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Selection of Armature Winding Forms for DC Brushed Motors Analysis of
the Impact on Electromagnetic Compatibility

MENG Fanyi, PENG Huideng, ZHUO Liang, ZHAO Fei,
( Guizhou Aerospace Linquan Motor Co., LTD., National Engineering Research Centre for

Precision Microtechnology, Guiyang 550008, China)

Abstract; To enhance the electromagnetic compatibility of DC brushed motors in the system. In this paper,
the armature winding form of the motor was improved by replacing the stack winding with a wave winding.
The results show that the method effectively reduces the current pulsation and armature reaction of the motor,

and then improves the electromagnetic compatibility of the motor, which is an important guidance for the the-

oretical design of DC brushed motors.

Key words: DC brushed motors; armature windings; electromagnetic compatibility
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Analysis of Influence of Time Harmonic on Loss and Efficiency
Characteristic for Canned Permanent Magnet Motor

ZHOU Shuhao' , LI Ming'”*
(1. School of Control Science and Engineering , Bohai University, Jinzhou Liaoning 121210, China;

2. School of Electrical Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract ; To solve the problems of large can loss, low efficiency of the canned permanent magnet motor sys-
tem, and difficulty in selecting the carrier frequency, this paper took a 2 kW, 6000r/min canned permanent
magnet motor as the research object, and studied the air gap magnetic field distribution, loss characteristics
and efficiency of the motor system under different carrier frequency and modulation ratio by building a Simu-
link and Ansys EM Co-simulation model. The optimal carrier frequency selection range of the motor system
efficiency was obtained. The research can not only provide theoretical reference for the design and use of

canned permanent magnet motor fed by inverter, but also have certain engineering practical significance.

Key words: canned permanent magnet motor; can loss; SVPWM; co-simulation
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Analysis and Treatment of Excessive Vibration of HXD2 Locomotive
Traction Motor

XUE Bo, DANG Jianfeng, YANG Xiaona
(CRCC Yongji Electric Co., LTD., Yongji Shanxi 044500, China)

Abstract; Aiming at the problem of excessive vibration value in routine test of traction motor of HXD2 elec-
tric locomotive, according to the structure and statistical vibration value data of the motor, the causes of ex-
cessive vibration value of the motor are analyzed from both electromagnetic and mechanical aspects, and the
two factors of electromagnetic and rotor dynamic balance were eliminated. The causes of excessive vibration
value were found by measuring the size of the stator lip. checking the on-site operators assembly process of
the motor, and checking the cleanliness of the end face of the stator lip. Finally, the process improvement
was carried out from three aspects: adjusting the machining process flow of the base, refining the assembly
method of the bearing base, and improving the cleanliness of the parts, so as to reduce the rework rate of the
motor, improve the assembly quality of the motor and the first pass rate of the test, and ensure the normal
operation of the locomotive online.

Key words: traction motor; routine test; vibration value; frame machining; bearing seat; cleanliness
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Analysis and Research on Suction Characteristics of
Aerospace High-temperature Brake

LI Yutao, JIA Guochao, YANG Yanjun, CAO Kuan
Xi’ an 710100, China)

(Xi’ an Aerospace Precision Electromechanical Institute,

Abstract; In aerospace engines, electromagnetic brakes are used to realize power-off unlocking and power-
on unlocking of high-speed motors used in engine servo structures. Electromagnetic brake need to meet the
temperature requirements of 200°C or even higher for aerospace engines. This article briefly introduced the
structure and principle of the high-temperature brake. The influence of high-temperature on the suction char-
acteristic was analyzed in detail. The 3D model of the brake was established and the infinite element simula-
tion analysis was carried out. A method of indirectly measuring the for suction characteristic of the high-tem-
perature brake was proposed and verified by detecting the voltage of the series sampling resistor using an os-
cilloscope. The research results of the paper have reference value for the high-temperature brake of the engi-
neering application

Key words: electromagnetic brake; high temperature ;

suction characteristics; simulation analysis
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Research on Precise Field Oriented Control Strategy for Asynchronous Motors

LIAO Chengyang', JIANG Fengguang’
(1. Huazhong University of Science and Technology, Wuhan 430074, China;

2. Wuhan Zhengyuan Eleciric Co., LTD., Wuhan 430000, China)

Abstract; Aiming at the problems of easy parameter drift and inaccurate magnetic field orientation in tradi-
tional vector control methods, a magnetic field orientation correction method based on the rotor flux position
Angle of motor was proposed to achieve precise magnetic field orientation control of induction motor. The
specific implementation method is to add feedforward decoupling to the original vector control model, and de-
rive the rotor flux position angle from the decoupled motor model to compensate for the rotor time constant,
thus ensuring accurate field orientation of the motor. Simulation and experimental results show that the pro-
posed field orientation correction algorithm based on the rotor flux position angle can accurately identify the
rotor time constant and achieve precise field orientation control for asynchronous motors, improving the con-
trol performance of the motor.

