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Analysis and Experiment of Torque Speed Characteristics of
Coupled Radial Piston Motor

WEN Desheng WANG Lei LIU Chunxiao
(College of Mechanical Engineering, Yanshan University, Qinhuangdao 066004, China)

Abstract; In order to solve the problem that the existing hydraulic motor is easy to be damaged due to
unbalanced radial force, a couple force-type radial piston motor was designed based on the idea of double
stators. The radial force balance of motor output shaft was not affected by the lateral force, and the torque
was output through the force couple. The inner and outer motors were formed in one shell of the motor,
and three kinds of torque and rotational speed can be output through different flow distribution modes.
The structural characteristics and working principle of the motor were introduced, and the relationship
between curve of guide rail and pulsation of motor torque and rotational speed were analyzed through the
analysis of instantaneous torque of motor, the condition that torque and rotational speed of the motor
without pulsating was obtained, and the law of angle distribution of guide rail curve when the torque
ripple was zero was obtained. A motor test bench was built to test and measure the output characteristics
of the motor. When the inner motor worked alone, the output torque was low and the rotation speed was
high; when the outer motor worked alone, the torque was high and the rotation speed was low; when the
inner and outer motors worked together, the maximum torque and minimum rotation speed were output.
The motor prototype was processed and tested, and the output characteristics of the motor under three
working modes were tested. The results showed that the torque pulsation was related to the sum of
velocities of plungers in the oil inlet section. If the sum of the velocities was constant, there was no
torque-speed pulsation in theory.

Key words: radial piston motor; force couple; torque ripple; characteristics; experiment
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TEWN Hh By 38 A AR, DA~ B K08 i 5 5%
0 A A s ) B AT R Bk ST A s gk
I7] A B 1) 6 Wi I 26 R D T L A 3k I I AR R
Z= )18

T,,=T, +T,, (11)

PO B IR — A i i, O R T AR
A AR ], P9 LA Bk A [ A I B I i R
)

21 22
Vs =V + Vo =21 (Al 2 Vigi +4, 2 Vapi )
iz iz

(12)

Vs —— WA 53k 2L [a] T AR B e B i HE =,
m’/r
Vo —AN B3k B S B A HE R, m/x
Vo —— W Dk B FEE B HE A, m’/r
A 3k v R XBe N A A FE AR
Ah 3k AL I IXCB A FE 4K
Dy WS FL LAY, m/rad
vy, — AN A, m/rad
N Hh By ik F T AR S %) B8 R I 5
9 q

2@ (AI ivl‘” + A4, i Vs )
3 DiHmHEERELIIINEG

552 WHES T Hhik 3 R AR5 U Y BRI e A
A 2o A8 B I8 A A I ) AL AN A 11
TEOLT , Bk i i i 5 20 5 5 3k kil DX P A 28 i
JEZ A 5K o A By Ik B DX PN R JE 9 3 2 22 R
0, ) S 3K B 1B I FEAN A RS B B RO 2 Y LA
T U B 5 o7 Bk 7t i DX R S A B R 2 R R
B (IR T S Bl 2R Y 2k o — B 2 A 3 e R A
B T 5 35 F) I I A 2 B e R R R B /ML,
BTEB AT R B A kBl . DT LA
IR i L JC K Bl i A A

Ao

2

2,

(13)



5 12 3]

T AR A () BUAR 1) R 28 D 30K B A e P 0 T 5 S 405

sz = const
2 a, =0
Krf o a, SO0 R 0 B, m/rad?

Lh Ik Il X N AE ZE R T 2 i &R
IRTEFEM X BN HEFE 1 o3 A L B A . LL 6 T 8
FEZER R Z N 0], o B AL 2 S Bl 2 B o A
100, Qa4 Fron . &l 4b rp it B2 B8 20 2 il X
B, TEBA R AR 43 227 1l X B, AT 2E 1 5 A 7 3
Mk b AR ZEZ 1) e 1 2wz, S R i) —
ANEREAR 20, HE 4 AT7H, 8 A4 JE BT 14y
HPIAH, P ZEAE RN 42 b R AR XS B AR S5 o H
4b R HEZEAERE 1 A Ja, A FE S IR B A 5
2 LRI A RAS PRV AR 2 A B 26 1)
B RN A, Hie T ik gl X BAE ZE R 0 A 2 LA Ae
N R AR, Bk i S REVK 3 R Ae

