2022 4F 8 A
540 B 4

[ DA N e 3

Journal of Northwestern Polytechnical University

Aug. 2022
Vol.40 No.4

https://doi.org/10.1051/ jnwpu/20224040883

5 T RELRE 5 50 5 4 T 1 0 R M 3 AT R 5

k', ERA, A

(3]

(LR RS ML T AR 2B, MR KU 410083 2. g ks bk REA 2l X E A S s, WiFg Kb 410083)

OB =k A AT R T VAR AR e T 69 BORRA AL i it S E AL R I A T
AT A BT S AR AR 3 W R AR AR AR R BRALAE AR B et AR R S AT IR
FOEAR KM ARIE T AE F kA AL E BP AP 2 W 44 ( GA-BP) M Fum A28 A A Morris #= Sobol’ 4~ B #%
B 7 AT B SRR AT B B0, Rk b @A A R R R R Z S E A
IR ERK B R T BRBTA R, AR @A ik R R AR e TR RAW,

PSR AR R K BT 2 ) B R B SRR R A SR RN HES 3 O SERCR 3 @ (S, SR ARIRAR

(V,,), 3 S, 55 TiRAKAREL,

* &
FE SRS THI17.1 MEARERD A
W TR AR RO R B b #02 M AN-F i 2=
AT, FEA% SIS 145 TAT ) 00 28 TRIE S0 AR F B4 52 ) 45
ARELAE S B 0% o7 S bERE L T LM T
FETIESURHAE A FAE 77 T, = RS 3 2800 g
T LA VA M S — R TR X 3L 3 T S A
fiF, W)Ah T TR BRSBTS R
JE T A7 S F AR, R O R I AR
T SRR SRS T A I RS R I DG
ORI T R T A IS
V., EERAFRE YRR T, V,, HERAFTRK
U RE ), B80S, SEHLS, FAAESORAR G .
TAREY NSHS, & SURARGT, T T
82 A BPRHITE T (A I T v, S DA R 1T T
PEALELRD, Stout 555 FIHS%LS,,S,,S,. S, BT
FLH AR R 2R e B e, R e TR RS AR
Ji¥ . Bulaha'® f812:%£ S,,S,,S,,S,, flS, , PFAh
T PR A, AT Ead R
TSRS, , Sy, 5 AN RN T T A JEE 488 185 5 7 g
XTI K R, Oskars 255 B WRAEBEH G2
KPR T S,,S, & 4R S5, Civeisa 25

%5 B #9:2021-09-29

AN = 4k @ ALRE T Morris 7 % ; Sobol’ 77 ik ; i 4% H ik BP AV 2 M 2%
X E RS :1000-2758(2022)04-0883-09

FIFH = HRAE FE 5 BE 28000 i 1 A [l AR 2 T )t
FItERE, BAETEAED T30 = dE R B 2
$0S,,S.,S0,S, S, JrHr T S OB A2 1 BT i
MIAASCH R, TR 8 g s hilRe e 55 5
A AR S48, ,S,,S,, S, S, AT
WAREOCHE, Franco % SRS HL Y, V, M
ST T B R B, UL LRSI (] = 4R
B B S H00nT ATPAR o T 1 %) 45351 AR A3 1 R

SR = e MRS B2 S HUR 2, Nk 2 S 80 i i
DI ERTES U T RAER IR IR PE e 2
—AXEE, AR AN LB | AR B IR AR
it 2E 2 M AR DG A AT S SRR AE X R VDT BIE Y
AR, T SEER [ AR B i) A5 i e R =
YRR B S50 5 14 TH 42 il P e o) AT REAEAE R Ze b
BIOCER, RS AE B LI L B BP #2224 ( GA-
BP ) A4 4 2 Ui 1 P RELRE BB 2 8805 2 fi v i 2 4k
AR [RIE, it — 20 XS T i |, 3Tl 2
W25 B, 5 Bl 4 JR AR R 43 BT kT B
TRURR R BN S B, T 16 0] A7 1T B2 M BB 2 i) e
K =L RLRE BE S50

AR SCEE TR PR S N 3R TR S5 S5 B | LA

BEE£WMB ; BRI S &R (2018 YFB2001300) 7% Bl

TEB TR MRZEN (1998—) , g K=l Ao A | = B2 SR TR0 o7 U 1+l 3 A2 i EE AT
BIS1EE HEIIT(1962—) , PRI R 2FHIZ , T2 N B v 28 25 U -l s il 5 0 R ST . e-mail ; jytangesu_312@ 163.com