Key words: asynchronous motor; vector control ; parameter drift; field orientation correction; rotor flux po-
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Abstract; The heart pulsation flow experiment system is a test bench built to simulate the human blood cir-
culation system. The simulation of pulsatile flow of the heart requires the drive mechanism to produce pulsa-
ting motion patterns, which can be achieved by using linear drive elements to drive the piston motion, thus
compressing and stretching the silicone heart model in the closed water tank, thus simulating the pulsating
pattern of blood flow within the heart chamber. According to the structural requirements and control require-

ments of the drive motor for the circulatory system of the experimental bench, proposed to use finite element

analysis to establish the R-Z axis model to design the drive linear motor, and solved the problem that the ex-

isting drive linear motor cannot meet the large vertical stroke, high sensitivity and large thrust at the same

51

—

time. The feedback + second-order feedforward composite control algorithm based on intelligent parameter

adjustment of particle swarm algorithm was proposed to solve the problems of low control accuracy, difficult
PID tuning and large difference with the physiological curve of other experimental benches of the same type,
pulsating flow simulation

and achieve the purpose of better simulation of blood flow and pressure curve in the real heart cavity.

Key words: linear motor; particle swarm algorithm; feedback + feedforward composite control; cardiac
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Sensorless Control of Permanent Magnet Starter-generator for Piston Engine

LUO Zongxin, CHEN Qiang, XUE Kaichang

( National Engineering Research Center for Small and Special Precision Motors ,
Guizhou Aerospace Linquan Motor Co., LTD., Guiyang 550081, China)

Abstract; Focused on that piston engine has large static moment and small rotational inertia when engine is
started, piston engine throttle response is slow and speed fluctuation is large when engine works at high
speed, and external rotor permanent starter-generator, matched with engine, is low inductance, high fre-
quency and sensorless, a sensorless control strategy, based on mathematical model and phase locked loop
(PLL), was proposed. A single-stage PLL is used to estimate the speed and position when starting, and fast
position estimation was realized by adopting a high loop gain for PLL. According to the characteristic that the
engine has small rotational inertia, a random torque was used to power the engine, the engine can obtain
high acceleration, and starter-generator can output a detectable voltage, which made the PLL quickly enter
stable working state. Inversion starting suppression was realized by setting forward compensation for angular
frequency and using difference limiting values for positive and negative angular frequency. A control strate-
gy, which combining the fast speed inner loop with the slow voltage outer loop, was adopted in generation
state. In generation state, position and speed estimation were realized by two-stage PLLs. The first-stage PLL
adopted high loop gain to ensure fast position estimation at wide speed range. The second-stage PLL adopted
low loop gain and used the output angular frequency of the first-stage PLL to ensure the accuracy of position
estimation. The experimental results verify that the controller outputs the three-phase current, which corre-
sponds with 2 Nm, can start the piston engine with 5 Nm maximum resistance moment at any stationary posi-
tion of the engine, and the speed stability accuracy can reach +30 r/min and the upper limit current fre-
quency can reach 1 kHz in generation state. The proposed sensorless control method is suitable for extended
range unmanned aerial vehicle adopted piston engine.

Key words: sensorless control; piston engine; starter-generator; phase locked loop
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" capacity tracking pulse current-floating charging method" battery charging scheme, which takes into ac-
count rapid charging and improves the service life of the battery, was determined, the corresponding experi-
mental circuit was designed, and the control was achieved. At the same time, the battery charge and dis-

charge state monitoring, display and various protection circuits were designed to ensure the work and opera-

Vol. 56. No. 9

tion safety of the experimental system.

