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Applications of Power Converters 
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Classification of Power Converter Applications 
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馬達驅動器 
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運動控制器 
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系統應用 
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Products of various kinds of EVs 
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A, B, Z signals of Y-axis

A, B, Z signals of  X-axis

encoder

encoder

PC  AD/DA card

torque  
commands

 motion control card

 

servo amplifier

Y-axis 
torque command

X-axis
torque command

PMSM

servo amplifier
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U, V, W

U, V, W

Fig. 1 X-Y table using PMSM in CNC machine 

Applications of PMSM Servo Drives 
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圖4  LED 晶圓之晶粒等級示意圖(藍膜) 

圖3 晶粒排列不良的結果圖 

圖2 全自動LED Side Bin Sorter and Cassette Station  
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Applications Linear Motor Drives 
  

• Linear Synchronous Motor Drives 
      (3 phase) 

– Packaging and Material Handling 
– Automated Assembly 
– Reciprocating compressors and  

alternators  
• Large Linear Induction Motor Drives  

(3 phase) 
– Transportation 
– Materials handling 
– Extrusion presses 

 
 

10 



Department of Electrical Engineering, National Central University, Taiwan 

Applications of Fuzzy Logic Systems 
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Applications of Neural Network: Alphago  
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New search algorithm that combines Monte-Carlo simulation with 
value and policy networks 
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Linear Synchronous Motor Drive 
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Linear Synchronous Motor Drive 
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Linear Synchronous Motor Drive Using Intelligent Control 
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Fig. 8 
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Fig. 9 
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Linear Synchronous Motor Drive Using Intelligent Control 
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Fig. 9(續) 
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Linear Synchronous Motor Drive Using Intelligent Control 
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y軸是由二台的永磁線型同步馬

達所組成的雙平行馬達系統；x
軸是由一台永磁線型同步馬達組

成。 
 
  y軸型號：LMS 27  
     x軸型號：LMS 13 
  y軸最大行程：1000mm  
     x軸最大行程：750mm 
 額定電壓：220V 
    額定連續電流：5.0A 
    連續推力：180N 
    永磁極距為：3.2cm 

  龍門式定位平台 

線性滑軌

y1軸定子 y2軸定子

y2軸動子

y1軸動子

x軸定子
x軸動子

線性光學尺
編碼器

掃描攝影機

Fig. 10 龍門式定位平台控制系統 

本論文所使用之龍門式定位平台系統為上銀微系統股份有

限公司所生產製造型號LMG2A-S13 S27的龍門式定位平台。 

龍門式定位平台(Gantry)驅動控制系統 
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Fig. 11 龍門式定位平台控制系統方塊圖  
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龍門式定位平台(Gantry)驅動控制系統 

  互補式滑動模態控制器結合Sugeno型模糊類神經網路控制系統 
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Fig. 12  
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龍門式定位平台(Gantry)驅動控制系統 

  Sugeno型模糊類神經網路 
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互補式滑動模態控制器結合比例
微分控制器控制系統 

互補式滑動模態控制器結合
Sugeno型模糊類神經網路控制系
統 

Fig. 13  23 
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龍門式定位平台(Gantry)驅動控制系統 

  傳統耦合同動控制策略 

 交叉耦合同動控制策略 
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龍門式定位平台(Gantry)驅動控制系統 

  交叉耦合式函數連結放射狀基底函數網路控制系統 
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龍門式定位平台(Gantry)驅動控制系統 

  函數連結放射狀基底函數網路控制系統 
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Five-degree-of-freedom Active Magnetic Bearing (AMB) 

 The elements of AMB: 
 Electromagnet 
 Rotor 
 Sensor 
 Controller 
 Power Amplifier 

 
 According to its structure and usage of AMB: 

 Radial AMB (RAMB) 
 

 
 

What is AMB? 

 Thrust AMB (TAMB) 
 , i.e. Axial AMB 

 Combination 

Source: Schweitzer, Waukesha 

RAMB TAMB 

Disk 
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System Dissection, Dynamic Analyses and Experimental 
Designs of Five-DOF AMB System 

 The fully suspended five-DOF AMB system is composed of four 
radial DOF controlled by two identical RAMBs and one axial DOF 
controlled by a TAMB.  
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PC-Based Control Core Inverter Drive System Five-DOF AMB System 

Fig. 16  
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 In the case of an AMB, where iron is used in the stator and the rotor, 
electromagnets cause a flux Φ to circulate a magnetic loop. 

