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Abstract: The friction interface matching plays a deterministic role in the motor efficiency. and the microcosmic
contact status of friction interface should be investigated to improve the ultrasonic motor performance. The main
purpose is to improve the effective output power of ultrasonic motor. Hence, one studies the contact condition of
the friction interface of the ultrasonic motor, analyzes the micro condition of contact interface through finite ele-
ment analysis, optimizes unreasonable structures, and compares the two different-structure ultrasonic motors
through experiments. The results reflect the necessity of optimization. After optimization, the stator and rotor de-
form after pre-pressure and the contact interface of them full contact theoretically. When reaching heat balance the
effective output of the motor is 37% , and the average effective output efficiency is 2. 384 times higher than that of
the unoptimized. It can be seen that the total consumption of the ultrasonic motor system decreases significantly.

Therefore, when using in certain system the consumption taken from the system will decreases largely, especially
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in the system with a strict consumption control.
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0 Introduction

Ultrasonic motor is a new concept of micro-
light

weight, compact structure, fast response, low

special motor, featuring small volume,
noise and no electro-magnetic interference. As the
actuator of a control system, it has a wide applica-
tion prospect, and has been used in precision posi-
tioning field. With high-tech development, the
application system has more strict requirements
for control accuracy of the movement process.
Improving speed stability is necessary for the ul-
trasonic motor to be widely used in precision con-
trol system. Traveling wave type rotary ultrason-
ic motor (TRUM) C(hereinafter referred to as the

ultrasonic motor) uses the converse piezoelectric

Article ID:1005-1120(2015)02-0163-11

effect of piezoelectric materials to activate vibra-
tion of the stator, and turns the micro-amplitude
of the stator into rotary movement of the rotor,
and exports power'’. The speed stability of the
ultrasonic motor is closely related to the contact

interface of the stator and rotor. Kurosawa et

al. "% analyzed friction loss between the stator
and rotor of the ultrasonic motor in 1988, and
theoretically depicted the maximum input and
output efficiency of the ultrasonic motor. Wallas-
chek™, Zhao et al."®™ and Xia et al. "™ qualita-
tively dissertated that there might be stick-slip on
the stator and rotor contact interface, and ana-
lyzed the influence of tangential deformation.

Storck et al. ™ also studied the influence of the

tangential elasticity of the contact on electro-me-
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chanical performance of the ultrasonic motor.
Maeno et al. 'Y studied the function of pressure
on the friction interface. With consideration of ro-
tor inertia influence on interface, they computed
the rotational speed-torque characteristic of the
ultrasonic motor and motor performance parame-
ters like energy loss and efficiency. In the condi-
tion of contact between flexible stator and rigid
rotor, Zharii et al. ' computed the speed and
energy conversion efficiency of the ultrasonic mo-
tor, and also studied the stator and rotor smooth
contact model and stick contact model for the ul-

1. %7 established a com-

trasonic motor. Duan et a
plete 3-D model for piezoelectric ceramic and rotor
coupling as well as stator and rotor contact inter-
face of the ultrasonic motor. By using finite ele-
ment software, Zhou et al. established a simpli-
fied finite element model which was used to ana-

L6 - and simu-

lyze contact of the ultrasonic motor
lated the influence of pre-pressure and the stator
vibration amplitude on output performance of the
ultrasonic motor'’”’. Radi and Hami"**' conducted
the dynamic contact model of stator and rotor con-
tact interface of the ultrasonic motor by variation-
al principle, and used the model into exploring the
ineffective model of the ultrasonic motor. Howev-
er, the above references do not mention the influ-
ence of the contact interface on the ultrasonic mo-
tor efficiency when the elastic stator and rotor are

Therefore, the

structural improvement is presented for current

used under static conditions.
USM-45 ultrasonic motor via redesign of some
key parts as well as design of full contact of the
stator and rotor contact interface. Some tests
have also been conducted. The test results show
that, the average output efficiency of improved ul-
trasonic motor is greatly increased, and the ther-

mal loss rate is decreased by about 30%.

