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Arked Wstel] & 2% Material Flow Control A8/

Material flow control (MFC) is a kind of operational policy to control of the movement of raw materials, components, and
products through the manufacturing lines. It is very important because it varies throughput, line cycle time, and work-in-process
(WIP) under the same manufacturing environments. MFC can be largely categorized into three types such as Push, Pull, and
Hybrid. In this paper, we set various manufacturing environments to compare five existing MFC mechanisms: Push, Pull, and
Hybrid (CONWIP, Gated MaxWIP, Critical WIP Loops, etc). Three manufacturing environments, manufacturing policies (make
to stock and make to order), demand (low, medium, high), and line balancing (balanced, unbalanced, and highly unbalanced)
are considered. The MFCs are compared in the point of the five functional efficiencies and the proposed compounded efficiency.
The simulation results shows that the Push is superior in the functional efficiency and GMWIP is superior in the compounded
efficiency.
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<Table 1> Experiment Conditions

Experimental
conditions

Options

Comments

Inter-arrival time
distribution of parts
and demand

Exponential(0.6)
Exponential(0.8)
Exponential(1.0)

The number of
machine in
manufacturing line(n)

10

Machine processing
Time

Exponential(1.0)

Processing time(¢,)
at the Machine 6

Exponential(1.0)
Exponential(1/1.2)
Exponential(1/1.4)

Applied to unbalanced
manufacturing line

Buffer size at the

Pull system 24,6810
2n, 4n, 6n, Maximum allowable WIP
MaxWiP 8n, 10n size at the Hybrid systems
Pace machine rate at | 0.5, 0.75, 1.0,
GMWIP 1.25, 1.5
The buffer size of the last
WIPparameter 5, 10, 15, 20 machine at CWIPL
Simulation time 10000
Warm-up time 2000
Repetition(r) 5
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<Table 2> Efficiency Weighting of Each Scenario

Type Efficiency wm | w wno | wer | w
Demand v “‘ 0’ o
Low 02 | 02 | 03 | 0.l 0.2
MTS Medium 03 | 02 | 02 | 0l 0.2
High 04 | 02 | 0.1 0.1 0.2
Low 02 | 0.1 03 | 02 | 02
MTO Medium 0.2 0.1 0.2 0.3 0.2
High 02 | 0.1 0.1 04 | 02
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<Table 3> Ag]s}dtt. <Table 3>0] #AAE A

A

<Table 3> Efficiency of Balanced Production Line in MTS

Demand MEFC Em | Ey | Envy | Bor | Ecs E;
Push  [0.6529 | 0.6444 | 0.7327 [ 0.7015 | 0.6463 | 0.6787

Low Pull | 0.6286|0.6239|0.7172|0.4748 | 0.6408 | 0.6413

Exp CONWIP |0.6414 {0.6370 | 0.6392 | 0.5953 | 0.6354 | 0.6341

(0.6) GMWIP [0.6467 |0.6457 | 1.0000 | 0.4827 | 0.6359 | 0.7339

CWIPL |0.6392|0.6318|0.8266 | 0.6002 | 0.6836 | 0.6989

Push  |0.6570 |0.6577 | 0.6302 [0.4718 | 0.6536 | 0.6326

Medium Pull | 0.6344|0.6368 | 0.5804 | 0.3863 | 0.6478 | 0.6020
Exp CONWIP |0.6374 |0.6443 | 0.5385 | 0.3601 | 0.6259 | 0.5890

(0.8) GMWIP [0.6354 |0.6394|0.7064 | 0.3947 | 0.6218 | 0.6236

CWIPL |0.6238|0.6260|0.5230|0.3893 | 0.6380 | 0.5835

Push | 0.5744 (0.5859 | 0.41430.2792 | 0.5847 | 0.5332

High Pull  |0.4408 |0.4404 |0.3700 | 0.4200 | 0.4529 | 0.4340

Exp CONWIP |0.5299{0.5329 {0.3867 | 0.3512{0.5137 | 0.4950

(1.0) GMWIP [0.5320]0.5352(0.3942|0.3490 [ 0.5166 | 0.4975

CWIPL |0.4920{0.4968 |0.3794|0.3778 | 0.5045 | 0.4728
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<Table 4> Efficiency of Balanced Production Line in MTO

