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Abstract: Firstly, quality characteristics (QCs) are defined, the three-layer model and technical connotation of
quality characteristics are presented, then the concept of key quality characteristics (KQCs) is presented and
its evolution process model is created, and the key activities of KQCs evolution are discussed in the context of
design for quality (DFQ). The design chain and new approach of DFQ based on KQCs are given. Identification
method of KQCs is given by means of the house of quality. Decomposition method of hierarchical tree of KQCs
is studied based on functional and physical tree in axiomatic design (AD), and the quality relation weight as-
sessment process of its nodes based on their history data of quality related to noise and fault analysis is dis-
cussed in detail by means of rough set and fuzzy technique for order preference by similarity to ideal solution
(TOPSIS). Results of generation, simulation and evaluation implemented quality of assurance plan are studied
farther. Finally, case studies of typical mechanical products are offered. Applying the principle of the method
presented, the case studies discuss the DFQ mode, the procedures of identifying KQCs, building the hierarchi-
cal tree of KQCs and verifying quality assurance plan. The test results of simulation and physical prototype
show the validity and promise. Therefore, it provides a new practical approach for design for quality.
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tion of KQCs; decomposition and hierarchy tree of KQCs; simulation and evaluation of KQCs
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Fig. 1 Conceptual model of product quality characteristics
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Fig. 6 Establishment and analysis of KQCs relational tree
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Fig. 9 DFQ mode application and example studies

"FinePrint pdffactory Pro" i{H 4G4 ww. Fineprint.com.cn



http://www.fineprint.com.cn

1476 o=

B o B R SR B 40 T 1k BE 8 1E A b A R R R
THR AL BT B R IE X 5 5 IR Bt 3 405 BB 15 0 A= A
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(251D, AR A5 2 B i RO BT S 0] 25 26 150 B G 4
Jo B R P 9 40 A 5 R B A AR (R 2, R R R
WS CHR[26-28]),

6.1 O 1—FmEXBREFHERN

BT R KA, B E T AT R
4 QD) : OFFEHE QD) s QL FFHE QD) ;O
HARE(QDs) . AR5 bR B8 4 B, B 52 LT iR
BERZRQE): O EE R (QE) ; OFH £
(QE.) s @AM K (QE) ; @M K (QE) . R
REERHE T LU TRERE(QA): OR KA
QA ; QFEH & (QA); QMR FFR(QA);
@A T RQAD ; OMHE(QAS),

H R Kano PFAL RN X R B B RALE T4
HAGETT, SR N 10 R RPN s 7R3 RE 45 TR
B PEA R b, X AT B RO RS T
FELEERUNGE 1 AR 2 fras. MAh, ET/EBITA
BAE ERIE A b, LR B4 B R, 72 IR
FREREAMXERNZHFTHERBERXNAE
J& T 2 18] B AR AR EE , B RE 45 2R LR 10 TR R

x1 REERMRRAY

Table 1 Decision coefficients of quality attributes

Jo A g S 1 2 3 4 5
BRESH R 0.90 0.8 0.8 0.95 0.95
PR MEBE R 3 0.9 0.8 0.7 0.9 0.9
LS EIEiTE: 0.9 0.8 0.7 0.9 0.9

BERMHREL/FTT 5 4 3 — 5
WARFRE/ AL 1.0 0.5 0.5 — 1.0
et i e R E/ A 1.5 0.5 0.5 1.0 1.0

K2 BEHREEM QA EHHEMURMMHER
Table 2 Values and costs of discrete QA,
B JE o B U 1(E® 2085 S(RHEB
X% A/ 5 o6 1.3 1.4 1.5

e R R R B AP R B A E
B4 X A E AR XS AN E . e R R o i 4 4
REZEREBRERMMHANE TR LR E
B E 10 iR .

