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JEANBENLAT AT ZN R, PR AT i B IR AR
1 AT RN RS A LM AT PR R I, MRS S e 0
IR SR E IR LE A FRAPRHRF IR AN 3 T

x2 FEZHSHRELTRRS (mm)

28 or,, or, Sa Ar, Ar,
LBR 4.03 82.015 1.53 0.0438 0.078
TR 4.01 82.005 1.51 0.016 0.026

R3 FTEZTHREE
PR, MRHE R/

T2 R e R R (£ 7/
(N+mm”) (kg/mm’)

LPNE 15CtMo  2.12x10" 7.88 x10°  0.284
TR % 38CrMoAl 2.11 x10" 7.85x10° 0.277
%l 20CrMnMo  2.19 x 10" 7.83 x10°  0.300
LS 20CrMnMo  2.07 x 10" 7.87 x10°  0.254
Ay GCr15  2.19x10" 7.83x10° 0.300
EMGFE QTS00-7  2.09x10"  7.89 x10°  0.269
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FEHL3 4.012 1.525 82.008 0.022 0.035 1.090 1.041
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ST B AR/ B
Y X A iy BN k)
(3)
2GS A BEALAL T R ST IR AR A, o
x) FOREE WS d, TR PSR s | R
Bk =500 fj(i,j = 1,2, ,n) AIMAESE B
n =10, T TL4E%S (8] 5 4572 5 0] [R] 22 52 M T 58
SRR (S A 22 3 45 4B AR B AR A% H A 2530
FEIXT ] 22 52 0 £ 5 28 SR AR T, DR i 0 v e LU A58
HAS TN 22 AR [ 0,1 ] F0 T HEAT 25 T005E e 302 Bl A
— AL D) 5 2 158 25 5 e T A — 1k s ERoHE
FSPIR,

*5 EZFFTHSHETR(mm)RAZEMGEIEME—LEHE
B or, Sr da Ar Ar

4.03 82.015 1.53  0.048  0.078
HH (1) (1) (1) (1) (1)
4.01  82.005 1.5  0.016  0.026
s (0) (0) (0) (0) (0)

e (3) iy o a0 TR R 1 OB RR
PARZEM A, s g Bk AQTH AR, Ik B R B~ J7 I
d/ NS 25 R T S DT AR AR R A 50 MREAR
(2B, I HEADURE BIL 07 B4 20 45407 1 A Il e i3
ZE TN AE M R 22 Y 7 4 25 8], Herf 10 A
A i Kl R 22 B Ik 6 Fs

x6 WHOBHRHBREIT—LEHE RG] (mm)
FE R 0 %Jr:nfi,ﬂiib Eéﬁ%iﬁf @éﬁﬁf B Iml 2%
[ 4% PRI & IR /G
4.011 1.526 82.015 0.034 0.076 135
(0.05) (0.80) (1.00) (0.563) (0.962)
5 4.013 1.523 82.006 0.047 0.050 5 210
(0.15) (0.65) (0.10) (0.969) (0.462)
3 4.025 1.515 82.009 0.030 0.034 1052
(0.75) (0.25) (0.40) (0.438) (0.154)
A 4.017 1.524 82.007 0.018 0.065 | 433
(0.35) (0.70) (0.20) (0.063) (0.75)
5 4.029 1.511 82.012 0.025 0.056 ) 102
(0.95) (0.05) (0.70) (0.281) (0.577)
. 4.021 1.512 82.010 0.028 0.041 |78
(0.55) (0.10) (0.50) (0.375) (0.288)
; 4.023 1.528 82.014 0.041 0. 060 | 635
(0.65) (0.90) (0.90) (0.781) (0.654)
g 4.015 1.518 82.008 0.038 0.029 | 556
(0.25) (0.40) (0.30) (0.688) (0.058)
0 4.027 1.520 82.011 0.021 0.072 | sn
(0.85) (0.50) (0.60) (0.156) (0.885)
4.019 1.517 82.013 0.044 0.044
10 1.925
(0.45) (0.35) (0.80) (0.875) (0.346)
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Yoy o W n AERIEEAR SAZ A X 5100

xl al’b]7cl,dl’el
x a,,b,,c,,d,,e
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Yn
T A S0 e B Y, B AT A
Y
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Y

