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ABSTRACT

The planetary roller screw pair has been widely used in precision linear
transmission and heavy load applications in engineering applications such as precision
CNC machine tools, medical equipment, special machinery, robotics technology,
aviation industry, Weaponry, etc. due to its advantages of high load-bearing capacity,
high precision, and long life, etc.

The planetary roller screw is a new type of precision linear transmission device,
which relies on the threaded transmission to transform the rotating motion of the screw
into a straight and reciprocating motion of the nut. Through arranging a number of
rollers around the screw evenly, the numbers of contacting of the thread pair are greatly
increased in the transmission, which has the advantages of high transmission precision,
large bearing capacity, long service life, etc.

Taking the planetary roller screw as the research object, this paper explore the
working principle of planetary roller screw, and studies its kinematics characteristics
and bearing characteristics.

In this thesis,the main contents are as below:

(DBased on the space helix theory, the mechanism study of the planetary roller
screw is carried out, and the motion diagram of the mechanism is drawn, then
demonstrates the working principle of the planetary roller screw deputy from the
mathematical level.

@According to working principle and mechanism analysis of the planetary roller
screw, the geometrical shapes and mutual movement relations of each component are
analyzed, and the calculation formulas for the design of geometry and working
parameters are derived.

(3 The kinematic relations among the components in the motion of the planetary
roller screw are theoretically derived. Though studied on the axial motion speeds of the
nuts under pure rolling and sliding of rollers and nuts, the result is gained that the speed
is proportional to the number of screw heads, the pitch and the angular velocity of the
screw. The kinematics analysis of the planetary roller screw pair was established by the
virtual prototype, which verifies the correctness of the theoretical derivation formula.

(@Based on the Hertz contact theory, the elastoplastic contact model is established.
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The stress variation formula between contact pairs is derived theoretically and the
factors of affecting the bearing capacity of the planetary roller screw are discussed.
Through the reasonable simplification of the model and the use of computational
mechanics, the correctness of analytical formulae is verified.

B)The theoretical study on the axial deformation of the screw under different
support modes is carried out and then gained the variation rule of the axial deformation
of the screw. The relationship between the screw strain and the support method was

analyzed by computational mechanics.

Keywords: Planetary roller screw, Precision linear transmission, Kinematics

characteristics, Bearing characteristics, Elastoplastic contact
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Fig. 1.1 Common Rotary and Linear Conversion Mechanisms

AR SR AR B FH AN T SR B AR E R 1 Bk ekl R, H R S
BRI BN AU e DA R 5 2 il SR ERE T Sk . KEmEER, X
St T B B IO 25 B AR B, RIS T R AR E R T AR T RGE IR
H 1942 WA Carl B S KT RIS 24T, B 1.2 Fos, i kRS, 2
BT Tk, BRRTH A, Wt A IR, Bl & B AR K S AN 8,
GRS B B S, R TAT R RAF AT RE R RS SRS KT B R |
ECEAL

K 1.2 AT RIRAELAL

Fig. 1.2 Planetary Roller Screw
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Fig. 2.4 Planetary roller screw mechanism schematic diagram
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Fig. 2.5 Planetary roller screw mechanism schematic diagram
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Fig2.6 Roller and nut thread phase diagram
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% 2.1 Bz,

R 2.1 WAL BALLA
Table 2.1 Roller installation phase angle
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Fig. 3.1 The PRS angular velocity diagram
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Fig. 3.2 Schematic sliding between the rollers and the nut exists
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3.3 ITERMH LA RIS BI 4

X TAT BIRAE AT R PR EE . 2240, IR R = RSB i, ) b R A
VB ASK 22 AT, Y2 AT SIREHRSCKERSE, H=Fer M, ARLfld, $HArl
T f i Ak FE PTIE 3 2000mm [ s, AL i s Ny n = 50007 / min , #RER
W p=>5mm, 2. BEHNESCKE N ng =n, =5.

AR I8 BRI S (AT 2 IRAT L2 AL B 5 A (R 45 H) S RO S S HCZ TR 5%
#, @R, BREATRERIE AR R A S SHAUNE 3.1 PR

® 3. ATRIRLALRIZ S

Table3.1 The PRS structural parameters

ZH g ol
B2 PE/mm P 5
A z 8
22 T H1 4% /mm dg 30
22} K 4% /mm dg, 31.84
22 AT /M%/mm dg 28.08
24 KT K /mm [ 500
FEkE 1 % /mm dy 10
PRIERA% /mm dy, 11.84
BRHE/ME/mm d 8.08
#ERE 48/ mm d, 50
#ERE KA/ mm dy, 51.92
B2 EE/NME/mm dy 48.16
BRI p 9°
Hefub £ o 45°

FEWEAT BRI AT R 2241 . IR E8F, IR 2R RS 8GRI = w4
FHIHKRSE AR, 25HK 3.2 — I bk F A 4 B 45 25
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R 3.2 A AT U P S5 S H

