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Abstract: To address the adaptive modification of mechanical products, this paper proposes a method
for identifying influential parts under multi-source adaptive changes. Based on change propagation relation-
ships among parts, a product change propagation network is constructed to identify coupled nodes and paths
in multi-source change propagation. Vector cosine analysis is applied to calculate the relevance of attribute
changes in parts affected by different change sources, and the direct propagation strength of coupled paths
from front-end to back-end nodes is computed. Considering the coupling effects among propagation paths,
the influence of nodes is quantified by change propagation intensity. The feasibility and validity of the pro-
posed method are demonstrated through a case study on a truck hydraulic tailgate device.
Key words: multi-source adaptive change; influential nodes; change propagation; propagation path
coupling ; product design
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Fig.1 Multi-source adaptive modification of the

AR
- R
— W
O mumss

propagation path diagram

a3 AT 22 5 3 M O A B R G B AR L
e, MR 7= i 2 A ) AR O R L i S T R
VA% 496 5 W 1) Y s L v TR s 52 A [) O i VA% %
S T SRR A T . R s ALB R B
IR R A TSR V= VANV, i,
Vi V2 5 R 35 5 AR B by Bl B DA U5 s £ 4% 5
Me) (1 40 AR B o BRA T R ALY BB AL BR B AR B
HHRA IR . BARA B R R BRI ) 16 AR

S 1) 22 > ST AL 5% A2 A0 AL % L A D T )
— AW AEIFRAERIFM S, HAT H ol
AR AT 4 52 ) B AL B B A A o (v, vE
Viaw) s MFS G B A2 7T 275 4 Path(ADB).,..yye

- 1747 -



hE LM T AR 2837 B 2 7 2026 4F 7 H

SRIG - AR B IO YR A AR TR R A E 2
VBT 7 O A R A A A X I A Y
A e A DRI R A Y X IO A T R v R Ak
AR CPE . 19 A 5 A B 4 5 O BT R L A
Path(ADB).,, ., b7 s o, 1 J& VAR 1k B A S
WA K #E A 42 Path(ADB),, ., I W 4k H %1%
& i 42 Path(A) ., il Path(B) .., A3 . iE K
R(ADPB),, =0, 1 A B[R 0 S, %
Path(A@DB).,, ., 15 15 o, %t A [6] 5 2l P8 1% 3% 5% i
g1 & BB el s T R — JE P HAR Ak Ty 1) A
A A 5 A 42 Path(ADB),,., 1 B Path(A),..,,
Fl Path(B),.,5¢ & 1IEAH ¢ . id R(ADB), =1,
FUA B [A B R TR B #F Path(ADB) ., 115
J v, T 32 0 A% 5 5 W 2 A TR) (LA T Ak
MA AR A 42 Path(ADB),,., 4 1Y Path(A),..,,
FPath(B),,., 562 A, id R(ADB),,=— 1.

AN TR) B SO AL R S T R T X I
1 1) T M AR AR R 58 4 BURE G LR A G B 5E 4 IE
FH G I, F5 TH 5306 T A [5)00 fe B ol U 1) S 6 1% 4
AR e L R A AR 3R
“IEAET . FR ) As R BRI AT ) A S )
14 5 1) G ZR AN H L S i e s o PR Ok R Y A58
T A 1 JaE AR Ak A ) o R A X A A
PRI 1) B AR DG . 2T A SR A 2 )
Je AR FZ A L AN 2 BT 7R L 8 A LB 4350 R B R
iF LA A % 12 Path(ADB) ., b3 55 o B 52 15 3%
5 MR) 11 5 AR Ak (g ) 43 501 o XORN Y, 0y
S, JE M AR AR DG R

XY

R(A@B)Z;,:cosﬁzm (1)