(a) HEREAE SR 095

2n/z

® ©® @ ®
T 7 v 7 VA

20,
L 20,

.
® @ O o

(b) PR
4 REEAE T B 1 o3 Aii

Fig.4 Distribution plot of plunger on guide rail
W IR BIVE B », HEZERO 2, 41 FTECRITAE
Po

+a¢1(¢-¢0)2
Po 2

A1 Py

ot +a, 0, (-0, ~¢)

A1 @

FER B RN 28R me, AT DR A ZE 43 )80 AR 6 0 1z
AHE ) m AT R ZEEN 2" =2/m 15 5] 5
I 1 % ik 8 R A

AQD:z%D,x:ZTrm (15)

Hrh ¢, =T/x
Kb o —F P Z A 1ERIIRE A, rad

HY TR ZE AL AR T Bt R b B 20 A B Rz
SRR, R 05T — > R 2E 4 A8 il X Be i
SR JEE T iy — ZH R ZE AR I DX B N AL ZE RO 2772,
g T 5 i B LG K Bl ) SRR R

2'/2
2”@ = const
i=1

4 SHHENEEKIST

T A8 LA 16 A 28 1K AR FE S A ER A A
i R T AR R B S 2k i o R
A HLM KR o % IB TR ) FE 28 5 2k % 2
R ] e O MR e G — 2 i p 4, T A S D
il 2 14 W £ 23 0 R A X @ AR IR X @, R X
@, FEIGE X @, 1E— 1T X B A 4% A1 I £ 79
B DL anEl S BrR o

(16)

BIS A S ih 2 7E 1 X BE P9 45 i A
4 23 TS 15 B0
Fig.5 Distribution of angles of acceleration and other

deceleration curves within one active zone

Hormh
(0$<p$<p0)

(0o <@<@, +o,)

(@o to, <e<@, t¢, +¢,)

a:,(0-0y -0, -¢,)°

Po t 2 ta, 0,0, +d¢1‘P1(§0_€00 ¢ _402) +

2 2
Qo1 P 4,303

po t 2 ta, 0,0, Ya,, 0,05+ 2

5 (@0t +0, <e<@, to, t¢, t¢;)

@,
(‘Po o, o, tos <€0$7)

(17)



406 Kok HLOB ¥ R

2018 4

Iy BT R ZR T AR R K S OO o £ AR S AN
T A5 DR X 5 N I R A T DX
DX A 3 32 i 2

Q@) +a,u0, =0
i & 2 (18)
Ps3 Ay

LTI DX B i A FE RO 21, A5 X BN
AL ZEROCN 2, , i X BN RO RE ZERIOCh 2, )% 40 5%
S Jhk Bl o A O g A2

! ’ ’
2 gy =21Q, T2,0, +2;0,; =0 (19)
=

Foof a, =0

¢2

X e, S 2h a2 45 9 1K o L m/rad”
a,, — P 2R 5 A X U, m/ rad?
a,, — UM 2R 55 U X 1 0 3 ¥, m/ rad”

(I8 FLAS(19) , Al 1§

/2
2 a, =zl/a¢1 -z ﬂaw =a, (zl’ —zgﬁ) =0
s P (28]
(20)
XK a, #0, fr A
—=2 (21)
2 @3

2y M1z O TE BRI, 5 T DX R I X Y i AR G

z] -
A (22)
r_ s _
z3 _A<P =k,
SHUHR R B — N E AR AR
¢, =2¢, + @, + @, + @5 (23)
— A R A ZE 19 40 A0 1 A
e, 200+,
E_ZI + Ao +2z; (24)

k=@ /Ap,ky, = (20, +@,)/Ag, M — 20k} 5%
FE 3 XBE N 43 A 4 0 R
k=k +k, +k, (25)
Krf h—— B0l 2 SV A1 53 Tie R 3R
ke, —— 0 il 4R A5 e X A 43 B R B, R
IEREE
by ——— S 01 iy 8 S5 3 X S X 1) 1 A 0 BT
R NEREB S A 0.5 /L
by ——— 00 M £ 55 DA IXC ) W AR 0 TC R B,
R IE R
R SR A 0 A A AR, 28 L
1 2 I DX DX AR R A PIEEUNE, Y
ANl R IX A SIS A 21 /20 = o /oy ST, DU fifE

