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Categories and evolution model
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Categories and evolution model
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 Critical to quality characteristics (CTQS) (2/2)
modelFunction and meaning
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Relational tree of CTQsP
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Relational tree of CTQsP
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Relational tree of CTQsP
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Relational tree of CTQsP
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Relational tree of CTOsP
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Establishing relational tree of CTQsP
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Weights computation of relational tree nodes
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Weights computation of structural nodes
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Weights computation of structural nodes

Table I. Attributes of evaluation indexes
D Condition attributes

Decision attributes

Index 1 Number of noise Sensitivity to noise factors (C2)
factors (C1)
Index 2 Quality loss (C1) Cost loss (C2)

Index 3 Quantities of Types of failure mode (C2)
failure (C1)

Index 4 Detection ability in Detection ability in
design (C1) manufacturing (C2)

Index 5 Top grade of Cost of repair (C2)
failure (C1)

Time loss (C3)

Detection ability in Maintain ability (C4)

usage (C3)

Degree (D)
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Weights computation of structural nodes
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Weights computation of structural nodes
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A4 (SPL) >

P vE £ 819k > 111> SPLR:Z /3498 > 132

Table Illl. NVH of body

Index name Calculation formula Current value Target value
Haptical index Rt Rr=8.19—4.34Igv 7 8
Acoustical index Rs Rs=13.6—0.1755PL 15 8
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» Constructing relational tree
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Case study(2r2)

O Function : 2nd level
— requiremen
R | /i)
. : Car Body NVH
Design
I:I— parameter
DP L
; z FR1.2
4th level Cois
3rd level Ist level
FR1.4.1.1
s FR3
. Power
Power
transfi
DFP3 DP4 DP2
Engine Electric Chassis
l2nd tevel , ! . !
DP1.1| |DP1.2| |DP1.3| |DPI1.4Air-||DPLS DP2.1_ DP2.2 || DP23 DP2.4
: e Transmission | [Travelin Steerin Brakin
Body Cover Chair | |conditioner || Door %"ystem S}'stemg Systvamg Syster
¥ =
3rd level l
v v Remarks
DFP1.5.1 DP1.5.2 DP1.5.3 Quality relation weight of
Accessories Frame Decoration Part nodes in grey grids
v DP3,DP2.1 and DP2.2 are
. the top three ones according
4th level l l ] to the final computation results
DP1.5.2.1 DP1.5.2.2 DP 1523
Outside plate| |Inside plate| |Window frame
Sth level v
v v v back
DP1.522.1 DP1.5.22.2 DP1.5.2.2.3 ac
Inner-cell Stiffening rib Bracket
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 \Weight computation
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* Weight computation
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Table IV. Noise factors of nodes

ID Types Parameters
DP1 Manufacturing Strength of body, hardness of body, thickness of cover, slot of door
Environment Road crown, load, weather
Wear Wear of seal strip, wear of door hinge
DP2 Manufacturing Axle base, wheel base, shock absorber, size of wheel suspension
Environment Road crown, load, weather
Wear Wear of spring, wear of tires
DP3 Manufacturing Diameter of top piston, length of piston connecting rod, rotary radius of crankshaft
Environment Road crown, load, weather, performance of lubricant oil
Wear Corrosion of crankshaft, wear of cylinder, dry friction

Table V. Failure modes of nodes

ID Failure modes Percentage Upmost severity level
DP1 Short-switch circuit of engine hood, short-switch circuit of 1 i

door, looseness of seal rings, flutter of air-conditioner motor.
DP2 Disk damage, hub damage, abnormal wear of tyres, flutter of 2 v

clutch, vibration of transmission shaft, abnormal sound of
driver axle, judder of steering wheel, distortion of chassis
failure of suspension elastic parts, failure of damper
DP3 Crash between piston and cylinder head, piston leakage, 5 Vi
spark plug blast, fraction of intake valve spring, crack of
valve lifters, looseness of startup claw, damage of crankshaft
gear, crankshaft breaking, connecting rod bending, looseness
of flywheel
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* Weight computation

B 529 © BEmRap et P ian We (e (i fic
A anE it ki ek & +m“ i =
BB ETF LG B A BT

2.1 ¢ o dicdy
kﬁﬁ@{%?%ﬁﬁ%7ﬁ%?%fﬁ*ﬁ§ﬁ%

S SRR L e T A TR o F ok Sl d
wAp iR a e o ha A Y el L TR e B & T A

F
g
I
2.2+ 1 3iE AR 4
.
7

: ”Jiﬁfl,"ﬁ‘@n‘.—l*'fr}\ gur B & LKA o AT
]2 R R T el A ) By
FEC |(|—15) T4 0% 2 B fedand e B B ad K 4

