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A Study on the Optimal Design of Production Flow Line
with Buffer Storage
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Abstract

In this paper, we present the effect of buffer storage capacity in two-stage transfer lines in such

a way as to introduce the production rate to be reduced which is called a Slowed Down(SD)

state.

A Markov model is used to establish a formulation for the analysis of the delays associated

with the stage to be starved or blocked.

Operating policies are proposed by analyzing the effect of the decision variables such as the

production rates. the failure rates, buffer capacities and SD rates through computer simulation

experiments.
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Figure-1. Application Characteristics of the Transfer Line System
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Figure-2. (4N+6) possible States of a Two-stage Line with a Buffer Capacity of N considering a Slowed Down.
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Figure-4. Production rate curve with Slowed down Figure-5. Forced down rate curve with Siowed down
(A= 1,=1/10. #,=#,=1/10) (1,= 43=1710, A =t =1/10)
Table-3. Comparison of blocking rate and starving rate when A,=2A,=1/10, ¥ ,=1,=1/10,
N\FD 1 . 83 . T4 . 625
B .24 100 % . 20 BE . 14 8% . 18 BE*
1 S . 36 100 % . 34 94 % . 43 119% A 5%
T . 60 100 % . 54 D % . 57 95 % . 45 5%
B . % 100% . 19 3% . 13 0% .12 46%
2 S .27 100 % .31 15% . 36 133% 3 13T %
T . 53 100 ¥ . 50 U % . 49 2% . 49 2%
B- . A4 100 % . 17 0% .12 50% . 10 L%
3 S . A 100 % . 28 116 % .31 129% . 35 146 %
T . 48 100 ¥ ) ] . 43 0% . 45 Ux
B . A 100 ¥ . 16 67 % .13 4% . 08 BX¥
4 S .21 100 . 2% 124 % A 129% . 37 176 %
T . 45 100% 42 53 % . 40 - 89% . 45 100 %
B . 23 100 ¥ 14 61 % . 12 52% . 07 %
5 S . X 100% a2 105 % . 26 130 % . 3B 175%
T . 43 100 % . 35 81 % . 38 89 % . 42 98 %

SD ; Slowed down rate scycle

N ; buffer capacity B
S ; starving rate, cycle T
E 3

FD ; forced down rate /cycle
; blocking rate /cycle

; total FD rate /cycle

; fraction of B when SD = 0.625 (0.18.70.24 X 100 = 75)
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Table-4. Comparison of each optimal policy N butler caprere
decreasing decreasing optimal e ——r- S V=3
a - gt — =g\~
N rate of P (%) | rate of FD(%) {SD rate - gQSS Eiié
1 37.9 25 0.625 = ¥=t
2 13.9 7.5 0. 625 , -
3 6.5 10.4 0.714 f
4 6.3 11. 1 0.714 ok
5 5.9 18.6 0.833
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Table-5. Comparison of blocking rate and starving rate when A,=1/10, A,=1/100, Hy=U,=1/10.

F SD 1 . 833 . 714 . 625
B . 05 100 % . 05 10 % . 06 120 %* 03 0%
1 S . 54 100 % . 53 98 % . 49 9 % . 54 100 ¥
T . 59 100 % . 58 98 % . 55 93 % 57 7%
B . 04 100 % . 05 125 % . 05 125 % 03 ™%
2 S . 52 100 % .51 98 % . 49 94 % 53 102 %
T . 56 100 % . 56 100 % .4 96 % ] 100 %
B . 4 100 % .4 100 % . 05 A % . 02 50 %
3 S . 52 100 % . 51 B B . 47 0 % . 53 102 %
T . 56 100 % . 55 BB . 52 93 % . 55 BF
B . 03 100 % . 04 133 % . 04 1B % . 02 67%
4 S . 52 100 % . bl 98 % . 47 0 % . 52 100 %
T . 55 100 % . 55 100 % . 51 3% . 54 98 %
B . 03 100 % . 03 100 % . 04 133 % . 01 BE -
5 5 . 51 100 % . 50 B . 46 90 % . 52 12 %
T . 54 10 % . 53 98 % . 50 93 % . 53 98 %
SD ; slowed down rate /cycle FD; forced down rate /cycie
N ; buffer capacity S ; starving rate /cycle

B ; blocking rate cycle

T ; total FD rate,/cycle

* ; fraction of B when SD = 0. 714 (0.06,70.05 X 100 = 120)
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Table-6. Comparison of each optimai policy g

decreasing decreasing optimal

N\ |rate of P (%) | rate of FD (%) | SD rate y ‘1 - 4 -4 <

1 1 2 6 8 0. 714 Figure-8. (P;n::::x/i:;go "at:z:ulr;yl.o‘wm.”l -s‘cr::al/::;m .

2 1.2 5.4 0.714 50 =5

3 1 2 7 1 0 714 ‘o N : buifer capacity

4 1.2 7.3 0.714 33 \

N=5
5 L2 7.4 0ome \ \
P ; production rate /cycle 2L XO
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Table-7. Comparison of blocking rate and starving rate when A,=1/100, A,=1/10, H,=HU,=1/10.

NN\_F D 1 . 833 . T4 . 625
B8 .51 100 % . L2 82 %* . A 67 % 30 59 %
1 S . 08 10 .M 50 % . 06 5% 06 75 %
T . 59 | 100 % . 46 8 % .40 68 % . ¥ 61 %
3 LS 10 | . dd 6w | .M 67% | .40 59 %
2 S . 03 100 % . 02 671 % .02 67T % . 04 1B %
T . A 100 ¥ . 46 8B % . 36 67 % . 34 63 %
B. . 581 100 % . 43 84 % . 35 69 % 30 59 %
3 S . 02 100 ¥ . 02 100 % .02 100 % 04 200 %
T . 53 100 % . 45 8% % . 37 0% 34 64 %
B .51 100 % . 43 4% .35 69 % . 29 5T %
4 S . 02 100 % . 02 100 % . 02 100 % . 03 150 %
T . 53 100 % . 45 85 % . 37 0% . 3R 60 %
B . 50 100 & . 42 84 % .35 0 % .29 58 %
5 S . 01 100 & .01 100 % . 01 100 % 03 300 %
T . 51 100 % . 43 84 % . 36 0% .32 63 %
SD : slowed down rate /cycle FD; forced down rate cycle
N ; buffer capacity S ; starving rate /cycle
B ; blocking rate cycle T ; total FD rate cycle
x ;fraction of B when SD = (.833(0.42.70.51 X 100 =82)
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Table-8. Comparison of optimal policy

SD decreasing decreasing
rate | rate of P (%) rate of FD (%)
. 833 2.2 22%
11.714 4.1 32.2
. 625 5.5 39
. B3R 2.3 14.8
2 . T14 3.4 33.3
. 625 5.7 37
. 833 2.3 15.1
3 (.74 3.4 32.1
. 625 5.7 35.8
. 833 2.3 15.1
4 |.7M4 34 32.1
. 625 5.7 3.6
. 833 2.5 15.7
5 1.714 3.8 20. 4
. 625 5.0 37.9

P ; production rate,/cycle

Forced down rate at tull production rate-Forced
down rate at Slowed down rate

Forced down rate at full production rate
= (.59 — .49)/.59 x 100 = 22
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