Ly SR AE AR S 78 i A7 T 0 3 DX R el 3 DX P ) A FE AR
FHAE , BY— AN FE ZE AR HE AN 8 DX B i, 80 X B IE 47
Bt —AEZE, NI @, + ¢, =@, + o, HOW Ap Y
B, TSN

@ +@, =k Ap

@3+, =k Ap (26)

20, + @, + @, + @5 =kA@

2o 3k B3R 43 A AT R S5 I S — B K 7 R e 2 -
45 A pHh 2 A7 e A X, AT DA /D i R 2 AR I A
FEXT 7 A 0 ok, 2 0 DR DAY R AT 2E 7E U 4
o AV T B ) R B 5, 480k S B R R A3 B T DA
SEIBRTE bR JO R R MK B . AR SR B b
PN B Eh 8 J0 B L o K 2l 1 i AR o3 BC T 2R, N L Ab
FHh IR A BC AR 1R .
F1 AIHSIESHHMENERRSEER

Tab.1 Amplitude distribution condition of inner

and outer rail curves (°)
THX A X A4 R X X

DX 0~2.5 2.5~12.5 17.5~27.5 27.5 ~30
LR 0~2 2~ 14 16 ~28 28 ~30

5 DEREREREMHERXR

B8R o 6 T4 KRR TR 5,
T RELE Y 0 7 FLE 2286 LK VL 1 3 5
SRR T HEKR A, I B I 6, W T
S 3 RT3 IR

Ko ity
Fig.6 Test site photo

Bt T SIS R RS, WA T R %
RGEAT AT 3 F ik TAE Oy 5, OF HoaT LA i 5
K TAE I B R AE e o i R SRS IS X
SEI AR Gt ek = A7 DY A5 1] [ U S Ak Y 3 b AR
Jr SORIE B, TAR T A Ul e dn 2 2 s o in 2k
FEAF R By ik i B A, A R YV R R A s g ok 4
TR /I, B L B S 000 5 SN 2 o 3K ) i S A
A, R TE 10 AT Ty 26 110 3 s 2 19 i
Ui e R g, BV gk a1 R AR W A T
13 FUHE Sy 2 15 6 S5 3k 0] 3 1A O+ A0 ES T, O
T 19 FE Sy 3% 16 I 5 i 28 5 A4 U AR ) .



K7 SR WU RO R

Fig.7 Test system diagram
1.45.6. 34 2.6 3 @Ak 7R 8L HIpL
9. MR 10,13 .19 20. Fifif 11,1516 JE 13 12 14, %
TR 17 18 = DU H R i 21, gl AU A 16 R ZE ik
22 AR ML 23,

F2 BEIEAI R ERKE R BEERL
Tab.2 Working condition of motor corresponded to

on-off condition of electromagnet

o3k TEJ7 50 1YA 2YA 3YA 4YA
PN 3k L T A + - - -
Hh Tk B T A - - + -
P &b I ik 3 ) T A + - + -

e+ R - RN

AU L B Xy kAT R AR L B, BF T A
3R TAETT T B TN OL. % LK A K
A BN R SE B AR LA HEAT AR SC I P BT
AN U S 56 R BT A B B B T Dl 6 MPa, BTN
BN IR B HE e B 0 62,267 mL/ro fEA
IFi) JHT VB ) T o ik 3 i AR Oy R A A R
15 2 B S 5 il 2 151 8 J o

6 it

(1) 12 A1 F P il S A2 1) A 26 B gk 1 6 At L 42

P A A A A AR ) R 2E T IR T AR A iR M o b S SR 407
250
2 200+
Z 150+
E
¥ 100}
==
& 50-
e e A B ;
JEF1/MPa
T 3001 —— IR T AR
‘2 250f —a— NAMELR T AR
L 200f —e— ik TAE
X 150¢
i‘é 10 N
= sof
1 2 3 4 5 6
[ 7/MPa

8 T I I S Al

Fig. 8 Test data of motor torque and speed

T A BAR ) AR JE Tk % B IR AE — A e iR
LA B SRS By gk g 0 A R HE R LA
Lk A B v e T SR YT, T LSS B
Ty ik Ul AR Sh By ik SO AR AT Sh 3k 3L TR
AR 3 R TAETT e kg 3 A TAE T n] L™
A= 3 e HEE AE A R G g A 7R R R s 3 A
FE R MUE R kAN TR IR TR T
L 3K 1 RV

