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5, Since this is less than the costs calculated for v = R0,50 we mast buy 

this quantity. So order in lots of 3 000.

The scenario is graphically depicted below.

TOTAL CnST VS ORDER SIZE

QUANTITY

NOTE:

If Q* for v * 0,40 had been greater than 3000, then this would have been the 

mi n imum.

619006
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EXAMPLE 4

Assume Mill Balls hgue rhp following particulars.

PATE QUANTITY SSHED

2/1/85

2/2/85

10/2/85

24/2/85

16/3/85

21/3/85

27/3/85

1/4/85

10/4/85

20/4/85

3/5/85

18/5/85

6/6/85

22/6/85

30/6/85

5/7/85 

21 / / / 6 5

15/8/85

4/9/85

12/9/85

1/10/85

21/10/85

15/11/85

23/11/85

6/12/85

15

5

1

12

3

18

5

8

10
9

15

16

14 

10
9

18

20

16

15 

9

5

10

9

8

20

15 

18

26

27

31

33

38

16 

24

15

17

20

TOTAL 280 280

- Price - K6 325

- A item.

- Lead time = 24 weeks

- Determine what quan­

tities should be or ­

dered, and what the 

order point should 

be?
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ANSWER

Calculate the value of D.

(It can be assumed that the 1985 Issues are reasonably representative of 

1986).

A reasonable forecast for January 1986 is say 17.

Now calculate the EOQ

----- ' ---------------- v

Q* =  DA « / 2 x 17 x 190 - 6,39 balls

J vr j 6325 x 0,3712

Calculate the order point

OP - D LT + SS

17 x 24/4 + SS 

102 + SS

Calculate the safety stock

SS « k (  J T T  +  D)

So calculate k and and assume the lead time is constant.

By usinp, the usual formula (see Appe Jtx 2. ) 

get & c> " 5,2 n 1  25 x * 11,2 per issue

Because this is an A item it is definitely worth calculating an optimal 

service level, but before we calculate k, we naed a value of C<;

Determination of Cg

Cg ■ (MW hrs lost per incident) X (Cost per MW hr lost) X (down time)

90 MW is the average output loss due to mill balls 

the lead time is 6 months
the cost (for that power station) for a continuous 100 MW outage 

in 1986 is R1 499 350

So Cg *> 1 499 350 x _90 x _ 6 ■ R674 707 per year.

100 12'

Calculate k ,

k - 1 [ a - (4,605)(cTdk r r f  » v. r. Q*)l 

b ~ b. Cs. D J

1

2,49

I 5,65 - (4,605)(5,2x f 6 x 63?j x 0,3/12 x 6 . 3 9 ) 1

I "  2,49 x C S x 17 J

1 f 5,65 - 1400,1

2,49 ' L 674 707

2,268
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This then represents a service level percentage of 98,£%. 

(From table 1)

Now SS
as

k ( ./l t  )

SS
m

2,268 x 5,2 x J I T

SS
m

28,89

SS
s

29 balls

So the OP
.

102 + 29

OP
tx

131

This means Chat an order of 7 balls should be placed every 9 or 10

days, when the order po'nL of 131 is reached.

To ensure thal the optimum 0* is being used a sensitivity analysis can 

be done.

SENSITIVITY ANALYSIS 

Q " 7

Cl “ O ^ x v x r  + S S x v x r

2
Cj (7 + 29) x 6325 x 0,3

2
Cj ■ R61 668 p.a.

*■*2 “ D x 12 x A 

Q

C2 " 17 x 12 x 190

---- r ~

C2 * R5 537 p.a.

C^ = D x 12 x P x C<;

0

C-j - 17 x 12 x 0,012 x 674 707

7

C3 - R235 954 

C 1 + C2 + c3 - R303 159

8

Cl

Cl

c 2

c2
Cj

C3

619006
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R62 617

17 x 12 x 190

8
R4 84 5

17 x 12 x 0,012 x 674 707
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C 1 + C2 + c 3 - R273 922

0 - 9

Cj » (9 + 29) X 6325 x 0,3

2
Cj ■* R63 566

C? » 17 x 12 x 190

9

Co R4 036

C-s - 17 X 12 X 0,012 X 67/. 707

8

C3 - R206 460

Cj + C2 + c3 = R274 062 

So the minimum occurs for 0 » 8.