. 884 - [ A N AN

¥ 40 &

RO BG4 Ry SRR o A 05 12 Dy 6 5 B
8 o 24 A A = AL 2 S B R A il R B
T3 FRER KRS A AR LA B Y PR 5T — 4l R
JES R Vi T A 1k RE S B B) ) QIR - [N
TUAR I = HERLRE 2 B AT e 4, B e SR o 5%
R TR SR A e T SR, O 2 A R R
TR T2 M P R 1) 2 B B0, Dy o TR 57 1l
A AL R

1 HFERESIHE

A5 T K Al 118 B8 Sk 5 S 0 7 S 1
T, Xt S R T R T B2 kBB S 40 5 — MR
SHIITE
1.1 FARREHERRSEMN HTE

XA FE A KL 12CeNidA (9 mmX9 mmX16 mm) i
ARV EEH, R AR 100 mm %8N
20 mm /Y CBN %8 (120 H) #4751, Jn T 44
N RMESEEE 1500 r/min,@]‘ﬁljﬁg 200 mm/min, Y]
HIRIE 5~25 wm 2 H1¥ 120 L/min ( Castrol Syntilo
2000) . PR Bl ok B 1) i g5 O 5, AR O
20 kHz, #R1HHA 0~10 pm,

8 D% T 31X Wyko NTO100 Xif 5 i T4 3¢
TP SR A T e, A T2 3 v floUL TR 50 %) v B
MERUE Z (x,y) (35228 4) . Bl I AY AT 34X
RAE TR EE A BORAT 5 A%, ALER Bk 1
BARESRIBARET T THER, T Wen
AU B ) = A RS % T ™ M A kA3 T
D59 A B S 2 23 6] B 8 A fih 7 25 396 5K 1
FEV TR RS U 3 /R R AR R R TN 13,
TR MR RIIN 1 (7) SRERKET (M), Hrh
I 1B A MPa,

1.2 =Z#MERESEEASITE

WA 15025178 HHHILAE ) — LRSS 85, X iR
7 P 0 R A 2 T O S B A R, T
S SRR R0 A 07 2 S X o T TR Ak 7 i S i
BRFRMESEALE N BARSH, BiEEAR T
(S,) KU E A KA REI R (S,) AmABHE (S,) .
WEZS(S,,) AP BRABL(V,, ) WA ER Y SE AR AR
(Vo) BORFFELL (S, ) o3 8 58 R 5 rh L AR 1Y
AT (S,,,) A B R A o B 12k
AR (S,,) 9N =HERRE e S8, HABR S, ,
S AN = RS B SO BeF A R 1 R,

KT St S BRI 1 R,
£1 ZHERESHNBERAR

s, = [ 1 2Gey) 1 dna
= — X X
S./pm T A, Y ¥
(A S LXK HE)
S, = max(8,) + max(S,)
S,/ pm o N
(8,8, APBERAWER WE2%)
171
Sy = 7[7 Z3(x,y)dxdy]
S, S: AJ’A
(S, WARHITEE)
171
S. Su = o[ A ]
K 100%
V. =—| (S.(a) -5 d
T T, (@) =S dg
(a BINE N 80% ,K, S, & SCVEWICHR[3])
K b
Vot e T o0 (0 = S0 dg
(b BIAMHEH 10%)
g - min./t, +1,
Su T max /i, o,
(t,,t, B LVERICHRI3])
w |
5

40%
P\W %ffjﬁ?ﬁ

0 20 40 60 80 £100
Smr] ﬁﬁfﬁ*ﬂ%z 'mr2
Bl 1 BRI Abbou 12k &l

2 WilEENESEHERES T

AT R ST 2F A O B B 20 6 = 4k
B BE S BGHATHI L i 8, 45 B BP 28 W 45 45 4t =
YIRS B SRS b RE S B T AR A | LT
DUABSAY 107 FH 4 S UM 23 B v 5 A = 4k
FERE B S 800 BURBE I i — 2D TiE S8
21 HEXSH

A HTH F TS 2 Nk 2 DL BN AR 5



o541

Wik, 55 6 THDRIDRE B2 2 8015 1l 7 ) SRRV E 23 DTS - 885 -

[ ) AR FIAR SRR P RN A R B o i S T A
Ko HrE et o B E A o B p BT
0.05, RIAT A 25 5 BLA et 2 S RDxd 25
RESFERE ) — Rl T 2, p (EB)N , 2 B 25 2R B
B3, HWCR) o3 A0 G B, B R b AH Ok R B
(Pearson correlation coefficient ) [K FHE M £8P AH 5
19 3 3R T A2 () 1) A DGR A, 5w AR 1)
TEbR BRSSO T ) Kidle Y o i 827 i e ik is
FH B IR R O 28 00 IR G — A kRS 2 2 50 e
PERESHR IR T, TR AN

