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Fig.1 Schematic diagram of the DPRSM 3D model
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Fig.2 Contact force decomposition
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Fig. 6 Total deformation contour plot of the DPRSM
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Fig.7 DPRSM equivalent stress contour plot
SR T A b e € N T RN
Gi— T =B IIER . fEX—HE T, mET7A]
A, VRAE SRR AL BN K TR S AT B
5 BRI A 25 TR o 33X 2 PR A VR A R 4 ik
BB W 2 Sl 1 B D TR A 22 R4 ok B i 42
G5 [RIB, VRAE S 22T 2 Berh, R
1B 349 67 T e 20 i O A 2 A Ak, 0 D B KB A
260. 70 MPa ( H BN ARG ), 1 g N ZE B4 4
s R SRR A 3 B b, N ERRAE I T
doe A v B A B AL, N ) d5 KAl 554. 54 MPa,
DPRSM (VR HE 5 MR R 22 [a) il 4 (%) SRS - PR A 4% sl i 1
A RAE SRR Z W A s s e MR TR 5 2
FLZ BB fe e . ik, ARSCEZXRE 5%
P42 fish B O 7R R P R AT 20 O™ S 1 B X b R
BRI 22 R Z R B 2 far 3 A I 00, B TR A Y ik
G R 2 A2 B HORHEFY , IF 4R IO o 27 (1)
Bl , 2T I R oA R (81 8) o
M S I, JRA: STk 2 Beh, ikl

1) Foe KAB I 7 TR A 5 22 K1 W B 422 fl Ak 1) 3 7 s
HRAE A3 9H 160. 23 NF190. 35 N, KR/ 4 A0 4R (.
WZEE A B . F LR, DPRSM H A7 7E 4o
SRS

RIEHAT 5
E8 HEFHEHME

Fig. 8 Load distribution diagram of the annular groove teeth
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Tab.2 Load variation of annular groove teeth in the contact section
between the roller and the screw under different tooth surface arc

B KA 160. 23 NFEHy 149. 93 N, fe/MEH 64. 57 N
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Tab.3 Load variation of annular groove teeth in the contact section

between the roller and the screw under different annular groove
tooth angles

radii
7%t /mm HRRAE/N i/ MEN Y52 SN
1.5 151.97 66.24 26.58
2.5 154.37 66.09 26.96
3.5 155.85 65.75 27.31
4.5 155. 42 65.67 27.24
5.5 157.91 65.56 27.65
6.5 161. 37 64. 84 28.39
7.5 160. 23 64.57 28.30
8.5 160. 19 64. 67 28.32
9.5 160. 37 64. 62 28.31
10.5 160. 79 64.57 28.29
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Fig. 14 Load distribution diagram of annular groove teeth in the
contact section between the roller and the screw under different
annular groove tooth angles
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Tab.4 Load variation of annular groove teeth in the contact section
between the roller and the screw under different chamfering radii of
the annular groove teeth

7t /mm RARAH/N R/ MIE/N Y528 S,/N

0 160. 23 64.57 28.30
0.02 158.92 65. 06 27.39
0.04 160. 39 64.97 27. 66
0. 06 161. 62 64.71 28. 04
0.08 164. 02 63.95 28.48
0.10 164.28 64. 00 28.67
0.12 163.23 64.21 28.35
0.14 163. 89 63.59 28.51
0.16 165. 82 63.97 28.58
0.18 165. 94 64. 40 28.52
0.20 161. 89 64. 81 28.12
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Fig. 16 Comparative diagram of the roller annular groove tooth
crest before and after modification
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Fig. 17 Comparative diagram of the roller annular groove tooth

root before and after modification
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Fig. 18 Load distribution diagram of annular groove teeth in the
contact section between the roller and the screw under different tooth

crest modification amounts
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Tab.5 Load variation of the annular groove teeth in the contact
section between the roller and the screw under different tooth crest
modification amounts

BIE it/mm e KAE/N I/IMAEN Y175 22 SN
0 160. 23 64.57 28.30
0.07 160. 69 62. 90 28.38
0. 14 159. 37 63.77 28.24
0.21 157. 81 63. 65 27.91
0.28 155.22 64. 44 27. 41
0.35 149. 46 65.08 26.73
0.42 144. 59 66. 57 25.94
0. 49 134.21 68.01 25.00
0. 56 125. 60 70.07 24.10
0. 63 121. 76 65.39 23.59
0.70 122.43 53.03 2411
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Fig. 19 Mean square deviation variation diagram of annular groove
teeth in the contact section between the roller and the screw under
different tooth crest modification amounts

5.3 FIRIERERSH

WE A WA & 5 5 o REIE . 0.07 mm,
0.14 mm. 0.21 mm, 0.28 mm. 0.35 mm. 0.42 mm.
0.49 mm, 0.56 mm, 0.63 mm, 0.70 mm, 0.77 mm,
0. 84 mm F10.91 mm, #5375 b SCH [ #4947 BRITHE
B, AT ARERRE AT . AR BN PT BA R AN E 20 CR
7] 2F HRAB I 1 T TR A 5 22 KT fih B AR 2F 24 fr 70 A
D FR 6 O [ S RABTE £ T TR HE 5 22 R4 fih B AR
FZ BT OO R o S 1 SN b A B S AR A
JE X DPRSM WS40, 4 S 0% 53l i 44 8
AR 1~14, 1821 R 6 iR BEA R 2R
(0357 22 BG5S R 2 ARSI & T IR AL 5 2241
T b LAY 24 ¥ 07 22 7R AL IR