1 Average Effective Output Efficiency
of Ultrasonic Motor Property

The average effective output efficiency of the
ultrasonic motor is mainly determined by the sta-
tor and rotor friction interface and stator structure

(mainly elastomer). The stator and rotor of the

ultrasonic motor contact directly, they are driven
by friction. Generally, alternating voltage is ap-
plied on the piezoelectric ceramic element stuck to
the stator of the ultrasonic motor, capable of acti-
vating mechanical vibration of the stator. The vi-
bration is turned into orientation movement of ro-
tor by the stator and rotor contact friction.
Hence, two-energy conversion process exists in
the ultrasonic motor. The electro-mechanical en-
ergy conversion between the piezoelectric ceramic
and stator is fulfilled by converse piezoelectric
effect. If the lag effect of the piezoelectric ceramic
and elastomer is ignored, the rotor free vibration
and electro-mechanical energy conversion of piezo-
electric ceramic are linearly reversible. Reversely,
electric energy is generated. Based on the above,
although the ultrasonic motor is driven by fric-
tion, the motor must have greater energy loss.
With friction making the motor be heated, the
temperature is increasing higher, leading the mo-
tor output power to be increasingly smaller.
When the ultrasonic motor reaches thermal bal-
ance, its effective output power also reaches bal-
ance. Therefore, the friction interface matching
plays a deterministic role in the motor efficiency,
and the microcosmic contact status of friction in-
terface must be studied to improve the ultrasonic
motor performance. Curves of torque and rota-
tional speed, and efficiency and torque are as
shown in Fig. 1.

In the meantime, the elastomer structure has
great effect on effective output efficiency of the ul-
trasonic motor. Fig. 2 shows a common elastomer
structure. A is the total thickness of the elas-

tomer, and B the base thickness of the elastomer.

3
g
g
R4 The best efficiency of
o .
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m
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Fig. 1 Curves of torque v. s. rotational speed and effi-

clency v. s. torque
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The base thickness of the elastomer has obvious
effect on the dynamics of the stator, directly in-
fluencing modal frequency and modal amplitude as
well as working current of the motor. The base
thickness is bigger, the stator rigidity increases,
the same-order modal frequency increases, the
working current of the motor increases greatly,
the motor heating gradient increases, and the
power loss decreases. The base thickness is smal-
ler, the stator rigidity decreases, the same-order
modal frequency decreases, the motor output mo-
ment decreases while the working current of the
motor is decreasing. Therefore, it is not proper to
change the elastomer base thickness. If it is re-
quired to change, overall evaluation and optimiza-
tion with more complicated process must be con-

ducted.

Fig. 2

Elastomer structure

In conclusion, research on the average effec-
tive output power of the ultrasonic motor is actu-
ally the research on the stator-rotor friction inter-
face contact and rotor base thickness. The paper
mainly presents the research on the stator and ro-
tor friction interface contact, optimization design
for the stator and rotor friction interface for im-
provement of the average effective output power

of the ultrasonic motor.

2 Stator and Rotor Friction Interface
of Ultrasonic Motor Analysis
2.1 Stator and rotor friction interface

The contact model is Hertz contact model.
Although stator and rotor contact of the traveling
wave ultrasonic motor is not fully the same as

general Hertz contact, the Hertz contact theory

can better solve the contact friction problem of the
traveling wave ultrasonic motor, the torque math-
ematics model is built.

There are the following hypotheses as per ac-
tual working status of the motor:

(1) The materials of the stator and rotor of
the traveling wave ultrasonic motor are all elasto-
mer;

(2) The traveling wave surface of the stator
and the stator and rotor contact are smooth;

(3) The stator and rotor surfaces are not full-
y closely contacted;

(4) The stator and rotor of the traveling
wave ultrasonic motor do not have relative move-
ment;

(5) The contact of the stator and rotor of the
traveling wave ultrasonic motor at the traveling
wave peak is curvature cylinder surface contact.

