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Abstract

An automatic transfer line consists of several stages(groups of stations) in series into
one system by a common transfer mechanism and a common control system. In this
system losses of the efficiency are evidenced in periods where a stage is forced down -
starved or blocked. The efficiency of an automatic transfer line can be improved by
providing buffer storages between a stage or the length of line. In common senses there
are several critical factors, system configurations relative position, and buffer capacity
allocations in automatic transfer line are considered with a point of view production rates,
average stock, and mean delay. The propose of this paper is to provide the robust designs
by Taguchi method which improve the efficiency of four-stage transfer line.
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Table 1 Types of relative stage position

Stage Ui A Theoretical
¢ ' ’ production rate
: 1 1
H 20 100 09524
1 1
L % & 07143

T}

S 5 e 3
[ ]

a) configuration 1
(a) g {b) configuration 2

o N {a N5

(c) configuration 3

(d) configuration 4

&, Sii=1,2,...,6) : iv#A LA ; Bii=1,2....6) : i9x ¢F3An

Fig. 1. Variants of four-stage series system configurations
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Table 2. Types of relative position by pattern

No. Pattern
1 L L H H
2 L H L H
3 L H H L
4 H L H L
5 H L L H
6 H H L L
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Table 3. Types of buffer allocation

Buffer capacity

No. Type allocation(units)
B, By B,
1 Uniform 40 40 40
2 Increasing 10 40 70
3 Decreasing 50 20 .50
4 Convex 30 60 30
5 Concave 70 40 10
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1) A 4F&-(production rate)
2) #Hd A L(average stock)
3) H#FAA(mean dejay)
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Table 4. Factors and levels

Level
Factor 0 1
A: system configuration 1 4
B: relative position 3 5
C: buffer allocation 1 4

WEAL0ZE AXB, AXC, BXC, AXBXCE RAMsta FQAzA e AA2AE 37FE

No = & ZZ(suitable condition)
N; = 8% ZZ(normal condition)
N; = V1 ZZ(worse condition)

o= "o Ly2)8 AauMARE AMEste] 2Aa Q. Amude) wAst REE Table 6

3 284 FUSAA ALEC g8 2AHEAE AAE] A3 & £EdAA SN HE T
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Table 5. SN ratio on production rate(decibels)

Factor] - 5 B ¢ |axB|Axc|Axc|AxBxC
Level
0 0.2539 | 09290 | 0.4922 | 0.2940 |0.3400|0.3867 | 0.1735
1 0.2120 | -0.4631 { -0.0263 { 0.1719 | 0.1259 | 0.0692 | 0.2924
Total 0.4659 | 0.4659 | 0.4659 | 0.4659 {0.4659|0.4659| 0.4659
Table 6. Layout and data on production rate
Factor] A | B [AXB} C [AXC|{BXC[{AXBXC}| Production rate SN rate
i tor ,
No. 1234|556 7 Noise factor | o — on,—37.5
No | Nt | N2
1 0! 0 0 0 0 0 0 84.18 {83.93 |69.54 0.3704
2 0|0 0 1 1 1 1 88.74 |81.66 66.73 0.1351
3 0|1 1 0 0 1 1 8441 |84.1362.10 ~0.0603
4 011 1 1 1 0 (] 81.87 (82.4861.86 -0.1913
5 110 1 0 1 0 1 84.82 (82.11 (69.02 0.3056
6 110 1 1 0 1 0 81.69 |82,10167.27 0.1179
7 1 1 0 0 1 1 0 83.21 |81.8362.61 -0.1235
8 1 1 0 1 0 0 1 83.09 181.8963.19 -0.0880
Present level 82.25 {81.44!60.79 -0.2899

47 A22RH Aztel WEN Toaee] WES Fao] dojA

.

A EE Table 73 #

Table 7. Analysis of variance on production rate

Factor S f Y Fo p(%)
A 00002 | 1 [00002° | —
B 02422 | 1 |02422 |15092" | 80.25
C 00336 | 1 |00336 14 | 1044
AxB | 00019 | 1 |00019° | —
AxC | 00057 | 1 [00057° | —
BxC | 00134 | 1 |00134 548 | 368
AXBxC| 00018 | 1 |00018° | —
e 00000 | 0 |0.0000
@  1(00096) | 4) | (0.0024) 5.63
Total | 02988 | 7 100(%)
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0.068

= *0.096

olth, #-2% QA B, Coll tld] SN U] ZwoA] Ha 24
Z3lA SN wiol JFAgke

;;: BOC0=37.84

olty, zalm FHAzANAM MSD=10"3®=0.00016440]t}. o] & 4=
0.000026 A4S UL

& I RE By, Cooltl. o] H3

Table 8. Layout and data on average stock

MSDx.t}

Factor| A | B |AXB| C |AXC|BXCJ]AXBXC| Average stock SN rate
Noise factor .
No. 142 3 4 5 6 7 SN;=SN;-37.5
No | Ni | N
1 01{0 0 0 0 0 0 20.17 120.24]21.16 0.2529
2 00 0 1 1 1 1 18.25|20.83|22.14 0.2771
3 011 1 0 0 1 1 18.03 1189411932 1.0302
4 0|1 1 1 1 0 0 20.75121.59|21.67 -0.0815
5 1|0 1 0 1 0 1 19.89 [ 20.5429.63 ~-1.0216
6 10 1 1 0 1 0 19.40 | 21.21 128,58 ~0.8853
7 111 0 0 1 1 0 19.91 | 20.49|27.70 -0.7251
8 1 {1 0 1 0 0 1 19.43 1 20.0720.30 -0.4776
Present level 25.40 122.02(31.85 -26114