Using the EOQ (refinement) formula we pet

0* = U D  n F  + / <5d 2 LT + 2 DA 

b / b^ vr

Q* - 5,2 x j 6 + / C5- 2)2 6 + 2( 17)( 190)

2,49 / T2749)- 6325 x 0,3/12

Q* « 5,115 + 8,186 

0* - 13,3 say 13

From this example the following points are apparent:

the optimum 0 is 8. This compares poorly with the present system 

where a 0 of 93 would have been used. The holding cost, for the 

same service level wculd have been R143 577 as compared with the 

holding cost of R62 617 for the proposed solution.

the ordering costs would be R4 845 for the proposed and R572 for 

the present system. This Is a difference of R4 000 as compared 

with the difference of R31 000 for the holding cost.

The safety stock, is extremely high because:

the lend time is excessive 

the demand la very Irregular

t lie service level desired is very high because it is such a 

cri t lea 1 It ein

The simple KOQ formula gives a better result because the "refined" 

formula over compensated lor the M g h  standard deviation.
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EXAMPLE 5

A power station useH the following quantities of furnace oil,

J

1

1 F 
1

1

1 M 
1

1

1 A 
|

1 1 

1 M |

1 i

7 50 000 , 800 000 

1

I 700 000 

1

I 720 000 

1

| 760 000 | 

1 1

Furnace oil cublb R0,7G pci l l U e  - The uidtrting cost is R45.

If an order of 1 000 00C litres is placed, the price is R0,65 per litre. 

The lead time is 1 month.

Calculate the order point and order quantity.

ANSWER

Q*

0*

9*

f~2 P t

v vr

where D • Average per month

D •* 746 000

2 x 746 000 x 45

0,70 x 0,3/12

61 940 

No value of Cg so assume value of k.

It is critical (say) that fvrnace oil is available so choose a service level 

of 9>,5X and hence a k ■ 2,58.

Now SS 

SS 

SS

k . ( (Tb. LT ' ) because Cfl •- J

2,58 x 34 410 x j T  i.e. 0t> - 34 410

88 777 

and the probability of a stockout is only 0,005.

OP

OP

OP

D x LT +■ SS

740 000 x 1 + 88 777

834 777 

This means that when the tank level reaches 834 777 £ a new order must be 

placed. The order quantity must be 61 940 JL  .
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PRICE BREAK

for Q - 61 940 £

TC] ■ Q x v x r + D x l 2 x A + D x l 2 x v

2 0

TC| - 61 940 x 0,7 x 0,3 + 746 000 x 12 x 45 + 746 000 x 12 x 0,7

2 6 J 940

TC! - 6 503 + 6 503 + 6 266 400

TCi “ Kb 4U6 p. a.

Now .or v ■ R0,65

[ H
y o,<

■N

Q -  2 x 746 000 x 45 

,65 x 0,3/12'

0 - 6 4  278 £

Since 0 <  1 000 000 i

The mln cost is at Q - J 000 000 

So TC2 * Q x v x r + D x  12 x A + T x 12 x v

2 Q

TC? * 1 000 000 x 0,65 x 0,3

2

+ 746 000 x 12 x 45

1 000 000

+ 746 000 x 12 x 0,65 

TC2 - R5 916 702 p.n.
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Since this is less Chan the R6 279 406 for the 70c/i quantity, it is 

ordered at the higher volume, i.e. order in quantities of 1 0 0 0 00 0 V

Present system (PA 041)

OQ ** 2 to f times average demand

2 to 4 x 746 000

00 “ 1 492 000 t to 2 984 000 I

Even the smallest value is within the discount range and will yield u cost 

of R5 964 540 p.a. The larger OQ will yield a cost of R6 109 875 p.a.

