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An Experimental Study of U-curve

Student: Hung-Pin Liao Advisor: Dr. Rong-Kwei Li

Dr. Wen-Lea Pearn

Department of Industrial Engineering and Management College of

Management National Chiao Tung University

Abstract

U-curve is the management thought from Dr. Goldratt practical experience.
U-curve is a graph with extreme left and right sides, and it means the effect of the
time buffer and the management attention. Dr. Goldratt recommended buffer time
from the both side move to the middle of U-curve, and manager could reduce the
input of effort and time to manage the production line. However, the view of Dr.
Goldratt is correct? First, this study is about to go to verify if the management
attention is high at both ends of the U-curve. Then, this study is to verify the adequate
area of U-curve, and to understand the adjustment of buffer is appropriate. There is no
relevant literature to explore the U-curve, so the study to explore U-curve by job shop
game and by observation and recording the management attention. In this study, there
are 24 data of machine tool research project and 11 groups of job shop game to verify

U-curve, and there are three case studies of TOC to support the results of this study.

Keywords: Time buffer , Management attention, U-curve , Theory of constraints
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BGame3ERF A F LR d Tiofx v L iFirGame3E 2 F > Game 2 -

Game 1 £ Bt £ BB (U AW Mt sh)end & (P iR A BT 115
Il F]5 Gamel dhit 2 S F - Game2:# 4 > ¥ Game2 £ Game 3 i1 & ¥
ES SRR N Hed A EREFE U AW MLt T ELZEBH-
ARy FI| 2 e B R Feare Sk o
4.2.2 EJE(NP)rhL 47

4o 8 #77 » t 59g kg ¥k 2 T p=0.42773>0.05 > #t12 Do not reject
Ho 1P, =R, chiggk » Flt AT T g 1 & 5% kg 5 k&~ » Game 1 7% )
B Game 2 e B & B F AR od T 35%cw W1 o Game 2 & B B 3t Game

1o @ g B 5 B pER ek 7 0L I S s IR ak ko

% 8 Gamel £ Game2 2 4B T

T-test for Dependent Samples (Spreadshests)
Marked differences are significant at p < 05000

Mean | StdDv. | M DIiff. Std. Dy, t df B
Yariable Diff.

Game1 (51750001 105.0259
GameZ |B35.83533 BY.5745)24) -18.3333 111.2446 0807362 23 0427729
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423 ¥l &E % (WIP)ihA 45

4od 9 ¥7 0 b B9GePRE K2 T 5 p=0.00001<0.05 » # 1 reject
Ho P, =P Bk » FIt 273 T &% ¢ 5% ¥ -kET > Gamel ch i
FREGE Game2 WS E T EEFALAL > 4 Ty B Game2 Bl &
BB ¥ < Game 1 -

% 9 Gamel ¥ Game?2 z Ll 5B 5 T

T-test for Dependent Samples (Spreadsheets)
MWarked differences are significant at p < 05000

Mean Std.Dw. | M Diiff. Std. Do, t df
Oiff.

Game1 [5.9535350 1 466357
GameZ | 6908335 0.375229)( 24 2 075000 1.567954 | 5453217 |23 0.000001

“ariable

4o 10 #75r » A 59k F ke 2 T p=0.91634<0.05 > #7142 Do not

reject H,:P, =R, ik » FV A 3 % - e 5% kg ¥k %7 > Game 2

Al EEGE Game 3 Al SR EE F AR d Tiofcv 28 Game 2

B 3 3 Game 3 o

+

% 107 Game 2 &2 Game 3 2. ¥ ¥_

T-test for Dependent Samples (Spreadsheetd)
MWarked differences are significant at p < 05000

Mean Std.Dw. | M Diff. Sitd. Do, t df
“ariable Diff.

Game2 [5.90853310.3752.9
Same3 | 6916667 0.116718|(24) -0.003333 0.384387 -0.106208 23 0916339

"]L,,“\uFmJ-% IV

Tk K i L o

A A G iy 7O AT ﬁfr@;—.’: BOPER A- F#&;;,T};? E DR EF e L h

U-curve 3 &33 cFvk T % 3 o
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w2 =X
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é

A" B ot 2006~2008 i 4 & 43R4 Bl& S 40~ 4531 B o W@ PRt AT E

By A% (530~45%) ~HERERE (H30~45x 2 5) ~ FHESF (5

5.8~ ) ~ 4 A4 & 57 vadg » ¥ 2008 £ 9 T F4sr sV E 2 TOC -
NP A AR S TR A NG 57 % > eH 4 A % R ArE 30~45

