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Analysis of bearing characteristics of differential planetary roller screw
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Abstract: The analysis of bearing characteristics of differential planetary roller screw is carried out based on
space meshing theory and Hertz contact theory. Taking into consideration the influence of contact position
change caused by the initial meshing point offset between the roller and the screw on the bearing
characteristics, 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 are compared with those of
direct stiffness method and the correctness of the presented method is verified. 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 have been systematically analyzed.
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Fig. 2 Meshing contact analysis coordinate system and axial tooth profile
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Fig. 3 Screw and roller meshing diagram

HRAJE 22 AT BRSO (45 s DR 22 T 1 IRE T IR TE SRR IR 0, =2n(t — 1) /n + oLt LK SR
il SRS BBt =1,2, 2500 HLFFIRSUETE XOY Vi b 0y 4852 50 X T IR0 16 A M e, 4
rio=rotug KB P U AT S BRI AR 2 (5) T FRIR
x.=r"cos ¢\,
yS:r/ssin gp/s, D)
z.=P,/4— (r’s*rs)tanﬁ—O—gDLPs/ZTc—ﬁ—Po(z‘*1)0
RAE N EIEARET A 0, =27t — 1D — ¢l o, HEAAE TR XOY Vi b5 SR T 3R
AR, & ri=r tu X B UONRAESEBR AR W2 6) T AR R N
x,=a—r,cos ¢,
ye=risin @l (8
z,=Rcos B+ P,/4— /R* —+? +P,(t — 1),
1.3 ZEMEHE
DPRS ¥RALE B T 5 22 F 025 100 PR 7 14 22 Wi 5 o 06 25058 i 70 4% 2l v ik 220 Ak 37 FH U042 Al R 28 D0 a4 iy T
FEWG A m AR AE N JE R VT 2R 5054, RO 2 A4

Ve e n =0, 9
KA v on 5350 2L FF TR AL SR S0G A o5 Ak 1 W G AR X R MR AR R i
ay x| oz ax| |axr ay
dz  Ir dr  Ir dr  Ir
n=,,n,.n.)= . (10)
ay az az (71 (71 r’]y

Io el |dp de| [de ¢
Khor Bridirlio Helik ¢l
P T VA A 1) AR TET 7% B ) 7 6 Ay TBRT I f 82, 22 AT (1% WER T T 1) %l 1o 147 85 Ay 18 AT R ] — {000 2 fh X 38 AT
HRA—We A . RO T E G A 2 AR A b A5 LA B TR R R i 2
n,=kn, kb NLHIRE 1D
MW7) ~ A1) A5 . DPRS EAE 5 24T Z [ B W& 7 2N



% 12 9 FRIER ,F EHXATERERE LA ARBIF RS 27

2, =2,+7, 12)

KA WREEA 5 DRFECrLolor’ oot Rl o 1 5 AL A AR LM 7 B, T LUR) A 5 —4ir of g vkt
il i MATLAB X HAEAT SR fie ARG BT 22 AT FITRAT 1) 5 B 42 figh 4 422 55 Bl 1] 18] B

2 EMNAERETSE

2.1 FFZEEARER AR AR

i 2% PRV TG T 5 A Ak ) P R T S S P A AR e Ml R 4 R g AR TR RS, 24 DPRS 32 f 3 AR
PG AL AN 22 AT 2R 1 fih i Ak 25 W B A AR TR o oy T S22 A A0S DA 3 Mk o AT SR T b 2% 2 Mk B892 ok R B P 45
il 28 HEAT I3 AT

PR 2% BRAE T AT I 22 R VR i T 4 2 ik 1V ) o RN SRR AR O 3 Ry

3
3Q K() [9E*Q* 20
o= 0 = R (13)
2mab m, 4

A Q kLI sa b 450 g B kAR 0 A K 2l =, /3QE /220 (m, = /2L () /[x(1—¢*) ]

bzmmmwmbz32L(3>W/n>;é§%§$m§% E=0—p)/E.A+Q—p>/E,.p.sp. ME,,
E., 2390 Jg 22 KT FOVE R BT FH AT R 10 F L A0 SR 5 D00 S 4 Ml A 64 S 1 R R 5 K (e g 1 S 1B AR A
e MROF L (e) N5 2 BB T4y,
Xt T DPRS. 22 FT 5 B AL 4 fl if L 65 — L = 32 il R0 435
o, =1/R p, =sina/ru;

14

0, =0 p,, =sin /T ms o

Ko 22T SRR o = 90" — B3 R IR AT 3 fish £ A X R 88 TR A2 5 7 e o 7 e 20 1) 22 78 22 i 10 5
VR Tl % BB R M o 22 KT A BE RS L B

H1 2 (13) FlCL4) W], 22 KT 55 TR AT 422 ik BT 1) 6 2% 422 fik 22 0% 552 43 531 A

5 =KQ: , (15)

S K SR 24 BRI 5 Q, A ¢ 1 B S0 2 b T 0 o A
22 REHEHEETLE

XF T DPRS VAL B A 730 A1 B3R At o B B AR TR AL A 2y o0 A 15 DO AR T . AR VR AL 22 AL S i IR R 2
R 2 RHE il B AT B T BB LAZZ T RS0 X 4 (8 S R A il ) 2 AN T BE v L 224 32 DG B n el 4

B4 ZH5FREEMNATEE

Fig. 4 Diagram of screw rod and roller contact force
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Fig. 6 Effect of tooth angle on roller load distribution and carrying capacity
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Fig. 7 Effect of screw pitch on roller load distribution and carrying capacity
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Fig. 8 Effect of the number of threads of the roller on roller load distribution and carrying capacity
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Fig. 9 Effect of elastic modulus ratio of material on roller load distribution and carrying capacity
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