Table3.2 Roller end teeth and ring gear structural parameters

A B 1 P 4 P

ZH
5 1l 5 il
% ZR 20 Zg 100
43 FE 1B B 4% /mm d, 10 d, 50
B 025 /mm h,, 0.5 h,, 0.5
Vi 0 [E BL 4% /mm d, 11 d,, 49
PR F/mm h, 0.625 By 0.625
VAR [ B4 /mm d, 8.75 d,y 51.25
& 7144 @ 20 @ 20
¥4 % /mm B 8 B 10

FESLhR TARRE R, AT A RPE, HAERE R, SR AT R A A
R 0g=20rad / s B, HRYE EIRAT BRI LATRI SIS S HIE ) % &
NI BIASRAG SRR ISR AR

Horb, 17 RIRMZALRIEAERIT Biggh il ik, RIER BT E4EH, H
FERT TSR A3 2 B PR ) O 3 A o D

dydy . _ 30x10
dyedp +dpyeds > 50x10+10%30
TR LALRIEAE AT RIS R FE T, AR B o, BIVRAE AR X 44

Bl 55 B (¥ A E @y » B

x20="7.5rad / s

Wp =Wy =

O, = Qpy =— dyds Oy =— 030 20=-37.5rad / s
dyodpg +d gy od 50x10+10x30
IRRHE HEE S &HE L v, N
Vy =Vyo = nspw— 5><5><2—796mm/s
2r 2r

3.4 EMEH O

AP RHT IR AT RNIE — R AW R GAT BSNS54, 7T LUFIA Pro/E
SO SR I R T R PRI, IR ADAMS 37 BEARENL, JEIN fE)
BENLULATAB BN 07 BU 0T, SAERT IR S 0 IE R E, JF ELET XS BT it A o
P BT PRAC B S4TSR VAR £ AL R 5 T
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Fig. 3.3 The PRS kinematics simulation technology roadmap
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Fig. 3.4 The PRS assembly model
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Fig. 3.5 The PRS kinematic analysis model
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Fig. 3.7 Roller and nut Y-axis direction displacement, velocity profile
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@A N /g

HA — 5 Mt A LE e A By, 388 By R el e
file, WAEE . VEESE AR, I Rl B R AL 1B BRI T . B R F 5
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XF T A, R R AL AR R, R, ERIALE ) FIE R T 42
fibst, EEAMEDNET CER NG, WKERN o, HIER o™,

5 2% 2 3015 -

—_ (4.1)

mx =53
(ELRE O — fRcge i o o () R, AR RS i X P A R AR ALY, S PR A X
TR/ NIRRT, AT il Xl b, JE R b A2 Y Rl b, HRRDE
b E& RSN AN SR B O, Z i RS ER, oKl 7
O . HHBUAEA I FH L0 i
EE7 PN R

3F
Gmax =
2rwab

i a b 73 RIS A I P9 - el A A -
4.2.2 RIERRIZSIEAR X ERSE EIHIR I 5T

AT BIRAE AL RIAE RS Sl 1A AR BT I, IRAE 5 L2 AL AR BRI S0 & Ak 7
ERERAR Y, R REE R BT BV L AT R Bl R BRI . T e
SRR, LB RE NS MR PO T IR SRR I e fid ] R 3 A

FONAT BB AL R A RE B AR BT oy, BT Hafhe 5, ASCR LA
AL S 22 AT AXTHE AR OB FEX 5, DLMOR Tl R ST 1tk o 42 70 #7500
BRI L2 ATIZ S I, BT AR RS R 9K, 5 22 AT IR S 2 fil m]
SEROY T 5 FE A R R AT, B 4.1 .

(4.2)

—~ @

Pl 4.1 il T 3~ 2 )

Fig. 4.1 Surface contact with elastic half space

30



4 47 BIRKE L AL B $Hefh oy

FH A 2% e BE VR AT R0, E A B T s A 0 Nl S A R R Ak X . b
i, AT DR AR AR R TR B 0 A 2 b e 0 R D 3 7 Ay M o A PR AW I 22 fik
K 4.2 Fios.

K 4.2 PIIRIE A3 i
Fig. 4.2 Contact of two ellipsoids

T E 4 1 F9 AN IE28 3 T 40 2 0 2 22 0 3 R, R, Ry, -
Ry . EACETFIH S AVIT A G A WA x, « y Flx,o v, PiAALkRHL 5%
Ny .
ETRRE AT E T ER AT, Iy 90 590"
NIRSEA RIS, B AHAHRA. B, &
1 1 1

1
A+B=—+—+—+— 43
11 Rlz RZI R ( )

22
1 1Y (1 1Y 1 1)1 1
AU RN N TN W FR N
R]] R]2 RZ] R22 R]] R]Z RZ] R22

2 B PO AR S VR A I N F, B 43 B, H130 (4-2) AR A X
SRS [ B KA AN A9 -

3,
o =
" 2wab
K F RN IB S Bk s ARVE I A 775 as b 43 0 R AR 5] 7 K
- A 2 A

(4.5)

