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ABSTRACT Because structural parameter matching has a strong influence on the service behavior of planetary roller screw
mechanisms (PRSM), understanding how to effectively design the structural parameters of PRSM is highly important in practical
industrial applications. This study proposes a parameter optimization model based on a crow search algorithm (CSA) to solve the
structural parameter matching problem of PRSM. The relationship between the main structural parameters of PRSM can be deduced
according to the working principle and geometric conditions. The screw, roller, and nut space spiral surface equation are established by
considering the influence of the meshing point position of PRSM on thread meshing clearance. The relationship between the meshing
point position and PRSM tooth thickness is obtained using the tangent contact condition of the spiral surface. To achieve no backlash
meshing and improve PRSM transmission accuracy, the thread tooth thickness of the screw, roller, and nut can be adjusted. According to
the meshing relationship between the thread pair and the gear pair of PRSM, the structural parameters of the annular gear and the gear at

the end of the roller are determined. The normal vectors at the meshing point of the screw, roller, and nut are calculated using space
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spiral surface equations. To test the strength of the PRSM, static analysis of the roller is used to deduce the force relations between the
main parts of the PRSM. PRSM structural parameters serve as design variables. An optimization goal is to reduce the outer diameter of
the nut, the nominal diameter of the screw, and the length of the roller. The spatial structure constraints and component strength
constraints of PRSM are considered. The CSA was introduced to be the optimization algorithm. The parameter optimization model of
PRSM is established for achieving optimum matching of the optimization variables. Finally, using the proposed optimization model,
three groups of PRSM structural parameters are obtained for three different types of load. In this study, the optimization results are
compared with a foreign PRSM product manual to validate the effectiveness of the optimization model. The results show that the PRSM
structural parameters obtained from the proposed model are essentially consistent with those from the foreign PRSM product manual.
Furthermore, the proposed model provides the structural parameters of thread teeth, which are not included in the foreign product
manual. The proposed PRSM optimization model is promising for its application in actual production.

KEY WORDS planetary roller screw mechanism; structural parameters; optimization design; crow search algorithm; multi-objective
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Table 1 Material properties of PRSM® 2

Material properties Corresponding value/MPa
Ultimate tensile strength 2073
Ultimate shear strength 1036.5
Ultimate bending strength 3200
Bending fatigue limit 735
Contact fatigue limit 1400

HE 5 [ Ab 7= di T W2, FE4HE 7 0~ 100000 N,
100000 ~ 200000 N L) K 200000 N L4 _F =4 [
Fifi B 328 B = Fh T2 00 47048, 43 5 i 51000, 102100,
221600 N, FI| A SCHE H A 7 1. 45 2] PRSM 45492
BN 2 R, @t 5 E A T TXT L, A
ARG PRSM SME 25149 28805 F AN I 281
FEAR — 8. ARSI A B SRR AR BRSNS
E AN A — W22, EEIEH T EIMETEA
] B FE T 9 PRSM 7K 2 22 Il A K, A AR 7] 7 17 2%
T AT DA BE AN [A] 42 #E Y PRSML.

&2 PRSM &S HGT L

Table 2 Comparison of PRSM structure parameters

F=51000 N

Structure parameter

F=102100 N

F=221600 N

Proposed model  Rollvis

Proposed model Rollvis

Proposed model  Rollvis

Nominal diameter of screw/mm 15 15 20 19.5 29 30
Nominal diameter of roller/mm 5 5 6.67 6.5 9.67 10

Pitch diameter of nut/mm 25 25 33.33 325 48.33 50
Pitch of thread/mm 0.4 0.4 0.6 0.4 1 0.8

Starts of screw thread 5 5 5 5 5 5

External diameter of nut/mm 31.4180 26 39.20 42 56.41 62
Thread tooth thickness of roller/mm 0.216 — 0.304 — 0.484 —
Thread tooth thickness of screw/mm 0.1754 — 0.2814 — 0.488 —
Thread tooth thickness of nut/mm 0.184 — 0.296 — 0.516 —
Teeth number of annular gear 20 — 26 — 38 —
Teeth number of gear at the end of the roller 100 — 130 — 190 —
Modulus/mm 0.25 — 0.25 — 0.25 —
Modification coefficient of annular gear —0.3680 — 0.1413 — 0.5013 —
Modification coefficient of gear at the end of the roller 0.3680 — —0.1413 — —0.5013 —