L@i@%ﬂﬁﬂélﬁlﬁﬁﬁﬁﬁ
% 47T 5 £ ¥ % £ System Reliability Lab.




o Case study(s/2a)

* \Weight computation
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 \Weight computation
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Decision table of impact factors of car door quality relation weight evaluation index

- — B N ) =
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Table VI. Decision table of impact factors of car door quality relation weight evaluation index

Condition attributes Decision attribute

™
—
™
fsd
™
w
™
i
™
wn

Samples

d

x1
x2
x3
x4
x5
x6
x7
x8
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%2.3% ¢
PRSI al SAT ] » 9% £ E ik ] RS
ST U0 B Fodd R A > A RO M dAR enE 1 B s e

B ezt B 4o T ol
X1=U/IND (D1) = {x1 » x7}
X2=U/IND (D2) = {x5}
X3=U/IND (D3) = {x2 > x8}
X4=U/IND (D4) = {x3 » x4}
X5=U/IND (D5) = {x6} -

Z Z Z2 Z
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F i ®sd =& Big it §

pos. (D)= {x1, x3, x5, X7}
pos_¢,(D)= {x3, x5}
posc—cz(D) = {Xl}
pos,_c5(D)={x1, x7}
posc_c,(D)= {xL, x5}
pos. c5(D)= {x3}
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* \Weight computation
% 2.44
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PTG ARNTE W 3B R RIS St

MCC
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o) =1-card(POS_, (D))/ card(POS, (D))i =1-5)

Table VII. Impact factors of evaluation indexes

Index ID Index 1 (c1) Index 2 (c2) Index 3 (c3) Index 4 (c4)

Index 5 (c5)

Index name Variation possibility = Variation effect  Probability of failure  Chance of failure

being undetected
Weight 0.15 0.25 0.15 0.15

Severity of its
failure effect
0.3

0 4 el B F

back
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* \Weight computation

4. Weakly Less Important (WLI) » #c33 3= #7 & &
5. Equally Important (EI) > F & & &

6. Weakly More Important (WMI) > #ig3s 3= { v £ &

7. Very Strongly More Important (VSMI) 5% 53 7] { 4c & &

8. Absolutely More Important (AMI) » % $F { e £ &

Table VIII. Decision table of index 4 of node DP1.5.2

Condition attributes

Sample ID 1 2 C3

™
B

Decision attribute

o

X1
X2
X3
X4
X5
X6
X7
X8
X9
X10
X11
X12

b B = W R W = = = bR
AR = W W o= kMRS R
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Weight computation
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Table IX. Set of examples with indispensable attributes
Condition attributes Decision attribute
Sample ID C1 c2 3 D
X1 X5 1 1 2 1
X2' X3 1 2 1 2
X3’ X4, X9 1 2 2 2
X4 X12 2 1 2 4
X5 X1 2 2 3 5
X6’ X2, X1 2 2 2 6
X7’ X7, X10 ¥ . 3 3 6
X8’ X8 3 1 3 6
X9 X6 3 3 2 8
B de 2 27 50 DI foid B of 2 B b D31 iF 2 B
%%Eiﬁﬁﬂ&k@lﬁlﬁﬁ%ﬁﬁ back
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Table X. Core of the set of final data

Condition attributes

Sample ID 1 2

3

Decision attribute

D

¥ 1

X —_
X3’ —
X4’ 2
Xs' —_
Xe' 2

X7' —
X8’ —
X9 —_

| | wrorNn=Nn | =

P
3

[+ < T« W = W = R ¥, BN N (I NI

Pru b S B B 4
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 \Weight computation
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Table Xl. Reduction set of final data

Condition attributes

Decision attribute

™
—t

Sample ID

D

X1’
X21
X22'
X31
X32'
X4’
X5
Xe'
X71'
X72'
X81' 3
X82' 2
Xo1' 3
X92'

| o | N ===

| ooww | - N |
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w
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Table XIl. Fuzzy evaluation values of nodes

Indexes
Nodes Index 1 Index 2 Index 3 Index 4 Index 5
DP1.5.1 VSLI WMI SLI WMI El
DP1.5.2 WMI VSMI El El VSMI
DP1.53 SLI El WLI E |l WMI

o

IERARRFLEX I RAEEA
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Table XIIl. Normalized fuzzy decision matrix