31



N e 7098

Screw Roller

Kl 4.3 BN SZ 715 B
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Fig. 4.6 Point contact elastic surface stress distribution
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Table 4.1 The PRS structural parameters
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Fig. 4.10 Thread contact pair simplified model
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Fig. 4.12 Thread contact pair contact stress diagram

ANSYS
R18.0
APR 18 2018
15:42:44
B
1

003732 004975
004353 .005597

NODAL SOLUTION
STEP=1

SUB =10

TIME=1
EPELEQV  (AVG)
DMX =.021466
SMN =.224E-05
SMX =.005597

05 00
.624E-03
\ANSYS03\18prs.x

4.13 IR ST AoxT AR P
Fig. 4.13 Thread contact pair deformation map

NODAL SOLUTION ANSYS|
R18.0
sTEESL
sUB =10 aPR 19 2018
TIME=1 09:15:41
G)
.374606 11 B11.624
1 710.217 913.03
File: D:\ANS

K 4.14 SRGUE SRR N7 73 A7 1B

Fig. 4.14 Thread contact stress distribution

47



N e 7098

WG AL S AR, B 413, 414 PR, RS2, BEES
BRI RO LOE I A 2, RIS AR Ay BEAR AR T T th A 4 ik
EZ AT, HIRAE S L2 AR SRRSO e fid s Ak 1) B B K TR AT 55 08 BHIR S0 A
XAl AL R B . AT R, X ZATREAT AR, L BRI RS,
W B e T T — A2 AT I, IRATMRSUT [N 5 22 AT NUR BEG 5, BRI 22 AT R A0
fioh k5N K TR MRS AR BT, X5 RTR BRI HE T 2 U SE] T L4
FAARF, IXIAE 1 22 ATIRECF B 40 B R T IR BHRSCT R IR

4.6 Ihg5

AREHAT TAT B IRAT 2T Bl e B2 AR 7, e T 24 He R 57 AT
BIRFE AR AR, b AT B IR LA R IR S L AT R 5 IR E
(] AR ] AL, S Y T e i AR N T ST, IR A R T DAAS H A A
X FEAMN S A S BCR . Rl R A S, 4 SRR, S E Sk
Bl A, @A RICAPTIAE, 750 7RG AT IRl AL B ) BOR TR A 5 18
BRE AL, RIZATIRSUE S BT IR BHR S B 10y, M, AESEATAT IR AT 2 AT R
W57 RABRE TR, BAZCRHR AL 5 2 AT SRS A i ) S AR AR Jy RSk %
JE. 83T matlab G FE H AT B IR AT L AT B Al 17 280y 5 2 Ak A AN AR 2 8] ) 52 &
2], 73 7 R0 A — I, AT BIRAE L2 AL BBl R B AT 7E o e (207,35°) Y A
B Ak A S NI K, 7E o e (35°,75°) Ve [l A A 2 Al A KGO/ s 244
F—RE I, AT R VRAE LT B el 17 88 Ay 5 2 R A KN 7 90 o

48



5 SCHEDT AONAT B AT AT R AR R L R

5 XERFRITERELI AT

51 8|5

o TAT R ATR, (ESebr TR AT, TEVRMHRBISE, B T A
TAT BV AT R RHE S 2AT . o 5 08 BHR IR S0 A [ B AR 4047, T8 8
o PR AT B R KT B AR 2B VR 2T 0 i 0 25 T A 7 o 25 2R 45 0 T
. T 5 AT (0 A5 T RS 77 504 T RN, 8740 )% FE S [ 3 43 77 ot
BOOR. SEhE TR, TRRHAATREIG . Fe—REE. e, BE—
SRS R, A 5247 2 2L b A T 2 AR B 1 T

52 ATEFRMELATRIZER N MEL 74

TEAT R AT RIS R b, BSR4 3 15 2 KRR R 1] R 0 ik 52
FHR B L B AL B AT b AT R LTRSS A, A AT
HOFEF T, P75 9 Befi A AL (I T3 AT, D00, B 5.1 BR.

I
|
i
i
|
)
:

5.1 WAL 2 ATIRAHE Al 12 3 73
Fig. 5.1 The PRS threaded contact force analysis diagram

52.1 XEFN

1T BB 22 AT B SR TRERLH A =i I S 4% 07 K

O E—E e, Sz it 2a bR AR ER A, K 5.2 i,
[ 7€ B P g 350 ] A2 Bl IR T AR A T, ReRR T R S A NI .

49



N e 7098

K 5.2 47 BT L2 KL R 9 3 [ 58 SR R =
Fig. 5.2 The PRS fixed support at both ends

@l —3 4%, Sty — i LR R MR BRI R, 55— A
TRV EREAR, B 5.3 Fs, 12082 R s ] LUK S 4l AR R A7, S8 m A REZk
AR ST, AT S O .