Demand MEFC Em | By | Ezvy | EBor | Ecs E;

Push  |0.6529 | 0.6444 |0.7327 | 0.7015 | 0.6463 | 0.6844
Low Pull 0.6286 | 0.6239 |0.71720.4748 | 0.6408 | 0.6264
Exp CONWIP |0.6414|0.6370|0.6392 | 0.5953 | 0.6354 | 0.6299
(0.6) GMWIP |0.6449 10.6366 |0.9616 | 0.6182 | 0.6309 | 0.7309
CWIPL |0.6392{0.6318|0.8266 |0.6002 | 0.6836 | 0.6958

Push  [0.6570 [0.6577 |0.6302 [0.4718 | 0.6536 | 0.5954
Medium | py {06172 0.6185 | 0.5809 |0.4332 | 0.6303 | 0.5575
Exp | -CONWIP |0.6132]0.6103 05213 |0.4669 06053 |0.5491
(0.8) | GMWIP |0.6354]0.6394 |0.7064 | 0.3947 | 0.6218 | 0.5751
CWIPL |0.6076 | 0.6025 | 0.4553 | 0.4682 | 0.6208 | 0.5375

Push  0.5744 [0.5859 [0.4143|0.2792 | 0.5847 | 0.4435
High Pull  |0.4408|0.4404 | 0.3700 | 0.4200 | 0.4529 | 0.4278
CONWIP |0.512910.5148 | 0.3846 | 0.3742 | 0.5002 | 0.4422
(1.0) GMWIP |0.5320]0.5352{0.3942|0.3490 | 0.5166 | 0.4422
CWIPL |0.4694|0.4709|0.3746 |0.4116 | 0.4818 | 0.4394
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<Table 5> Efficiency of Unbalanced Production Line in

MTS t; =Exp(1/1.2)

Demand MEFC Eqpy Ey | Env | Eor | Ees E;
Push  [0.6869 (0.6792 |0.6792 |0.7081 | 0.6583 | 0.6795

Low Pull  [0.6546|0.6487 [0.9327 | 0.5235 | 0.6546 | 0.7237

Exp CONWIP |0.6782|0.6879 |0.8371 |0.3883 | 0.6788 | 0.6989

(0.6) GMWIP |0.6700 | 0.6655 |0.8356 |0.6263 | 0.6709 | 0.7146

CWIPL |0.6800|0.6787 |0.9426 |0.4504 | 0.6806 | 0.7357

Push  |0.6806 |0.6790 |0.6789 [ 0.3988 [ 0.6740 | 0.6504

Medium Pull  [0.6363|0.6363 |0.4660 | 0.3888 | 0.6385 | 0.5779
Exp CONWIP |0.6584|0.6670|0.6592 {0.3618 | 0.6639 | 0.6317

(0.8) GMWIP |0.6656 0.6810{0.5716 |0.3390 | 0.6674 | 0.6176

CWIPL |0.6424{0.6411|0.5199|0.3709 | 0.6444 | 0.5909

Push  {0.455810.5398 {0.3775 [ 0.2410 | 0.4550 | 0.4431

High Pull  [0.4069 | 0.4056 | 0.3660 | 0.4164 | 0.4056 | 0.4032

Exp CONWIP |0.4601 | 0.4600 | 0.3720 | 0.3638 | 0.4594 | 0.4415

(1.0) GMWIP [0.4566 |0.4622 |0.3716 {0.3378 | 0.4561 | 0.4372

CWIPL |0.4539{0.4515|0.3703 |0.3639 | 0.4530 | 0.4359

<Table 6> Efficiency of Unbalanced Production Line in

MTO ¢; =Exp(1/1.2)

