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Analysis of Bearing Characteristics of Differential Planetary Roller Screw
ZHENG Zhengding, CHEN Bingkui, DU Xin, CHEN Yonghong

(State Key Laboratory of Mechanical Transmission, Chongging University ,Chongging 400044 , P.R.China)

Abstract: The analysis of bearing characteristics of differential planetary roller screw is carried out based on space
meshing theory and Hertz contact theory, the influence of contact position change caused by the initial meshing
point offset between the roller and the screw on the bearing characteristics is comprehensively considered, the spatial
meshing geometry model of the differential planetary roller screw is established, and the meshing point position and
principal curvature of the roller and the screw are solved by numerical method. Furthermore, the single roller screw
tooth surface accurate load distribution and carrying capacity calculation geometric model are deduced. The
calculation results of the model is compared with those of direct stiffness method to verify the correctness of the
presented method. The effects of tooth angle, screw pitch, the number of threads of the roller, and elastic modulus
ratio of screw and roller material on the load distribution and bearing capacity of differential planetary roller are
systematically analyzed.

Key words: differential planetary roller screw; bearing characteristics; meshing theory; load distribution; bearing

capacity. '
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M1 9 FTLLE Y, AT SRR IR, SR IREUE A 70 AT S 0Bk )s - BT J L5 SRS 32 B AT 18T
W, BT AT SIPE R . X T 2K EAE 71, DPRS 2K ERE 77 Bl & AT A S 0 g i oK. X2
T 22 AP PR BN TR AL M, MR 5 AT, TRAERT LT BR SR AT 0 A B T B A, s 2
oAy 7 Ho 2 5 T S$HRSUCF . Bl BN AR, KR IRIE E T E, <1, W RV RON SRS
i, & DPRS 7&K #AE

4 4 ®

LA DPRS HXHRKE 5 L2 AT W5 BT TUN B, 57 1 B TR 2 1B 5 AR A AR BRI THERRE R, &
ot 7R IR IRATIRSCY AL 2T SIRAEADRL SRR R L S R ZT DPRS AT BiA 7 A AT A R
BEJIRIRER, F3HERNT

D) AT — €, BRI RIRGUT S RN, SRS E PR R B>, 51 AR
SUEMLN F1iR, oA TR SRR

2) FRUFMOR, AR AT T A, ATERSCTE Pz s iR, B2 oEd. £
FPY, BEETRAIEIN, DPRS A AL 1501 08 & iR

3) BRI EATIRGUS A 73 AT R BOR, BREREUINRY, BREUF BT A AR SN 5], DPRS K #EE
AL L

4) RFREC R, LRI ER SRS LAl T N o FAE B o A TR IR, DPRS 7K #RE

8



YAyt

5) PEREAE R, PRARLATSRPERE, REARORIEE, [ E, <1, 1T LG R OB R A 2 Aar 40 AT
$E 7 DPRS K fE 7.

Z ) AT BRI AT S5 W A, BT IR AR 22 FF R W R 78 P S AN ), R ) 325 R 265 P R TR A
R Z D RAF R, KA T BRSSPI R 2 115 0L . {ERR S 2>
i Fi R A 8 T AR Y, KRB IR AR TGN, Ft B R A e — e iR 2, AR
NHIRFFL o

SHIMR:

