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Comparative Analysis of Rework Policies in Multistage
Production System

Jaeseon Shin - Jooyun Han - Bongju Jeong

Department of Industrial & Information Engineering, Yonsei University, Seoul, 120-749

As the quality and environmental problems become one of the most concerned issues of company, the rework
policy needs to be efficiently designed and implemented to sustain the company’s competitiveness. This paper
examines three basic rework policies in multi-stage production systems and analyzes them in terms of costs of
setup, production, inspection, and inventory. For analyzing the performance of the rework policies, we propose
mathematical models which can compute total production cost and determine the optimal production batch size
to minimize the total production cost. The rework policies are classified by the number and location of
inspection stages. Using the mathematical models, we could analyze the performances of rework policies and
suggest the optimal rework policy according to each manufacturing environment. The analyses show that the
proposed model can be used to analytically evaluate and choose the rework policies.
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Figure 1. Sequence of processes in policy 1.
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Table 3. Parameters of each process that used in numerical example
1 2 3 4 5 6 7 8 9 10
SCj 4 1 3 1 3 2 2 3 3 2
Pj 56 56 57 58 59 60 60 61 64 64
PCj 10 13 9 18 8 14 19 10 4 20
RPj 70 70 71.25 725 73.75 75 75 76.25 80 80
ICj 10 8 11 9 8 9 8 8 9 8
lj 45 331 226 104 280 186 349 177 109 63
HC1j 0.0589 0.1711 0.1868 0.2733 0.6951 0.9829 1.1594 1.4347 1.5465 1.5529
HC2j 0.2256 0.2348 0.2796 0.3724 0.5695 0.6337 0.8934 0.9583 1.0656 1.1642
HC3j 0.0110 0.1018 0.1367 0.1706 0.1750 0.3529 0.3903 0.4030 0.9127 0.9773
Bj 0.0679 0.0429 0.0846 0.0322 0.0942 0.0877 0.0095 0.0913 0.0824 0.0652
FE ARSI 7 54 3] H—% U3 2ol SCj = [1, Table 4. Result of numerical example
51(8/ ), Pj = [55, 65](7N/ 217, RP; = Pi0.8 (}/A171), PCj = ‘ o0 T
[5, 15]($/A171), Ij= [90, 110](714/&7&), ICj = [8, 12]($/17H), HCL A1 TePQ) 5 015
= [0, 3:2])(§1A171) HC2; = [0, 2.4](§IA171), HC3: = [0, 2]($IA1 7, 3 ‘ 0 o
=[0,04),GP = 10(9) 3] 2 4] S sk 4 B TcPQ) 55372
S 3%E T <Table 3>JJr 2 SN AAEP) S @) m
Folle R 2 A= ik g o] AAEE 8191, FHke. 44 3 TCPQ) p—
245E ATEY —r7}7}><]7} AABZ DH*V*” A aLH]
E(HC) o] S7Ft=E A48t
o] 2x=2 7} welo] U9l et 754“ <Table 4>} 74T}, oly gt AHE 7HA| L LA 2E Yol A I EAJ o] A
<Table 4594 B ule} Zo] AA1 2 3o HA wyx B BT Hdhll ek el So] 7h5sh7] Wl A= Sis) +
=71 24z 1578, 1970, 147 o]tk A 39] Ao 74/\].» A= v 2 AR AS F e 0] YS aHske] /Al
Hol F7HE1E AAKF 194 9744 uko] Fe) Qodo) w TR AT H =5 E 5 Al
wate] F A4 g 2 @A H o] oS el H
A& Tttt o] Aol 24 O]“’ﬂ AR o] 3 42 A5 A3l & A3
7t W & HE 02 Aol 7sEE & AT BAE
A9 Lol S Al 24 3 542 FYsit 7MY

A7 wjx27)E 1470w, 9] AF 1A & /Kg}\}-t]]_g_ 3kt SC; = ($/HH A)), Pi= 60(7H/f‘17J) RPj= ( H/*VJ), PCi
Table 5. The result as the change of inspection cost

inspection policy 1 policy 2 policy 3 olic
cost Q* TCP Q* TCP Q* TCP p y

1 11 5.6537 11 7.7696 9 6.6387 1-3-2

2 11 5.7093 11 7.7752 9 6.6498 1-3-2

23 11 6.8760 11 7.8918 9 6.8831 1-3-2

24 11 6.9315 11 7.8974 9 6.8942 3-1-2

43 11 7.9871 11 8.0030 9 7.1053 3-1-2

44 11 8.0426 11 8.0085 9 7.1164 3-2-1

204 11 16.9315 11 8.8974 9 8.8942 3-2-1
205 11 16.9871 11 8.9030 9 8.9053 2-3-1




Comparative Analysis of Rework Policies in Multistage Production System 37

75 HC2i = 1($/A171), HC3i = 1($IA17Y), 4= 0.1 (10% B&8)=
shel 432 A A

4.2.1 7AA]E-<] W3}

9} 2o AN A HAA Lol WEE FS w), 7 A
ol A 9] H 4 HHXIEU]Q}H &9 tﬂﬁ} A Borth

<Table 5> IC ZE-& =
A WX 27)Q)s AE 17H“4 3 *g*PHl*‘l(TCP)% T3 A7}
Eolth

ICe] Mst= H A w2270l = F &S vA|A
o S nFth BRE T4 EAol 5
ong 7+ A AF NS F ALHL{TCP]S ICo gt
2102 o] 7bssith