Key words: photovoltaic; power generation system; inverter; control; design

0 51 &

TERBHBECIR A L R GE P INAE R, 7RO
FUAR AT RETR A4, O RN I A O I
e, DIPRMIER SR ESME A, RO R
RGP R EZ Ay HE MK I TAR S
AR, A e . S B S T 5,
Xl L M ) A i B ARG R

1 ZEAXSTERE

fegise g I AR BAER . EIR . BBk b
FERBCUROTIE o JTAESK, BT BB SR e
TR MR TR | S0 At bR 70 F 3 4 28 i)
AR ML T i, LAR O — 26 MR A 5 o v ST
BT EBIPEE T

KR EHEE: 2023 —06 —12
fEEE N B

1.1 EFEER SOC FuillREE 7t B %

BIEAES SR (3] TR TR Ak, HAEA
SRR, AT A R R B R R A AR (SOC) , 4
£ FL L S T R M T A% T L L O RN
DU AR AT 2 25 08 B 5 Pl it P 422 57 09 B K e H LA
P& b e e R PR B S R, S
ML, BREATE TR EMbitnt, sl EE S Hi
Fram4.

1.2 THREEFTEZE

ZOTEMSHE SO [41 4, HEm B s, f
B 1 R, RHBK. B/
[ BRCFEHE, , REAE 7E 45 i 35 H vt 7o Pl sl RS A [ I, A
[P B e T o ol B e Ak A e AL e, BRARES T
B LM L RSO | AR R R T A e IR AT R
MG o XAk S PR 2 A% e i B B 3o i i

M(1981), 4, sz, ML, ARF @A LIHNILEH,



42 - @ L 3 &

A —Mhekct, BB B SR . I i 2% BEAY LR AR
PR — 2 Te] k3], R 25 FL Tt A B AR AT B4
T8 1 o 3 28 v (P 2 i )

ZA ,
e L -ﬁgim
0 I P

t/h
I R 3% SV 1R € o e S N £ 1 24

1.3 @BKMFERE

BITAS SRS RN UNIEL 2 B, FESCRRLS-8 ]
TR EE . ZITE R SRR A — . BB
TEAE— B Berp,  Je LABOR L 3 18 78 L — BEI 1]
BHERM—A/hp 4R B, 56 i BOW LME
JEAS kb SR o /)N e I AE 5 B e H mT A DR A A 3R
G, R E M

TR kP T TEAR ik

-1
=

0 = t/h

K2 ket ikt s . IR
1.4 FERERKHER - FRFTEE

ZITEAES IR | oA TR RA, 1513l

W27 W e vl B 5 U, HORE AR HOR S B R
TELR TN 25 M R A 25 48 (SOC) , 7o sl 5 70 L HEL I
7 HH AT 42 3 il 2 AN i 22 M e e i 2R Y AT 4R T
B L S N Al sz e RTE LR, SRR TE R
171370 FEL U SR T2 R 97 14 0 ok i 5, L e i 2 P T
AR AL AT IR, 43 3 R I A T A s FEHE
RIRRZER, SR EE, Ah e & fL b A BHRAE,
PR 25 AT Hh U

K3 AEERER KRR - P ST AR

2I7 PR LR SOC TN | A% AL A (1] BRI ik
R LR R T R LR A RSB RO E b
P TSl i Z (A B P JE . 244K, XA OT ik
FHXS HLE R 2 —4

AR A R ko L IR — TR S SRR AR
NAMSLCIR K B R G & B s i 0 30 %07
LR T SOC FH | A2 Fit g 1] i 11 ok infr 25 22 7o 52
LT, BURAME, REAS B D &5 i T PR sE
55 75 i Z [

IR AR LB N S 2%, B2, %IEF)
RERGFRM T AL, R et FUR R
— SRRt b R SR AT S LIY 5 AR
B, I RBIMELE A R

2 ERtFEEBERERREENRT

2.1 EHEMFHEBERE

P 4 405 0 2 7 L Y 5 L S O P i B R i R
BCEZ.

