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Feedback Characteristics of Paddle Wing Torque Motor

MENG Bin SHENTU Shengnan LIN Qiong RUAN Jian
(Key Laboratory of Special Purpose Equipment and Advanced Processing Technology, Ministry of Education
Zhejiang University of Technology, Hangzhou 310014, China)

Abstract; Hydraulic valves were designed with two dimensional (2D ) concept uniquely integrated pilot
stage and power stage into single spool by taking advantage of both translational and rotary degrees of
freedom. It was featured with simple structure, excellent anti-pollution capability, high ratio of power to
weight and fast dynamic response, which attracted considerable attention in several areas of modern
industry. In order to solve the problem that hydraulic servo screw of direct position feedback 2D servo
valve had deficiency of complicated structure and high manufacturing cost, a novel paddle wing torque
motor with feedback function was proposed. The motor could be used as electro-mechanical converter and
directly connected with spool to constitute a novel force feedback 2D servo valve with simple structure and
low manufacturing cost, which was suitable for civil servo valve application. Three types of prototype
motors with different inclined angles of paddle wing were manufactured and the test rig was built. The
relationships between feedback torque and armature displacement were studied by using methods of
magnetic circuit analysis, FEM simulation and experiments. The experimental results were agreed with
the simulated results. It was indicated the characteristics between feedback torque and armature
displacement were close to linear relationship and its amplitude was raised with the increase of
displacement, whose magnitudes reached about 0. 098 N+m, 0.132 N+ m and 0. 16 N+m with paddle
wing’ s inclined angles of 9°, 12°and 15°, respectively. It was proved that increasing inclined angle was
an effective approach to increase feedback torque.
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Fig. 1  Structure schematic of paddle wing torque motor
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Fig.2 Sectional magnetic circuit diagram of paddle

wing torque motor
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Fig.4 Schematic of equivalent magnetic circuit

of paddle wing torque motor

SR LR A B K
A, —— BT 9 T

Mo BRI
24787 R A 25 b A HL ) S AL RS I A DAER
B2 %) 1 BHL ) LA ol
l, —x
R, =R, :,UgvoAg (2)
I, +x
Rz:RA:,UzoAg (3)

b R 5, IORERL, i =1,2,3 4
o 0 U 5 o O L

G4 1 SRR R R LT B Rl 1 R 3 1
i1 K = i, b T R TR B T 1A TR
5 AR SR B L, U x RN = 7 1 1 A
&9 4 1 AR g T, A A R L T L
RN

X

L, +zsin —w

” B =, “
B3R 4 (2D) | zsing 4
Fig.3  Schematics of force feedback 2D servo valve R, =R, :gT (5)
0" 7g
LEZEERE I 2 RN 3. 4. BHiE 5.k . o -
6 T.FHEM 8. EIER 0. FIEIT 10, HURE: At e
B—IK 3y 4 ik A
2 BABRRRA i | [
B 0725 06 42 A7 WL B, 6L 6 o \\
DLIE 3o 1 57 4R S B A, L A O R X T 25k
IR IR Sy iR W Sl AR W) R W OF e S B N
L 0 R (R 65 . R I '

KB B8t T FE LB 5 R A TR Bk B f AN AR, o
IR S5t 0 R B Al 1) (8% Z D P G R o BLBEER
fEAA R RE B T A Z g AT, R I8 4 A TAEAER
R TG BEL , D) T3 R 3k 1) i s T LA T I 4 BT s Y 45 AR
il e V1 Dk 7

LA RRAL T b A Ho Bl T AL L B TAER
B i BH W] LA R R A (b) 8,710, F i,
R - L, () S AR L, W o SR 2 57 1 i 22 4k

,qug Fig.5 Variations of /, along direction of axes x and z




364 & ol HLOM ¥ R

2017 4

H T 0% S 2 X R ) M S B o e R A R

i 1) 10 2 A S Y, 0 LS OB 8, AN 6, AR AL B B

P M, RGN N, A P ] 0 G 3 1) i 2K

BEREE R, TR 6, F1 S8, T IS L IE A
M, +NAi (M, + N, Ai) A,

¢, 2R, lg +zsinf —«x (6)
_Mp - N, Ai _ (M, - N,Ai) A,
. = 2R, l, —zsinB +x (7)
K M, —REAN ™ A B AL G Bl 3
N, P il £& P ) I %
N Ai—4 4 VL 7 A B 4 T s

FRAE B AE v AL I R AL B b, A BT o,
kFoR M, F N Ai, 7] LIS
M)
¢ =5k (8)
_N.A:
.= 2R,
e (8) (A (6) (7)1 13
b, +¢.
zsinfB x
1+ I _lg
b, — ¢,

zsinB  «x
| i
I, T

g g

TR AERE S v T 32 VR W ) 4 TR Maxwell 23 2
AT RIS

(9)

b, = (10)

¢, = (11)

_ ¢
F_ZMOA (12)