FIA Kriging fA{EAEIY AT 5 o AT Wiy B {6
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Yoo =L OB +r'(x)y (8)
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o f(x) AR B R BIA R, r' (x)y B
I SR 4 BE AL R R 20, e r(x) DA G eR R
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0, [IEARER f(x) J& m DERREES, B

f) = [/ G0, fula) e, f(0) ] (9)

Vet m =21 1525 R B 1, AR (E 43R 7
N

x7 BRHEIIRT

B R RS

fx) =1,

A = a, fi(x) = b, fi(x) = e, fi(x) = d, f(x) = e,
£(x) =, fi(x) = ab, f,(x) = ac, f(2) = ad, f;, (%)
Fulx) = B, fu(x) = be, fiu(2) = bd, fis(x) = be,
fio®) = &, fi(2) = ed, fiy(x) = ce,

fiolx) = &, fiu(x) = de,

fulx) =&

[RIFEIEE R E B B m A~

B = [BI’BZ"“7BW,JT (10)
MR E RE y B9 n A
Y = [717 Y25ty ’y"}T (11>

B HIREAR S0y, SRR 1 B (H =2 2T
J7 A

=" (v -Sl,B) (12)

FAd S? IR FME TR INH R AL B #5551 D
SEUE R AR B E,

R4 Kriging ff{EFIEHA

B =(F'R'F)'F'R'Y (13)

F R RBUER IS, n > HFEAS 25 5 pR BUE
F B3R

fi(x) filx,) - filx,) !
F = fz(x|> fz(xz) : fz(xn) (14)
() [ (x) - fa(x,)

R N THHEA 5 Z IR SC AU, o A2
HIREA R AISCHERE R
R = %r(xi,xj)/i9j = 1529”.”’”

Txpxp) Texg,xp Tx,. xp)
_ r(xl,xz) r(xz,xz) r(xu,xz) (15>
Toox) Tl xy) ey, x)

PR A TR x, o, A DG R B T
TR,

Fianxy = expl = 0(x;, —x;)"]
= expl- X0 6" —2")*] (16)

FHESEL 0 RMCREBSEL, kR x MYEEL,
ol xSRI E AR X, xS L AR RE(E, 6, x
M5 | A8 i x, BT REL, AR SGERYESE =5,
MRS x AOLERE 1 = 1,2, -+ ,5 IR 25 2 a
= 8r, b =6r,.c =8a.d = Ar, e = Ar,, TIEHF
A x, BYERE L = 1,2, ,5 FERER AR 02 0, b, ¢,
d; e, HXREZSH 0K

0=100,,6,0,0, 0] (17)

X HURf# Kriging MIAGEAL, R n =50 4HE
HREAS A0, A (13 ) SRl 2 5075 21 1|l H R 880 B 1 m
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=21 Mo, ¥ (16) AKX (15), %X (13)
ARG 2] 0 (., JWHE 0 i, IFth=C(15) Fi(16)
T n =50 /4> 8RR A SUHH G R B BE R,
K (13) A IE R BGERE B, I = (18) 157
22 ol R E SEACE TR X (19) P8 91 H k4L
HRABRTY 0 HERE 45 I 5 Ao,

o' = (Y - FB)'R" (Y - FB) (18)

Inl, = - (19)

A (20) 1538 n ABEHLR KL v M50, B) 46
BUAT n =50 B EE 50 B RHIFEAS

Ry =Y -FB (20)

SRAFHSC PR B B 0 . Z X [l U7 20 B L BEAL
RS Ry 5, BEAT IS (8) B AR 32 45 v,
{H,

FIEF| RVAOE 1y 5% 0] % 12 25 T ORG 32 22
SR BIHAHERLR F MATLAB #4711 DACE T B4
He 16 ] ok 2 T A [T A | R M i S0 v
VR AR SR e 5 fie KA THE AR AT AL B EI/J%)J
RABUA f(x) = [fi(x), fo(x) o, [ ()],
R THSE R ﬁ)ﬂfiﬁtﬁTﬁjﬁ%ﬁéﬁ%
¥ 50 412 HIREA B R M7 Kriging 7 46 TSR R 45
ISHL, IR B4R RS BE 924 7 R 22 (root mean
square error, RMSE ) FIA 1 Jmy #0R B 1Y B K 468 X i
2% (normalized mean absolute error, NMAE) | 154 5| =
HORIR 22 3% 8 AR 9 PR,