= CO(VTS;;” (1)
A, r, AR ) ARG B ZRHEMAE G R B, 71 o
At [ B PR OT 22, o B A AR R T 22, 2R 2 T
) Y B IR A OC ZR R r (B L B T AR

T

e E] A SR AR
®2 MEXBEHAER
A B TR EE
0<r, <03 EEEPESRIEPS
03<r, <07 HR AR A OCRR B
0.7<r, <1 SRAH IR L

2.2 GA-BP M4 TRil&EE

AR SO BIAH 5 J3 Bir 2% B 55 R R B2 ) — 4
B 240 AR SRS A T b e RE S 0 &
MR AR AL T AR AL SC A, HLAEF 42 J gk
GIAT T ST — AR E A S R A HCR ) BP
MM ZEG R, ALGEH BP B 22 N 28 7 7 — L
BREE B XTTUAR S B (i A S B0 B9 A B0 1 L 5
PEAE A G AR R R A

AL (genetic algorithm ) J&—F FH Ttk
AR RS B R 2R S RE T, T30
BP #HZE RS IR IRAL(EL . GA Bk A4 . FhIERI 46
A N BE PR IR B SESUBAE RS ERAE

FREAS A 200 i A2 0 B A (A A, —
SR SRS | S 45 2% A AU 5 I, 4% BP
MM RIR2ZETHERR], 0 (2) PR

E=c[;abs(Ki—Li)] (2)

A e HEBGR 2 2 BT SEGK, R
245 B G L, o B
PEFEARAE S B AVE E ey T e 2

o0 26 v 7 A T AL 5 1 {1, A 3 B2 (LY 0K
R ABUE 5 BT BP 2%, 177 (75 ) 2%
BARRFMIIRE, BERETREN T BP fiZ
RS BN R TR LB AN A2, B T 28 R 2% 1Y HE A
PESREE BB T A0 = 4R B S 500 TR
P 2B RATEE , A SO i —Fh g5 5 4¢
ARG M 5 4 Ja U 23 A Y 9 32 k| O ik
T GA-BP Bl 28 [ 25 %F 4 i M RE S 4G4 T Fi

23 ZRERMEIWHIE

ASCHFT 2 Rkl 12 1 FH 9 4 ey U 23 A
F7 1 Morris' ™ 77 3 Fll Sobol’ ') 7 ¥ . Morris 7 1
AL LA /D a5 R AR 2 Ml O AR 6 SR N
Sobol’ Jj 1 ] H: T 45 22 FE AR SR MUE 8 BURAE 3
Bro dIE XS Fe 2 By s i U A BT 45 2R Oy =4
MRS B2 2500 e S A5 PR .

2.3.1 Morris 7 i*

R T RETE 4 R R N A SRR A S R R
Morris 7E 1991 4FE4& T Morris Jrik, % EH IR
AU — 4> Z B UL, O T34 & 28
CEEATZ RIS B v A S HO A5 R
AIEZI , LA NI AN A5t S804 R R BUE Y
FL R S B0 e A b i e A e

WRGHI R y = f(x,,%,,,%,) ,m FRSEL
AAERE  AKHE Morris FAHAEIEN] B4 S LS 2
[0,1] KIRN, HESEMNEEGM=10,1/(k-1),
2/(k = 1), 11 WIRE, Hrh k&S H K
B, BASHON M BENLIBUE 3RS 55 — A FEAS 5
X, =(x,,%, ++,x,) X X, BAEE— S50, 3k
s MR EREA T X, = ooy ooy 5,000, ) L3
s 1/ (k= 1) BREURG REA S X, JE T X, Ak
x, ZHRE IS, LA S HE B 2 1 BT A S8, 145 3
— AR SEX,, X, X, o AR 2 A
S RIRAT T R 2% 2 R0 it 45 SR AR A, 55 g
ZHRVERME T A (3) 5

(X,) —f(X,.)
0, <1 Af g =12,mm (3)
ﬁl:':a Xq = (xl"“axqﬂ’“"xm) anfl = (xla'“axq’

’xm) o

— HREA R RIS T 1 Jey S U 73 A
B AGHEA AR R S n W, BV ATAC SRR
Az BE R SR x, IR N, BTA] 305 2]
P o, P o, (B T8 0 0T 2R 8 K0 LG (RS20 e,
(BB, MR AR BEBOR , S 22 W/, 5 10 AT 8 5E o, 119