[1] Karam W, Mare J C. Modelling and simulation of mechanical transmission in roller-screw electromechanical actuators[J]. Aircraft
Engineering and Aerospace Technology, 2009, 81(4): 288-298.
[2] XU, SRICA, DiH, 55 AT ERELAL R B I TR R[] FUMAH S HR, 2017, 36(4): 598-604.
LIU Geng, ZHANG Wenjie, MA Shangjun, et al. Review on load bearing characteristics of planetary roller screw mechanism[J].
Mechanical Science and Technology for Aerospace Engineering, 2017, 36(4): 598-604.(in Chinese)
(3] B2 Zh AT BITERELT]. HLkfL3h, 2008, 32(1): 98-100, 112.
CHEN Manlong. Drive performance of differential roller screw[J]. Journal of Mechanical Transmission, 2008, 32(1): 98-100,
112.(in Chinese)
[4] BLHIER, MRz, SET (AR Bl AT B AL R B B TSRS 0[], EPORA-544R, 2018, 41(7): 1-7.
ZHU Minglu, CHEN Bingkui. Calculation and analysis of planetary roller screw deputy freedom based on spatial screw theory[J].
Journal of Chongqing University, 2018, 41(7): 1-7.(in Chinese)
[5] Jones M H, Velinsky S A, Lasky T A. Dynamics of the planetary roller screw mechanism[J]. Journal of Mechanisms and Robotics,
2016, 8(1): 014503.
[6] #R5i, Tk, BET, &5 222307 R R LA TR AT SR AR, HUBRBLT S, 2015(3): 1-4, 9.
XU Qiang, WANG Shuiming, ZHAO Guoping, et al. The analysis and calculation of pre-loading torque of differential planetary roller
screw[J]. Machinery Design & Manufacture, 2015(3): 1-4, 9.(in Chinese)
[7] Velinsky S A, Chu B, Lasky T A. Kinematics and efficiency analysis of the planetary roller screw mechanism[J]. Journal of
Mechanical Design, 2009, 131(1): 011016.
(8] fiw, T/KE, REE, 5. PWG BEZNLAT KM & T W08 SR AEHURS AL THEAR, 2015(9): 107-109,
113.
XU Qiang, WANG Shuiming, ZHAO Guoping, et al. The analysis of meshing interference and elimination of PWG planetary roller
screw[J]. Modular Machine Tool & Automatic Manufacturing Technique, 2015(9): 107-109, 113.(in Chinese)
[9] Fu X J, Liu G, Ma S J, et al. A comprehensive contact analysis of planetary roller screw mechanism[J]. Journal of Mechanical
Design, 2017, 139(1):012302
[10] Aurégan G, Fridrici V, Kapsa P, et al. Experimental simulation of rolling - sliding contact for application to planetary roller screw
mechanism[J]. Wear, 2015, 332/333: 1176-1184.
[11] Jones M H, Velinsky S A. Stiffness of the roller screw mechanism by the direct method[J]. Mechanics Based Design of Structures
and Machines, 2014, 42(1): 17-34.
[12] B %, HiR%, Kk, 55 AT BRI LALE B A LWL T[], S BRI (B AR RR), 2011, 39(4): 1-
4.
YANG Jiajun, WEI Zhenxing, ZHU Jisheng, et al. Calculation of load distribution of planetary roller screws and static rigidity[J].
Journal of Huazhong University of Science and Technology(Natural Science Edition), 2011, 39(4): 1-4.(in Chinese)
[13] Litvin F L. Gear geometry and applied theory[M/OL]. New Jersey: PTR Prentice Hall, 1994: 267-271.
https://max.book118.com/html/2017/1010/136705027.shtm.
[14] BREM. SARAEIL 55AM]. st % RF AL, 2005,
CHEN Baolin. Optimization Theory and Algorithm[M]. Beijing,: Tsinghua University Press, 2005. (in Chinese)
[15] F3 KA. WA R AT A M. bat: HUBCDY L, 1987.
WAN Changsen. Analysis Method of Rolling Bearings[M]. Beijing: China Machine Press.(in Chinese)



[16] BLEAEE. 1T BIRIELZATRIE ) LARBRHEDT FT[D]. K HPKK, 2018.
ZHU Minglu. The motion and loading characteristics study of planetary roller screws[D]. Chongqing: Chonggqing University,
2018. (in Chinese)

[17] Tselishchev A S, Zharov I S. Elastic elements in roller-screw mechanisms[J]. Russian Engineering Research, 2008, 28(11): 1040-
1043.

10