Fig. 3 is the contact model of the iso-curva-
ture radius cylinder and the elatomer plane. It is
assumed that, the stator is a iso-curvature radius
cylinder at the traveling wave peak, the rotor is a
elastic plane, and the rotor contacts the stator
within the area with the width of ¢ under pressure

action. The contact width a"?" is

a=1.6FDCy (D
where D is the cylinder diameter, Fy the pressure
applied on the rotor (at each peak), i. e. pre-pres-
sure, and Cg a parameter related to material char-
acteristic that can be expressed by

Lo 1l=y 1=y
CEfiEl —0—7& 2)

where E, and E, are elastic moduli of materials of
the stator and rotor., respectively; ¥, and 7y, the
Poisson ratios of materials of the stator and rotor,
respectively.

The locked rotor torque of the motor M**is

M:#dFNT" (3)
a

/i s

_+_ _ Stator

Fy

Fig. 3 Hertz contact model
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where s is the friction coefficient, and r the aver-
age radius of the rotor.
The effective output power of the motor

Poulpul 1S

27tn 200
Pou!pm =Mw =M 600 :,UdF,\JT 600 4)
From Egs. (1, 3, 4), the relationship be-

tween the contact area and effective output power

can be obtained

p _ 2mngra® T, m2
output — Md ~ — Md
96 DC — 7
wp(t 1L B )
(5

The variables in Eq. (5) are n,and a, the

other paramenters can be marked as constant Z

7= 1*/;'(1;7 1—7 ©
18D (=57 + 5 )
Then Eq. (5) can be simplified as
P ouipu =’n,a’ 7

From Eq. (7), we can obtain the conclusion
that, when the rotating speed of the motor is not
changed, the output power of the motor is direct-
ly proportional to the square of the stator and ro-
tor contact width. The wider the contact width

is, the bigger the contact area is, and vice versa.

2.2 Stator and rotor contact model of ultrasonic

motor

The structure of the traveling wave ultrasonic
motor is shown in Fig. 4. Firstly, the elastomer is
fixed on the motor base, then the rotor is placed
on the elastomer, the circular disk at the rotor
center is used to apply pre-pressure. To make the
traveling wave ultrasonic motor output great mo-
ment, great axial pre-pressure is usually applied
between the stator and rotor. In the mean time,
the pre-pressure can make the stator and rotor
bend in radial.

It is found that, because of radial bending,
the actual stator and rotor contact area decreases
greatly, and pressure is not evenly distributed.
The stator and rotor contact is rapidly worn and
heat loss power is sharply increased, leading to

very low ultrasonic motor efficiency, as shown in

Fig. 5
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Fig.4 Stator and rotor coordination section of ultra-

sonic motor
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Fig.5 Stator and rotor radial bending effect

2.3 Simulation analysis

2.3.1
The finite element model is built by means of
ABAQUSH#,

equally divided into three parts along the circum-

Building finite element model

Since the rotor and stator model is

ference, the finite element model is only for the
1/3 part of the model (Fig. 6). In the model, the
inner circular ring at the base of the stator is
taken as the rigid body, the Kulun friction coefi-
cient of the stator and rotor is 0. 2, the prepres-
sure is 160 N, i.e. about 1 MPa pressure intensi-
ty is applied onto the disk at the rotor center.
2.3.2 Model analysis

The whole analysis result is shown in Fig. 7.
In Fig. 7, it is found that, the displacement of the
rotor outer edge is up (positive value), and the
displacement of the stator outer edge is down
(negative value), at this time, there is gap at the
contact between the stator outer edge and rotor
outer edge. That is, the stator and rotor contact
width is not the whole rotor contact surface, is a

Check the dis-

as shown in

part of the rotor contact surface.
placement diagrams respectively,
Figs. 8, 9. In the diagrams, XIA-1 is the simula-
tion data of the stator, and SHANG-1 the simula-
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Nodes part instance| Node ID | Attached element | U,U,
XIA-1 414 7 828 -0.017
XIA-1 1567 7 948 -0.018
XIA-1 1568 11 595 -0.021
XIA-1 12 21417 -0.023

