5554 % 55 11 ) B X E K F F K Vol. 54 No. 11
2020 4F 11 H JOURNAL OF SHANGHATI JIAO TONG UNIVERSITY Nov. 2020

T EHS.1006-2467(2020)11-1172-10 DOI. 10.16183/j. enki. jsjtu. 2020. 99. 016

LT DX TR] RS0 ) 7= s 2 RE AR AL DA

REL,, ZFIm, HFT’
(L AR Al T AR, T0HR M 2211165 2. L8l ko HL TR B . L 200240)

i E REERNDAREZRELRALR, AAAAAFRAREMEST KN E2Z M £
FL MR A T S R AL, IR BB A 6 T AR TR E Sk B iR fe AT i B SR ig AL ag AT 42, B SL AR B — AP
o B AL IR E k. ARV AT REHARTHME T KRR A D E R A A midEmn
FoF MO A i E R TR, LR, A5 & DAL B 69 A R AR A F K e gHa0
PR, RARETHEAA S S TRSRRACE PR EE RN Z R EE MG £ FE. &
THAFTRERE TAEFRR LT ER TR EZ LRI KRS R iR,
BB AERSRGXRENAAR A EHATER M. SRR 5T F R4 o B4
MRS RE SRR — . BT ik B — 2 2K o R T AT

EER . TR DB RSN, KiE &AM

hES%ES: TH 122 MEkPRAERD: A

Product Functional Degradation Assessment Based on
Interval Number Prediction
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Abstract: The dynamics of customer requirement makes product evolution inevitable. The essence of
product evolution is the divergence between the function of present product and customer requirements
expectation, which is defined as product functional degradation. The identification of degraded function is
the precondition for product redesign and evolution. Therefore, a method for assessing the degradation of
product function is proposed. First, customer requirements are converted into function requirements based
on quality function deployment, and the importance rate of function requirement is calculated by using the
rough set theory and Kano index. Then, the predicted value of the value range of future product
engineering characteristics is used to represent the expected design range. The difference between the value
range of engineering characteristics of existing products and the design range of customer expectation is
calculated by using the projection method. The functional degradation index is obtained based on the
importance of functional requirements, the difference degree between engineering characteristics, and the
weight of engineering characteristics. Finally, a crawler crane is taken as the research object for case

analysis. The results show that the functional degradation evaluation obtained by the proposed method is
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consistent with the actual analysis results, which indicates that the proposed method has a certain

effectiveness and practical feasibility.

Key words: product evolution; functional degradation; engineering characteristic; interval number prediction
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R 3l 2 s T s

wy, 0. 240 0.223 0.178 0. 200 0.159

(2) Jo 2 5 oK T 2 i A

AR 35 8 A 3= 1 JE 2 17 50 {57 Ji5 7 2K Bt %
Xof T 2R A P 4 T 3R (5) ~ (6) 1 2 i 5 T oR 25 0 L 4
% 6 IR,

£6 MEERS %

Tab. 6 Classification of customer requirements

F X (8) ~ () T 53 15 JB 7 7 2R 5C 1Y) 2y il i 22
BE g AR ANE 8 PR,
#8 DHREEFLR

Tab.8 Summary of functional importance

E [ Sz I3 fa Is fs

gn 0.196 137 0. 246 052 0.173 044 0.089 43 0.160 864 0.134 443

R ay b L, a TR A
1 0. 66 0.73 0.98 47.88 IR K
s 0. 64 0.91 1.11 54. 88 HIET R
s 0.75 0. 64 0.99 40. 48 Rk
s 0.62 0.18 0.65 16.19 Wh g TR
s 0.23 0. 68 0.72 71.31 ik y sk

3.2 FmIigt R EIT M

(1) MR U

PAHT 10 AR A7 2k AL A “ 4738 M R .
TN S %) AR AR 1 Y RS e O S PR AT
AEARLP: B d. 15 10 4877 i 47 8 3R 7 s an 3% 9
FiR.

®9 HAUSETARENT IORITEEEREEEE
Tab. 9 System range value of walking speed in the first 10

generations of a crawler crane

BE T SR 2 28 e RH IV B A R AR B AR i 5
(7 X o1 7 5 SR R A T 8 32 A ) R R A o % 75 oK
A EBE w, R WNE T FR.

x1T BEEREEZE

Tab.7 Importance of customer requirements

R r ro r3 7y s

L S e S
(km« h™1) (km« h™1)

1 (2.2,3) 6 (2.5,3.55)

2 (2.25,3.2) 7 (2.55,3.63)

3 (2.35,3.35) 8 (2.65,3.75)

4 (2.45,3.35) 9 (2.7,3.8)

5 (2.45,3.4) 10 (2.7,3.85)

Wy 0. 245 0.228 0.182 0.102 0.243

(3) A REE T
A QFD ML R mEr MmN e E &
BRI A 3 iR,

PASE 1~ 5 A5 il BOHiE Dy B AS T 35T 00 265 6
A a9 A7 58 R 3R U X 5 6 A i 4 30
Bt LR 6 A7 bl U AT B R A% B S A
SR it AT BA S5 5 I 5 SR A 22 05 T R s i
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2R 6 A7 B9 R GEE L TP B AR A A A
JEAR & W BE 2 1~ 5 A0 il Btk B0 9 26 6 4
TRRAF R Y TR AT LA AT 8% A 3R & 30 B i
[l &Rl T35 7~ 10 AR 47 A 1 B2 B AHALLE
DA B 2% R AL B9 3% o8 . B A S 45 R 3k 10
J7s.

