap






ea.




1



2


1



MOTM



Mixer Motor Assy.



ea.




1



3



2


CM-Kit



Common Parts(kit)



ea.




1



0



2


GEAR



Gear








ea.




2



2



2


BRF




Front Bearing





ea.




1



2



2


BRR




Rear Bearing





ea.




1



2



2


CLP




Rear bearing retainer



ea.




1



1



2


SC001



½” Screw






ea.




2



1



2


WSHAFT


Worm Shaft






ea.




1



2



2


CAP01MU


Capacitor






ea.




1



3



2


SWA




Governor Switch Assy.


ea.




1



3


1



BASA



Base Plate Assy.




ea.




1



1



2


BASE



Base plate






ea.




1



2



2


SC001



½” screw






ea.




3



1

1



PC




Power cord







ea.




1



3

3. Toaster:

Level


part No


Descr.







Measure



Used

LT

0




T001




Toaster






ea.




1



0


1



HEATA



Heater assembly



ea.




1



1



2


HE002x



Heater Element



ea.




2



3



2


CARA



Carriage Assembly


ea.




1



2


1



SHELA



Shell Assembly



ea.




1



1



2


SH001



Shell







ea.




1



2



2


SW003



Lift Knob





ea.




1



1



2


SW004



Color Control Knob


ea.




1



1


1



TRAYA



Crumb Tray Assy.



ea.




1



1



2


THR1



Thermostat





ea.




1



2



2


FTF




Front Foot





ea.




1



2



2


FTR




Rear Foot





ea.




1



2



2


SW005



Keeper Rel. Sw.



ea.




1



2



2


SW006



Thermostat Switch


ea.




1



1



2


SC001



½” Screw





ea.




4



1


1



PC




Power cord




     
ea.




1



3


The accuracy of the inventory status, which is so important to a successful MRP implementation, has been rather difficult to achieve. However, as a result of persistent effort the accuracy problem has been reduced to a level so as not to seriously threaten the usefulness of the MRP results. The inventory status file is maintained as a large and complex database that includes, for each item, rather static data such as order policy, safety stock, vendor etc. as well as more dynamic and challenging transaction data such as on-hand and on-order information. A part of the inventory record is reproduced below.






On



Safety 


Order




On



 Week(s)
Item



Hand

 

Stock



Policy




Order


Due 

MOTB


16,000





0



F=25,000


12,000


2

MOTM


10,000





0



F=25,000


25,000


1

CM-KIT



   0





0



LFL





   0





MOT01


11,000





0



POQ=3



40,000


1

FAN02


27,000





0



LFL




25,000


1




BA



30,000




2,100



LFL




25,000 
 

1

BRS00


25,000




2,000


  
F=15,000




-


-

BHOUS

 
5,000






0


 
F=15,000




-


-

PC




18,000




5,000



LFL




25,000


1

PC






















20,000


2

PC






















27,000


3

Deac Inc. #4 

Required:

a) Prepare a partial bill of materials for the three products involving MOTB, MOTM, CM-KIT, MOTO1, FAN02, BA, BRS00, B-HOUS and PC.

b) Construct a partial MRP report for items MOTB, MOTM, CM-KIT, MOTO1, FAN02, BA, BRS00, B-HOUS and PC for the first quarter (13 weeks) on the basis of the given information above and the master schedule previously prepared from the aggregate plan.  Assume that in addition to the Master schedule requirements there is a 1000 unit per week of service part demand for BRS00.
List normal action and exception notices.

Submit your work in the usual manner (subject: Deac#4)