Bl 5.3 A7 B IRAE 22 AT R — i [ 22— i SR R =

Fig. 5.3 The PRS one end fixed end support

Ol E—H W, iy — ik A IEHERAMPBRAERRR, 5 —imE W,
K 5.4 Fo, 283 € i T Lo Sl R Atz a7y, Bl A&7, 1z
Fchih el W BEAG, S RS BE AN o

Vv

Bl 5.4 AT BV L2 KL R — i [ 5 — i H H o< 5
Fig. 5.4 The PRS one end fixed at one end free

522 T EANRERNTHIELER 5
FE AT IR L AT BI 22 KUK S BT AU, ANUEE S 18 22 KT 1 524 05 3,
(7] It 8 2% R MR B ) IE B i A

50



5 SCHEDT AONAT B AT AT R AR R L R

DR 5.5 i, AL IFME e rk a2 A fE, 3,
F=F+F, (5.1)

Bl 5.5 AT SR VR AT 2L KL 79 i 1] R 2K Bk 17 52 7 3 14

Fig. 5.5 The PRS fixed support at both ends axial force diagram

5 BHAR T DR 5 R SR AR,
£L_K0-1)
EA EA
Hrp, FRRBIFZANT, Ny F, F,RRNZAPbHRSCEE ST, Ny | RoRR
BEER 22 AT Ao SCHER B K, mm; E RRHMEBIE, N/mm®; A RIR2ZATIEE
NERHEA, mm® .
Berz (5.1). (5.2) 15

(5.2)

1i==£15;52f7 (5.3)
1
LA AR T BN -
EAl

M EFCRTBAAG Y, 0 P 3 [f 8 SORRIAT BIRAE AT R, BEE R BRI A R
Bz, “ATRILEAW R AR, EAT R IR LTRSS 12 o 22 AT il ) A2
iz ol ST EI VBT R S

@WKl 5.6 s, Z2KLR S [ 58 3 — I SCHE B HH IR ) Al 1 52 7 1

Hoh, (B RS, ]
F=F (5.6)

51



N e 7098

(b)
Bl 5.6 AT IR AT 2L KL R — i [ R — I S 43 B eh el v 52 7 1 P

Fig. 5.6 The PRS one end fixed end support and free axial force diagram

“AI R EN:
2F,
Nz

Hodr, oy, FRANAEGT, N KRNI T, Ny [ 308
WRRERE 22 AL 7o v SO B A, mm; E FRORSEPERR, N/mm®; 4 RIRLATIR
SUMBBITTAR, mm’ .

M AT, TS [ SR 53— SCEE B AT BRI 22 4T
fil, BEEIRER R A E B LS, AT R SRR I E b 2 R R AR
5.2.3 BT

ASCHPTHT BIRE AT RIS HINR 3.1 Pon, R 2ima 80N
1=500mm » YATIZEUNME dg =28mm » FRYERLE E = 210000MPa » I8 EF i fn
4] F =10000N 78S, 535313 H i o ] 52 A0 — i [ 22 W) 22 4T 22 B W RHIa ) 2

Al (5.7)

[E] o0 & 2K
O it [ 52
Al =200 3 1041072 +1.55x107
EAl
@S B il
Al =2 55104
A

M BT RARR 0 TP SCEE AT R IRAE 22 AL R, 22 AT 3 1) AR T8 & 5 g B
P[] 5 i B R R T 26 K R, HAEME BRI B B 2 AT AL &, B 1 =1/2 = 250mm B,
BN, Al =FI/2EA=0.019mm ; X§ T —iE & —BS3¥ e E T 2Rt 2
FLE, 22 AT b ) 28 T 2 5 M RE P[] 5 i PR 29 R 1 R R, HLAE IR RHZE Bl 1) 2241 3
el B dami, BRI =0 =500mm I, ZILEHRK, Al=2FI/EA=0.078mm .

RS b, RIAE R ST T, PR [ E SO T 2 ) K AR T R b
— iy ] 72 ST ISP ECE B 7 AN BRI RN, Ho i [ SRR T

52



5 SCHEDT AONAT B AT AT R AR R L R

i KA — ] 5 SR SRAT T 1/4, —F BRI EAR (P
[t %€ i KAR I DU AR BHE Zh B 22 AL () B, — i ] 28 B KA B Y BAE 2
P e H ). PRI SCPR TREN A, R RH P (] 5 SO sORER iR R ST
.

53 &T ANSYS WA EIZ AR LN TS

B ST AT 10 TAT IR AT B AR ST U 2 A0 AR B 7T, 2
TUL B3, 183 ANSYS #1520 i Thie, o0 W L ATAEFR VR F T (0 5 79 R AR
AR X T =4EA IR AL, WX A SR A 5 BT AL X, RZ A R
TCOT TR AL S M SR B R s, Horh i AR, SRR A S,
T NAE JUART SRR b ) 20 RO AT B 284538 3 PROTA | R BT SR
53.1 Ao HiRE

R R 3.1 LS HER P4 AT BRI AR LA S S5, T =4
SRR, Hd, ZASHEW T 2B R d=30mm , 2IIBE8NME
dy=28.08mm , LATMREUKRE dg,=31.84mm , WBEUREE p=Smm . BEULH
ng=5, 2 AGMKEI=500mm, BHEf B=9°. FIFH Pro/E F LA =45k
BAY

NS AR )45 B TG AR TR A i Ak B 3o R R A 1l 431 H Pro/E R IT I =
YESTARB N F) ansys BT, & OMEHETERI B ITRA, BEATRIRE R 7. i
¥R A 20CrMoH , P M B E=2.10x10°MPa » H # b 0=0278 , % JF
p=7.85x10°kg /m’ . LZAT WK &5 A 5.7 Bk

Tt N2 AR far Ab B, 22 KT 4 07 00 AN B E — [ e . [ e —SCHE . TEE
—HH, A F=10000N .