Demand MFC EFm | Ey | Eny | Eor | Ees By
Push  [0.6869|0.6792 [0.67920.7081 | 0.6583 | 0.6823

Low Pull  |0.6546(0.6487 |0.9327 [0.5235 | 0.6546|0.7112
Exp CONWIP |0.6628 [0.6592(0.7325|0.6191 | 0.6625 | 0.6745
(0.6) GMWIP [0.6696 | 0.6651 {1.0000 | 0.4329 | 0.6653 {0.7201
CWIPL {0.6800|0.6787 {0.9426 | 0.4504 | 0.6806 | 0.7129

Push  |0.6806(0.6790 |0.6789 | 0.3988 | 0.6740 | 0.5942

Medium Pull  [0.6363]0.6363|0.4660 | 0.3888 | 0.6385 | 0.5284
Exp CONWIP |0.6584 |0.6670 | 0.6592 | 0.3618 | 0.6639 | 0.5715
(0.8) GMWIP [0.6567|0.6616 [0.5226 | 0.4065 | 0.6580 | 0.5555
CWIPL |0.6171|0.6158|0.4654 {0.4732{0.6193 | 0.5439

Push  |0.4558|0.5398 [ 0.3775 |0.2410|0.4550 | 0.3703

High Pull 0.4069 |0.4056 | 0.3660 | 0.4164 | 0.4056 | 0.4062
Exp CONWIP |0.3889 [0.3865(0.3647|0.4783 |0.3872|0.4217
(1.0) GMWIP |0.3460|0.3409 {0.3613 0.5552 | 0.3431 {0.4301
CWIPL |0.3889|0.3862 |0.3642|0.4791 | 0.3875 | 0.4220
=3 ety 2] pushe] AEBEEA ] B
MFCel i3} Aejd $91% Roli X g o &
Ack B ALl A WEE 4] Machine 67}
At o]z ekl WEEA kel WIPO] F7tetal
AEFL WA HE P ofEaA Al WETH
ko] WP WEFH JHEES fAE & gl AR
of FEU fARTY AEFl WrE JFe FA
Feth v WEEde g8 a8 9% =1 7t
TE AEANS ATes T 4F s 2ed
Zpol 7} - At} of= AdH| 7} Ak el whe} ThEso] €
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<Table 7> Efficiency of Unbalanced Production Line in
MTS ¢, =Exp(1/1.4)

<Table 9> Efficiency Comparison by Material Flow Control
Methods

Demand MEFC Em | Ey | Envy | Ear | Ecs Er
Push  [0.63250.6233{0.7523 [0.5777 | 0.6185 | 0.6583

Low Pull  |0.6248]0.6300 | 0.8635]0.3354|0.6241 | 0.6684

Exp CONWIP |0.6240|0.6292 |10.9230|0.3615 | 0.6233 | 0.6883

(0.6) GMWIP [0.6079 | 0.6064 |1.0000 |0.3794 | 0.6070 | 0.7022

CWIPL [0.6108 [0.6064 [0.89360.395210.6104 | 0.6731

Push  [0.4924 0.5544 |0.3466 | 0.1799 | 0.4929 | 0.4445

Medium Pull  |0.4905|0.4887 |0.3378]0.3261|0.4916|0.4434
Exp CONWIP |0.4959|0.4941|0.3349{0.3914 | 0.4968 | 0.4531

(0.8) GMWIP [0.4988 [0.4935{0.3390 | 0.3996 | 0.4997 | 0.4560

CWIPL |0.4947{0.492210.3339|0.3906 | 0.4955|0.4518

Push  [0.2755]0.4285(0.3077 [ 0.1699 | 0.2758 | 0.2988

High Pull | 0.2605|0.2607 {0.2990 | 0.3256 | 0.2604 | 0.2709

Exp CONWIP |0.2811(0.2799 [0.3000 | 0.3175 | 0.2812 | 0.2864

(1.0) GMWIP [0.2839 {0.2850 {0.3002 | 0.3182 [ 0.2843 | 0.2892

CWIPL |0.2763{0.2797|0.2998 | 0.3139 | 0.2766 | 0.2831

<Table 8> Efficiency of Unbalanced Production Line in
MTO ¢, =Exp(1/1.4)