F10 Fo~10R=FITEFEMMNEREUEITE
Tab. 10 Prediction of walking speed and calculation of

similarity for the 6th to 10th generation

AR AT E/ (km e h D) BUUME/(km - ho 1) s'

1 (2.2,3) — —
2 (2.25,3.2) — —
3 (2.35,3.35) — —
4 (2.45,3.35) — —
5 (2.45,3.4) — -
6 (2.5,3.55) (2.552,3.478) 0. 88
7 (2.55,3.63) (2.551,2.579) 0.95
8 (2.65,3.75) (2.575,3.739) 0.93
9 (2.7,3.8) (2.706,3.874) 0.93
10 (2.7,3.85) (2.777,3.903) 0.89

B 2% 10 ARRUBE TR Z5 1T AR B 55 6~10 18
7 i A T A I R B T A BA 2 S B T SR
85 22 07 1 2R BT 0T I 2R G 9 R A AR
JEHE T 0. 85 EEE A 0. 95, HA M = AH
L T A ok JiE Ay Xk ML TR R M A O S L
LA I ok FRAE 72 Ak 1 I8 2 75 SR I SR B3 FELR A B
HERf 1.

(2) TR A 80

PL fs Hilsh o fig b, vE B e BAR R 3 AT
FRRRME of L) B of iR LR AL AR B, Hovh of SRR 3l
BFA] o) R CPU MR EE . o) #RIMEG R, THIT
Oy RN A TR R AU Gt 11 Fios.

F1l FHMEIEHEERNE

Tab. 11  Engineering characteristics and weights of brake
function
Iou o B &
€ 0.4 0.2 0.4

TR R 2 % A G AL T
WE L BLef oef ool BYTT 6 AR T RR AR R S T A A
W 12 JiR AR IE L (14) ~ (20) FU 2 Sk 7= 5 i T
PR DX 1) 9 P BB % 5 oK A 01 R it L B
25 R A0k 13 P,

®12 IEHMHERNELAE
Tab. 12 Basic prediction quantities of engineering character-

istic value

[ ((f (‘g L(Z

1 (0.6,1.0) (42,65) (85,90)
2 (0.45,0.7) (40,64) (82.85)
6 (0.2,0.3) (25.45) (75.85)

®13 IEFUEETNER

Tab. 13  Prediction results of engineering characteristic value

Cb I 5 I

BS* (0.14,0.22) (25,41 (70,84)

(3) REPETEAL

BT R 13 PR TR E B Mgk 12 h
PUA 7 i TR AR PR XA SE [ A P4l il 2l T fg Y
BALPE. MR 21 ~(23) 153 i Sh ol g i B AL Pk
5L AT R R SR 14 R,

i) 3, HC A 2 i 1 2 g AR b PR 45 B an 3k 15 BT
N

® 14 HIZNThEERTHALIR L

Tab. 14 Functional degradation of brake function

% 6 6 6
C*® ] cy c3

ASk (0.2,0.3) (25,45) (75,85)

Bt (0.14,0.22) (25,41) (70,84)
B (ASE, Bot) 0.201 0. 068 0. 024

e 0. 40 0. 20 0. 40

86 0.134

D’s 0.014

R15 FRERKETMEER

Tab. 15 Product function degradation evaluation results

F f1 I I fi fs fs
D;, 0.066 0.174 0.067 0.088 0. 054 0.014

Aiolk 25 5 25 AR 7 T 3 4 207 B AT 1 DL
RIS B Do =0. 1 R4 R LI, £,
Fonfosfs B fs BOBALTR B TR R L 18 BB fE 2 A
WES £, L DBE Y D BE IR AL 4R BOR A B . A
LHE o 8 U REAT1E A kB AL B
3.3 ZERoW

e GEAR A A VA T7 32 AN S5 22 58 A2 9 SE 56 A
IR A N ) B IROR 8 5 A IR 1] A L 38 i 2 e R
) 22 PR L K 52 2% 1) Kl Ak B A A5 B2 i AR
H A HFFEAL % 18 2R A= iy T i 9 68 FH AR BR
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Z: 7% C A WEE 4 S i e 22 B B K N BRAR B
e, DLSEBR &R G 30 5 0 2 100 22 5 1 3 [ JA] A g
22k SCRIR AL T R 1 IR AL AR B A e B —
SE A RO TR BT TR U A AR AR R4 45 R 5
A7 il S BRI 0 A B L B2 R SR TR RS R T RE T
BB R 0 4 B A SR ALY G R A g
HEEME T 2 113 m/min, & f F 8 #) 790 t,
R EEREWHE 136 m, (HIA 7= 57 & T e
5 TH] PP 4 20 3 B KA 108 m/min, i iy 8 & AR Ry
650 t. i A BERE S 116 mo, ASRE T A2 B & 0 7 1
T 2R 7 b D RE S B BTk 5 0% T SR 0 ER 2 ] i g
B L i D RE A e R AL B P vEAl 45 2R 5 7= A 5
B LW A, — a8 B2 B b 16 B T T O T A S IR
A AL

4 HiE

-]

BExt BEA 7 ah D R B AL T 58 S 7 dh D BB IR
A2 T e A R L7 B S A B REAE T
PR AT . Z0m% 1™ i BE 52 5 0% 75 5K 19 B
FOC A R A e TR AL T BN TR O B i — b
DIRER AL TEIEA T ik, 6 0 2 T HDBE 2 BIE A0 R o
88053 591 I ZE RN B P 5 THT 25 R0 2 5 5K 114 B 2
PRl e P SR 5 SR R L R R A A
QFD iy ABfE DI REHE 2. AR5 . LI REA G/ T
PR A 9 B 0o 2R s B SR B T L e R R T
[y s TR AR Y DX ] 91 R 2R 83 R J000 ot 5 55 5K
(4 03 B2 B L 5 B T R X I A et
e RS B BT [T A) Y 22 7 L R T U B B
JIETRR R ) 1) 22 S B 0 TR AR MR A R E LI g
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