WA T OB RF LT RIREZ S A

- 1021 -

5 #ig

A SCEE KB PRSM 4548 B AF 5% oh A ]
i 255 % & PRSM B2 S0 &I AN 48 w45 48 2 B 4k
[ R, 37 PRSM BRTiE i 18 75 2, 15 1) 98 20wl 45l
BlS S5 S MG R, i il I8 5 IR 8L 45 4 S 50
SEHL PRSM JCAN Bt Mk 5, [R) B, 25 D B 250 45 i
e A v 0 S AT 4 R R B ) R T, 4 i) 6 AR b A
FEFP AT IR 22 4T | SRR AR S R A it
FER A%, MO AR IE AR AL 5 A9 PRSM i A2 5 J3E 1 11
BUR. RIGLALFTIRS PR LB, SR R R
T % A AR D B R A ity R e T U AE R AR
i, DUBREAME /N L 22K AR fe /N | IR f /N
SRR B RN A B AR, RIS 5
KEWL, #5r PRSM S5 S8 bA Ay, e MR
LI 17 %% 51000, 102100, 221600 N g 5, F1] Fi A 3¢
P& 00 O A A AL HE A7 254 S 80k T, 45 SRR
53 [ 25 0 2805 [ 4 PRSM 72 5 T LA
— .

2 £ X #

[1]  Yao Q, Zhang M C, Liu Y S, et al. Multi-objective optimization of

planetary roller screw mechanism based on

mathematical modelling. Tribol Int, 2021, 161: 107095

improved

[2] Kim N S, Kim K, Jong S. Contact analysis and static load carrying
capacity of planetary roller screw mechanism. https://doi.org/
10.21203/rs.3.rs-106438/v1

[3] MengJJ,DuX,LiY M, etal. A multiscale accuracy degradation
prediction method of planetary roller screw mechanism based on
fractal theory considering thread surface roughness. Fractal Fract,
2021, 5(4): 237

[4] Du X, Chen B K, Zheng Z D. Investigation on mechanical
behavior of planetary roller screw mechanism with the effects of
external loads and machining errors. Tribol Int, 2021, 154: 106689

[5] Du C M, Liu G, Qiao G, et al. Transient thermal analysis of
standard planetary roller screw mechanism based on finite element
method. Adv Mech Eng, 2018, 10(12): 168781401881230

[6] LiLJ, FuYL, Zheng S C, et al. Friction torque analysis of
planetary roller screw mechanism in roller jamming. Math Probl
Eng, 2020, 2020(12): 1

[7]  Garcia A, Cusido I, Rosero J A, et al. Reliable electro-mechanical
actuators in aircraft. IEEE Aerosp Electron Syst Mag, 2008, 23(8):
19

[8]  Zhou M. Disturbance Analysis and Control of Electromechanical
Actuator System [Dissertation]. Changchun: Institute of Physics,
Chinese Academy of Sciences, 2020
(AW e R G B T SRR R (A i 3. K
F P EBEBOE (R E R BRI R LS Y EREE

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Jir), 2020)

Zheng W, Zu L, Wang K. Experiment research on influence
factors of travel error of planetary roller screw pair. Chin J Sci
Instrum, 2021, 42(9): 214

B3, AR, Rl RSB AT R R AL 22 AT R TR IR 22 5w [6 20
BT, AR, 2021, 42(9): 214)

Ma S J, Liu G, Tong R T, et al. A frictional heat model of
planetary roller screw mechanism considering load distribution.
Mech Based Des Struct Mach, 2015, 43(2): 164

Zhao Y, NiJ, Lu L N. Mesh calculation of roller screw pair. Mach
Des, 2003, 20(3): 34

R, M50, B IR, AL 22 AL R A G & 115 LR sETT, 2003,
20(3):34)

Cheng Y, Fan Y X. Analysis of effect of thread error for meshing
state of planetary roller screw. Modul Mach Tool & Autom Manuf
Tech,2018(4): 119

(PRI, ST AT BT HE 22T MR B 25 46 W A R A R Wi 43-#T
HAPURS A THR, 2018(4): 119)

Fu X J, Liu G, Ma S J, et al. Studies on meshing mechanism of
helical surfaces in planetary roller screw mechanism. J Mech Eng,
2016, 52(3): 26

(RTIEZE, XS, Ehp e, 45, 47 f AR 22 AT I MR th 1 il 45 ML 38R
WEFE. MU T 244, 2016, 52(3): 26)

Ryakhovskiy O A, Sorokin F D, Marokhin A S. Calculation of
radial displacements of nut and rollers axes and the position of a
contact between the nut and the roller thread in an inverted
planetary roller screw mechanism. Higher Educational Institutions
Machine Building, 2013, 11: 12

Sandu S, Biboulet N, Nelias D, et al. An efficient method for
analyzing the roller screw thread geometry. Mech Mach Theory,
2018, 126: 243

Velinsky S A, Chu B, Lasky T A. Kinematics and efficiency
analysis of the planetary roller screw mechanism. J Mech Des,
2009, 131(1): 011016

Dang J L, Liu G, Ma S J, et al. Motion principle and simulation
analysis of inverted planetary roller screw mechanism. J Syst
Simul, 2013, 25(7): 1646