Fig. 6 Finite element analysis model of USM45 ultra-

sonic motor

Fig. 7

USM45 stator finite element analysis of dis-

placement

Draw the curvesby the da-
the

2 mm length of rotor radial contact is actually in-

tion data of the rotor.
ta, as shown in Fig. 10. It is shown that,
ner 0.3 mm contact with an area of 42. 96 mm?®,
and outer ring width is 1. 7 mm, being separated,
with an area of 252. 61 mm®. The contact acreage
of the stator and rotor is only 14. 5% of the theo-
retical contact acreage, which makes the pressure
of the contact acreage too high and increases the
inner cycling stress of the friction materials, and
finally makes rapid wear of the friction materials
and heat of the moter. At this time, the heat en-
ergy loss of the motor is increased to 3 times as
much as the theoretical heat energy loss, making
the effective output power of the motor decreases

greatly.
2.4 Structure optimization

The data shown in Fig. 10 are the reference
for the stator and rotor structure optimization.
The optimization idea is to make the two curves in

Fig. 10 approach to coincide . Where s is the dis -

Fig. 8 Stator displacement before optimization

s (- \ ), \ A ‘. \
Part instance Node ID | Attached element U,U,
SHANG-1 1593 27 020 -0.017
SHANG-1 6 747 5025 -0.016
SHANG-1 6 888 6264 -0.013
SHANG-1 1875 2461 -0.010

Fig. 9 Rotor displacement before optimization

0.000
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—=— Stator

-0.005

-0.010
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-0.015

-0.020 [

-0.025 .
1 2 3 4

Number of nodes

Fig. 10 Displacements of stator and rotor contacting

ring surface in pre-pressure status

placement. Therefore, deformation displacements
of the stator and rotor are approximately the
same, and the actual contact area is close to the
theoretical contact area. According to the data a-
nalysis in Table 1, after deformation, the dis-
placement of the inner rotor is 0. 001 968 mm
more than that of the inner stator, and the dis-

placement of the outer rotor is 0.012 071 3 mm
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Table 1  Displacement data of stator and rotor contacting

ring surface in pre-pressure status

Displacement/ Displacement difference/

Nodes m .
soacen 0,017 0.000
o Tii o 0018 0.002
G 888 Suto 0,021 0,008
L srsSuman 0,023 0.013

less than that of the outer elastomer. The inner
displacement difference value is only 1/6 of the
outer one. The optimization neglects the inner
displacement difference value, focusing on the
outer displacement difference value.

In new structure, with consideration of the
friction surface of the rotor being stuck with fric-
tion slice, so only the stator structure is opti-
mized. The original design is that the friction sur-
face of the stator is a parallel surface. Now the
friction surface of the stator is designed into a
conical surface with an outside displacement
difference from the inner to the outer, to counter-
act the outer displacement difference while the
stator and rotor deforming. The converted angle
is about 0. 2°. Therefore, in elatomer structure
design, the tooth surface of the elatomer is de-
signed as taper and the conical degree is 0. 2°,
which makes the two curves shown in Fig. 7 ap-

proach to coincide,structure before and after con-

trast is shown in Fig. 11.

4.5%0.02
K
. 4.5+ 0.031 1.5
Optimization of front 02°
stator structure :
4.5+0.02 02° K
K 4.5+ 0.031

Optimization of back stator structure

Fig. 11 Stator structure

Draw a 3-D mathematic model again as per

the optimized structure, and analysis by
ABAQUS. The friction coefficient and pre-pres-
sure are set the same as those before optimiza-

tion. The analysis results are shown in Figs. 12,
13. XIA-1 is the stator simulation data, SHANG-