" L
21\ !—! 7.5 mf‘l
H L
14 R,
0.25 O
H.‘
) ) 10K
o8 ., 'SDI C, N R. C
— z = 2 43
2 HUVPR6 = 0120 221
< p R, _
2 B []U,as et 12V
GND = e
— =
Uy,

Aoyt [ s
P4 TR 25 Pk i e L L B

BT A E R R 12 V., KRG f
FEFPRAER IS 21 V B, 507 H F %R ] Buck [
JE DC/DC ZZ 4 Ha B SE 8, JE ok PWM Y, DR G
RAE MRS ERAL R 21 V B, B 2 W) o R 20ME,
T RS f IR R K v U — IR SR TR TR
2.2 FEEHERE

Fo L B Y TR B R AL R, X Y
FEHUHLH . FLA SR SRAY T BT R P A 2
ARZS . TR 42 25 5 SOC,  LUBA 2 BRI ik oo v 8 14
FANSERE . M EA s el s, oiF
FLFLHL, APFRE L A BRFE, R E AT R
o HARGIRARME S PR,

(1) Bl RAEALFEHS 3, F2AT 55 Bk E AL
SRR, HIRA SRR ;

(2) B b 3R 43 1) 3 BT 55 2 0 Bl e R AR
T RENB AL BT =, R TR Ak




9 4 B . IR R ARG E b A F AT R L <43 -

RbFH

(3) RAS A3 A 38 43 2 28 2 4 BB 5 W vt Pl T 2 Ak
FRFMR B A5 — R A48 AR W7 &5 vl v ) e RS

(4) A Br b F1 5 Y L Fs LA 25 SR, I W 72 L 2
AENKEEE o, IR, W AR B, AR ER
LR, A5oR Bk i e, AR 5 5 f g R
AN AT TN H A L it R S 2 R R K b e L
WHR/NGRIRE, IR RES S E0E o & O
HEAT SR B, DAERFGE N LG5 H it 7o i RS
(aanil

IFiR

WG A S RE L

rea=iEy

HUE T R 75 iESOCi 3%
LS O N N 11 1

CERE R A
3 EHMFETEIEHKE

FERPHAERL AR AT + 7\ = "0 il 3 4 )
SRR A S, AT IF IR S R LS S I R
LA, WEARRAT, ATLAE #) LED8 (i247) . LED9
(KHe) . LEDI0 (id %) . LEDI2 (FEHL) PUAHE /R KT
g, XMEPRE e MG, WA EE IR
BLIRT, 2R S — EAR TR MRS, g6 AR
Hhrs, RBHRE H AR G X & it AT Fe e, &
L — ELAL T F RIS, I A — B, R
R FE M AL T WOM R HOIR A, i oK BH AE L ik
Mom i S A R AP L, X 3 AR AT FE L, AR
BRT VL B i 1 AR AR AT BEAT AR AR

(I, SR 4% A R i Sl s SR, S L
YRR SR, IR RT LA, 7R g ok

FTIE N FERL P, 55 Fi v > i 70 o s L e O 9275
mV, HETFERAHY 218 mA, & 6 PR

6 fasifil 55 H I IR e S 4500 it

WK BH AE Fi A 5 5 o ST L R BRI TS
HURZRAT K, SE R T, i T S SR AT I A B
RR AT E 2 Te i, B DML T R A OR
XERLAY R | S T AR A AT 5 AL T INSE RS o TR
i, ATRERO s LER, hTedEk, B
DA FL Mt P 7 L L A B [ 2 DA O, JH 19 i L st
R BRI D 226 mV, HNIE 7 PR

7 FeH AR R S AR
FHZR WA VLI PWM fay th PR H i, R gs
RERRI AL 1 s, ] OB 3] — 4> Jl 400 9 Jo b 5 R
BILINPE 8 Pz, P8 48 7R I e I 8] 22 500 ws, AT LA
AL 2 24~ R PWM B0E . WniE 9 Pox.

K9 24l PWM S8
( MHEE 49 1)



BS56 % HIH
2023 4

ik € L

9H MICROMOTORS Sep. 2023

2R M X ok Wi AR FE AL R WG A 1 A0 SC R B9 E

EMkn, AFFE A
(R BEUREEBE ) TRZEBE, i 211167)

 OE: IR R AL P A R RS R R T R S RE T AR B LA T R B AT, WFSE TR
OGS BN . I TS, B TEWrER, BRIEE TREECR T8, a8 TR sh#HREIE
B, HAHTHMEERRE, BT 4G RITH AR AT T LA R E, fdf s Smeit . s 2B sl Wikl
TR A AE P 0 BRI AE R R A IR T ARG im FB DL S BRAE ML, G 25 8 S vl Bt AT T K
15 B B 25 SR UG TIE T BHE 43 B i) T 0 M A0 4 A BR TR A0 A v M Ry AR T A EL AL I R B T R R A TR
X,