(2) 73 B 1 By i 3 0L oy 4 15 B e 3k ok Bl 19 o
AT Bk 3 B AR T AR A 5
AT, e e sk ok 3l 15 i X B e 9 ) 3 8 =2
A5, A R RE A R W JC R R A K Sl .
T REZE AR T U 2 A B0, A9 B R B ik Bl
Ohy e IS I 2K A A 0 B R o

(3) T iR sEm & A Bk i b ek A 7 5
6 R B PAL T o B T A I i o AR, B A
1 3 A0l 1 B A I R R R iy, B A Y Oh ik
[ T A I o KR, AR b B T A
P I Bk 3R] AR ) e R AN A Ah Eh R AR Y
A BRI, T 2 /N T N A S ik e 2 i X R
TR TARTT A R 2 AU R AR

& % x Wt

L. “Tolk 4. 0" FR“WUE 4. 0" SR REME TR T, WAk 5440, 2016(1) : 1 - 10.

XU Yangzeng. “Hydraulic 4.0” and intelligent hydraulic component technology under “industry 4.0” [J]. Fluid Transmission

and Control, 2016(1) : 1 —10. (in Chinese)

2 BRI P EBUERE T MBS RET]. WE s 5% #, 2010, 30(1):5 -9.
YANG Erzhuang. Current status and prospects of China’s hydraulic pneumatic industry [ J]. Hydraulic & Pneumatic & Sealing,

2010, 30(1):5 -9. (in Chinese)

3 Wl WERABUNG G SRR BB LT]. flE SRS PR, 2008(9) : 145 - 147.
YANG Fan. Research on symmetrical double external gear pump[ J]. Manufacturing Technology & Machine Tool, 2008 (9) : 145 -

147. (in Chinese)

4 BWOPF, BN, AR, . RE R AE 245 T i 2o i A 2O Sk R R S RTT]. HUR ST, 2015, 43(4) .

181 —183.

HUANG Fangping, LUO Congzong, HUANG Fei, et al. Development and application of low-speed, high-torque multi-acting in-
line radial piston hydraulic motors[ J]. Machine Tool & Hydraulics, 2015, 43(4) :181 - 183. (in Chinese)