1 is the rotor simulation data. Concrete analysis
data are shown in Table 2. Draw the curves by
means of the analysis data of Table 2, as shown in
Fig. 14. It is found that, the deformation amount
of the rotor is basic the same from the inner ring
contacting to the outer ring contacting, and the
changing magnitude is 10—14 mm, which can be
neglected during actual machining and grinding.
According to the displacement data of the rotor
contacting the ring surface, it is found that the
down displacement of the outer ring is more than
that of the inner ring. It is obtained by calculation
that, the deformation angle for ring surface con-
tacting is about 0. 194°, which approaches to the
converted angle in stator optimization design, i. e.
the contact surface of stator is approximately par-
allel to the fixed bottom after stator deformation.
Additionally, on the basis of the deformation data
in Fig. 14, it is found that, the deformation dis-
placement values of the nodes corresponding to
the inner stator and rotor of the ring surface of the
contract circle are — 5, 43 X 10" % and — 5. 66 X
10 %, respectively, the difference is 1.7 pm. The
nodes can be considered as deformation coinci-
dence.

Table 2 Displacement data of stator and rotor contacting ring

surface in pre-pressure status after optimization

Displacement/ Displacement difference/

Nodes i o
503 —o.o17 ~0.002
i 0o .00
¢ 583 (o —o.015 0.000
1 é@f@ﬁﬁfﬁn :8: ggg 0.003

S L7 7

J 7
Nodes part instance| Node ID | Attached element U,U;
XIA-1 285 7145 —0.017
XIA-1 2630 954 -0.018
XIA-1 2 629 1037 -0.019
XIA-1 2627 30244 -0.023

Fig. 12 Stator displacement after optimization
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sad lae - % o, =

/

Nodes part instance| Node ID | Attached element u.u,
SHANG-1 734 16 765 -0.019
SHANG-1 4779 17 728 -0.019
SHANG-1 4988 15517 -0.019
SHANG-1 53 6 688 -0.020
Fig. 13 Rotor displacement after optimization
0.000
——Rotor
—-0.005 —_a_Stator
£ -0.010
Lol
-0.015}
\
-0.020T \
—0.0251 3 3 4
Number of nodes
Fig. 14 Displacements of stator and rotor contacting

ring surface in pre-pressure status after opti-

mization

Therefore, it is concluded that, after optimi-
zation, when the stator and rotor are deformed in
pre-pressure status, the stator and rotor contact

surface fully contacts in a theoretical manner.

3 Experiment
3.1 Experimental facilities

Magtrol power analyzer is used, including
electric analyzer and motor test system. Electric
analyzer includes Dynamom Etermodel: DSP6001
and Power analyzer model:6510S (Figs. 15, 16).

Magtrol power
analyzer model:
DSP6001

Magtrol Dynamometer
controller model: DSP6001

Fig. 15 Electric analyzer

Magnetic powder brake DES310

Point tem. meter
Driver

Fig. 16 Motor test system

3.2 Experimental law

Conduct machining as per the optimized sta-
tor, and assemble into a motor to do the perform-
ance experiment. The experimental law is as fol-
lows:

Set the input voltage as U=24 V, the envi-
ronmental temperature 21 “C, the start rotating
speed =115 r/min, and the start pre-pressure
0.5 N « m, the experimental law is tested once
every 5 min. The data to be tested include current
I, rotating speed r, temperature ¢, and locked ro-
tor torque M. Moreover, test the data for two-
structure motors before and after optimization,
and test the data for one-hour motor running.
There are 13 groups of data in total, as shown in
Tables 3, 4, respectively.