¥ R 5 28 %
X x X
FiEJE M QA
QA1 QA: QA:; QA: QAs
FREXQE WE
QE, 0. 29 0.9 —0.6 —0.2 0.6 0.8
QE; 0.18 —0.6 —0.9 —0.1 0.2 0
QE; 0.13 —0.6 0.8 0.1 0 0.4
QE, 0.31 —0.5 0.3 —0.5 0 —0.9
. kW -«
R EE RN kg/24h h/24h DB %% 100¥

R B M T 10 0.63 48 2 15

BB B B/ ME 9 0.5 42 1 14

i JE M B R ME 15 0.8 52 3 20
TR B EERF —0.080—0.139—0. 218 0.210 0. 005
TR BMAIM EZERE  0.123 0.213 0.334 0.322 0.008

Bl 10 BEERER R R

Fig. 10 House of quality of quality assurance
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Table 3 Programming results of house of quality

Jo A g S QA1 QA2 QAs QA: QA

Jo B v AR 0
/R A 0 1 1 1 0

FRBMHGMEERE 10 0.57 43.2 3 1500

—0.09 —0.1 1 0

R 3 MRS RA/RAERN 1 8 3 BIAT A,
FRERME QA QAs N B D, T QA B %3
s FA AR B A AL, ARG AT e TS R R
B, 3 bl 5 B AR TIE T 5 BB 95 1 — 52 A TE] A A B
HRTFEBFHEER 580 B B (A4
X7 i RO BB A G B B S AR K b R R B
TR AT R T R R OB A Bt 4
RIMERD .

B B 52 VKA T dh BRI AR 4 B
e XTI A G BUREARIEW B T B AR, T
KB B B AR AE E R PR UIE RS L FE L B AR 2D
Tr XAEBAREIR X E B ARE, I X e X R &
RO A KA R T R .
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R4 FmBEEFGRELERESYE
Table 4 Candidates of KQCsP

FEREGS RERBEWHS AXMKE HEE HANE

QC, QA; 0. 334 48. 00 43. 20
QC; QA4 0.322 2. 00 3.00
QC; QA 0.213 0.63 0.57

6.2 Zfl2—XEREFHEXEKN

REASHERR BRI R, & R R
FRrE R %, B T 4 & 7 Ik B £ (Noise Vi-
bration Harshness, NVH) > H 3¢ 4 i 8 45, H
JRHETEM UL AR 5 BT

x5 EHENVHEHN
Table 5 Car body NVH

5 o AW S, AN mm/s; SPL 24
W SR R, Ak dB, R HITAEAXRE
RN TEZH B B p ZOROK I A o A 1.9 AR 2
1. 1800 5 SPL M 34. 9 &R 32. 0,

(1) SRERMEE ST

3t KQCs $REVE R GR 5) MG = 4F
PR R 5 % (KQCs— T Re W — 45 M) , | S @ or
BT RERE Y, B S A 7S IR ) — R T RE AR
B LR BRI B DI RE A 4 R B B —
R I RN B A S5 ¥ AL 4F , B A Th Re R 7 s =
oty 5 A8 SR Xt T BB RN 5 4 2 AR R AT 38 — 4 1
B2 HBBRZRETT M S W RE T, A A ST
T2 SRR 7 R R R SRR R, AR BN ] 11 o .

(2) RERW 7 AL EITE

HBRABMARITFESHNBELERXRES
NVH B E 52 48 3 N F 4755 5 = T Re

R4k HEAR YHrE  HE
WIEIEEE Rr | Ri=8. 19—4. 34lgo 7.0 8.0 G H W5 T E B, LA FR1 ZhRE Y s F1 DP1
WP H84F R Rs=13.6—0175SPL 7.5 8.0 SER T SN S IR AERE R
FRI1. 1 T # & X X X 0 07(DPl.1Z%fk
FRI1. 2 78 358 ik X X 0 0 O0||DPl.2%K
FR1. 3 3k =10 0 X 0 0]|[<DPI.3 &K @D)
FR1. 4 &8 X 0 0 0 X 0| |DPl.4%=
FR1.5 AG#H 0 0 X 0 X||DPl.5Z%[]
//Fiizl\\\
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b\l