KB KBETFFRHNL; #EAE KBRS
RESES: TM351 MR SRS A

AR FREE
XEHS: 1001-6848 (2023 )09-0044-06

Electromagnetic Characteristics and Experiment Validation of
a Surface Permanent Magnet Vernier Machine

WANG Weibing, DENG Xiaohua
(School of Power Engineering , Nanjing Institute of Technology, Nanjing 211167, China)

Abstract; In order to verify the basic principle of the high torque density of the surface permanent magnet
vernier machine, the effect of the key parameters on torque was researched based on the analysis of the basic
equations of the surface permanent magnet vernier machine. The parameters of the machine were designed
and the structure diagram was given. According to the number of stator slots and the number of pole pairs, e-
lectromotive force of slot star diagram was analyzed and the winding connection diagram was given. Based on
the two-dimensional finite element model, the electromagnetic characteristics of the machine were analyzed in
depth, including no load flux linkage, no load electromotive force, air gap flux density when two excitation
sources act respectively, cogging torque and electromagnetic torque. The experiment prototype of permanent
magnet vernier machine was made, and its no load back-EMF was tested. The simulation and experiment re-
sults verify the correctness of the theoretical analysis and the accuracy of the two-dimensional finite element
model, which provides a powerful support for the precise control of the permanent magnet vernier machine.
Key words: permanent magnet vernier machine ; magnetic field modulation; air gap magnetic density; no

load performances; torque characteristic
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Characteristic Analysis and Torque Ripple Optimization of Axial Flux Motor

ZHAO Huichao, SUN Mingchong, WANG Sibo, GUO Shoulun, WANG Jinhao, JIANG Xuesheng, DUAN Zhaohui

(Global R&D Center, China FAW Corporation Limited, Changchun 130013, China)

Abstract; In recent years, the automobile industry has entered the era of electrification. Axial flux perma-
nent magnet motor ( AFPM) perform better in terms of power density and torque density, and has been rec-
ognized by major automobile manufacturers. Aiming at the motor characteristics of the axial flux permanent
magnet motor, this paper proposed an optimal design method to improve the torque ripple, analyzed the in-
fluence of the motor structure parameters on the torque and torque ripple. According to the different signifi-
cance of the influence of each parameter on torque and torque ripple, the structural parameter variables were
reduced, and the optimization analysis was carried out based on DOE algorithm and modeFRONTIER soft-

ware. The results show that the proposed optimization design method can effectively increase the torque of the

motor and reduce the torque ripple.

Key words: axial flux; permanent magnet motor; motor characteristics; torque ripple; modeFRONTIER

0 35

QBRI IE 7 LA T KA 1O SR AR R, 4% i
SR A TR ORIE RS, R SCERER R B AR, AT
FRAE IR (R B, IR A AT L AR BISh . fEH
B R BRI, SRS LA PERE (R 2 5 8
SEATI 0 SR o AR PR WL PR PR BN | o
MK, REEE . SRR, R ERE TR
PR R R

LA 5 1 7 15 B /K R BL, 0 160 6 K
LB R R | R | AR

il

Wi B4 2023 —06 —20, {&EIHHE: 2023 —07 —27
EERIN: RER, ME, RS GAS A B ERLRERIT,
A, Mt ARG EABIR R RERETTA

IHH, Md, ARG @A RIK AL LRI A

WFL, M, AT @A IR R GERT A,
IR, Md, FRF @A IR R G MR,
E£FE, M, AT @A IR ZGERIT L,

S T AL A AR RS LA (R A i)
KRG AL AT 55 A% GE K r ATLAH LA (R, T
VEBITIAFE BRI D sh R, B I sh A Y
2GR ES R GEARE BT, TR E Xk e AL A ) S
o A L ST SR AN R R T, DR A o X Al )
3 AR LI R AR AT L 1 1o B AL
AT A A A1 2 ok H B2 R i 3 T TR TR A
WE9E, SR BIBIEFE 5 1 DU AT 1 A BROGIE O
figh 1) 38 K T PP R 20 22 IO R OR B = 4B,
DRl 2 SR T O ™ A A AR, Al



9 1 AR A Bl R R LR AR A AL - 51 -

8 R ] = 4E A BR Ok 2 AT e R PR AT 23 A ARG
A6 o SCHRES T 42—l 345 53 1 47 BR T 4
MrAnd A it I ik, X il 1) 4 368 K B FRLPIL A) 5 S
PEVERT TAA . XML BT Ok, & B B
AR R AT R T, J0I% A 4 I 18] 9 52 W
et