Table 3 Motor test data before optimization

Times r/(r+ min ') M/(N+* m) t/C I/A
1 105. 00 0. 24 32.00 0.49
2 94. 20 0.24 53.00 0. 49
3 88. 00 0. 26 62.00 0.52
4 84.50 0. 26 70. 00 0.53
5 80. 50 0. 26 74.00 0.53
6 78.40 0. 26 78. 00 0. 54
7 81.50 0. 26 78. 00 0. 955
8 78. 50 0. 26 78. 50 0.55
9 76. 00 0. 26 80. 00 0. 54
10 74. 20 0. 26 81.00 0.55
11 73.00 0. 26 82.00 0.55
12 73.60 0. 26 82.00 0.55
13 73.20 0. 26 82.00 0.55

3.3 Result analysis

3.3.1
It is shown in Tables 3, 4 that, the tempera

Basic curve analysis

ture at which the motor reaches heat balance be-
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Table 4 Motor test data after optimization

Times 7/(r* min ') M/(N * m) t/°C I/A
1 105. 00 0. 38 24.00 0.31
2 102. 00 0. 38 34.00 0.3
3 95. 60 0. 34 38. 00 0.31
4 91. 00 0. 36 44.00 0. 30
S 83. 20 0.32 51. 00 0.29
6 80. 00 0. 34 53.00 0.31
7 78. 00 0. 34 55. 00 0.31
8 78. 00 0.32 55.00 0.31
9 77.20 0. 34 57.00 0.31
10 77.00 0. 34 57.00 0.31
11 77.50 0. 34 57.00 0.31
12 78. 00 0. 34 57.00 0.31
13 80. 00 0. 34 57.00 0.32

fore optimization is 80 “C, and is 57 “C after opti-
mization. Before optimization, the null running
current of the motor for each test is average 1. 6
times as much as the post-optimization one. After
optimization, the locked rotor torque of the motor
for each test is average 1.5 times as much as the
pre-optimization one. Because the locked rotor
torque M and the current I are percentile data,
when draw curves as per the data in Tables 3, 4,
the locked rotor torque M and the current I are
magnified 100 times, the tested 4 types of param-

eters can be used for drawing in a same curve

graph, as shown in Figs. 17, 18.
120

#i(t » min™), M/(N * m), #°C, /A

1 2 3 4 5 6 7 8 9 10 11 12 13
Number of tests
Fig. 17 Pre-optimization motor parameter-time

3.3.2 Ultrasonic motor efficiency analysis

The total power consumption of the ultrason-
ic motor consists of the power consumption of the
motor-driven controller and the power consump-
tion of the motor. The motor power consumption
includes the motor effective output power con-

sumption and the motor heating power consump-

——r =M

—a—1 o]

80 |

#/(r + min™), MI(N * m), #°C, JA

Olllllllll
1 2 3 4 5 6 7 8 9 10 1

1 12 13

Number of tests

Fig. 18 Post-optimization motor parameter-time

tion
P o = Proior T Pasive (€))
P o = Powput T Prear T Pasive (9
In test, the input voltage of the motor is
24 V, the motor current changes with time. The
solvable motor power changing with time is the
total power consumption of the motor. There are
two calculation schemes for the power consump-
tion of the ultrasonic motor-driven controller.
The first is adding power consumption of each ele-
ment / device. The second one is testing the con-
trolling circuit board bus over current of the ultra-
sonic motor driver in the case of voltage for the
fixed value, and then multiplying the current by
the voltage. Here, the second scheme is adopted,
the tested overcurrent of the circuit board is
5 mA, then the power consumption of the driver

circuit board is

P(Irive :U X Idrive :24 X O. 005 W —

0.12 W (10)
The output power of the ultrasonic motor is
Powpe =Maw =M 2% 0,104 TMn, (1)

where M is the locked rotor torque of the motor,
w the no-load angular speed of the motor, and n,
the on-load rotating speed of the motor.

The effective output power of the motor is

77 — POUIPU[
Plolal

The P s Puowrs Parive s Prew and g can be calculat-
ed by Egs. (8—12).

