Phuong phap Taguchi

Chuong 5




e Khai niém chung
e Cac budc thuc hién
e Cac cong cu hoach dinh thi nghiém




5.1. Khai nieém chung

e Phuong phap Taguchi bo sung cho 2 phuong phap
hoach dinh yéu t0 toan phan va yéu to phan

e Phuong phap Taguchi dua trén bang hoach dinh truc
giao (OA — Orthogonal Arrays) xay dung trudc va
phuong phap dé phan tich danh gia ket qua.

o Cac yéu t6 c6 thé c6 2, 3, 4 murc do

e Phuong phap Taguchi sir dung tot nhat véi s6 yéu to
khao sat tir 3 dén 50, s6 tuong tac it va khi chi c6 mot
sO it yéu to c6 ¥ nghia




e So sanh hoach dinh Taguchi va cac hoach dinh khac

Number of experiments

Ll Orthogonal Number of oo
arrays factors | Orthogonal | 1 20" | Full-factorial
at a time
L4(23) 3 4 <4 8
Lg(27) 7 8 <8 128
2 levels Lp(2M) 11 12 <12 2,048
L,e(21%) 15 16 <16 32,768
Lap(223) 31 32 < 32 2,147,483,647
; Lg(34) 4 9 < g 81
3 level
e Lor(379) 13 27 < 27 1,694,323
1(2 level)
; L,g(2'X37) +7(3 level) 18 <18 4,374
Mixed
levels
Las(23X313) 3(2 level) 36 < 36 12,754,584

+13(3 level)




Hoach dinh Taguchi — Hoach dinh thi nghiem

e Chi c6 yéu to chinh va tuong tac bac 1 gita 2 yéu 6 1a
quan trong. Tuong tac bac cao xem nhu khong dang ké

e Nha nghi€n ctru phai xac dinh trudce cac twong tac co y
nghia.

e Bang hoach dinh truc giao Taguchi dugc xay dung trén
co s& két hop cac hinh vudng Latin theo mot cach nhat
quan.




Tinh chat bang qui hoach truc giao

o Cac cOt phai truc giao — tong s tich s6 cac murc do
trong (g cta 2 cdt bang 0.
Do cac ¢t phai truc giao nén viéc thay doi gia tri cac
murc d0 ta1 cac cOt s€ anh huong dén g14 tr1 cua cac cot
khac, do d6 cac bang qui hoach truc giao thuong duogc
xay dung va co thé tim thay trong céc tai lidu

Xem tai



http://www.freequality.org/Tagarray.../tamatrix.htm
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e Bang L12
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e Bang L’16




5.2. Cac budc thi nghiém

e Chon cac bién va tuong tac

e Chon s6 muc dd cho mdi bién

e Chon bang truc giao

 An dinh céc yéu t0 vao cac cOt clia bang truc giao
e Tién hanh thi nghiém

e Phan tich dir licu

o Két luan




Idertify

lewels

e confirmatic




Chon yéu t6 khao sat

o Su lua chon yéu t6 khao sat va tuong tac 1a quan trong
bac nhat trong hoach dinh

o Pé c6 modt danh sach cac yéu to hay twong tac can
khao sat thi kién thirc sau vé van dé khao sat 1a can
thiét va su tham khao ¥ kién cac nghién ctru trude day
1a khong thé thiéu




Chon s6 murc do khao sat

e Su lya chon mirc d6 khao sat cho cac yéu to chinh tuy
thudc vao anh hudng cc cac yéu to nay dén dap tng.
Néu chung anh huéng tuyen tinh thi s6 mtrc do nén
chon 14 2. Tuy nhién néu anh huodng 1a phi tuyén thi so
murc do cho cac yéu to nay co thé 1a 3 hay 4 tuy thudc
moi quan hé 1a bac 2 hay bac 3

e Khi chua biét chinh xac moi quan h¢ thi s6 murc dd nén
chon 1a 2. Sau khi phan tich dit 1i¢u thi nghi€m sé&
quyét dinh s6 murc do tuy thudc vao phan traim dong
gdp va sai so




Chon bang qui hoach truc giao

e Trudc khi chon bang truc giao thi can tinh s thi
nghiém t6i thiéu can tién hanh dua trén téng s6 d6 tu
do trong khao sat. SO thi nghiém toi thiéu phai 16n hon
hoac béng téng s6 d6 tu do.

e B0 tu do cua gia tr1 trung binh: 1

* PJ tu do cua cac yéu t6 chinh: n — 1, v&i 1a s6 mte do
clia yéu to

e Do tu do cua tuong tac bﬁng tich s6 d6 tu do cua cac
yéu to chinh




e

Example 13.1

In an experiment, there is 1 two-level factor, A, and 6 three-

level factors, B,C,D,E,F.G, and 1 two-factor interaction, AB. Then, the total
degree of freedom is as follows:

Factors

Degree of freedom

Overall mean
A

B,C.D.EEG
AB
Total DOF

1

2—-1=1
6xX(3—1)=12
2-13-1)=2
16

™~




e

Select a Taguchi Orthogonal Arrays Based on DOF

Orthogonal Max. of columns at these levels
Array No. Runs Max. Factors 2-level 3-level 4-level 5-level
L4 4 3 3
L8 8 7 7
L9 9 4 4
L12 12 11 11
L16 16 15 15
L'16 16 5 5
L18 18 8 1 7
L25 25 6 6
L27 27 13 13
L32 32 31 31
L'32 32 10 1 9
L36 36 23 11 12
L'36 36 16 13
L50 50 12 11
L54 54 26 25
L64 64 63 63
L'64 64 21 21
L81 81 40 40




Example 13.2 In an experiment, there are seven factors. We will consider
main effects only. First, we compute DOF =1 + 7(2 — 1) = 8. Therefore, the
selected orthogonal array should have at least eight runs. By examining Table
13.5, we find that the Lg array can accommodate 7 two-level factors. Therefore,
we can use Lg and assign those seven factors to seven columns of Lg.