Demand MEFC Em Ey | Eny | Eor | Ecs Ep
Push  [0.63250.6233 |0.7523 |0.5777 | 0.6185 | 0.6538

Low Pull 0.6248 {0.6300 | 0.8635 [0.3354 | 0.6241 | 0.6389

Exp CONWIP |0.6070 {0.5997 | 0.6886 | 0.5498 | 0.6070 | 0.6193

0.6) GMWIP [0.6079 | 0.6064 |1.0000 |0.3794 | 0.6070 | 0.6795

CWIPL [0.6108|0.6064 [0.89360.3952|0.6104 | 0.6520

Push  |0.4924 |0.5544 |0.3466 | 0.1799 | 0.4929 | 0.3758

Medium Pull 0.4905{0.48870.3378 [ 0.3261 | 0.4916 | 0.4107

CONWIP |0.49590.49410.3349|0.3914 | 0.4968 | 0.4323

Exp
(0.8) GMWIP |0.498810.4935(0.3390 {0.3996 | 0.4997 | 0.4367
CWIPL |0.4947(0.4922 [0.3339{0.3906 | 0.4955]0.4312
Push 0.275510.4285 (0.3077 [0.1699 [ 0.2758 | 0.2518
High Pull 0.168010.1630 [0.2954 {0.4919{0.1672 | 0.3096
Exp CONWIP [0.1810]0.178410.2978 |10.5719 | 0.1800 | 0.3486
(1.0) GMWIP [0.180310.1774 {0.2960 [ 0.5875 | 0.1798 | 0.3543
CWIPL [0.1820(0.1794 [0.2961 [0.5716 | 0.1816 | 0.3489
A o] FojA Y HWEFA AsksEo] o6 &
g Aol A7E zhE=thE ouoltt 1y 1489
AE HEFAHY] AiteEo] FanT Jong WEy
A o] wipe] 543| F71ekAl €t Push= HE374
AFAHANME FYoll e} AYrbsd s BF Agsinz
Ve EC] wolAal HETAY o)Fe HEIHoRE HH
o] Wipo] 9&alx] omz Ayt FAE 7MEES
ZEA ok weba] dA Aatele] Ths o] =olA Al
a1l 9hA Alo]FERSloly Alal &S YolA A €
o}, Pullolyt E3HH2] o] MFC+ WIPO] thak 47} o]

MFC Emy Ey Eny | Eor Ees Er
Push  0.5676 |0.5991 | 0.5466 | 0.4142 [ 0.5621 | 0.5577
Pull  {0.5308|0.5301 |0.5481]0.3997{0.5351|0.5294
CONWIP |0.5563 0.5591 [0.5545|0.3879 | 0.5532 | 0.5464
GMWIP [0.5552]0.5571{0.6132{0.4030 |0.5511 |0.5635
CWIPL ]0.5459 0.5449 |0.5655 | 0.4058 | 0.5541 | 0.5473
Push  [0.5676 | 0.5991 | 0.5466 | 0.4142 [ 0.5621 | 0.5168
Pull  |0.5186]0.51720.5477|0.4233|0.5228 | 0.5130
CONWIP |0.5291 {0.5274 10.5136 | 0.4899 | 0.5265 | 0.5210
GMWIP [0.5302]0.5285|0.6201 | 0.4581 | 0.5247 | 0.5472
CWIPL |0.5211{0.5182]0.5503|0.4711{0.5290|0.5315
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<Table 10> Efficiency Comparison by Demand

Demand MFC Eqy Ey | Eny | Eor | Egs E;
Push  [0.6574 | 0.6490 | 0.7214 | 0.6624 | 0.6410 | 0.6728