AR B Z DM RS H, S5 T
6] s 368 7K e L ALY 2 RO S M B, R modle-
FRONTIER R F2E4T 251> G544 2 B0 e o e 3 vy 52
W AT, AR S A AT R 25 R, W S5 R S U
it st

DAL G BB YA ] A 25 R AR 1 e A e 3l [l
SRR/ S AR N DR TRRRR S TN o L f o a2 R P
eI 18] PN 5 FRC A2 2% 00 Al 1) e 7 v ML
Rt , A RALIERET AL B .
1 WE#EEBEXEENSHEELBRT

=E

ARTCLA 16 A% 18 A Y Bl 1) i 388 K R v ML R H9F 52
X, WKL PR, B R T RUE T b 4G
1, BT KBRS N BIE, RE TR ULR o KR
P GRAL, JKBEIR . B ERRMEL T SO R R LS 1o
A ] B K RE ALY EE R RSO 1

P Tl e R P ML ZS 4
®1 HEEEKEBRNEESH

ZH ZHE

WE p 16

% Q, 18
KRR N D, /mm 100
FKEEARAME D,/ mm 200
SBRKE g/ mm 1.2
MY T SERE b/mm 5
WIMREL a, 0.9
A BRI B/ T 1.4

RSl e v 2 368 A s FEL ALY P B0 D 5 ) A S A
AR B LA ) B X B, T IMAG B a7 174

BUA FROCROE, ik 2 R

&2 Wb g g L 174 =4 FROTAR AL
TEMLHCR |-, WRINGEHI S H, 7 B R P AL
ARSI SE R, BARBUESHnE 3
N, HABSEA R E A RS
AUICIE kBRI AR WO TR E AN SRR I DR
el 4 d el el a4 o

DOE JMagl Exitl2

(35 o

Hi et S

13 modeFRONTIER 4%
2 LA KB R B O

Xl i 3 A LU, 2R TSR Al L
XFR ARG, ET#SS 0T8T LR A
K RERREE AT AR RT, AT A G RE JE, fRE
BROA T AR, TR d, g LIRR T
HL R R R

T, =plypi, + (L, - L,)i,i,] (1)
b, L5 L, 0iaE v E . SCiiE; i, 56, o
W d BT g R o K BRI TE A E TSR
A A R

HARET, & 7R AE 11 sh 3t 2 1 5%
W, HAE T 1 sh $ls W5 7 1 g i Bl AR
W, RBEFEHEILF e, Mgt b, TR s
RS e T G I AT A, i 1) R K R PR ATL )
HL B B FELAN T S 5 R, 2R AS TR I
O3 iR B S NG T R B R 2 e A S i
SERE TN I 1 N g B v R I N D AT AR B 7
TGN, KRR T 2 A
AL R AR BEARFIE 580 22 8] A1 A
P 7= A VA R R il 1) R E K i P ML) e o L 9



.52 .

ik € L

56 &

HL R L O A R RN S0 B R =R Ay, O
i)
r.=T,,+T.,+T,, (2)
Ky, T W R, T, L%
B T, WBOBERE
X TBOE R, BRI R IR, & FRAN
Y FUA R H AR S () b 5t = AR RR A A, TR FL Bl 3
TG 3 BYUGEE, IEILLS Bk, T Bk &, R
TRAH LI R SR AR TE 5% U, DOl i T A R PR BTL I

T, +T,.. =%|: u,i, +u,i, +u,i,] :%OE]I] -
(3)

I, cos(bwi +¢) + I, cos(b6wi +¢)

T2 T2
SR, B By, By AMBIRIEN. S Bk, T Bkl
DRGSR s 1, N SLUA IR (5 QO HLA
B 5 @ A T RV FB PO I 2

Al ] 8 7 L 90 D R 2 7 g L AR
i, T AR S L, KRR E TR 2
AR AR P 7 2B e, ikl

L= )
Rif, R, WETFRER; R, WETAER; L W
FRO MK ; n W e/ (2p) HEBCHORAL .