So, we would have been worse off!
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EXAMPLE 6

Determine the order quantity and reorder level for the following 

situation such that all the relevant costs are minimized:

The demand for a shaft is given as follows:

I Quantity

1
1

1
1

1 1 1 1 
I I I !

| used 1 10 1 8 
1

7 1 6 
1

1 8 | 1 1 | t | 1 2  

1 1 1 1
9 1 6 1 4 1 7 |

I Month 1 J

1
1 F 

1 1

1
M | A

1

1 1 1 1 
1 M | J | J | A 

1 1 ! 1
S 1 o 1 N 1 D |

The shaft costs R5000

The cost of placing the order is R190

The inventory holding cosi is 302 of the ’.tern price (per annum),

The shaft lead time is 4 months.

The stockout cost is RIO 000

ANSWER

1. Calculate 0*

Using Q* ■

2 .

I ^xUxA 

' vxr

with D

A

v

r

8 /month (average of usage per year) 

R190/order 

R5000 

30% p.a.

hence 0 / T x  8 

V 0,3

x 12 x 190 4,93 units

.3 x 5000

E0Q for price breaks

N/A since no discounts .ire available

Optimum service level

k » 1 ( .i l < 100 ( <2jj k v x i x  i T )| *)1 

b F T  D x Cs

f»1900f>
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where

4.

5.

given k

a ■ 5.65

b - 2,49

v - R 5000

r - 30% per annum of V

LT 4 months

Q* -
4,93

D 8 pet month

cs
R10 000

 “
2,25

_JL

1
. I 5.65 - (lag*. 100 (2.?5xv000x0,3x1 ?x **x*l,93) ]

2,^9

2,24

2,49x8x10 000

and from standard normal deviation tables (Table 1), this gives 

(k) - 0,98745 

and hence a service level percentage of 98,7.

Safety stock

SS * k f + O  ĵ D 1

where k
■

2,24

m
2,25

LT
at

4

^ L

m 0

So SS
U

2,24 [2,25:

Re-order point

10,08 units

OP D x LT + SS

OP 8 x 4 + 10,08

01* 4 2 , 0 8  u n 1 t  s

6 1 9 0 0 6
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0* = 4,93 

SS = 10,09 

OP * 42,09

Q x v x r + s s x v x r  (holding cost)

2

*.93 x 5000 x 0,3 + 10,09 x 5000 x 0,3

2

3697,5 + 15120 

Cj « R18 817,5

So the holding cost per year is R18 817,50.

^2 “ D x 12 x A (ordering cost)

Q*

** 8 x 12 x 190

4, $3

C2 - R3 699,80

So the ordering costs per year are R3 699,80

C3 * 0 x P x Cs (sLockout costs)

0*

C 3 " 8 x 12 x (100 - 98,7) x 10 000

4,93 100

C 3 - R2 434

So the stockout costs are R2 434 per year.

TM*« gives the total cost of Cj + C 2 + C

R18817.50 + R3699,80 + R2434

R24 951,30

7. Sensitivity analysis

Q* “ ,93 ss » 10,09 OP *= 42,09

How, the KOQ can't be 4,93 so It should be either 4 or 5. From 

figure 1, where It is shown that the right hard s'lde of the EOQ 

curve is flatter, it would be wise to try 5. The sensitivity 

analysis will, however, give the optimum.

So try Q c 5.

Now

Cl

6. Costs

619006



Now calculate new k, using Q “ 5. 

gives k *= 2,24 and hence ss *= 10,08 ■ 10.
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rP  1----------r>m e n  j f
J a j GGG x 0,3 t ifl x 5000

Cl
R3750 + R 15 000

Cl
R18 750

C 2 - 8 x 12 x 190 

5

C2 s s
R3 648

C3

MX 8 x 12 x (0,0125) x 10 

5

C3

S3
R2 400

Total cost
ax

R24 789.