ANSYS
R180

K 5.7 LZAT s Rl o0 45 2R

Fig. 5.7 The screw mesh results

53



N e 7098

532 ERHh

93 9 o3 AT AT P S ] R s S [ R g SCHE S i ] S RSO TT
NN LA 32 33 1 5 e (R AR B

B 5.8 Fron iy =R S8 5 T IR BHE B BIAS R BN L2 ALK RAZ 73 A1 16
Do

ME 5.8 (a)y (b). (o) WFATLAEH, HIREHE BN B 2 AT iy, 9 v ] 5
ST AT BN AR B /N [ E i S8 (B D 5, He—dmlE e — i 52
AT NSRS — I ] g o B 5 3R RS R ARA] s A 5.8 (dD.
(e)v () HATLAE Y, HIRBHES) B LZAT b (A A E I, P [ E SR 7 20F BN
AR B AR IR BEAE A i I A 2 1K, BN im e im s (B i B
— i [ R i ST 3R B NAS R i [ E i B 05 3R R AR S AR [R5
MEI5.8 (g)y (W) (D Al LUIEH, HIRRREE) | 24T iy, W3 E SR J7
AT R B 5 R BEAE A i I 22 AT AT R [, Wi /N o] 2 — i 2 4% (H
A T3, Hedw R i S 5 3R 1 N AR R v [ E 3w B 05 2R M
AR E AU ] o

— ANSYS ANSYS
AR R18.0( R18.0
azm 20 201 20 2018

3 042498 ~06031
.033502 .051404 .069216

ANSYS| ANSYS|
R1810) R18.0
R 20 2018

—— — e E—E
010 Sac 024702 T042457 060252 o 004048 008097 012145 016193
.01580 .033599 .051395 o029 | |  .o02 024 006072 .010121 014169 .018217
le: D:\AN le: D:\ANSYS03\18screw.x_t

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



5 SCHEDT AONAT B AT AT R AR R L R

MMM,

S Sear-03 00219 >02700: T -034567

~ Looseze Lo1261
File: D:\ANSYSO3\lBscrew.x_t File: D:\

(e) ¢

R18.0(
PR 20 2018
09:12:49
X
e -4
SRR ARV
SRR W
A

ile: \A File
LK —e— WA
0.08 -
—— W

0.07

0.06 o
€

E 0.05 1
B\:\

B 004
R

= 0.03

0.02 1

0.01 A

0

i i ] 1 iy
e o T T T R

.402e-03 .o02178
File: D:\ANSYSO3\lBscrew.x_t

(i) ()
5.8 WEREIZ AN FIAS [FAT B 22 AT 1) %l 1) 3 25 K]

Fig. 5.8 Axial strain diagram of the screw when the nut is moved to different positions

AIRTTo e RGBT RS, NE 5.8 () fs, TRIREHEE) | 2241
WRASRLE, i [ R SO AT LA i ) A R AR N Tt [ E i S (H
HD J7 N AT R AR &

55

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



N e 7098

54 Ihgs

AT B LIRS R SC T X, 34T T AFRSCE T T 24T 3 1m)
BREFEISH I, HESH TITRBEHLAEIARE T T AR & it &
AT 15T P [ 2 SOR T, HARTE &S R R 2 A i S 4 R R Uk
BRFR; —BEE S — s EEE R, AR & R B A i S P PR
R C F,  H M ] SR R T BN T — [ S — i s iR
H 2 TR & . FIH ANSYS 8547 2 AR 22 4T Bl 1 22 AT AE AN [F) S 43 07 20
N2 E AR N AT T AR T, STHRERISHES AR, WAE T HERHES A RNH
EHME,

56



6 S5 RE

6 HiLS5KE

6.1 £5ip

AL UMAT BV AT BIE AT TR G, R0 T 4T VR AL AT B4 % AR R
M, AT TATEIRAE AT RIS S RUR B R, A T SR 83
KRN AN, WG L3R T AT R R AT B i L

A EARRTE P25 S e T

OHAT 7 3T 25 (AR HEBR AT VR AT BN SR 7T, 3R 7 — R T 3R
FELAT R N B0 WP, BT F 8 TE T 47 2 V4 R AT B ) 10 S5 3
ST T AT SR AR AT B SR TLRT TR AS TR 9T, 23 T S A PRI () 45 5 5
R R