Low Pull | 0.6360 |0.6342 [0.8378 | 0.4446 | 0.6398 | 0.6683

Exp CONWIP |0.6425[0.6417 [ 0.7433|0.5182 | 0.6404 | 0.6575

(0.6) GMWIP [0.6412|0.6376 |0.9662 | 0.4865 | 0.6362 | 0.7135

CWIPL ]0.6433{0.6390 |0.8876|0.4819 | 0.6582 | 0.6947

Push  0.6100 |0.6304 {0.5519 |0.3502 [ 0.6068 | 0.5488

Medium Pull 0.584210.5842 0.4615 0.37490.5897 | 0.5200

CONWIP |0.593210.5961|0.5080|0.3889 | 0.5921|0.5378

(FBX;)) GMWIP [0.598510.6014 |0.5308 | 0.3890 [ 0.5947 | 0.5441
CWIPL |0.5801{0.5783|0.4386|0.4138 | 0.5856|0.5231
Push  0.435210.5181 |0.3665 | 0.2300 [ 0.4385 | 0.3901
High Pull | 0.3540|0.3526 |0.3444 | 0.4151 | 0.3574 | 0.3753
Exp CONWIP {0.3923{0.3921|0.3510 | 0.4095 | 0.3870 | 0.4059
(1.0) GMWIP [0.388510.3893{0.3529 |0.4161 |0.3828 | 0.4084

CWIPL ]0.3771]0.3774 {0.3474|0.4197 | 0.3808 | 0.4004

<Table 11> Efficiency Comparison by Line Balancing

Line type | MFC Ey | Ey | Ewy | Eop | Ees | Er

Push  [0.6281[0.6293 | 0.5924 | 0.4842 [ 0.6282 | 0.5946

Pull 0.5651{0.5640 | 0.5560 | 0.43490.5776 | 0.5482

balanced | CONWIP |0.5960 | 0.5961 [0.5183 |0.4572 | 0.5860 | 0.5566

GMWIP [0.6044 |0.6053 |0.6938 | 0.4314 | 0.5906 | 0.6005

CWIPL |0.5785{0.5766 |0.5643 | 0.4746|0.6021 | 0.5713

Push  |0.6078 |0.6327 | 0.5785 | 0.4493 | 0.5958 | 0.5700

Pull | 0.5659 |0.5635 | 0.5882 | 0.4429 | 0.5662 | 0.5584

moderately

CONWIP |0.5845(0.5879 |0.6041 | 0.4289 | 0.5860 | 0.5733
unbalanced

GMWIP [0.577410.5794 |0.6105 | 0.4496 | 0.5768 | 0.5792

CWIPL ]0.5771{0.5753|0.6008 | 0.4313 |0.5776 | 0.5736

Push  |0.4668 | 0.5354 {0.4689 | 0.3092 | 0.4624 | 0.4472

Pull 0.443210.4435(0.4995 [ 0.3568 | 0.4432 | 0.4570

seriously I7c\wip 04475 [0.4459 |0.4799 | 04306 | 0.4475 | 0.4713
unbalanced
GMWIP |0.4463 |0.4437 [0.5457 | 0.4106 | 0.4463 | 0.4863
CWIPL [0.4449 | 0.4427 |0.5085 | 0.4095 | 0.4450 | 0.4734

<Table 12> Efficiency Comparison by MFC Mechanism

MFC By By, Epny Eqr Eq E,

Push 0.5676 | 0.5991 | 0.5466 | 0.4142 | 0.5621 | 0.5373

Pull 0.5247 | 0.5237 | 0.5479 | 0.4115 | 0.5290 | 0.5212
CONWIP| 0.5427 | 0.5433 | 0.5341 | 0.4389 | 0.5398 | 0.5337
GMWIP | 0.5427 | 0.5428 | 0.6167 | 0.4305 | 0.5379 | 0.5553
CWIPL | 0.5335 | 0.5316 | 0.5579 | 0.4385 | 0.5415 | 0.5394
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