DOI:10.13245/j.hust.2011.04.024

$39% A o B H R % % W (B R B D Vol. 39 No. 4
20114F 44 J. Huazhong Univ. of Sci. & Tech. (Natural Science Edition) Apr. 2011

TERFELIRBTIGRRAETE
BRED BRA AEED B A

(1 P HBEXFMNMAAFE TREFR, Hk KR 430074;
2L A A TR A TRAE] . DL R T 272071)

FEE B X LUAEAT BLVR A 22 AT B W3 T G5 45 SRRG R R 1Y 1R A, 040 6 2% L1 8 Ak 38 L LUVR MR B e X 42
Xt 3 B AS I 43 S kAT BEAS 43 A R T B < W SO VR A 2 T A a5 A ik M 0 R Y 6 2% 2 Al AR R 5 22 AT RNIR R 43 )
TR 22 ol b 10 B 1) AR 0 5 22 AT RV 53 0] 5 VR R 4 M o MR S 0 AR Y L AR S T AT R VR AR 22T R 2R A 43 AR LA
FER 1o SR 0 W BE A A AR R Matlab BR0E40 5 AR A5 AT B VR A 22 T R 0% il 0 BE il 4R O @
i 5 3 0 B AT X L B E T IR Y Y TE B

KR ATRIRALLAL; B NIBE; B oA A MR E LS IR R R

hE4ESE THIS2.1 XEkbRERL A XEHE 1671-4512(2011)04-0001-04

Calculation of load distribution of planetary

roller screws and static rigidity
Yang Jiajun' Wei Zhenxing' Zhu Jisheng® Du Wei®
(1 School of Mechanical Science and Engineering, Huazhong University of Science and Technology, Wuhan
430074, China; 2 Shandong BEST Precision Co. Ltd. , Jining 272071, Shandong China)

Abstract According to the Hertz theory of elastic contact, taking the roller as the object, the three
types of the deformations were analyzed and calculated theoretically, including roller screw and the
point contact between the thread groove of the Hertz deformation; roller screw and nut in contact with
axial deformation; screw and nut, respectively, with the roller contacts deformation when thread. A
mathematical model and analysis of the load distribution law and axial static rigidity for the planetary
roller screw were put forwarded and programmed by the Matlab software, and the rigidity curve of the
planetary roller screw was obtained. Compared with the test data, the accuracy of the calculation
method and results were verified.

Key words planetary roller screw; axial static rigidity; load distribution law; Hertz theory of elastic

contact; screw tooth deformation

AT VAL KT 6 ph T HURE /N BORTE Aa Tl 9 R0 L i O E L 4 e ) 9
KRB AR HTIIE M FE R TR T AL BD Y T 3 FE A a BEUMEAL 2
SRR AL W R AT R R L AR R 1A A MR SR (B 25 AT s b, AT R
kT2 — R R S W AT R B2 AT BRSO R A P ) 2 s e 2 AT R 3 5
BATEERE B S n R AR 5 TR B Al B 088 (7 . A SC R AR XL L 3
R KRR . B A BRI R TR B R e A RIS A AT BRS AT R
AR Z A M R BR B FE R I, XA & 1 AR
BRI, A SO R — ok e 4 1 FRZE TR
AT SR TR AL 22 KT R i il 1) 5 RO B T S B A
A B VAT 22 KT I 1 e 70 O B 22 AT W25 S 8 T V5 P W 1 o 2 B 4 i A

WREE 2010-09-14.
EEBN WERFE 953,55 . # 5, Email: yjjlar@sina. com.