@S AT R LATRIE BB, S b S 7 & W LR 8] 1 4 3 )
KRR, B TAT R LA B A AR T, 0 R R BLRIE B i S
KB 9 R vy =ns pog, 2 BIGHE SUEEE RIS 3 15 75 8 2 540 5142
BEV ) 2RISR BT, FLSH BT 5 AT RB B (B S0k B, W8P LA % 3 42 4T £y
EAERIEL. B ADAMS ST HERENL, JEUHTIEE 07 BT, BE T B
AT A R IE i

@X:TFH L F RS 7 SVE SR, S T T AR 5 AT MRS
[ %7 A3 ) B A R

F
o, =k, 3 3 B xZixZi
2rnsina cos 3

RSB R, 1G TR A BB AR I i 5 A AN AT R PR A 22 AT R SR AN
B KA B AT o AT BRIT 8T, 49 W e KA B 7767 WA SCE A ox (R 1 i s AL
HARKE 5 AT R R AL BT B K TR 5 SR B Ab N 7 7MH

@E AT BRI LATRI ARSI T30, AT 1 AR SCEE I 30N 2 AT Al 17 22
REMBEIRHIIT, 130 7 W E SORM T, HARE R BN i b 2 S0
—ImSCHEECE AR N AR, SR T EE AR, fF B ANSYS BAERHAT IR
HELL AL EI K 22 AL N AR 5 34 T SN2 IR SR R EEAT T 0, Bk 17 288 22 300 IR
.

6.2 RBEE
b FRTIR, AR SCAEAT B RE AT B HE B S AR B PRI 2 5, 73 T —
SEMILER, B%TANAE SRS AR, LR LA 7 T 1 SR A il — 5

57



N e 7098

7

OAT BRI AT RIK BRI R R 2, ASCE I8 1 #5243 75 50
GRCIE, R TR A5 S KB S A R S R AR HEAT AT

@AM E A I RE T, KRB G UAIRZ X T s 22 P R 1Rz,
(7 I 42 fid 6T 18] £ ) UART 2% 20 TR R PR R S e B A R gt — 2D 7T

A SCAEMAT BV AT BIRSCIE fih 3ot A BR e i 7 Aoy, 0 A% Ak oxof A Y
BEAT T T YEfaIAL, RAETED B EAT B IRAE AT R BRI, X B S5 1A R
WIVE £S5 i A 2 )

58



O

B

IR IR S B HAR =R B I AEE IR T, AR SCRAKRZIME 018
AR EOR T SERN, =EMIB LSS, R 1R IAR,
TR R AT S A T HE— D0 T SRR, FREITIR I KR,
U YA SRS I A R B GE, — IR UK MR P RN AR TR 138
BRI T AL ATIEPERI R, HEShE BRI IE R EANBTATAT .

RS0 = AR R B . AR L EE R L. ZARE L, Znd L
SEEWTFUERT B T A B

TSI SRR A R, Ok M. EEe. AR FAORER T,
A VRATAIRE FEA LB FEAE AR TR e 1 AR, RIS U R AT ] = SRk i A B

IR A2 T IR I 2 ST IHL 2, ARRBKGAT B P 5 4 (1 B 21
A

UMM Z N, AR AR HAEFE S, SRR EN, 1§
NFEPRRFAE TR Z AT, BRI JA AR 2 PRI, RARM R —
UABRAE ISR A IR BRAT BLER RS 5 el

e, ORI A Z PP RIR SO S 5B A T K. HiR!

WO %
—O0—/)\#HH THERK

59



L)) N U e A7

60

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



22 3CHk

S 3Rk

MR R — R e e 5 B AT 18 3 e B A 1R B BIF T (009 ¥ K SR L A B 2
%,1994(04):40-45.

XS, DA, REREE, A, AT R IREE AT R] BR K S RBEEOR D). Btk s, 2012,
36(5):103-108.

Carl B S.Screw-Threaded Mechanism[P].US Patent, 2683379,1954.

Carl B S.NUT and Screw Devices[P].US Patent, 3173304,1965.

Carl B S.Roller Screw[P].US Patent, 3182522,1965.

SKF 2 ml 4 Y mAE B R A 2241 [J]. BARHIE, 2006(7):11-11.

Lemor P C. The roller screw, an efficient and reliable mechanical component of
electro-mechanical actuators[J]. 1996, 1.

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).

Hojjat Y, Agheli M M. A comprehensive study on capabilities and limitations of roller—screw
with emphasis on slip tendency[J]. Mechanism & Machine Theory, 2009, 44(10):1887-1899.
Aurégan G, Fridrici V, Kapsa P, et al. Experimental simulation of rolling—sliding contact for
application to planetary roller screw mechanism[J]. Wear, 2015, s 332-333:1176-1184.
Dupont P. A Combinatory Design Methodology Dedicated to the Ball and Roller Screw
Drives for Optimum Design[A]. In: ASME 2010, Biennial Conference on Engineering
Systems Design and Analysis[C]. 2010:361-370.