X223 > 1@ 5,;\1{1ﬁ¢«uqujﬁﬁ4%$?ﬂi% it ARE on 8

1 EiE- £ TOCH~ » ¢ SDBRA A k5 TOC M (4 H2 B H)
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30 = up

W 5 B

432 3 HZH=- ! FRECPHERETIE
FAFAFEDIN P HL I BERERGEIS X g P T ety 1 £ 4
I EEF A YL 8~10 % > ek Al SRR PG AN E T2 B
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2 1l &b AAFH

o kkk g B kg 1 %
) I
=35 P AL g 5

R ERE TN

FARE

07 & % %37 45 A 4 R 50 i~ A7 o %
720 AT & 712 /A R
A1k £ 5000 * £ 1000 ~
EAFEEHA0H £ A g 55008
#r 5

~ ¥ i 3-5=

60—15 =

76—53 =

2102 fa A &k
(% 90% )

4.27—2.38 i 7~ AT 5
(T ' 44%)

2 RN U

50%14 * —>99%
CeRAFHS)

75% 11 T —>95%

RN

Hi e 36%
#8331 45~

WIP

L e
r X

53 11T

~53 = | ~76 =

B 6 B wp
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4% 1.Job Shop Game & & F #L

A& A
A& | el SERE | BR(R) | HESA(R)
A& 1 | AB—>A—D 275 150
A& 2 | C-D—B—B 375 110
A& 3 | A-C—»B—C 240 90
A% 4 | AB—D—B 305 95

ZEF

5+ i &2
#ZHER #Ham

& g

AECEHN | .

ZAREH
% T RER]

P TR
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ZEHE+ £ 523 ZF+ st
24 410 #Ham
A am = & 0
R | i, T EER
I i 1| T 44|
A A
C B
B B
C D

4% 2. Job-Shop Game T . #

B3R 4 Gamel
2

B % Replan =< #& #RF Tah iy | R RLEA
) = ¥k
1 3 0.84 3.3 0
2 3 0.88 3.5 0
3 2 0.69 4 0
4 1 0.67 3.7 0
5 2 0.70 3.5 0
6 4 0.91 3.5 0
7 2 0.74 3.8 0
8 4 0.81 4.7 0
9 4 0.93 51 0
10 4 0.94 4.5 0
11 3 0.74 3.6 0
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'tk 3.1 £ 3+ 3F Job Shop Game F#L

NECISPERITRIedUCtioniGame

A C# B® D
# 3 » % (A-B-C-D)

ARCei 24 22 »B&D= 2 5 15 > 85 H b1 4 512
I ApI e

EoiriE R A MR AT B 1 TER E 5 (IR | R sk E ik S ph

£ ® A & (#1, #2, #3, #4)

FEENTEI LG FEFIIRFAS A 1R B(HEER) SRTEF A
Fens APFRALN2E A > FEFHS £ F A6 3

FEFVARSLL (M) THFR AERL 41

o ARCAHTIH F 5 575 24 » B&DAEsIHE p R ¥ 5 14

WrHET - RS AHUS

ES L EXR SRR

(C) 2009 Tony Chen

NECISPERITRIedUCtioniGame

Fr(AAFHEE) L FRAE
¥Rl RBTIEAYR Y

2F LR L APRAEBET LY
(Fe6rpm, ¥i/2FLailR)

Bk 121 f B TP AL A
45141 (A-B-C-Dx 3): } $ 4 &

(C) 2009 Tony Chen
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NECISPERITRIedUCtioniGame

A® Cw B® D

T

B
< sp 2% p
B

EEi2

(C) 2009 Tony Chen

NECISPERITRIedUCtioniGame

A =»C »BB »D

AA »CC »B »D

AASC »B =» C®»D

C »BB »D

- EE g :3000% ~ (1 iFxd:30%)
- SWFLP F I 60F ~ /% ()

(C) 2009 Tony Chen

N

%+ F 4L ¢ Tony Chen(2007)