AR AT, F T R R T
SIS (B RS K BEHLBL, B RER S R E T
ST R L WL 6 0 7 A R, A
WA SO SR B L PRI | K R 1] B 9
BE PRI | T O LR A T b Mg £ £
FE4E 6 /NG B RO RS RN S MO B

O T U ML £ 1 R PP 4 R, L 6
AR R BRI 2 ELHE R W S BRE 53  531
MR A W0 72— S BT, S B, 3
R PRI R K A TR 6 5 e LG A
.

*(R; - R}) XnG,B,zsin(nza)

B4 T I fos K

KIS Feraim gk

6 SRS EEH BB IR AT AT

RS /N m

/N m

HLBEFE /N m

HL /N m

290

2801

2701

260 1

250

240

280

270

260 ¢

250

260

240

LR
= = = = #ts | ]

I 1.5 2

A mm
(a)

AR L /mm
(b)

4.5

ML By %

s

- - - - §EEE
: : : : 0
2 4 6 8 10

1 B 11 98 BEfmm
(c)

- -

e A
=== = s

)
i Eh %

2 3 a
i R T 98 JE/mm
(d)



9 4 U4 .l i A A G R ML SR S T AT AL - 53 -

280
7 )
7 A Y
£ 270 4.
2 £
: 1.3
T i i
5 ==
= 260 S
HL A A 2
- = = = §EAiEAE
250 : : : . |
1.5 2 2.5 3 35 4
U R mm
{e)
270 3.5
269 ’/\
£ : =
Z 268 L, =
g AP B
# 267} e . &
T 266 LA
- = = = FESEEN
265 2.5

El(] 4‘(] ﬁlf]

T BB A )

[11]

K6 HUBLESH S MO e i 2 AT P B AR I 32

P 6 I G T 4% 45 1 2 B0 i S B s RN P 2 B S
s, T RAE 5 1 I b ) S 35 e R e
TSR], R A ST | mm, 1
I M 60 J&; BIKIERT 1.2 mm I AR
SHFRARIR LB/, E R L R TR R R RE R AR, Pr L
B EEEICN 1.2 mm KRGS L X L %
TR/, AE P B K B R JBEJEE AR 3, e R D
S BLSE I e R R, B KRG TR Y A B
AR SCHE UK B R R BE R 11 mm; 57 L5 5 384
RUBEREHE T I, B D sh Jotl Ja e, 1A it J5 R 1B B
2 mm IR R RE o EL R AR SR s A 1 R e
hn, ELEERAE ST IR, B B SRR SRR, B0
B RE A 11 TR 7 mm; KR A ] s B B S 0
FEL AP R R R D s ) I AR, 90 28 30 K G R ]
B UERE N 3 mm B E BISS S BORME LN 2 B
R2 HHMSHREE

S8 SHUE
VEHEI A A (0) 60
A BRKE/mm 1.2
iR A B/ mm 11
5 $t)Z B/ mm 2
i RE RS 55 BE/mm 7
FKRE AR 0] B 55/ mm 3

3 e RLE KRR AR R IR B

HRIELL e S8, RS E 0 E 2 A4,
XPANH o VTR 1 SR | AR AR ] B B 8 32047 UL,
BAEREE 10 4>, —3EFHEST 10 + 10 44U,
X 2B A A B 100 A case HEATAAT, 19 i
gs R, kg e 7 fros, 5 shE/ N H

R A case MR A2 R

£ 0.05

Z 0.04 e °° o o o 0®
. LA
S ® 9 e @ ° p(' °
£ 0.03 L I Y d@’ 8 & @ % o
Pl . e ] L 00 c? o"\ ]
= y ) ]
£ 002} N 00 008%8088 °
3

= 0.01

£ 267 270 273 276 279 282 285 288 291

Response_Data_Torque_avg_untitled_2

KT AL A s LAk o B 4l 2R

AL IS R Z5A S BORME IR 3 Fios,
*3 RUEEHSBRIE

24 ZHUH
VB A/ () 60
S PR/ mm 1.2
TR R BE/ mm 11
P )R/ mm 2
YRR F 58 B2/ mm 9
KA 18] B 5 B/ mm 2.5

SRR IR BRI A T 0 BB, BT
XHECARIE 8 7, DEALRTF-I%56HE 0 277 Nm, i
ZHEH 2. 6% 5 PLALIF-FIIHH N 279 Nm, BEHH)5)
{H4 2% o JE ALY, PRI 1. 1% .