- 886 - Wodb T ok ok

¥ 5 40 &

2 Ry BURRAE
2.3.2 Sobol' 7 ik
Sobol J5 i & — it B& T J7 22 43 Al (1) B AE 3 A
Tk BT AU e B R 2 MR AL v 2 8 ) A
AR AT SR
BOERERY ¥ = F(x) =f(x, 25, ,2,) , Hf(x)
(-5 AT AR, b Mg 28 B T AR L O3 A ik
LU 7

F(x)=F, + Y F(x) + X Fy(x,,5) + - +
i=1 i<j

F1,2,--.,n(x1’xz,""xn) (4)
Kb, Py MBI i =1,2, 0, %5 x, ~ U(0,1),
Horbr U g5y 534, WIREHY F(x) J5 2253 A B X0k
—, Hor a5 R T

V= ZV + ZV + (5)
U V%%/T'ﬁﬁé V E Vy éﬁﬂi‘%ri?&l%ﬁ
%, I,V , jjn/l\l?ﬁzé fefiJa f 2
1= Zs + 25 + - (6)

X s, —V/V }iﬂﬂéx ﬁ IQIJI_AU”EI’J@Z”ZE,S
S x, 5w, T B S HAOW A BURE , DL

'+V12

'+512

AL x, E’Jﬁifﬁf 20, B e 455w, RGN FEURS
FES,.

3 MIRERESH

3.1 FAREZE

Sh G B - AT TR Ak BE S R AU
BRI = HERUBERE S, 7 B 2 s BE AR IR

ﬁ;‘i, B Sobol)
U GA- BPH YRR E’
WML~ 28—
@,ﬁ_H el Tk
SRR | Rtk
Gl S
HFP

KRR RT A L

& 2

1) MRHEFRIC AT BLE , GE T 1 BEXT = 4
Hit B2 S5 PR RES BOHEA T W VR IS
TS B AH 5 28 K, R0 B 75K 3 A 5% 2 1R {400 210 W 16
SR T L4 R TS R BT

2) AR 28I R GA-BP AR AY (5

BRLAG) BP B2 B 2% ) 43 ) 46 it = AE DR B 2
BSmKRBINT) (7)  REHRKES (M) 811
DAY

3) HTF GA-BP #HZMIZEHY 435 % Morris
J512: 5 Sobol FiEX S 5L G BRI = 4Rk S
BT 4 SR BURE Z AT, X5 FE 2 Bl 1 B2 Bt SR
MREPE | 22 43 AT RE X = 4R RLRE B S B0 —
i BE

4) W40t IS 1 S EE A GA-BP BRI
TR 2 T4 Jm st 3 b 7 v S8R 2 ik
TTHET B HEP 25 R 5008 3) 45 Rt A7 e, 34
X L 25 5 55 A0 o0 B HE I 45 SR AT 28 SUIGHIE , 15 3]
B L) = YRR B SRR A HE P 4

5) R IR SE e AR A O S
T T 1T i P Ao 222 D 2 AR 1 A7 B, S A 385
32 HEXHWER

= YRR B S 1A T A RE S R A e 4y
Bras SR an &l 3 fizn ., AR 2 (A AH G B R e B
FISEFEE KT 0.3 HAEIT 0.3 AP 25 K L A e 7
Y = A RERE P S50, T i ) S 80 i
FHERE

Sku
Snr2

mm SR

mm EAR

Sa’ Vmp’Vvv’Sz
SR KBRS f4E
DL BRI TR

02 03 04 05 06 07 08 09
MR RE ()

a) KR4 (D)
mm AR
mm EHE
Sy Vi Ver? S,
'ﬁ%ﬁ%ﬁtﬁjﬂ‘ ¥
D) A R R

00 0. 02 03 04 05 06 07 08 09
FHRRB(M,)
b) LA (M)