Next try 0 = 4
k =  2 , 24£ «  2,25, ss =  10,1

then Cj
s

4 x 

2
5000 x 0,3 + 10 x 5000 x

Cl

m
R3000 + R15000

Cl

s
RJ 8 000

'--2 m 8 x 
4

12 x 190

c 2 m
R4 560

C3

rx 8 x 12 x (0,0 1 2 2 ) x 10 000
4

c3 m
R2 928

Total Cost R25 488

Jo j we have

C 1 4

1 1 
4,93 | 5 | 

1 1

Cost (Total) | 25 488

1 1 
24 951 | 24 789 | 

1 1
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So try Q = 6 then k *  24, ss * 10

then Cj «  x 50C0 x 0,3 + 10 x 5000 x 0,3

2

Ci - R4500 + R 15 000 

Cj *= R19 500

C 2 * 8 x 12 x 190 

6

C2 - R3 040

C 3 - 8 x 12 x (100 - 98,75) x 10 000 

6 100

C3 » R2 000

Thus total cost * R24 54u 

Now try Q ■ 7 then k *■ 2,23 t 0

then Ci = R20 250

C? * R 2 605,71 

C3 R 1 765,,J

Total cost *> R24 620,70

So, now we have

C TOTAL

4,93

R25 488 | R24 951 R24 789 R24 540 R24 620

And as can be seen the minimum Cost occurs with Q = 6 and it is 
also better to order 7 than 5.

So our model is as follows:

Order a quantity Q* - 6 each time the reorder point = 42 is 

reached.

The SS = 10 and the service level is 98,72%.
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So try Q «= 6 then k *= 2,24, ss = 10

then Ci 6 x 5000 x 0,3 + 10 x 5000 x 0,3

2

Cj - R4500 + R 15 000

Cj - R19 500

C 2 “ 8 x 12 x 190 

6

C2 - R3 040

C-j = 8 x 12 x (100 - 98,75) x 10 000 

> 100

C3 = R2 000

Thus total cost « R24 540 

Now try Q = 7 then k = 2,23 ss *» 10

then Cj = R20 250

C2 R 2 605,71

C3 » R 1 765,03 

Total cost = R24 620,70

So, now we have

- 39 -

1 Q

1
4 | 4,93 

1

1 i 1 
5 1 6 | 7 | 

1 1 1

I C TOTAL

1
R25 488 | R24 951 

1

1 1 I

R24 789 | R24 540 | R2* 620 | 

1 1 !

And as can be ssen the minimum Cost occurs with Q «= 6 and it is 

also better to order 7 than 5.

So our model 1.8 as follows:

Order a quantitj Q* ■ 6 each time the reorder point = 42 is 

reached.

The SS » 10 and the service level is 98,72%.
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Please note the folloving:

The value used Cor D was simply the arithmetic mean for the 

year. Had a forecasting technique been used (such as with 

projection code I) more accurate results would have been 

obtained.

Ensure that all your units cancel ie. if the demand is par 

month and the holding cost is for the year, then you must 

correct for this.

The 1st Q* calculated (only taking the ordering and the 

holding costs into account) was not the final optimum value. 

The final optimum was reached once the load loss costs were 

added.

There was substantial standard deviation in the demand which 

we should have allowed for. This would have resulted in the 

following Q being calculated.

Compare this value with the optimum Q obtained in the 

sensitivity analysis.

Ensure that the costs calculated are lor the whole period. 

This does not have to be for a year, but this is usually 

found to be convenient.

Sensitivity analysis must be applied so that an optimum is 

reached.

The cost per order (A) varies with the type of order.

Once k has been calculated, another method of calculating 

the service level is:

if k •» 2.24, then this represents a service level of 

(100 - c (5 -65“2*A9xk)) - 98,92%.

This compares with the 98,75% of the other mi thod using tie 

normal tables.

The calculation of . This was done by the usual method -

most sclentif 1c/ntatistica1 calculators can do the 

calculation for you, but you need raw data. The data must be 

grouped into specific equal time periods.

0 - cfo J l t V  

b

+ !?■)■( T 8) (1?)( 190) 
(0,3) (5000)

1,807 + 3,26 + 24,32

7,058
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Using the "quick and dirty" approach (see Appendix 2) we get

0̂ ) ■ Max value - Min value

3

“ 12-4

3

= 2,67

Tills compares reasonably with the previously calculated 

value.
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8.2 Appendix B

(SPECIMEN PRINTOUT OF COMPUTER PROGRAMS)
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