285

HMNm

0 10 20 30 40
HLBE fHES e )

K8 LA F AR X L
AREDCAL 73 Hr 45 R A e L2 B0 A 0 e
HL, WE 9 (a) Fizn, JFEdscs-F&, mEo(b)
s o MHRET RN, IAS 2 A9 F 32 52 565 0 280
Nm, S EFEHEFIMEMZE 0. 4% , ¥ P sh{EN
2.6% , SOiEFHEPEEMmZE 0. 6% .
-

(a) FEHL (b) FLF 5
B9 AL AN 5 20
(T4 68 i)



BS56 % HIH
20234 9/

ik € L

MICROMOTORS

Vol. 56. No.9
Sep. 2023

ZEHEBRREINHARTER

MRAR, HEMR, RKF
(BT IBRATBML 2 B 8 RIS BE, HEk J217] 361008)

 OE. EARUR R LU R RO A IR S R A AR AL, BRSSP . e R B T
RN EE 2N 2 B AR EZ BB , W SEHES AR i 2 4Ei2 ) AR Sl s, AR
FAGHLER K . HLERACCTT . AW B2 S s B BB R AL . ARSI RS54 T X FiE AT /028, XTI
2 F iR LRI 8 R AT S A4, B i BER PSSR R 2 B R B RS LR S5 A DAk . i b ik A s A
TSGR FE R, S — PR 4R i 55

KEER: BB Z2AME; WWLHE,; WRTERE T HRdeoXe T

HESEE. TM359.9 XEFRERE: A XEHS: 1001-6848(2023)09-0054-07

Research Progress of Multi-degree-of-freedom Ultrasonic Motor

CHEN Jianyi, LIN Xingling, WU Qingyong
(School of Intelligent Manufacturing , Xiamen City University, Xiamen 361008, China)

Abstract ; As a novel type of small and special motors, the ultrasonic motor works based on the inverse piezoe-
lectric effect. It has a lot of excellent merits, such as simple structure, quick response, high positioning accu-
racy and direct drive. Multi-degree-of-freedom ulirasonic motor is an important type and one of research hot
spots on ultrasonic motor, which can realize multi-dimensional motion and drive output. Therefore, it exhibits
prominent applications in the micro camera lens, robot joint, biomedicine, etc. In this paper, the research
progress of multi-degree-of-freedom ultrasonic motors at home and abroad were summarized in terms of two sta-
tor structural forms. Then relevant research results were mainly discussed from the structural design, output
characteristics and application. It is hoped this work will be helpful to provide reference for further research.

Key words: ultrasonic motor; multi-degree-of-freedom; driving principle; ring-shaped traveling wave sta-

tor; cylindrical sandwich stator
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A Segmental Stator Bonding Process for an Ultrasonic Motors

ZHANG XiuLi', LI Lu', LIU Tianze’
(1. Xi’ an Chuanglian Ulirasonic Technology Co., LTD., Xi’ an 710065, China;

2. Xi’ an Micromotor Research Institute Co., LTD., Xi’ an 710117, China)

Abstract; To solve the problem of difficulty in bonding stator of large size ultrasonic motor, a technology
method of segmental stator bonding was designed. By designing a positioning teflon, the segmented piezoe-
lectric material was spliced into a ring piezoelectric material and bonded to an elastomer. Compared with the
traditional ring plate bonding process, fragmentation bonding technology solved the difficulty of bonding
large size ultrasonic motor and the difficulty of making and processing large size piezoelectric materials. At
the same time, the classification and combination of segmented piezoelectric materials can reduce the two-

phase capacitance difference of ultrasonic motor and improve the output performance of ultrasonic motor.
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Precision Servo Motor Manufacturing Process Control System
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Abstract: The precision servo motor manufacturing process control system takes the production process con-

trol management of precision servo motor as the core, including the functions of production process manage-
ment, process quality and finished product quality management, equipment networking and teaching evi-

dence collection management and so on. It realizes the precision servo motor develops and produces process
quality control and management of the whole life cycle through data integration and sharing. The system can

be used to support the information exchange and service of precision servo motor production line and prod-

il

ucts, meet the requirements of product production process quality control, quality tracking and delivery of
data packets, and improve the quality reliability, consistency and stability of products. This paper discussed

the structure, function, data acquisition and analysis, process control of the precision servo motor manufac-
turing process control system and its application in the precision servo motor manufacturing.
Key words: equipment networking; process control; data acquisition
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