HE207T 51, KBIEE, BES 2 Br
PR 2 43407 1t 2 i 3 i B ph o R )N, 2 308
WA, R e HE 21 A, ME BIE B%
Hahn, SEAh AR EAR AL iR ] AR R B A IR A
55 22 FT A% fish B B0 RE 28 2F iRABE 5 0. 84 mm I,
Brzesm/ N, IRZHMT RS FEE, BIE)E, Y
F AR i R E H 160. 23 N &M 124. 07 N fe/ME H
64. 5T NTFA 71 31N, IR 52 AR LG A 311D

BE, ReLEH, IWREBIEE RN ER
22.61 N, B&/NFRTTEIE G /M 22(23. 59 N),
HIIER , RIBTE G B SRS TR BT .

— KRB & 0.07 mm
180 ~ B 0.14mm - & 0.21 mm

160 F 5 028 mm & 0.35 mm
4 140 N : }%;Fﬁ 0.42 mm Eﬁﬁ 0.49 mm
= S N -+ [BJ%0.56 mm -+ f£JE 0.63 mm
% 120 Eﬁﬂixmktt S B070mm - 2 0.77 mm
K 100F LD B 0.84mm - 2% 0.91 mm
7 N, A
= 22 e

405 5 10 15 20 25 30 35

WA 75

20 AEZFREMETHRES LITEMEBRINME T HET D E
Fig. 20 Load distribution diagram of annular groove teeth in the
contact section between the roller and the screw under different tooth
root modification amounts
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Tab. 6 Load variation of annular groove teeth in the contact section
between the roller and the screw under different tooth root
modification amounts

EIE & /mm I KAE/N I/ ME/N Y25 SN
0 160. 23 64. 57 28. 30

0. 07 155.97 65.30 27.27
0.14 151. 49 66. 28 26.57
0.21 146. 38 66. 84 25.88
0.28 141.76 67. 41 25.32
0.35 137.73 68.26 24.74
0.42 133.21 68.53 24.21
0. 49 129. 17 69. 10 23. 80
0.56 125.38 69. 68 23.35
0. 63 122. 56 69. 90 23.06
0.70 120. 18 70. 66 22.85
0.77 121.77 71. 10 22.70
0. 84 124. 07 71. 31 22.61
0.91 127.79 70. 57 22.67
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Fig.21 Mean square deviation variation diagram of annular groove
teeth in the contact section between the roller and the screw under

different tooth root modification amounts
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Bearing characteristic analysis and modification design of differential
planetary roller screw mechanism

QIAO Guan' ZHANG Xiaomin' LIAO Rong' TANG Shufeng' MA Shangjun’
(1. Inner Mongolia Key Laboratory of Advanced Manufacturing Technology, Inner Mongolia University of Technology,
Hohhot 010051, China)

(2. Shaanxi Engineering Laboratory for Transmissions and Controls, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: [Objective] The differential planetary roller screw mechanism is a new type of transmission mechanism in which
the screw thread is meshed with the roller ring groove, as well as the mesh between the roller ring groove and the nut ring
groove. The bearing characteristics of a new type of five-stage differential planetary roller screw mechanism was investigated.
[Methods] The analysis model was established and the bearing characteristics were analyzed based on the finite element method.
Besides, the influence of different design parameters on the bearing characteristics was analyzed. Finally, the modification
design was carried out. [Results] The results show that the stress, the load and strain of the ring groove of the contact section
between the roller and the nut are larger than those of the contact section between the roller and the screw. The maximum values
of stress, ring groove load and strain in the two sections of the contact between the roller and the screw are located at the
leftmost end of the meshing contact. The maximum values of stress and strain in the three sections of the contact between the
roller and the nut are located at the rightmost end of the meshing contacts. It is proved that there is an uneven load distribution in
the differential planetary roller screw mechanism. The relevant design parameters of the ring groove teeth have an important
influence on the load distribution. When the tooth surface arc radius is 1.5 mm, the angle of the ring groove teeth is 50° and the
chamfer radius of the ring groove teeth is 0.02 mm, the load of the ring groove teeth in the contact section between the roller and
the screw is the most uniform. When the tooth crest modification amount is 0.63 mm or the tooth root modification amount is
0.84 mm, the bearing and stress distribution of the ring groove teeth in the contact section between the roller and the screw are
uniform. The modification design effectively improves the uneven bearing of the roller ring groove teeth, which is beneficial to
prolong the service life of the differential planetary roller screw mechanism.

Key words: Differential planetary roller screw mechanism; Finite element method; Bearing characteristic analysis; Design

parameter; Modification design (i, 5TAF)