Table 9. Analysis of variance on average stock

Factor S f \% Fo p(%)
A 2.6319 1 | 26319 29.18" | 7351
B 0.1575 1 | 0157° —

C 0.0618 1 | 00618° -

AXB 0.0102 1| 00102° —

AXC 0.2705 1 |02705° | 230 | 52t

BXC 0.1313 1 {01313 —

AXBXC | 0.1945 1 |01945° 2.16 3.02
e 0.0000 0 0.0000
(e) (0.3608) | (4 { (0.6911) 1826

Total 3.4577 7 100(%)
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SHAZ FASHY HFATCl U AY 4w ¥ RALAEE 22 Table 83} 991 ¢
o}, BEAHE A of A E.t UI'QI' o] 23 Azl Aojui }]3]_#_,1&_55#},% Ao"]ﬂ'. o] ARz
FA SN sl A $AGe

= A,=—26.1303

olmz 49 SN 1l -29.111401 2.9811(db) g Z7HE At wilx) A4=ERo MSD
7} 1/1.99%vF 44,

oz HAEAA HAAA g A¥As P HAHEAES Table 10 3 119 2k §
g Az Bolw AHAFEE{S Bolth of A x3telr SN vie] IHFEERS

A= By=—22.1707

olmz d4Fel SN ujQl -247944 Mt} 26237(db) vHE Zrvtdth. webad A4FRY MSD
7} 1/1.83 THE AT A7k go] #AS AgR BE 7 g 4EE nAlE SPASF
%—% A5 Table 123 7t}h. Table 12614 2281438 2] 95%9t 99% AZAFZAA F9
g QAAFAA bR W] 95%, 95% AHGFA 71zEE Qs ASE ¢ 4

Table 10. Layout and data on mean delay

Factor | A B |AXB| C |AXC|IBXC AXBXC Mean delay SN rate
Noise factor ,

N 1 2 3 4 5 6 7 SN;=SN;-317.
© No N N. 37.5
1 0 0 0 0 0 0 0 642 | 9.05]16.25 1.8921
2 0 0 0 1 1 1 1 768 890|17.15 -1.0473
3 0 1 1 0 0 1 1 775 8.11]2534 -1.0821
4 0 1 1 1 1 0 0 8.19 {10.81 | 24.68 -1.2217
5 1 0 1 0 1 0 1 7.64 | 10.22 | 18.08 0.8719
6 1 0 1 1 0 1 0 877 | 9321582 1.6007
7 1 1 0 0 1 1 0 852 | 9.63|2228 -0.4356
8 1 1 0 1 0 0 1 8.87 (10.18 | 24.14 -1.0657

Present level 958 | 11.04 | 26.29 -1.7944

Table 11. Analysis of variance on mean delay

Factor S f v Fo p(%)
A 0.7383 1 |o07383°| —
B 6.3413 1 |63413 | 918 | 4725
c 1.1103 1 {inoes®| —
AXB 0.0851 1 |o00851°| —
AXC 1.2622 1 |12622°| —
BxC 0.2595 1 |0:9° | —
AXBXC | 21618 1 | 21618 313 | 1230
e 0.0000 0 | 0.0000
(e) (34554) | (5) | (3.4554) 40.45
Total 11.9585 7 100(%)
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Table 12. Independent variables which affect response

Independent variable
A C AB | AC | BC | ABC

B

23 factorial experiment NS S S S S S NS
S
S

Response Method

Production rate

S | NS | NS | §*]| NS
S S s NS S
Taguchi’'s parameter design S NS | NS | NS | NS | NS | NS

23 factorial experiment NS S S S S S NS

Taguchi’s parameter design | NS ) NS | NS | NS | NS | NS
(A: A" 2 B A4S ake] Adia) 91A), C g3 ALY F S 95%% 9% AR FElAM 23,
NS: 95%9} 99% Aol Fol8tA) efd, S 90% ANFFTAM FA¥E oiv@})

Taguchi’s parameter design | NS

3 N . S
Average stock 2% factorial experiment

Mean delay

Table 13. Summary results on each method

Response Method SN ratio MSD

3 ial experi 37.2101 0.0001901

Production rate 2° factorial experiment
Taguchi’'s parameter design 37.8400 0.0001644
3 iz i -29.114 814.9670

Average stock 27 factorial experiment
Taguchi’'s parameter design -26.1303 410.2320
3 factoriz i -24.7944 301.6060

Mean delay 2° factorial experiment
Taguchi's parameter design -22.1707 164.843

Table 13614 X ule} o] 7 Wyls 2°QQ438 uud Ax o7 Wilo] &4
UL A3E ud.
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E =RdME 2AE 2R AFIEFAA A2¥d BF ALY T, AU
A A R FFATF ¥FEAE QNS BTAL R YFAA] dFAA EMIA
QoA ASE uls} go] JA{L ALY AulA st FADGF Gol 9FE T
¢ ¢ 4 slen #A4E 0100ME AU JuA A SRADF] H3PAHY
FEE e ¢ 4 At FAFALE @A A2 FRAT J¥E En gloH o= #F
Ang ggdol AT 4%e vlAn AA &5 ¢ & At FEAAL JALAL ¥
A AL JYe Bn ASS T F Nen A EJAFA A=NTR, JduAe] 3
9 $A € S3ADE AANS W Z HSUSA JL4E, JEASL R JAALA 8
SN ] ZRidA ANZFL AASAT. deby AAAA AFEFAA A29E AAMA 3
7HA Wgofgt FPAIFIA g dEAJA AL A5AS AFA] ERYA B A &
2471 9 g4 B3 FAE BAPozA oS ARAQA A29e AYLAE
¥ 4 e 44dn.
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