= YRR SRS b M RE S A B A DG B

MIEL 3 AT L S5 i fil i BT N ) 3



54 W, 55 . D D HLRE B2 2 80 H 7 7 9 SR BT BT - 887 -

HR R 7 S B AR DA B R DL I LR B S UK T AREA AN 50 | 2 T SR AR
WH:S,,8, Vo Vo FEIRFHCHE Lt REVINETFAR  HEAT 2R SO 23 17 T B 25 53 300 B 25 51 ) B
KNS, Vo Vi, S,o X ANSERRKRIN IS 25, B2 51205 i e R I >k, BT
T KR YR AE R e, Ho S, ¥k 8] Begb B AR sl SIREA I AT 4 SR Uk o b . AR
SRAHCFERE ﬁ%jtﬁﬁ[l5] ,Morris 7715 T BEA TR n+1 Y EEEL
Wit WM p HAE 5 RITFAHC I E A, P o ASENE IR RS B G A R N i
WS (BRI R ) S, (HURE X IR e R s 0 FEREAR &, 2 i R AR 1R 10,30 A1 50, RIS,
RRAGIF) vV, (TR SSARRE) Vv, (BAER AR Morris & V43 M 45 R 1 AT 552 A58 R
SRR VRN R E G A AR Sobol SUBMEIHT T HE AR 1 000 NEEAS KT 4 M
¥ r (BRBIN ) 5 M (RERKES) HRKRER  BESEEOE T, W =M B S8
GA-BP MIZ It A8 & . A Matlab #5EEMEW @tE EEE RN 0E 4 Fios, b B(E w 58580
ZEBIRY N 228 AL P EEHI N TR M SRS Pk AU S B OR, 3R BB N Ml 1 BB S Y 5 )
PLIHAE 228%0.8 ~ 182 4%k is H Tl Zrph & 28 B K,
Al GA-BP B 3l A i 3 0 1 2 1 By Heml Rl oy T BP ARl KR4 SALib 32 A Morris 7
FINZREE So RS 54 Ry 46 HEARAE R 5 Sobol VA4 AT AR 24 S8 B H 5 BR800 L
WA, TSGR AR B SHE B S, MBEE 4 45258, hE 4 e E R

BRI T 2 R BURE T ST DUEDULA R 7 P00 5 K5 R ) 5 2 T A R
33 2RHRMSTER TR R 2RV, S, 1Y 2 U

XS BT RS T BRI T RO M R R T A S, IR R R A S
il SALib, SALib J& i Python %i 5 Jf J THATHUR GRS R SRS, v, M08 T 52 147 2 fiph f R 5 17
PO IF IR FOh G4 TARBI ST )Ry ) SRR ORI A E 1 SV, LS, BBk,
TR BT T

0.6 A 10 0.6 . AR 10 1.0, =T
; [ =M,
0.8
=
04 § 0.6
] B
&y E o4
02 =BT
0.2
0.0 . 0.0 |
Sa Vmp Sz Vov Sa Vmp SL Vo Sa Vmp Sz Vou
SHEHRE SR SYEHRE B =R E S5
a) Morris 45 HR (1) b) Morris M4 (M,) c)  Sobol” 47455

K4 a)fUgE e R —

FA PR SRR E R A A SR IE 6 PR,
P28 I 25 PRI F D EE AR (AR SIS AY () i A i th S8, XTG5S S8 4 55, v] WAIBR S 505 1Y — 4k
e IR 5 1 = A RE R SR (S, V O ME R Z: RS EE SRR 43 BT HE 7 405 2R 5 B BR T HE Y —
W 265 (R AR B, JE T SCIREAR T I 2R 9 4%, OF0s BT ERIE 5 518 3 255, 2 RS PE A a5 R S5
YIZRAT (0P 28 P 245 W SR A AR PR SR O O, FBT A SRSl SRR SR PR — B, 2 Fpof H 5 SR e &
I SIREA I AT 2 R U T, M S SEORE AR EEE, Rl S A O b S 4 R UK
HIAIREAS S e 7 W R4 — B, 400 & Morris 3 Mo HT IS EORBE )5 | sEmmfe th 2 fl e KB 0 ) %
MIREAS R} 6,18 Fl1 30, Sobol L AUAEASEE 1 000,  THIERE ST A9 = 4ERLRS B S BEHE S HEF ¥ R . S, >
LR UL T A AN 5 R A IIGRE vV, o XS, V, SETRIORAMT , A i B R G AR