© 2 o BE ORI (A R RE = RO

%39 &

T IE ) L 0 778 R R AT B VR A 22 AL R h R A
TR 22 KT 5 AT B $2 ol B 33 f 155 B0 & DR IR
FH A 2% S B A D TS A T B TR 22 K Rl o
M2 £ B8 Al

AR 2% R ol T £ 30 A

Sl e NI

(D
K e FE S Ey 535000 2 432 filt ) 0K 44
BT b B M 5 K Ce) S 0 (B (4 45 — 25 AR
53 3Q A MM AT sm, = (2L (e) /[n(1—¢*) ]},
L AWERMSE KB o e=[1—0/a)* ] ,a
FO 53 590 Ay 422 fd A0 0 7 K > P R o B BB 5 S
pokd /RN E N
LLRT 5 AT i, FLAR — R 4
H
o = p = 1/Rs o = 05
p22 = 2cos a/(d,, — 2Rcos a) »
KPR NERBRE A  dn HER T LM
J 2 KL RAY R 5 IR A B HE il A
WL 5 VR AT A il i G AR — L = il R 43
H

(2)

pu = p2 = 1/Rs5 pn = 0;
022 =— 2cos a/(d,, + 2Rcos o).
F(o) =| (o —piz) + (oin —pi2) | /Zp. (1)
Xh Zp=pn +pi tpnton.
KR @O MOORAR O ARE Fo) . R
5 REE F (AT REITTR A e
_ 2—eéDLe) —2(1 —HK(e)
e’ L(e) )

XFF 2L ARRE AR 30 mm, SLECh 5 BT
BRI AR 5 R A 25 a, .0, 6,
AR S EBE T S8 a,0.,0. 5 QMK
R 1. AR SCHR 03 AT 0T B A

3

F(p

| 0. 04
J. _.
< 0,03
g L
E g
E g
- 1F ;
-
P oA
Qw .............................
.............. : L
o oo0o
0 1000 2000 3000 4000 5000

O/N

B 1 acsansbeby+0.:0. 5 QHIKR

JEER.
i 2 (1) Af 45, 22 KT IR BE 55 9 A 42 fink B5F 1)
255 AR Y £ 43 K
dov = CFY s o = CFYP, 5
K. Co 22T 0 35 il W B2 5 C Sy 828 7 2 fik 1
FE 5 Fy ATESS N AN RS0G5 A i it fin i) 28 £ .

2 HEER

R AT B VR A 22 4T @) 41 1 2 3 09 4% 17 1
PLUT W TR AT XY A (5 A Ak DA B R A e K
JE D0 H A 1) A2 A O

Al = FS/(2AE),
A F Oy 2w il 2067 s Ao A S50 il i £ S
HEAERY IR 5 E Ry 2 s P AR

WA, Fd, 5350 R 22 KT 0 A R0 fok i RUR A
BB Ausdo F1dy 53 53 R B8R 1 A7 200z fih T
R AME AT R A )

A, =nd’/4; A, = n(di —d2) /4.

AR AR AR, HsZ 0 R/ 7 e A
[Fi) o B TR Ay 35K ) — 98 43 o DAL Ib T e 422 ik T 7 A
BR NS H 2 A4S B 22 N 0 52 ) 20 A A .

BELL AT A2 B 0 il 1) o A i R By SR BESZ
2 0l 1) R 4 58 v T

_F.S E.S

By-1.n = ﬁ’ MUN-1,N — EA."

KrpF, W22 B 2 Fo o 18Rk 52 31 1 48
fir.

DAIVRFE R GERT G A AT BE 3 b i 32
B L2 KT AL 3 1) 7 1 2 fe ™ R 2 TR L TR AR S I8
RETA] Y 32 5 5 H AR

(6)

Fy

F,

1
i
1
S
|
I
I

B2 VR fih A 52 22 T 5 1Y) T 1V 43 fit 1B
% ON—1 8] N W R 28 2 AG3 0 1 h
Fy =T—[M(F, +F, 4+
Fy1)sin acos A /2, D)
% N—1 3] N8 Z 2R AL 381 18
Fovn=T—[M(F, +F,+-+
Fxoy)sin acos A]/2, (8)
KM HEEOANEGA RERSEM:T R

B9 T=M(XF, ysin acos (1/2) . HIRHEMN &



W R T 55 o AT B RAT 22T R 3 4 A B W) A © 3.