A F— WS o
7 T 308 PR A 3l AR LA AR kB A
14 HL f 3 A

g

T,=2a(F, -F,) (13)
A a—— Bk EL g O B R TR O R
F, F,—"B 6, Fl 6, &bry g #iE )
I8 3 B IR AR D £ AR R 1 B AU AL e e, G e
e AL RS (55 T RS TT ) i 2 1 B A 1
ARH N, AT

(zsinf—x)2<0 (14)

(1) ~ (12) AKX (13) H 455 0(14) , 7]
DA 3 B 3K B0 0 A

T,=K,Ai +K,0-K, 2z (15)
o K, =2 7N.g, (16)
8
2
a
K, =4 (1) R(o1+oD) (17)
g

K, =4 liRg(qbi +¢2)sing (18)

A K ——5h ik i P e % ) R B

K., —Hh 35 18 H (S e e il i 3 1

K,,,— 5 5 14 R 3 1 30 i 6 R

6 PR

LA FIE (15) o, Dk i i 1 8
3 A RN, Horr K A TR AT kA R AL A o H
Vi Ai 7R LRGSR BR N R R T A X
K S 1 305 e B 1 2 3 K, 0 TR h Tk 4 2 il
Jie % F 7 £ 0 B o L A g A R R R o A ke
A B A, DL T A R PR A R e i
JIHE BT HON R W R N R IRE SR R R,
PR] Ibe 2 35 A I B (o FH w7 S A0 AL 5 5o o D sk
G T8 K 4 W B 2 B e 5 Kz T DR TR R U A 2 Bl
RSl 7= A 1 0 S, Bk O FhL T B 3 B 4 N
ORGSR B, AT AR AR B A5t 0 R ) B 7 — 60 % P 34
MR . A, N (I8) AT RLE 1 K, 55K
FAF AR B Y IE % SR B IE L, BRI HG n B 1K %
T A T B
R AT SO S E ] T A T ik

RARTI M AAAE . (EAR —FE 002, 28 B0 i Y Al IR
5 1 ORE r X 5 7 R 3 0 O AR R R U
Wi 2 53 (15) X AT L & B, % 5l ) 4R
ikl TIRAKELSH, HiHE RSB RO E KA
WA K, 0 5, Wi K,z 0, R4 RS

3 HRTEH

SRR ST R 1) BB D A R I G i AT
(Bl b, 75 B0k HUR 5 ) R 88 R P 1 A R OT
WU, i BEAE Ansoft/Maxwell #fF BLEE S T 5
K =HEr wE A BROCE AL [ 6 Fi /s D9 fr kA 7%
435024 0 mm Al 1. 8 mm B, BEAUAG 2 1) Bk 3% =
P (s AL L, 2ot 1 2R B DR B 2R ARG M) , T LA
B B 4 BA Bl LR I T ERAL T AL, YIS R
IS P 0 BEL B A, B B A AR K 1Y i 7 ik B S B —
ol Xt BR 29 ST AR, Sy ik AN 7= A BBt I 0 5 i H 1 ik
el 1) s B AR R A i B ) B BEL B/ B K, ok
FEAR OB T RS B Bk G A — 0 3R I
5500 B 3 5, 5 G 8 ) — 000 L 1 D) sk 55, %) T B gk
& W OLRERE ATt . Al W H G 3 o3 A 5 A ) T
PRI — 20 o

Maxwell %4y BA5 S35/ J o E™ Rk
i H CAD F i e 242 i A 1) A bR, 8 AT AR
= YER R S R L B S A T B
718 9 AEAUAR I 14 75 7% 5 5 Jal R A DL T 18 B Al )
fi#s 1.8 mm JWHIN Y 3 FhA [A] 0 3 1 (9° . 12°
F15°) {9 St R R e o AT LU B H R iy




&1

W 45 KIS B RS T 365

LELMRR, B TEAM S, FEIERITRN
14 77 e {6 A SR X FR Y o PR AE P LI T 4 A
AR EE A A DR U TG Bt i B A AR (i
WRSEs 7 36 ) Bl 1) 3% 3y, B ot ) R B o PR3 s g
Hh T LG 3 R A Y 2R, BT LU B S8 ) A A A
Wi o 2% 340 A 1) 3 T 4 R 7E RS2 A% R 1.8 mm
A, 7 4 W B 43 %) 25 0.102 N+ m ,0.144 N -m F
0.175 N-m,

LI I OV OO O s it 1)
CONO O \Dmm LN~ N

ORI I B I AN J00 2
WA CO=10h b ninnin

ik oceoidaSivbE oo o
XXX XX XX XX
[Avavatatatatatatan

BRG]
333355352
TTTTIIIIR

(a) z=0 mm

=

N . N T
Lm0 5 O\~ OO bt o ot ot et ot et )

XXX XXX XXX
[ARARARARARARARANAN
PR ERIRCT RIS

(b) z=1.8 mm
Bo HHEXNELLUY = H

Fig. 6 Magnetic field contours of paddle wing torque motor
027 ——f=15°
——p=12°
—=—p=9°
0.1
E
z 0]
=
_0'1 -
—0.2 Lt T L T T T 1
-2 -1 0 1 2

z/mm
7 A BRITREA Y S it ) 4 #%

Fig.7 Simulated feedback torque — displacement characteristics
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