. 888 - Wodb T ok ok

¥

5 40 35

Hh 0.653, T AERICIREE . BRI SBAAAE—E
(AR G AR G Sk 51 T AR S, i
M B Iz R BT, Ak, SR 12 ] 3 1 B8

v, WU R OE T B B SO T4 v,
B IAR F T O FRARAE T3, FhIHL T L5 Hh e
S 2 SO 2 AR B AR B BS, LV,

1.0

05 o ARG 0.5 o A6 . -
B REA RS B REACE:18 =M,
04 = AEAER:30 0.4 B REACE:30 ” 0.8
0.3 0.3 g 0.6
02 02 ﬁ 04
0.1 I 0.1] 0.2
0.0l 0.0l l] 0.0 l ]
Sa Vmp Sa Vmp Sa Vmp
SRR B8 SRR B8 SHRREE S %
a) Morris MM &5 () b)  Morris &R (M) c)  Sobol’43Aras 5
K5 @RfustEatras R
10% — Jigiss 10% — Pigisk 10% — sk
BEA BE REA
— WiksE — Wik — PikgE
B0\ BRAKM LRI B0\ BROURHEAE R o0y YR 4RI RE DL
= \&EMS=O.014 703 s Eys=0.008 516 4 = \ Eys=0.007 924 5
= 107 ’ ® 107 - 7 107 -
107 . L ol 107 . . . , .
10 20 12345 6 78 91011 2 4 6 8 10
RS AR U AR U
a) GA-BP,7 b) P-GA-BP, 7 ¢) P-Morris/Sobol "-GA-BP , 7
e — PR R 10° — Jigse
° LAl S a gﬁﬁi gﬁﬁ%
- ﬂ!'lfﬁé — WiRs — Wiks:
= ;
B 07 2107 P Ms
R
x AR 4K I A T £ x AR 3 K A DU £ 2
Ey\s=0.027 704 E\s=0.016 342
107 . ‘ L 107 ‘ ‘ ‘ . 107 -
8 12 2 4 6 8 10 0 4
RS PR UKH HRUHK
d) GA-BP, M, ¢) P-GA-BP, M, f)  P-Morris/Sobol -GA-BP, M,

K6 3 FAIR M2 256 R B

4 GA-BP #ZMKIREMED T

IRBFTE RG2S AT BRI 5 4 Sy Bk
P H T 0 = A HURE FE AT R4 B R
PP RE (S, ) EFR I SRR TR (v, ) VB 50 46 v
P R R ) () REEKIE T (M) HCH#ES
B, RIS EEAES GA-BP 125 [ 4% 1y R 5 1k
AR, T HE— 2 500IF

41 FREMESH

IR AIRGTHR O3 5 4 R UM S BT i 16 5
BT X AR AR RS P )5 ), AN T A 4 D) 45 )
FREEC R E EM A Te B R I Gt ) &
EARSHL, AR Sl bl 2 2 1 s A S0, 36 ik
SRR A B8 R TE X LA B, BIVXE R 0 38 S 500
GA-BP &A1 AH SC 43 #r i 3£ Z 405 1) GA-BP %
(P-GA-BP) AT 5 4 5y B0 20 B i 18 5 8K
JGHY GA-BP #i#1 ( P-Morris/Sobol’-GA-BP ) #£17 Il
gk, B 6 SRR I Gk AT R



o541

Wik, 55 6 THDRIDRE B2 2 8015 1l 7 ) SRRV E 23 DTS - 889 -

AR TR | 715545 07 1% 22 (MSE) 15 ¥4
X5 r iR 25 (MAPE) 0] LAPE A 8l 59 22 R R B2
MSE {FL/]N , 50 IS0 A6 70 i 3k 2 56 50 s B AT B 4
PR , MAPE (B0 BERIRIZ BN ¥R 22
R RCENONERS) m%ﬂﬁfr%ﬁﬁn(ﬂ (8) PR,

2 (Y = ) (7)
Yoo = Y

)W
Yo

100% <
Tz
A MBI ECE 5y, N m B R TRy,
R m BRI EIE,

(7) ~(8) AT AIXT L4 AN 3 Frs, vl LU
F th P-Morris/Sobol’-GA-BP #EIf) E, 5 E,,,, [EIE

Eyy =

1 il G B LORUIRIESE Y SN S
*HXﬂ)ﬁ /N, HAE BP W2 kAR Fe oA ) 3 it 4
Go KRB ARMATSER L BP A A AR i
2 3T AR R TUAY B M AR AR AR i