79 19 RMSE {H Al NMAE {H 93542 h

RMSE = /Z?-l(% “ Vi)
B n

1 2 1

(21)

NMAE = max( Vi =V ) (22)

-y /i = 1.2, =Y =Y, (23)
Hrr, y, ﬁﬂ‘fr?ﬁzl-‘ﬁﬁ']ﬁiﬁﬂﬁ WAH, v, & /Tﬂézl—‘

JLIY Kriging #5500 ) A, n 3278 BEAS 15 B9 %K
VIR ALR R n =50, NFE 9 F Y, Kriging
WG RO AR Y 1) 42 JRpoRG B DA S R ARG B I AN K
i S R R
3.3 RANSESE
A THREA A IR, B TR REAS 55837 1Y Kriging
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8 A Kriging A E IS

EEE S
6, =39.036, 6, =50.000, 6, =28.558, 6, =25.786,
b 6, =50.000
B, =0.191,8, =0.155, B, =0.558, 8, = —0.744,
B; =0.589,
B, =0.212, 8, =0.006, B, = —0.006, B, =0.616,
A B, =0.202, 8, = -0.030, 3, =0.493, B3,, =0.031,
B, =0.266, 8, = -0.660, 8, = —0.169, 8, =0.619,
By =0.035, B, =0.668, B, =0.0047, 3, =0.046
y, = -0.234,y, =0.039, y, = -0.146, y, = —0.057,
vs = —0.174,
y, = -0.189, y, = —0.131, y, =0.338, y, =0.110,
¥, =0.040,
Y

y, =0.245,y, =0.271,y, =0.052,y, = —0.161,
y,s = —0.248, y,, =0.023,y,, =0.116, y,, =0.201,
Y = —0.233, 7, = -0.202, y, =0.045,y, = —0.115,
y,5 =0.002, y,, =0.237, v, =0.315 %

R9 W% Kriging #REIEE

WESH R (E
RMSE 3.7288
NMAE 0. 1500

YRR R T 2SR A JRE 5 JR A TR AT, X L PR
SEBRI I EEOR o sk Al — RV B B BT AR AR
fift MP F XU AT DU L2 57 Kriging A RURS BE , I
W 4 7 - TR R S A XU A
5 TR 2 R DDA T, o AN B SR AR AR
PEAT READURE AL A7 045 20 Wi SO (EL IS T 0B R AR AR 25
], B Kriging B84, s (o7 B S0 2R AR T
FEOLALIATE (PSO) IHRIEEE | Jin G E D4 Fir ik .

(1) JW1BE3E E1 N i )

N R A A AR 4 AR 2, ST B B L
PR AR IR

(AQ(S( ))H( )‘0(( )))

E[I(x)] =
A= Yo = Vo
(24)
K,y HE RS TR/ N0 B RAE, () F
@(+) AT RbRAEIE S B R BCRIbR 1 IE 2
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Research on the prediction method of RV reducer rotation

error based on Kriging model

JIN Shousong, WU Rongji, ZHANG Min, DING Yangke, WANG Yaliang
(College of Mechanical Engineering, Zhejiang University of Technology, Hangzhou 310023 )
Abstract

The rotary vector( RV) reducer parts matching can make up for production shortcomings due to the low preci-
sion of the manufacturing equipment or the lack of production process capability. However, the implementation of
matching requires the use of a virtual prototype to predict the RV reducer rotation error, and the prediction opera-
tion takes a long time, which cannot meet the needs of RV reducer parts matching, so this paper proposes an RV
reducer rotation error prediction method based on Kriging model. Five key influencing factors are selected for opti-
mal Latin hypercube sampling, and a virtual prototype of RV-40E reducer is constructed to obtain the rotation error
values. The initial Kriging model parameters are obtained by numerial fitting. The maximum expected improvement
and optimal prediction points are used to improve the parameter values of Kriging model through a double addition
loop, and the particle swarm algorithm is used to accelerate the optimization process. After 54 additions, the RV-
40E gearbox rotation error prediction model is finally obtained for actual assembly. The feasibility and effectiveness
of the Kriging model in predicting the rotation error of the RV reducer are verified by comparison with the actual
prototype and the virtual prototype.

Key words: rotary vector( RV)reducer, matching, rotation error, Kriging model
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