28



Wi 1R BT ETHEIS

x 22T H K = = it delay B2 AR DDP

=u]  |R1|R2|R3|R4|R1|R2|R3|R4|RL|R2|R3|R4| RL | R2 | R3 | R4
31 [21]22]23]23|u 2 043 100 1.00/ 1.00|
3¢ [21]|22]23]22] 9 1 055 1.00] 1.00/ 1.00|
38 [21]22]23]23] 9 1 055 1.00] 1.00/ 1.00|
19 Jor|22]23|23]4 2 0.74 100 1.00 1.00|
20 |21|22]23]23]s 062 100 1.00/ 1.00|
18 |2r|21]23]23]3 2 0.78 100 1.00/ 1.00|
29 |22|22]23]23]7 0.68 100 1.00 1.00|
22 |22|22]23]2]7 0.68 100 1.00 1.00|
21 |21|22]23]23]s 057 100 1.00/ 1.00]
44 |23]22]23]23]8 052 100 1.00/ 1.00|
51 [21]|21]22]23]5 1 0.70] 1.00] 095 1.00|
33 |23f22]23]23]2 0.91) 100 1.00 1.00|
37 [23]22]23]23]6 0.74 100 1.00 1.00|
14 |21]22]23|23]4 081 100 1.00/ 1.00|
16 [23|22|23|23] 4] 0.83 096/ 1.00 1.00|
25 [22|22|23 237 0.68 1.00] 1.00 1.00|
24 |22|21]23]23]3 3 0.76 1.00] 1.00/ 1.00|
36 [22]22]23[23]7 0.68 100 1.00 1.00|
15 |22[22]23]23]6 0.73 100 1.00 1.00|
45 [23]22]23]23] > 091 100 1.00/ 1.00|

2222|2322 8 0.64 100 1.00/ 1.00|

22 22| 23] 23 1 100 100 100 096
10 |2|n|xs|» 1 1| 0.78] 0.95] 100 096
1 [23]21]23]23 1 0.88] 1.00[ 100 1.00|
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Lot g g NP MAX-Q| T#a# 5%

R1 R2 R3 R4 | NP | R2 | R3 | R4 R1 Rl1|R2 | R3 | R4
1471 | 7.61 | 5.61 | 7.11 | 545 | 660 | 820 | 820 11 | 68 |69 | 7.2
12.32 | 821 | 6.16 | 7.94 | 465 | 660 | 820 | 665 9569|6976
12.29 | 8.44 | 6.16 | 7.11 | 520 | 660 | 820 | 820 10| 7 |69]72
12.00 | 8.17 | 558 | 7.33 | 545 | 685 | 820 | 820 4 9264|6972
11.06 | 8.12 | 558 | 6.50 | 505 | 660 | 820 | 820 4 9 | 65|69]76
10.88 | 7.41 | 558 | 7.11 | 490 | 475 | 820 | 820 98 | 66| 7 | 7.6
10.63 | 850 | 558 | 6.42 | 670 | 685 | 820 | 820 19 93| 7 |69 72
10.61 | 7.56 | 5.63 | 7.32 | 615 | 615 | 820 | 820 78776972
10.59 | 8.30 | 5.84 | 7.00 | 520 | 660 | 820 | 820 11 | 6.7 |69 | 7.2
10.47 | 8.06 | 558 | 7.11 | 765 | 660 | 820 | 820 13 | 6.7 | 69| 7.2
10.35 | 8.24 | 6.56 | 7.32 | 490 | 475 | 665 | 820 93| 7 | 72|72
10.33 | 8.28 | 5.89 | 7.11 | 795 | 660 | 820 | 820 741696972
10.32 | 811 | 558 | 7.32 | 720 | 685.| 820 | 820 83|68 ]|69]72
10.28 | 7.67 | 559 | 7.11 | 450 | 660 | 820|820 83| 8 | 6972
10.19 | 8.72 | 5.58 | 7.11 | <725 |-660 | 820 | 820 83| 7 [69] 72
998 | 8.63 | 5.67 | 6.95 | 615 | 660 | 820 | 820 87| 7 |69] 72
994 | 850 | 5.63 | 6.89 | 655 | 475 | 820 | 820 14 96 | 7.2 | 6.9 | 7.2
979 | 822 | 558 | 7.32 | 670 | 660 {820 820 91| 7 | 6972
978 | 861 | 558 | 6.58 | 615.| 660 | 820 |.820 4 7566|6972
974 | 7.44 | 574 | 7.11 | 795 {685 {820 | 820 79167 7 |72
972 | 856 | 574 | 7.33 | 710 | 685 | 820 | 665 24 85 | 6.5 75
972 | 6.78 | 558 | 7.63 | 610 | 685 | 820 | 820 53|68 |65 77
961 | 856 | 564 | 7.67 | 645 | 660 | 820 | 665 89 | 74|71 77
956 | 8.88 | 558 | 7.05 | 685 | 530 | 820 | 820 30 89|66 |69|85
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