5 4 3
BREUHL.
i = (6) ~ (8) [ 1%
STF; sin acos A. 9)

3 MEEMTHEEMETERAXER

HFAES N—1 2] N ARy 6], 47 2R A
2T R 37 B 22 KT R MR X TR A A i m) B Sy K
YR o DAL I AR X 1 1) 22 AT A B B B8 B 19 1 4
wHTE N—1 5 N &b # k2% 2808 & 09 3l 1) 53 &
Z 2ZHA R )

Brv—1.nv = (Bov—1 — 0D/ (sin acos 1) ;
pn—1.y = (Sanmt — Sun) /(sin acos 1) »
CIEES

(10)

Ot 0uv = Sav-1 + Ons —
(By-1.x Tt pno1.n) sin acos A. (1D
1 2 (9) ~ (1D AT 45 2 2 i 1y 2% AR A =KL B
MS (A, +A)

2/3 . 2/3 :

Fm—l Fi\ +4EA\AH(C\+(:n)
ZF/Sin2 acos® A. (12)
j=N

A Matlab SE47R % H 17 R AELZAT R 1Y
TR 52 3] 22 FT FIR BF 45 338 19 3l 170 ) 2 5 000 N
i TR AR IR S0 b e 0 A a1 3 s B AR m
NIRERGE O 1 T EAR RS B AT FLO
o TIRHEIRL LA A

800
600}
Z
<400k
ke,
200}
F, F
/
. . . . . N
0 20 10 60 80

m

K3 AT SRS i e o3 A

HIE 3 AT A5 AR JLAR. a0 2440 a8 f — &
I B R A LIRSS KA 30 L A RS K
S 3B D T LASE S 3 R SCROR $
PRKIBE 5 ELE: BB A BRSO B 3 0 o 7™ A 1 B 451 i
SR o DT S B3R (AR 3R AR L DA b e 43 3 119
HER SR A7 B TR A 22 AT R A WP R R B A AR
TR b AN A R SR S

B SR LU AZ B0 0 T3 KN it g i (B 11 88
BUhb) 52 F7 85K PRI 7E B Ak 1) 78 B 8 5 K, de ml
BB R AL 1 o — i 32 7 de /0N A8 Y 48 A X i
JIN. RO i g s 1 A8 T R R Bl i) AR T i (AD
R J) 2 A L T Ay FH 22 RT AR X T T A A i 1) A5
T (A AR BRE R X F VR FE 19 A8 TE 8 (AL 4L AR

5 G RA2) , AT 1IZ AL SEBE AR X T 2251
(1 B 1) A5 T 1o

~ (C,+CHFY?

A=A +A =—"— . (13

sin qcos A

4 BRIFTR AN @ ERN E T EEE
R B AiE

11 B RAE 22 AL R Y IR 2F A2 (AL 2 1/ IR 8UCF
1532 B 5 59 U0 AR B AR AR B Y D) L 22 AT AR 1)
W R REAR ] 7 AE R I I e AR AR I
AR i 5 8 R R A

A, = (D, +D)F,,
Krf D, F1 D, 433 R 22 F1 5 R A R 805 R A (6]
F18 2 f D1 B

1 R 22 RTS8 ) 728 9 2 oy B 1) A8 P B
Ay FURZF I A, B 455 M 45 21, Pt 45 & =X
(12)# (13, F

A=A +24, = +CHF/
(sin acos A) + (D, + D,) F;.

FR A b By AR L SR 1T 4R i 2% 4R 2 . ] Mat-
lab B XF 22 AT A PR AR A 30 mm, Sk 5, %
A 10 mm, BREESRNE A 50 mm, JRAHEDNECH 9.
T A S 45° AT B VR AR 22 AT I Bl i) 5 M B2
17 7 AF5 A5 H e R it £k L 0T E S e
R B AR E AN ] A TR Y 2 1A