Chih-Kang S, Chinghua H, Ray-Quen H. The finite element analysis on planetary rolling
process[J]. Journal of Materials Processing Technology, 2001, 113(1-3):115-123.

Lisowski F, Ry¢ J. A Methodology of Designing the Teeth Conjugation in a Planetary Roller
Screw[J]. Archive of Mechanical Engineering, 2016, 63(4).

Jones M, Velinsky S, Lasky T. Dynamics and Efficiency of the Planetary Roller Screw
Mechanism[J]. Journal of Mechanisms & Robotics, 2015, 8(1).

Aurégan G, Fridrici V, Kapsa P, et al. Experimental simulation of rolling—sliding contact for
application to planetary roller screw mechanism[J]. Wear, 2015, s 332-333:1176-1184.
Morozov V V, Panyukhin V I, Zhdanov A V. Increasing the load capacity and rigidity of
roller—screw mechanisms by adjusting the screw surfaces[J]. Russian Engineering Research,
2016, 36(5):345-351.

S E . AT RIREE AT RIS B TR S AL SR REDT 7T [D 1. 752 PHAE TR,

61



N e 7098

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]
[27]

[28]

[29]

[30]

[31]

[32]

[33]

2013.

MRe%E, XIBE, SR, 55, AT R AT R e fh [ mE S VLT FE[0]. MU AR 4R,
2016, 52(3):26-33.

R, X, @RS T RERE LA I RS SR A (0], R3h 5 e,
2013, 32(3):167-171.

Tong R. A Frictional Heat Model of Planetary Roller Screw Mechanism Considering Load
Distribution[J]. Mechanics Based Design of Structures & Machines, 2015, 43(2):164-182.
Bl MR, WRERAFLREIANAT B 2R L2 AT BN LB AL [T]. HUR s 54
AR, 1999(2):230-232..

WS, BRE. 7R AR LR I3 R LS Bk #E ] HlE AR SHUK,
1998(5):13-15.

MR, BRY, RAESE. TR JIAT BIRAE AL w32 T S BE R R )], WUkt
#l, 2011, 35(12):16-18.

MIFE, FPRM, RIS, AT BIRA AT R B A KW THER D). b RO
fR(EAFFEERR), 2011(4):1-4.

TR, MRE, KA, & AT B IR 2AT R 450 S 5k 2 W 0], WL tE 3,
2011(06):44-47.

FRIE, Yoy, 17 B2 ATRITE S 7], WLk, 2017(11):50-52.

EIR, L, KPR AT RERELANEAIZEE) ) ] A e A,
2015(02):58-64.

Brecher C, Hildebrand M, Krella C. Speeds, lead and characteristic defect frequencies of
arbitrary roller screws[J]. Production Engineering, 2017(1):1-8.

Jones M H, Velinsky S A. Kinematics of Roller Migration in the Planetary Roller Screw
Mechanism[J]. Journal of Mechanical Design, 2012, 134(6):579-580.

Liu Y, Wang J, Cheng H, et al. Kinematics Analysis of the Roller Screw Based on the
Accuracy of Meshing Point Calculation[J]. Mathematical Problems in Engineering, 2015,
2015(5):1-10.

Ma S, Zhang T, Liu G, et al. Kinematics of Planetary Roller Screw Mechanism considering
Helical Directions of Screw and Roller Threads[J]. Mathematical Problems in Engineering,
2015, 2015:1-11.

Mamaev [ M, Morozov V 'V, Fedotov O V, et al. Harmonic analysis of the kinematic error in
a planetary roller screw[J]. Russian Engineering Research, 2016, 36(7):515-519.

iR, WO, MER. AT BIRLZALRIE SRR 2 ST AL S,
2017(5):73-76.

62



22 3CHk

Baccar A, Lambert J Y, Lubrecht A A. Modeling and analysis of a planetary roller screw[C]//
2014:274-283.

Ma S, Liu G, Fu X, et al. Load distribution of rollers considering errors in planetary roller
screw mechanism[J]. Harbin Gongye Daxue Xuebao/journal of Harbin Institute of
Technology, 2015, 47(7):98-102.

Zhang W, Geng L, Ma S, et al. Load Distribution of Planetary Roller Screw Mechanism with
Different Installations[J]. Journal of Northwestern Polytechnical University, 2015,
33(2):229-236.

Abevi F K, Daidie A, Chaussumier M, et al. Static Analysis of an Inverted Planetary Roller
Screw Mechanism[J]. Journal of Mechanisms & Robotics, 2016, 8(4).

Zhang W, Liu G, Tong R, et al. Load distribution of planetary roller screw mechanism and its
improvement approach[J]. ARCHIVE Proceedings of the Institution of Mechanical Engineers
Part C Journal of Mechanical Engineering Science 1989-1996 (vols 203-210), 2016, 230(18).
Abevi F K, Daidie A, Chaussumier M, et al. Static Load Distribution and Axial Stiffness in a
Planetary Roller Screw Mechanism[J]. Journal of Mechanical Design, 2016, 138(1).