/T opl
) G 931?
v

v

DP2 ey
FEELALE
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DPli.S.l DP1 52 ‘ Dpll,ss ik
B (£ I A Sh At LS ETiRa AR S
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Fig. 11 Relational tree of car body NVH
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ML AEMNGEREER/NAEN K
THEE B AT 43 A, 4R M 45 T 7E 1) R T BB T A A
ST R, TETR E W AE IR R Y e B Al B R
GEMRTT R ER S F R R 6O MK
MEBRGED . HEBHREXRENETE N LS
At T AR S R A AL
HIFMMBEHREREZREF(EROETAHFERX
B A 30 {8 (DP3 (W = 0. 786) >DP2. 2(W =
0.578)>DP2. 1(W=0.435) , i B WK 11); &
JEREVOH MR T RREFE 5K liﬁ{n
BHSERE, B EX NIRRT RN ERFRE
MBEEENMRR B ETNRETARER
B HBEMYSFAEFETEHB ARG
OB R BRAE .

R6 TREREARFEER

Table 6 Noise factors of nodes

WRHS R E S
Wl ZEURIRBE T RRE B R I SRR
DP1  fE/H3REE B LR
& 40 BB TR B
Wl BB RSRE AR AR AR HR T
DP2  fEHIREE B LR
& 40 B 4R A M S 40

il & HETER GEFFREE e % ¥ 2
DP3  fHIREE BRTAT AR R i e R
& 40 8 ok T B AR T B4

RT FTREERER

Table 7 Failure modes of nodes

P W BeT

%5 BB L/ % BEESSR
EEPLEIF BB AR R ETTIHF

DP1 K BEA R HHE NG 2 1 I
FEL AL Bl

BEBRG.RBBRG.RRFE
B . BEAEE SR,
DP2 R Bl B 5 e ) RS R 2 v
ARTE | B B B R R R VR AR
R

17 28 B 6 55 I W R KB
TR T BT LR
DP3 PRt A 3l TORS 3« il il 15 46 5 VI
TR il 3 AT AT S ol LR AR
fEi E A B

#8 NVHXEMEBEHETAREXKNERRER
®mEF

Table 8 Impact factors of evaluation indexes

%E‘ 1 iRz HBiE3 kR4 845 5
i 5
Ei2n Wesh o Wk MR WMEEW W™
£k MR W AMFE S R EH
4]

0.15 0. 25 0.15 0.15 0. 30

6.3 =PI 2—RERIEHEES TR

(D WS AT

TEr AP NVH SCBOR A9 2R Al B, 7 24K
YN B SR IR B KB 1Y A 45 BB B PRIE T R AR
BT B Y B R G R AIE 5 I > 3 R R AR 0 AT
RESE S (A 12 Frm) , B R & R IE T
X, #R EERUNER 9 PR .

®
ﬁ )—
\}D

- 1
G
M@ ) (n)

Bl 12 MR o3 4 B R 1

Fig. 12 Application of fault tree analysis to quality measures
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;

#9 FERIETX
Table 9 Proposed quality plan of body NVH

1 i G 5 WM MRgE B EB
HEAT K B LS5 A W 7S ) AR

@ FR3
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BB T Vs S8 B BB 9 O SRR AT R L BLUR
BA .

MG RAT A B St xb R 9 R BREO , 7EHE
A&t B Br L HYPERMESH 3% {4 8 37 & 3 #l
BOREALA FROTAE R, (6 A BT 32 AR TR AR 2R L
RS ARy . AR EEE R SRS S
B R HE A S A AR IR » 25 B I AR MR B 9 5 X B
BT Q  F ] — 4 55 357 3198 R0 A 7 U 3h B e
ST R BT MRS JR B R MO AL, D JE SRR
BB R BT R EISKYE . ERBAT IR
FENE 13 B

FBFER 1/ s A

i 1S i NHIEYEIES
i ik

(b) B JE AR B2 1 R (B PRE AT Q)

Bl 13 B AT O i

Fig. 13 Implementation data of quality measures
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B o fAE EH SPL, IR K o B4 & 15(b)
N,

(@) ZE 1T IHES I iy (QERRIRLEE ¢

B 14 SMBOT RS

Fig. 14 Appearance simulation and evaluation
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Fig. 15 Simulation of body NVH based on virtual prototype
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