B2 BEEHZTHEXEEEREZ
Fig.2 Vector cosine of attribute change correlation
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Fig.3 The correlation of attribute changes in multi-

source change nodes
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Fig.4 The propagation impact of single-source adaptive

changes
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Fig.5 Schematic diagram of the structure for loading
and unloading the tailboard of a vehicle
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5 0.25525 0.3267 0.4065 0 0.4065
6 0.20044 0.2566 0 0 0
7 0.12786 0.1637 0 0 0
8 0.20044 0.2566 0.2074 0 0.2704
12 0.15351 0.1965 0 0 0
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Fig.7 Adaptive change propagation network for

change source v,
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Tab.5 The change propagation strength of each

component for change source v,,

&6 BT R v Fly, NEEE
Tab.6 The change values of coupling nodes v, v,, vs,

vs and v, mm

B | L | BAE A% 4 i 75 TP 3 4 5 6 7
0 et BT 38 =y prmy=y prmyen S0 . B RS | 850 | 850 | 200 | 360 | 360
3] 0.19518 | 0.4026 | 0.1654 | 0 0 | 0.1654 P JEL 3 3 | 325 3 3
4 | 0.11529 | 0.2378 | 0.1055 | 0 0 | 0.1055 BEr R | 950 | 950 | 200 | 380 | 380
5 | 0.25525 | 0.5265 | 0.6551 0 0 0.6551 wH JE R 3 3 3.25 3 3
6 |0.20044 | 04135 | 0 0 0 0 B RF | 840 | 840 | 210 | 355 | 355
7 012786 | 0.2637 | 0 0 0 0 BB JEL 32 | 32 | 35 | 32 | 3.2
9 | 0.31448 | 0.6487 | 0.1053 | 0.1310 | 0 | 0.2363 o Flo, A | B | 850 | 850 | 200 | 360 | 360
10 | 0.48480 | 1.000 | 0.2595 | 0.0421 | 0.0524 | 0.3540 ik JL i 32 | 32 | 35 | 32 | 3.2
11 | 0.48480 | 1.000 | 0.7053 | 0.2867 | 0 | 0.9920
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Fig. 8 Adaptive change propagation network for

change source v, and change source v,
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Fig.9 The vector cosine of the attribute change
correlation for Path,, . ;
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Tab.7 The correlation of the coupling path for change

source v, and change source v,,

W& L
Beiz ath,; .| Path,, . ;| Path,; . ;| Paths . 4| Paths. | Path,g . ;
/H?EQ —0.2040|—0.2040|—0.1738| —0.1738 0 0

UGB B 1 A2 AL R s B R . RIXA
%\:{‘%%,@UUB%%%){%UUD %R(A@B)sbﬂzﬂ
R(ADB); #1240, 0

I(ADB) ;. =I(A);,+I(B);=p;..S(A) g+
£5.:S(B)e=0.4X(0.2566+0.4135)=0.2680

ICADB) ., =I(A) ., +I(B),,=p;.S(A) o+
£5..5(B)s=0.4X(0.16374+0.2637)=0.1710

R(ADB), . =R(ADB),,=—0.20406( —1,
0) 1 R G P& A28 A7 78 38 43 A0 5GPk AR 418 = (5) |
A (8) 3

I(ADB) ;.= (1+R(ADB),,) (I(A);,+
I(B).,) —R(ADB)JI(A),, —I(B) = (1—
0.1738) X [0.6X (0.2498+0.4026) +0.1738X
0.6 (0.4026—0.2498)=0.3393

[ # i #5 I(ADB),,=0.2005, M v, Fl vy, [A]
F A A B B B o 4 728 A 49 5 J3E

I(ADB),.=I(ADB).,+I(ADB), ,+I(AD
B),,+I(ADB),,=0.9788,
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Tab.8 The change propagation strength of each component for change source v, and change source v,

el
1 2 3 4 5 6 7 8 9 10 11 12
R 0.457 65]0.109 08 0.122 15[ 0.072 83| 0.157 471 0.124 95| 0.080 55 | 0.124 95| 0.194 421 0.293 01| 0.293 01 | 0.097 16
BIFEFEEC | 1.0000 | 0.2383 | 0.2669 | 0.1591 | 0.3441 | 0.2730 | 0.1760 | 0.2730 | 0.4248 | 0.6403 | 0.6403 | 0.2101
#—)2 | 0.5007 | 0.1922 | 0.2261 | 0.1443 | 0.9788 0 0 0.2216 | 0.0688 | 0.1699 | 0.4530 0
ﬂ%ﬁ ¥R | 0.2252 | 0.1825 0 0 0 0 0 0 0.0870 | 0.0275 | 0.1890 0
o =2 0 0 0 0 0 0 0 0 0 0.0348 0 0
AEYAERRSREE | 0.7259 | 0.3747 | 0.2261 | 0.1443 | 0.9788 0 0 0.2216 | 0.1559 | 0.2323 | 0.6402 0
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