Zhdanov AV, Morozov V V. Theoretical Study of the Load Distribution on the Threads for
Roller Screw Mechanisms of a Friction Type [J]. Procedia Engineering, 2016, 150:992-999.
XUFESER, M, REEARY. 4T B LA EVE R AR TR T S S A (0], gk B B4k,
2016, 38(11):113-115.

BhE, ROLE, NS AT R B R 2 AT @ o0 0B 1 ik o B (0], HL A A% B,
2016(11):106-110.

KRB, MR AT BRI LA RNR AL A G & F SR BT 0], 10 20 A B 4R,
2015(3):38-41.

YL, M, ARSEE. KT B LA SR R[] DG5S TR, 2016,
24(08):1908-1916.

EHREE, X, SAGIRAE. IRSUF A AT BRI AL B AlR VRS B 2 0], ML
11, 2016(5):31-34.

PR, ORUKZAE, B SR ERINEM]. S AR, 2006.5.

IMER, Briled. B aURME AT R AL S IR Uk ROTFE[Cl T E AR T4
UL s 2. 1992.

Jin Q L. The Research on Friction Mechanism of the Planetary Roller Screw[J]. Journal of
Huazhong University Ofence & Technology, 1998.

Popov V L. Contact Mechanics and Friction[M]. Springer Berlin Heidelberg, 2010.

S, MR E. AT B URE AT R EENLEET T[], Herh B 2 A 4k (B R B

63



N e 7098

[51]
[52]

[53]
[54]

[55]

fiiX), 1998(6):82-83.

BRFE, 7. BRESAFEEEE 2 BR(M]. bRt RS R, 2002.

S, RBEiE. ANSYS 14.0 HURS S5 E BR oA M T T EIRG .28 2 hi(M]. b3
HUBR Tk Hif A, 2013.

JIRKAR. REERR S HTITEM]. bRt HUR Tl B Rk, 1987,

Harris T A, Kotzalas M N, W5 B 25 RANHA TR 5 BOM]. dbat: HUs Tk
H kAL, 2010.

EEA . TR 2 SA IRIGIEM]. dbat: AR H Ak, 2005,

64



I

M =F
A. TEEAEZGZEHIE L FRAVIRXER

(1]  OUEAR, MREcZE. 2T 2R he He AT B IRA 2 AL R B B E 5 o0 0] 1R K2
224K, 2017.

65



	中文摘要
	英文摘要
	1 绪论
	1.1 课题研究的背景及意义
	1.2 国内外研究现状
	1.2.1 行星滚柱丝杠副基础理论研究现状
	1.2.2 行星滚柱丝杠副运动学分析研究现状
	1.2.3 行星滚柱丝杠接触分析研究现状

	1.3 论文的主要研究内容

	2 行星滚柱丝杠副机构学与结构参数分析
	2.1 引言
	2.2 行星滚柱丝杠副机构学分析
	2.2.1 空间螺旋理论
	2.2.2 行星滚柱丝杠副机构学分析

	2.3 行星滚柱丝杠副参数分析
	2.3.1 行星滚柱丝杠副结构参数
	2.3.2 行星滚柱丝杠副工作参数
	2.3.3 行星滚柱丝杠副装配参数

	2.4 小结

	3 行星滚柱丝杠副运动分析
	3.1 引言
	3.2 行星滚柱丝杠副的运动关系
	3.2.1 纯滚动条件下运动分析
	3.2.2 滚滑条件下运动分析

	3.3 行星滚柱丝杠副实例分析
	3.4 虚拟样机分析
	3.4.1 虚拟样机
	3.4.3 仿真结果分析

	3.5 小结

	4 行星滚柱丝杠副接触分析
	4.1 引言
	4.2 接触分析
	4.2.1 Hertz接触理论
	4.2.2 点接触螺纹接触对接触强度理论研究
	4.2.3 考虑载荷分布不均时接触强度理论研究

	4.3 接触变形分析
	4.4 设计实例接触分析
	4.4.1 滚柱与丝杠啮合副轴向临界载荷
	4.4.2 滚柱与螺母啮合副轴向临界载荷
	4.4.3 螺纹接触对接触点处相对趋近量
	4.4.4 理论计算结果分析
	4.4.5 行星滚柱丝杠副承载能力与接触角和螺旋角之间关系

	4.5 基于ANSYS的弹性接触分析
	4.5.1 螺纹接触对分析模型
	4.5.2 结果分析

	4.6 小结

	5 支撑方式对行星滚柱丝杠副承载特性的影响
	5.1 引言
	5.2 行星滚柱丝杠副支撑方式和理论分析
	5.2.1 支撑方式
	5.2.2 丝杠在不同支撑方式下的理论变形分析
	5.2.3 实例分析

	5.3 基于ANSYS的不同支承方式下丝杠应变分析
	5.3.1 丝杠分析模型
	5.3.2 结果分析

	5.4 小结

	6 结论与展望
	6.1 结论
	6.2 展望

	致谢
	参考文献
	附录
	A.作者在攻读硕士期间发表的论文目录