408 | 1 R A= 20184

10

11

13

14

16

18

20

POUUE . A 2R 20 AR A 2E OB Tk R RS R (D] AR MR Dol R4, 2011,
ZHONG Hantian. Research on the effect of inner curve form on output characteristics of radial piston hydraulic motor[ D]. Harbin:
Harbin Institute of Technology, 2011. (in Chinese)
T, %, XVEAE. AR R TR T T]. WKL S 54 , 2008(1) @ 26 - 28.
YIN Ruifeng, LEI Xiu, LIU Haizhu. Radial force analysis of rotor of single-acting vane pump[J]. Fluid Transmission and
Control, 2008 (1) : 26 —28. (in Chinese)
AL TE. BRZES N IR R D3k R AL S AR ) R R [ D] 22 22 TR, 2011,
ZHANG Lisheng. Failure analysis and radial force imbalance problem of ball plunger inner curve hydraulic motor[ D ]. Lanzhou:
Lanzhou University of Technology, 2011. (in Chinese)
FERIL. P EPGZECONEE R RE S E ] WES S 5% E, 2009,29(9): 1 -3.
WANG Changjiang. China should become a big power and power in hydraulic states[ J]. Hydro-Pneumatic and Sealing, 2009,
29(9): 1 =3. (in Chinese)
B AMZORE Bk Tl BT SR m R )] WL SR H, 2017(4) .29 -32.
ZHAO Chongbi. Stator curve design and life check of hydraulic motor with inner curve[ J]. Fluid Transmission & Control, 2017
(4):29 -32. (in Chinese)
A, ChUbE, SOBKME, . WIMAUE TR BOT SETE )], U TR AR, 2014, 34(11) (1110 - 1113.
WEN Desheng, MA Hongsheng, CAI Qiuxiong, et al. Design and research of submersible dual stator pump [ J]. Journal of
Beijing Institute of Technology, 2014, 34(11) :1110 = 1113. (in Chinese)
P A, BTN, BRI, A, XOE F 45T S UE A R AR (] MUK SHUE, 2017, 45(13) ;1 - 4.
WEN Desheng, ZHEN Xinshuai, CHEN Fan, et al. Research on energy saving of throttle speed regulation circuit of double stator
pump[ J]. Machine Tools & Hydraulics, 2017, 45(13) :1 —4. (in Chinese)
AR A, XSGR, XX e, . AT AMRAE B XUE 1 ik R B LIS [T]. AR R R R (AR B RD
2014,42(5) :57 - 60.
WEN Desheng, LIU Zhongxun, LIU Qiaoyan, et al. Research on double-stator motors and their sealing mechanisms of connecting
rods[ J]. Journal of Huazhong University of Science and Technology ( Natural Science Edition), 2014,42 (5):57 - 60. (in
Chinese)
FEA, AN, BB SUEFANRE 25 2 Bk IR R4 BT [ 1/0L] . AL ML A 4R, 2014, 45(7) :321 - 324.
http: / www. j-csam. org/jcsam/ch/reader/ view_abstract. aspx? flag = 1 &file_no = 20140749 &journal_id = jesam. DOI:10. 6041/
j.issn. 1000-1298.2014.07. 049.
WEN Desheng, YANG Jie, ZHENG Zhenquan, et al. Theoretical analysis of dual stator symmetric multi-pump multi-speed motor
[J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2014, 45(7) :321 —324. (in Chinese)
A, WE, kD, & BUE T HAAE FRE SR RS BT SE [ J/OL]. ROV HLMZ 4, 2013, 44(2) :238 ~242. htp:
// www. j-csam. org/jesam/ch/reader/ view_abstract. aspx? flag = 1 &file_no = 20130243 &journal _id = jesam. DOI; 10. 6041/j.
issn. 1000-1298.2013.02. 043.
WEN Desheng, CHANG Xue, ZHANG Shaobo, et al. Research on torque ripple of double-stator single-acting hydraulic motor[ J/
OL]. Transactions of the Chinese Society for Agricultural Machinery, 2013, 44(2) ;238 —242. (in Chinese)
PENG D, LIU F, XIAO J, et al. Optimal design of five-phase permanent mmagnet assisted synchronous reluctance motor for low
output torque ripple[ J]. Large Electric Machine & Hydraulic Turbine, 2016, 10(5) :339 - 346.
M A, SR, EMW . ZAERUE T B s S kS 2 A [1/0L]. Rl AL = iz, 2014, 45(10) :319 -
325. http: // www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? flag = 1 &file_no =20141050&journal_id = jcsam. DOI; 10.
6041/j. issn. 1000-1298.2014. 10. 050.
WEN Desheng, GAO Junfeng, ZHOU Ruibin, et al. Torque ripple analysis of multi-actuated double-stator coupler hydraulic
motor[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2014, 45(10) : 319 -=325. (in Chinese)
FEA, R, B, 55 S B UE Tl A 28 Sk R IR S a3 A [T ] AU B R E 44l , 2014, 34(7) :676 - 679.
WEN Desheng, ZHENG Zhenquan, YANG Jie, et al. Torque ripple analysis of force balanced double stator axial piston motor
[J]. Journal of Beijing Institute of Technology, 2014, 34(7) : 676 —679. (in Chinese)
B OR, EREUR, B R IR R R R K Bk E F MR R AT [T ] MU, 2012(9) 233 -39 ,44.
GAO Dianrong, WANG Zhiqiang, ZHAO Yi’nan. Analysis of stator curve characteristics of radial low speed and large torque water
hydraulic motor[ J]. Mechanical Design, 2012(9) : 33 —39,44. (in Chinese)
XU, BRETTT, W E 5. WA R BON A i 242 m A 28 Sk a2 g [T]. SR R =2 i ( A AR B4R
2017, 40(4) :290 - 294.
LIU Xiaobin, CHEN Xinyuan, ZHAN Congchang, et al. Effect of full flow coefficient on torque of radial piston motor with inner
curve[ J]. Journal of Wuhan University of Science and Technology ( Natural Science Edition), 2017, 40(4): 290 - 294. (in
Chinese)
ER K, Ak . 7R B 7 IR I It eV 32 R HTL A i /K R VR Tk AT LT ). MR 538l , 2017(9) .71 - 76.
QIU Bingjing, ZHAO Jiyun. Research on a new type of self-balanced valve with low speed, high torque and high water-based
hydraulic motor[ J]. Hydraulic & Pneumatics, 2017(9) ;71 —76. (in Chinese)