28 Y Ujipun e 1 W Ve N N 0L DN it = O
TOOIN )RS M 2 IO N TR 1R 2%

5 4 &

A SR T SN0 ) ol U T A , AR 5T
HEHRE S ROE K T P BE S B E RO R,
IR AT 2] T LU 458

1) BERh i PER I S A 4 R R . 5

8T GA-BP MM Z% , n] DLATH AR AR E
Ja# AN s —

P = T
HARSE T SH A S

Feth e K BY R Ty (1) ARMEEKIE T (M, ) 28
HRAFAR S S AL i = MBS B2 2 B0t BEAR AR JEE R

£33 MXEHFRESEFHEFVENIRETER INHEFFIR N S, Vo Vil S, 358 5 F [ A 4

i AR REeS Eys  Eyw/% FFJD HrSH S, SHEAPERESEN A C REUR K,
GA-BP 700.6  2.68 IR B R AH SRR RE

r P-GA-BP 7341 279 2) A Morris 1 Sobol' J5 15Xt = AEHIAE I 24K

P-Moria/Sobol' -CA-BP 6623 2.6 TR AT 8 PR 5 0 o A 0T A B — 3 S5 R

CABD 7660 240 RV i B 1 | SR T Fe K ) E’J?ﬁ‘%ﬂli% {63

MREVIMRKHETF R S, ,V,, 0 BESEBR AL P TR

Wr PrOA-BE 01964 248 PR R SR B S, LV, 3K 2 B

P-Morris/Sobol-GA-BP 4 880.9  2.19 3) Fa e MM 45 S R e ,%?*ﬁ?@ﬁ:ﬁﬁ'ﬁé}%

HURRE AT 0 25 2 BUS I 2R F) GA-BP B YE a8

42 HERHW PE LB S TR E SO ZR A GA-BP AL Sl T

2 3 5K 6 v EILE ), X He R4 T S 500
T B FIIAS A | R AR 5& 4 8T 5 4 Ry UM 2 M X

S HERLRE SRR, Wt — D I T SR e R
AR

SEH .

(1]

(2]

(3]

[4]

[5]

(6]

MIRU K, MIN S, WOO D, et al. Tribological effects of a rough surface bearing using an average flow analysis with a contact
model of asperities [ J]. International Journal of Precision Engineering and Manufacturing, 2017, 18(1) : 99-107

MENG Xianghui,
textured surface analysis [ J]. Meccanica, 2017, 52. 1541-1559

IR, SRR, XA, &, 4R RS RO RIEMB )], Je2aAi% T, 2018, 26(8): 1994-2011

HE Baofeng, WEI Cui'e, LIU Bingxian, et al. Three-dimensional surface roughness characterization and application[ J]. Optics
and Precision Engineering, 2018, 26(8) : 1994-2011 (in Chinese)

EEU, WA PRI 2w T R RS (1], TR T2, 2004(4) :59-62

WANG Jinming, YANG Zhixiang. Study of roughness measurement on cutting surface of composites[ J]. Aerospace Materials
Technology, 2004(4) : 59-62 (in Chinese)

STOUT K J, SULLIVAN P J, MCKEOWN P A. The use of 3-D topographic analysis to determine the microgeometric transfer
characteristics of textured sheet surfaces through rolling[ J]. CIRP Annals-Manufacturing Technology, 1992, 41(1) ; 621-624

GU Chunxing, XIE Youbai. Elasto-plastic contact of rough surfaces: a mixed-lubrication model for the

BULAHA N. Analysis of service properties of cylindrically ground surface, using standard ISO 25178-2:2012 surface texture



- 890 - W odb T ok ko E R 540 ¥

parameters[ C] // Proceedings of the 10th International Scientific and Practical Conference, Rezekne, Latvia, 2015; 16-21

(7] ZfRZs. —4Eemifnah i S5 bE R AT 1], THEHEOR, 2008(10) : 3-6
LI Bokui. Research on the law of three-dimensional surface skewness and steepness[ J |]. Metrology Technology, 2008( 10) ; 3-6
(in Chinese)

[8] OSKARS L, JURIS K, IRINA B. Wear estimation using 3D surface roughness parameters[ J]. Key Engineering Materials,
2013, 527 167-172

[9] CIVCISA G, LEEMET T. 3D surface roughness parameters of nanostructured coatings with application in the aerospace industry
[J]. Applied Mechanics and Materials, 2015, 772; 3-7

[10] RALT, JHE, fEHLAR. 5052 f s S e ik OB il (R i B 34 [ 1], 280 TARR“A4E, 2018, 25(6) : 40-46
ZHAO Shiyu, ZHOU Chao, ZHAN Yanran. Surface quality analysis of 5052 aluminum alloy thin sheet workpieces formed by
numerical control incremental forming[ J]. Journal of Plasticity Engineering, 2018, 25(6) : 40-46 (in Chinese)

(11 Mk, f, BRECEL = 4E 3R ALK 2 X 18CiNiMo7-6 B e f% 25 i 55 5 v i 2w [ )], R4 A, 2019, 48(11):
283-289
WANG Dong, LYU Pu, CHEN Zhenzhen. Effect of three-dimensional surface roughness on rotating bending fatigue life of
18CrNiMo7-6 steel[ J]. Surface Technology, 2019, 48(11) ; 283-289 (in Chinese)