Indexes
Node Index 1 Index 2 Index 3 Index 4 Index 5
DP1.5.1 (0.154, 0.245, 0.443) (0.256, 0.487, 0.872) (0.208, 0.218, 0.821) (0.343, 0.728,1.5) (0.128, 0.324, 0.655)
DP15.2 (0.462, 0.920, 1.2) (0.512, 0.811, 1.15) (0.260, 0.436, 1.2) (0.172, 0.485, 1.2) (0.512, 0.811, 1.3)
DP1.5.3 (0.185, 0.307, 0.590) (0.128, 0.324, 0.655) (0.260, 0.291, 1.1) (0.172, 0.485, 1.2) (0.256, 0.608, 0.873)

%i@%ﬂ&x@lﬁlﬁﬁﬁﬂm back

% 47T 5 £ ¥ % £ System Reliability Lab.




Case studys/24)
* \Weight computation
5524 o EER e F taidgapd > # % 4

VIge 2 X1 > A g dgskiz e B oo r i a8
oo BEAXIV

Table XIV. Weighted normalized decision matrix

Indexes

Node Index 1 Index 2 Index 3 Index 4 Index 5

DP1.5.1 (0.023, 0.037, 0.066)) (0.064, 0.122, 0.218) (0.031, 0.033, 0.821) (0.051, 0.109, 0.225) (0.038, 0.097, 0.196)
DP1.5.2 (0.069, 0.138, 0.18) (0.128, 0.203, 0.288) (0.039, 0.065, 0.18) (0.026, 0.073, 0.18) (0.153, 0.243, 0.39)
DP1.5.3 (0.028, 0.046, 0.089) (0.032, 0.081, 0.164) (0.039, 0.044, 0.165)  (0.026, 0.073, 0.18)  (0.182, 0.183, 0.262)
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Table XIV. Weighted normalized decision matrix

Indexes

Node Index 1 Index 2

Index 3

Index 4

Index 5

DP1.5.1 (0.023, 0.037, 0.066)) (0.064, 0.122, 0.218)
DP1.5.2 (0.069, 0.138, 0.18) (0.128, 0.203, 0.288)
DP1.53 (0.028, 0.046, 0.089) (0.032, 0.081, 0.164)

(0.031, 0.033, 0.821)
(0.039, 0.065, 0.18)
(0.039, 0.044, 0.165)

(0.051, 0.109, 0.225)
(0.026, 0.073, 0.18)
(0.026, 0.073, 0.18)

(0.038, 0.097, 0.196)
(0.153, 0.243, 0.39)
(0.182, 0.183, 0.262)

Table XV. Ideal and negative-ideal nodes

Indexes

Node Index 1 Index 2

Index 3

Index 4

Index 5

At (0.069, 0.138, 0.18) (0.128, 0.203, 0.288)
A~ (0.023, 0.037, 0.066) (0.032, 0.081, 0.164)

(0.039, 0.065, 0.821)
(0.031, 0.033, 0.165)

(0.051, 0.109, 0.225)
(0.026, 0.073, 0.18)

(0.182, 0.243, 0.39)
(0.038, 0.097, 0.196)

o
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$54% @ PIEERI-L PSR FopEd o FH
fo & i & 8L FApEg t T BT AR

Si'_ = {[(0.023, 0.037, 0.066) — (0.069, 0.138, 0.18)]% +[(0.064, 0.122,0.218) — (0.128,0.203, 0.288)]°

+[(0.031,0.033,0.821)— (0.039, 0.065,0.821)]* + [(0.051, 0.109, 0.225) — (0[051,0.109, 0.225))°

1 [(0.038,0.097, 0.196) — (0.182, 0.243, 0.39)12 } /2 =(0.174, 0.198, 0.683)

H g 44 XVIHT

Table XVI. The distance between alternatives and ideal nodes

Distance between ideal node Value Distance between negative-ideal node Value

5]" (0.174, 0.198, 0.683) 51 (0.04, 0.055, 0.07)

53‘ (0.036, 0.038, 0.045) 55 (0.138, 0.181, 0.218)
5;‘ (0.107, 0.169, 0.206) 53_ (0.036, 0.07, 0.144)
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¥ = 5 —(0.053,0.217,0.327)
= 1 —=(0.053,0.217,0.
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52 +55

+ 33
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0.0534-2%0.217+0.327

Hen= z

=0.2035, /(C;)=0.8588, [(C;)=0.424
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. 0.2035
' 0.2035+0.8588+0.424
w, =0.578

w, =0.285

=0.137
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Conclusions and future research
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