0. 031

0.02F

A/ mm

0.01F

0. 00

1 1 1 1 1 1 ]
2000 3000 4000 5000

T/N

0 1000

Bl A Sl i o 5 O o 2
MNIEL A4 AT 24 28 o 36 K AT B TR AR 22 KT R
78 TV A 18 s AE IR AT U N TR ) A LR L 24
e TAE BT 700 N BF, i TR M M2 4T,
VRFE TN IR RE 1) 12 ik o e /b PR OGP A 1R AR O o Y



c 4o o BE ORI (A R RE = RO

%39 &

St s (AL BT KT 2 500 N 22 J5 L AT At 4
O B 0 5 o RT3
HO TSR T3+ TS 4 9 42 5 M 22

o % X ik

(1] phee ), 87 e s, A7 A2 =R A 22 4T R 09 0 W B2 F 52
(V] B T2ABe 2, 1993, 8(2): 24-29.

(2] Wi K% BBk AT R AAT 2 2R A 24T Rl #
MIEE Y LE BB LT ], AR 2 S5 R . 1999,18(2) .
230-232.

(3] AKA. WahhRm by LM Jbat: AL Tl
AL, 1987 20-55.

(4] Wik & B RE. 17T RXIRHLATR B 3Rk e 2
k[T WEH AR SHUR, 1998(5): 13-15.

[5] Lemor P C. The roller screw: an efficient and reliable
mechanical component of electro-mechanical actuators

[J]. TECEC 96 Proceedings of the 31st Intersociety,

HEE 2 W TR AL

x’

A TP g R K = AR E i B AR

3 H 18 H HRAH 1 K2 4 [ P 55 Bl A2 K Nigel Relph, 34815 &
PR TS HE AR Andrew Parfitt 2 —17 4 ARIALT A 8 H < 5%

RGN T ALY I LA O H A B T R BB AR B RS
528G O Relph [ 228 7 7 MK 2 19 & A% 0 L 2% BCRE 68 S i A 75 2% OF
S A R R S L [ B R 44 B AL B9 & 1. Parfite o 42 5 A& B2 ok & AR L L
AR BRI ERE R, BT IR A R WA AT LR AL 3 B U o 2 28 T R
WA SR H . LR B A A= B M [ PR A2 Ak A OGN B T AR R

IRERE i) T L AR BE . IF 52BN AT T A 23R B B 3
S ARIC R BB T B R 5 MR OK A Patrick James #(4% 2Z 8] 5 A BLAL
WAEME RGN R AdE “+— 17 EZHE KRB e, S s 178 %
SV AT SEA M. RREDWE T e A @ SR LA, T
file TG AR 5 k. AR A1 A BRI 3L, 3 o0 R I A B A 35 . 97 KB AR L OF
PR TS S SR R T B A E I H U TAE SIS BAR G ER A, AR
Bt Rl BE KRR AR AN T I8 8 4 55 2 0 1 AR IR

P& T M, B K 2% (University of South Australia) /& B M 5 KA K%,
SRR AN e KR 22— MRS 2010 E W L m S8 HE AR EHES R
REFAE WIS P e o 17 7, Bk HEA 55 295 fif.

1996, 1. 215-220.

[6] Velinsky S A. Kinematics and efficiency analysis of
the planetary roller screw mechanism[]J]. Journal of
Mechanical Design, 2009, 131(1). 1-8.

[ 7] Tselishchev A’ S, Zharov I S. Elastic elements in roll-
er screw mechanisms[J]. Journal of Russian Engi-
neering Research, 2008, 28(11): 1040-1043.

[8] Hojjat Y, Agheli M M. A comprehensive study on
capabilities and limitations of roller-screw with em-
phasis on slip tendency[J]. Mechanism and Machine
Theory, 2009, 44. 1887-1899.

(9] A SR, SR a0 ¥ 45 3R S5 M. 2807 i, i &
B P, L bR A HOR SCHR Y R4, 1984 50~
120.

(100 FE IR, XSS 40, W6 i 4, A5, i TR 25 78 2R Z F1 R

Rl mEAL)) HAHER RS KL S,
2006, 6. 75-78.

U U S S U S U U

D A B S e S S e St S S St S i s m e t e S e ST