[12] FRANCO L A, SINATORA A. 3D surface parameters (1SO 25178-2) : actual meaning of Spk and its relationship to Vmp[ J].
Precision Engineering, 2015, 40.:106-111

[13] SF3CIR. 484K D 5 2 BOBEPRE B & O3 A OC T [ D]. TFR . LIRS, 2019
GUO Wenjuan. Relationship between vitamin D level and heart rate variability in type 2 diabetes[ D ]. Jinan; Shandong Universi-
ty, 2019 (in Chinese)

[14] FEdBL HE TR G RAESR IR 00y T BN ABERGE A BINATFE [ D], s#l: iR R, 2020
SUI Mengqi. Research on the prediction of personal loan default based on hybrid feature selection and heterogeneous ensemble
[D]. Chengdu; University of Electronic Science and Technology of China, 2020 (in Chinese)

[15] 808, B =, BUKA, 5. CoLM Bl - e B AN BE e USSR [ 1], R, 2013, 37(4) : 841-851
LI Jianduo, DUAN Qingyun, DAI Yongjiu, et al. A study of the most sensitive parameters for simulating soil temperature and
moisture of CoLM[ J]. Atmospheric Sciences, 2013, 37(4) : 841-851 (in Chinese)

[16] MORRIS M D. Factorial sampling plans for preliminary computational experiments| J]. Technometrics, 1991, 33(2) . 161-174

[17] SOBOL' I M. Sensitivity estimates for nonlinear mathematical models[ J ]. Mathematical Modelling & Computational Experiment,
1993, 1. 407-414

[18] WEN Y, TANG J, ZHOU W, et al. A reconstruction and contact analysis method of 3-D rough surface based on ellipsoidal
asperity[ J ]. Journal of Tribology, 2019, 142(4) .1-37

[19] @Ak, 220, JUMAHSC R BT B LA RIEF RIS ]. Seit 515 Bikdz, 2019, 34(4) : 3-11
JIN Lin, LI Yan. Discrimination of several correlation coefficients and their implementation in R software [ J]. Statistics and
Information Forum, 2019, 34(4): 3-11 (in Chinese)

[20] JE&A, B, RMNK, % FETIROCEHE DN GA-BP M FH /K BB RIAIFE[ 1], KBRS, 2015, 33(7)
39-42
ZANG Dongwei, LU Baohong, ZHU Congfei, et al. Study on short-duration rainstorm intensity formula for Anqing city[ J]. Hy-
dropower Energy Science, 2015, 33(7); 39-42 (in Chinese)

[21] Z5. BT HIE RS RN BP M MR [ D], KJE . (PgIfieRaz,2012
LI Chao. The research and application of BP neural network prediction model based on adaptive genetic algorithm[ D ]. Taiyuan

Shanxi Normal University, 2012 (in Chinese)



%5 4 19 Wik, 55 6 THDRIDRE B2 2 8015 1l 7 ) SRRV E 23 DTS - 891 -

Study on sensitivity analysis of tooth surface roughness
parameters and contact stress

3N 1,2 . 1,2 1,2
CHEN Jiling >, TANG Jinyuan *“, YANG Duo"
(I.College of Mechanical and Electrical Engineering, Central South University, Changsha 410083, China; )
2.State Key Laboratory of High Performance Complex Manufacturing, Central South University, Changsha 410083, China

Abstract; The reasonable selection of three-dimensional roughness parameters can evaluate the service performance
of the machined surface, and its excessively high dimension greatly increases the difficulty of selection. In order to
reveal the correlation law between the 3D roughness parameters and the tooth surface contact performance parame-
ters, the correlation analysis theory is used to explore the correlation, and the nonlinear mapping model is construc-
ted by using the BP neural network, the genetic algorithm optimization and Morris and Sobol’ two global sensitivity.
The qualitative analysis method conducts the qualitative and quantitative analysis of each parameter, selects the
three-dimensional roughness parameters that have the greatest impact on the contact performance of the tooth sur-
face, and determines the primary and secondary relationship, solves the problem of parameter redundancy, and
provides the theoretical basis for the anti-fatigue design and manufacturing of the tooth surface. The results show that
the overall influence of the maximum shear stress on the gear tooth contact and the maximum surface pressure are
arranged in the following order: the arithmetic average height (S,) and the peak volume (V, ), in which S, has a

mp
strong correlation.

Keywords: gear; three-dimensional roughness; Morris method; Sobol” method; genetic algorithm; BP neural net-

work
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