(e B, XV, By, 45, K im 5N T B IR A 22 AT LA iz 3l B
LAl EOT. BGTHAFMR, 2013, 25(7): 1646)

Xing S, Hou H L, Zhao Y Q, et al. Parametric design and research
of planetary roller screw mechanism. J Shaanxi Univ Technol (Nat
Sci Ed), 2017, 33(3): 10

ORI, RLLFE, KR, 55 AT RIRE AR 28Uk i S i
L. BRVTHLT R4 FALARRLERR), 2017, 33(3): 10)

Wei Z X, Yang J J, Zhu J S, et al. Optimized analysis on structural
parameter for planetary roller screw. J Mech Transm, 2011, 35(6):
44

IR, W, ARk, 45, 77 SEVERE AR R A5 B8 A
ST, WAL N, 2011, 35(6): 44)

Gao Y, Yang J J, Liang H, et al. Optimization of planetary roller

screw gear modification coefficient. J Hubei Univ Technol, 2015,


http://dx.doi.org/10.1016/j.triboint.2021.107095
https://doi.org/10.21203/rs.3.rs-106438/v1
https://doi.org/10.21203/rs.3.rs-106438/v1
http://dx.doi.org/10.3390/fractalfract5040237
http://dx.doi.org/10.1016/j.triboint.2020.106689
http://dx.doi.org/10.1109/MAES.2008.4607895
http://dx.doi.org/10.19650/j.cnki.cjsi.J2108059
http://dx.doi.org/10.19650/j.cnki.cjsi.J2108059
http://dx.doi.org/10.19650/j.cnki.cjsi.J2108059
http://dx.doi.org/10.1080/15397734.2014.938816
http://dx.doi.org/10.3969/j.issn.1001-2354.2003.03.012
http://dx.doi.org/10.3969/j.issn.1001-2354.2003.03.012
http://dx.doi.org/10.3969/j.issn.1001-2354.2003.03.012
http://dx.doi.org/10.13462/j.cnki.mmtamt.2018.04.029
http://dx.doi.org/10.3901/JME.2016.03.026
http://dx.doi.org/10.3901/JME.2016.03.026
http://dx.doi.org/10.1016/j.mechmachtheory.2018.04.004
http://dx.doi.org/10.1115/1.3042158
http://dx.doi.org/10.16182/j.cnki.joss.2013.07.005
http://dx.doi.org/10.16182/j.cnki.joss.2013.07.005
http://dx.doi.org/10.16182/j.cnki.joss.2013.07.005
http://dx.doi.org/10.3969/j.issn.1004-2539.2011.06.012
http://dx.doi.org/10.3969/j.issn.1004-2539.2011.06.012
http://dx.doi.org/10.3969/j.issn.1003-4684.2015.04.015

-1022 - TRERAZE, 5 454, 5 o
30(4): 58 [23] Zhang W J. Calculation Model and Methods of Load Distribution
(¥, R, B0, 55 AT RVR 22T R 528 07 R A Ak, Over Threads in the Planetary Roller Screw Mechanism
BAAE Tolk R4, 2015, 30(4): 58) [Dissertation]. Xi'an: Northwestern Polytechnical University, 2017

[21] Wang J L. The Transmission Characteristics Research on (BRI, AT TR AE AL RIIR AL 5F A 43 A T AR 5 5 v [ 2
Planetary Roller Screw Pair [Dissertation]. Wuhan: Huazhong M), PEEE: PEAE Tl KA, 2017)

University of Science and Technology, 2017 [24] Committee of China Aeronautical Materials Handbook. China
VR, AT B RAE 22 AT ARG SR DR (20038 3C]. BRI A Aeronautical Materials Handbook. 2nd Ed. Beijing: Standards
Rk R, 2017) Press of China, 2001

[22] Askarzadeh A. A novel metaheuristic method for solving ( RS MRMREEZS 0t & TP EATS AR 20 dEET:
constrained engineering optimization problems: Crow search [l ot At 2001)
algorithm. Comput Struct, 2016, 169: 1 [25] Rollvis Swiss. Satellite Roller Screws. Genéve: Rollvis SA, 2019


http://dx.doi.org/10.3969/j.issn.1003-4684.2015.04.015
http://dx.doi.org/10.1016/j.compstruc.2016.03.001

	1 行星滚柱丝杠结构参数设计
	1.1 PRSM基本参数确定
	1.2 螺纹副啮合侧隙与螺纹牙厚关系
	1.3 齿轮副结构参数设计

	2 乌鸦搜索算法
	3 行星滚柱丝杠优化模型
	3.1 假设条件
	3.2 优化变量
	3.3 约束条件
	3.4 目标函数
	3.5 优化过程

	4 实例验证
	5 结论
	参考文献