According to Tables 3, 4, calculate corre-

(12)

sponding parameters shown in Tables 5, 6. Then
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draw each power curve as per Tables 5, 6, as
shown in Figs. 19, 20. After optimization, the ef-
ficiency comparison result is shown in Fig. 21. It
is known that, before optimization, the highest
effective output efficiency of the motor is only
0. 224, when heat balance is reached, the effective
output efficiency of the motor is only 0. 151, and
the average effective output efficiency is 0. 172,
and the loss efficiency by motor heating rises to
0. 84 after heat balance from the start 0. 765. Af-
ter optimization, the effective output efficiency of
the motor is increased greatly with the highest
value of 0. 561, and it is about 0. 37 after heat bal-
ance, the average output efficiency is 0. 41.
Meanwhile, the motor heating loss efficiency is
decreased greatly, rising to 0. 613 from 0. 422
with the average value of 0.575. Additionally, it

Table 5 Power and efficiency of motor before optimization

Times  Puotor P P irive Piea 7
1 2.64 11.76 0.12 9.00 0.22
2 2.37 11.76 0.12 9.27 0.20
3 2.39 12.48 0.12 9.96  0.19
4 2.30 12.72 0.12 10.30 0.18
5 2.19 12.72 0.12 10.41 0.17
6 2.13 12.96 0.12 10.71 0.16
7 2.22 13.20 0.12 10.86  0.16
8 2.14 13. 20 0.12 10.94 0.16
9 2.07 12.96 0.12 10.77 0.15
10 2.02 12.96 0.12 10.82 0.15
11 1.99 13. 20 0.12 11.09 0.15
12 2.00 13.20 0.12 11.08 0.15
13 1.99 13. 20 0.12 11.09 0.15
Table 6 Power and efficiency of motor after optimization
Times P P P e Pt 7
1 4.18 7.44 0.12 3.14  0.56
2 3.59 7.20 0.12 3.49  0.50
3 3.40 7. 44 0.12 3.92  0.46
4 3.11 7.20 0.12 3.97  0.43
5 2.79 6.96 0.12 4.05  0.40
6 2.85 9.44 0.12 4.47  0.30
7 2.78 7.44 0.12 4.54  0.37
8 2.61 7.44 0.12 4.71  0.35
9 2.75 7.44 0.12 4.57  0.37
10 2.74 7. 44 0.12 4.59  0.37
11 2.76 7.44 0.12 4.56  0.37
12 2.77 7.44 0.12 4.54  0.37
13 2.85 7.68 0.12 4.71  0.37

is also found that, the total power of the motor
decreases greatly. The total power of the motor
before optimization is 12. 8 W in average, and it is
only 7.38 W after optimization. That is to say,
when the ultrasonic motor is used in a system,
the power consumption of a whole system decrea-
ses greatly, being very important for application
in a system with strict control for power con-

sumption.
14

I
10 W

——P =P

- ‘motor total

—+— Py,

P heat

Power /W

10 11 12 13
Times

Fig. 19 Motor power before optimization

Power/W
S = N W A L N I 00 O

1 2 3 4 5 6 7 8 9 10 11 12 13
Times
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4 Conclusions

Before optimization, the contact area of sta-
tor and rotor is only 14. 5% of theoretical area,

and it makes the pressure of contact area too big
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and enlarges the inner stress of friction material
which makes rapid wear of it and heat of the mo-
tor, at last the effective output power of the mo-
tor is only 17%. After optimization, the stator
and rotor deform after pre-pressure and the con-
tact interface of both approaches theoretically full
contact. When reaching heat balance the effective
output of the motor is 37%, and the average ef-
fective output efficiency is 2. 384 times compared
with the one which has not been optimized.
Meanwhile, the heat loss of motor deceases
greatly, which comes from 10. 48 W before opti-
mization to 4. 31 W after optimization, and ac-
cording to the total power, the efficiency of heat
loss decreases 30% after optimization. Moreover,
the motor total power decreases greatly, which
comes from 12. 8 W the average before optimiza-
tion to 7. 38 W after it and is 58% of the one be-
fore optimization. It can be seen that the total
consumption of the ultrasonic motor system de-
creases greatly, in other words, when using in
certain system, the consumption will decreases
greatly, especially in the system which has strict

consumption control.
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