TCPE ICo| thst 2] .2 A A&
+ 2 (22)% 2L o] EEHI, o] A9 gt lﬂE—t—
<Figure 6>} 2T},

<Figure 6>2] 1| Lo A & 4= o] AT HA &

Ad AAR &0 3 A5 Zlehe v, FHHE B EE
o] & 7] W&ol FAn] &3} ) arH]-go] 7HadHA Bk whebA
Ar S0l &4 5 A7) e E A 10] ¥ AFE
S & Qltkh =3 H A 13} G A 29] A 7Aoo A3
o] H 7 F7to] EAsHA o] H A 30] FA 13} G A 2 Alo]
oA HAAQ FA o7 AL Thses & 4 Tk
TCP(1) = 0.0556xIC+ 5.5982
TCP(2) = 0.0056xIC+ 7.7641 (22)
TCP(3) = 0.0111xIC+ 6.6276
422 F7gu)g2] W3}
2L 200 FAu Gl MatE TS wf 2 A H oA 9

A4 wj A 2719} vl-4-o] WES B4 Btk

<Table 6> 4] & 5= 91%0] PC o] Wishs A4 )X =27|Q)
e L v)N A L3 AE LNT F ALE(TCP) ol 7t
QL )Rk PAIG o) A$-oh vpAstAZ 7 A A

o] Z7+e u, H3) 1 AA 3, JA 2 Lo g ugo] hEA FE 1NE F ALHIL[TCP]S PCol| thet 2102 FdHo] 715
7)) A /\}u] ]94 Sy v gL HA AN A i)
ﬂ1¢°if3e“*Aﬁ+ﬂ”ﬁ of et 44 F4el  TCPE PCol Uldt Ao Hd F oA5AE Ut
o FolAE AAESTE Tha ] WRolth AASISTL Bol T A (23)9 2 o] £2ET, o 450 g Tz
TCP Ton
Policy 1 .
~ - Policy 3 Policy 2
',--'j:'_'_r_-._/_-——— Policy 2 ) Policy 3
=T B -_’_’__:'_-——— Policy 1
77641 |—  a
6.5760 i
5.5068
6.6276 P
a9704
5.5982
23.I|33 43..318 204.57 1C I"-l.;;-l(:l‘) _"8..87(15 PC

Figure 6. TCP for each policy according to inspection cost.

Table 6. The result as the change of production cost

Figure 7. TCP for each policy according to production cost.

production policy 1 policy 2 policy 3 policy
cost Q* TcP Q* TCP Q* TCP
1 11 6.7560 11 5.7603 9 5.1917 3-2-1
14 11 9.0960 11 9.0559 9 8.0682 3-2-1
15 11 9.2760 11 9.3094 9 8.2894 3-1-2
38 11 13.4160 11 15.1401 9 13.3786 3-1-2
39 11 13.5960 11 15.3936 9 13.5999 1-3-2
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Table 7. The result as the change of defect rate

defective rate policy 1 policy 2 policy 3 policy
Q* TCP Q* TCP Q* TCP
0.01 11 6.4573 15 5.9481 11 5.6812 3-2-1
0.02 11 6.4853 14 6.1875 11 5.8230 3-2-1
0.03 11 6.5133 14 6.5086 10 5.9589 3-2-1
0.04 11 6.5413 13 6.7055 10 6.0933 3-1-2
0.05 11 6.5693 13 6.9925 10 6.2270 3-1-2
0.06 11 6.5973 12 7.1384 10 6.3596 3-1-2
0.07 11 6.6253 12 7.3841 10 6.4905 3-1-2
0.08 11 6.6533 12 7.6154 9 6.6142 3-1-2
0.09 11 6.6813 12 7.8320 9 6.7332 1-3-2
0.1 11 6.7093 11 7.8752 9 6.8498 1-3-2
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Figure 10. Q™ for each policy according to setup cost.
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Figure 11. TCP for each policy according to setup cost.
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Table 8. The result as the change of setup cost

gk A an)-g- wistel] ©h2Q 9 TCPY] Wisks e 2 el

policy 1 policy 2 policy 3 .
setup cost policy
Q* TCP 0* TCP Q* TCP

1 11 6.3951 11 5.4039 9 4.9269 3-2-1
20 49 12.7052 51 145324 41 12.4186 3-1-2
40 70 16.0717 72 19.3774 59 16.4154 1-3-2
60 85 18.6548 89 23.1627 72 19.4823 1-3-2
80 98 20.8326 102 26.2520 83 22.0679 1-3-2
100 110 22.7510 114 29.0156 93 24.3460 1-3-2
120 121 24.4857 125 31.5256 102 26.4056 1-3-2
140 130 26.0807 135 33.8250 110 28.2994 1-3-2
160 139 27.5653 145 36.0181 117 30.0621 1-3-2
180 148 28.9598 153 37.9716 124 31.7178 1-3-2
200 156 30.2787 162 39.9286 131 33.2837 1-3-2

Table 9. The result as the change of inventory holding cost

inventory policy 1 policy 2 policy 3 .

holding cost Q* TCP Q* TCP Q* TCP policy
0.1 33 5.7778 36 4.4847 29 4.1644 3-2-1
0.5 15 7.2611 16 6.5435 13 5.8903 3-2-1
1 11 8.3760 11 8.0418 9 7.1831 3-2-1
2 7 9.9549 8 10.2740 6 9.0251 3-1-2
3 6 11.1511 7 12.1815 5 10.4227 3-1-2
4 5 12.1778 6 13.5879 5 11.6408 3-1-2
5 5 13.0778 5 14.5647 4 12.6408 3-1-2
10 3 16.6444 4 20.2158 3 16.7437 1-3-2
15 3 19.3444 3 23.4328 2 20.0771 1-3-2
20 2 21.7778 3 28.0839 2 22.5133 1-3-2
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