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In footwear manufacturing systems, the upper parts of the shoes are manually sewed on a sub-line while bottom
parts are produced by machines such as injection and molding machines on a sub-line before these two parts are
combined into complete shoes on a final assembly line. The manual operations for the upper parts lead to a large
variability in processing times, resulting in higher work-in-process inventory. In most footwear industries,
production lines have been controlled by MRP-based push systems. Some industries attempt to introduce
Kanban-based pull systems. This paper identifies the characteristics of the footwear manufacturing processes,
and discusses the problems of the current control systems. As an operational alternative, a CONWIP-based
control strategy is presented. Simulation experiments are performed to examine the performance of the control

strategies.
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Figure 2. Footwear Manufacturing Process of the Target Factory
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Table 1. Process name, production time and number of workers

Table 2. Probability Distribution of Sewing Process

No. Process # Workers No Distribution of process time Mean CV
1 |2 row stitch Tip to Vamp 1 1 15+LOGN(18.5, 29.4) 324 0.64
) Attach Eyestay lace loop and stitch Q’tr O’lay 1 2 19+LOGN(6.29, 7.39) 254 0.30

Med/Lat to upper 3| 18+GAMM(4.18, 1.7) 25.1 | 0.26
3 Insert Eyestay lace loop and stitch Q’tr O’lay i 4A | 48+LOGN(31.4, 52.3) 77.0 0.47
Med/Lat to upper
4B | NORM(78.5, 15.7) 78.5 0.20
4 | Stitch Q’tr O’lay window to upper 1 2
5A | 30+LOGN(24.5, 52.9) 56.3 0.75
5 | Stitch Q’tr O’lay window to upper 2 2
5B | 35+GAMM(66.8, 0.825) 90.12 | 0.65
6 |Stitch Q’tr O’lay window to upper 3 2
6A | 36tLOGN(29.5, 55.1) 60.83 0.42
7 | Stitch Collar lining t 3
To7 LoTar Tmmg b upper 6B | 36+GAMM(47.5, 0.81) 7451 | 0.54
8 |Stitch Collar lining both sid 1
fel ToTal ming Dot sie 7A | 65.5+WEIB(28, 1.61) 90.70 | 0.18
9 | Zigzag Collar in to out 1
7B | 55.5+73xBETA(0.826, 2.08) 7627 | 0.22
10 | Zigzag stitch Foxing to Upper 2
7C | 55.5+WEIB(16.5, 1.48) 70.47 | 0.14
11 | Stitch middle line of zigzag 1
8 19+32xBETA(0.519, 2.71) 24.14 0.24
12 | Hotmelt spray to tail of Vamp lining 1
9 28.5+GAMM(11.1, 1.22) 42.00 0.27
13 | Stitch Q’tr O’lay t dge t 2
iteh Q'tr O7lay top edge to upper 10A | 40.5+47xBETA(0.945, 1.44) 59.10 | 021
14 | Stitch Q’tr O’lay t dge to t 2
iteh Qtr O'lay top edge to top 10B | 36.5+GAMM(8.77, 1.5) 4963 | 021
15 | Stitch Counter to upper backside 1
11 | 32.5+GAMM(10.6, 1.24) 45.60 | 0.30
16 | Apply HMT backsid 1
PPy Spray On upper backside 12| 20.5+WEIB(6.18, 1.53) 2607 | 0.15
17 | Collar foam and then attach it 1
13A | 33.5+LOGN(21, 33.4) 52.13 | 0.32
Apply HTM Collar lining both side and
18 | PPV Spray on LoTiat g ot Sice an 1 13B | NORM(44.4, 16.1) 4673 | 034
Collar foam & Turn over
. 14A | 24.5+WEIB(19, 1.33) 42.00 | 032
19 | Hammering 1
14B | 33+WEIB(26.8, 1.18 58.35 | 0.36
20 | Stitch upper bottom 1 (263, )
21 | Punching holes 1D 1 15 | NORM(25.3, 5.35) 2531 | 0.21
16 | 18+LOGN(8.88, 11.2 26.74 | 0.35

22 | Stitch Tongue to upper 1 ( )

1 18+18xBETA(I. 1. 2431 1

23 | Cleaning shoe lace 1 7 BHi8x (1.06, 1.56) 3 0.18

+

24 | Insert shoe lace ) 18 18+18xBETA(1.24, 2.24) 24.40 0.17
19 | NORM(30.3, 10.9) 30.26 | 0.37
3.2 Stitching A }\]711._3_/_\_4' 20 16+ERLA(2.84, 3) 2451 0.21
; N » o bl ] 21 | 19+24xBETA(1.05, 1.37) 29.40 | 0.22

B ERo 72 587 3 M AYCE UA AR
el A TE T 4 R 174183 22 | 20+LOGN(13.2, 18.8) 3333 | 0.70
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Wl B4 BAR) SAste] A8 AR AY A0 o | TIODHACS, 159 ol Bl
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Table 4. Performance of Kanban-based Pull system

# Kanban Production rate(day) WIP
1 619.2 333
2 629.5 43.1
3 630.7 53.4
4 630.8 63.6
5 630.8 73.9
6 631.3 83.5
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