Example 13.3 In an experiment, there is one two-level factor A, and 6
three-level factors, B,C,D,E F,G. First, DOF =1+ (2 -1) +6(3 —-1) = 14.
Therefore, we have to use an array that has more than 14 runs. Lz has 16
runs, but it has only two-level columns, so it cannot accommodate 6 three-
level columns. Lig has 1 two-level column and 7 three-level columns, so it
can be used to accommodate all the factors in this example. The experi-
mental layout is as follows:




Factors

Experiment no.
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The e in column 8 means empty, so no factor will be assigned to column 8.




e Chon lva OA

Séthangsé
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An dinh cé4c yéu t0 vao bang truc giao

e Vi tri clia cac yéu to trong bang truc giao rat quan
trong. Trong trudng hop co nhiéu muic do thi vi tri clia
cac yéu to duoc an dinh bdi bang truc giao

e Viéc an dinh vi tri ctia cac yéu to trong bang truc giao
c6 thé duoc tro giup bang cac cong cu cua hoach dinh
Taguchi

o Trudc khi tién hanh thi nghiém can xac dinh murc do
thyc té cua cac yéu to chinh. Phan tram déng gép va y
nghia cua cac yéu t6 phu thudc vao murc d6 thuc té cla
yéu to




Phan tich dtr li€u thi nghiém
e DAy la khau quan trong trong danh gia anh huong cua
cac yéu td dén dap Ung

e Viéc phan tich c6 thé thuc hién bang phuong phap
ANOVA, ti s6 S/N hay phan tram dong gop

e Phan traim dong gop
SS,
D'ss,

o Ti s0 S/N (Signal/Noise)

C% = *100%




/
Danh giad bang ti so0 S/N

Danh gia anh huong cua cac y€u tod

V_Z
S/N =10log; o=
Si

Téi thiéu hoa dap ting

1 \
S/N = —10 log(— > yf)

T6i da hoa dap ung

SN = —+10 10g(E

1] =
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5.3. Cac cong cu hoach dinh

e Bang tuong tac (table of interaction)
o Gian d6 duong thang (linear graph)




Bang tuong tac

 Bang tuong tac cd dang mot tam giac dugc dung dé
xac dinh cac tuong tac gitra cac cot

e SH trong ngoac dudi cac cot chi thir tu cot.

» Pé tim cot biéu thi tuong tac gifta cdt 4 va 6 thi tir (4)

di chuyén ngang dén cot 6. S6 2 biéu thi cot 2 1a cot
twong tac cua cot 4 va 6




e Bang tuong tac

o cot [ 1 | 2 | 3 | 4 | 5 | 6 | 7 |
(1) 3 2 5 4 7 6
2) 1 6 7 4 5
3) 7 6 5 4
(4) +—>2 3
(5) 3 2
1
7

N
N’




Gian d6 duong thang

o Gian d duong thang biéu dién boi con s0, diém va
duong thang

 Con s0 tai cac diém biéu dién cot chinh, con s6 nam
trén duong thang biéu dién cot twong tac

1 ; 2
O O




e

Example 13.4 In an experiment there are 9 two-level factors,
A,B,C,D,E F,GG,H,I and the interactions AB, AC, AD, and AF are believed to
be significant. First, DOF =1+ 92 - 1) + 42 — 1)(2 — 1) = 14.

Array Lig has 16 runs, and it can accommodate up to 15 two-level factors.
So, we will consider Lqg. But first we need to work out how to deal with the

four interactions. By examining the linear graph (3) of L{g, we could assign
columns as follows:

G
A
C 7 1 13 12 11
6 e ®
15 I
3 9 14
B F E H
2 10 8 S




Column 3, 7, 9, and 13 are left empty to avoid confounding any other main
effects with interactions AB, AC, AD, and AF. Columns 10 and 15 are also

empty. The column assignments to an Lg array are as follows:

Column assignments

A B AB E H C AC F AF e G D AD I E

Experimentno. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

[
[
[

1 1 1 1 11 1 1 1 1 1 1 1
2 11 1 1 1 1 1 2 2 2 2 2 2 2 2




L(2%) orthogonal array:

Linear Graph for L4

Column
Experiment no. 1 2 3 3
1 ® ® 2

1 1 1 1

2 1 2 2

3 2 1 2

4 2 2 1

7 .
Lg(27) orthogonal array: TS
Column ot
Experiment no. 1 2 3 4 5 6 7 Coliaiiis i 2 s 1 5 s 7
; : : i ; ; ; ; 1 (1) 3 2 5 4 7 6
3 1 2 2 1 1 2 2 2 (2) 1 6 7 4 5
4 1 2 2 2 2 1 1 3 @ 7 6 5 4
5 2 1 2 1 2 1 2 45 (4) ( ; : g g
6 2 1 2 2 1 2 1 6 & :
7 2 2 1 1 2 2 1 M ®
8 2 2 1 2 1 1 2
Linear Graphs for L8
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Lo(3%) array:

Linear Graph for Le

Column

3.4

1

Experiment no.
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L(2") array. Interactions are partially confounded with all 11

columns.

Columns
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Experiment no.
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L(2%) array:

Linear Graphs for L16

Columns

122 3 4 06 67T 8 8 10: 11
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Column
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