 The relation of flux Φ and cross-sections  As and A0 can be stated as  
 

 One can obtain the following result  
 
 
 

 Consider the Maxwell force   
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the five-DOF AMB system is shown as:  
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 The configuration of the ψ-axis AMB control subsystem using PIDNN 
controller with on-line learning algorithm and adaptive learning rates is shown 
as follows: 

Robust Control of Fully Suspended Five-DOF AMB System 
Using Decentralized PIDNN Control 
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 A. Experimental results of fully suspended five-DOF AMB control 
system using decentralized PID controller 
 Five conventional PID controllers are also used to construct a decentralized 

PID controller for the comparison of control performances.  
 

φφφφφφφ eKdteKeKu D

t

IP ++= ∫0

   Case 1                                                        Case2                                                      Case 3 
2400RPM                                         2400RPM with Load                                        4800RPM 

 maximum run outs: 0.2 mm  maximum run outs: 0.238 mm  maximum run outs: 0.282 mm  

Robust Control of Fully Suspended Five-DOF AMB System 
Using Decentralized PIDNN Control 
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 A. Experimental results of fully suspended five-DOF AMB control 
system using decentralized PIDNN controller 
 Five proposed PIDNN controllers are used to construct a decentralized PIDNN 

controller to achieve the regulating and stabilizing purposes for the fully 
suspended five-DOF AMB control system. 
 

   Case 1                                                        Case2                                                      Case 3 
2400RPM                                         2400RPM with Load                                        4800RPM 

 maximum run outs: 0.16 mm  maximum run outs: 0.19 mm  maximum run outs: 0.22 mm  

Robust Control of Fully Suspended Five-DOF AMB System 
Using Decentralized PIDNN Control 
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 The performance measures of the decentralized PID controller, 
decentralized PIDNN controller are shown in the following.  

 Obviously, the proposed decentralized PIDNN controller possesses 
the better robust control performance.  
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• Fault tolerant control six-phase PMSM drive system using 
TSKFNN-AMF control 

Fault Tolerant Control of Six-Phase PMSM Drive System—
Using TSKFNN-AMF Control 
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• TSK type FNN with asymmetric membership function 

Fault Tolerant Control of Six-Phase PMSM Drive System—
Using TSKFNN-AMF Control 

)()(1 NxNy ii =
Layer 1

(Input Layer)

Layer 2
(Membership Layer)

Layer 4
(Consequent Layer)

Layer 5
(Output Layer)

Layer 3
(Rule Layer and 
TSK Type Fuzzy 

Inference 
Mechanism)

…

5*
oq yi =

2
1y

3
1y 3

2y 3
9y

∏ ∏ ∏

…

1x 2x

4
9y4

2y4
1y

∏∏∏

5
1w 5

2w 5
9w

Σ

ΣΣΣ

11c 21c 12c 22c 19c 29c

...

...

1T 2T
9T

1
1y 1

2y

2
2y 2

3y 2
4y 2

5y 2
6y

3
11w 3

22w 3
41w 3

52w

3
39w 3

59w

∏

3
33w 3

63w

∏

5
3w
4
3y

3
3y Σ

13c 23c

3T

2
jy

1
iy

1
iy

0

1

ljσ rjσ

jm

)( 12
ij yy

38 



Department of Electrical Engineering, National Central University, Taiwan 

– To obtain the leaning algorithm for the TSKFNN-AMF, the BP 
learning rule is  adopted here. First, the energy function is defined as: 

 
– Then, the update laws are: 

 

Fault Tolerant Control of Six-Phase PMSM Drive System—
Using TSKFNN-AMF Control 
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– The exact calculation of the sensitivity of the system,                   , is 
difficult to be determined due to the uncertainties and unmodeled 
dynamics of the six-phase PMSM drive system. The error term shown 
in (4.10) is assumed to approximate as follows: 

Fault Tolerant Control of Six-Phase PMSM Drive System—
Using TSKFNN-AMF Control 

3

21
2

2

2

2

2

3

3

4

4

5

5

)(2

)(
)(

)(
)(

)(
)(

)(
)(

)(
)(

)(

)(

lj

ji
jl

lj

j

j

j

j

k

k

k

k

o

o
l

lj
llj

my

N
Nnet

Nnet
Ny

Ny
Ny

Ny
Ny

Ny
Ny

Ny
E

N
E

σ
δη

σ
η

σ
ησ

σ

σ

σ

−
=

∂

∂

∂

∂

∂
∂

∂
∂

∂
∂

∂
∂

−=

∂
∂

−=∆

3

21
2

2

2

2

2

3

3

4

4

5

5

)(2

)(
)(

)(
)(

)(
)(

)(
)(

)(
)(

)(

)(

rj

ji
jr

rj

j

j

j

j

k

k

k

k

o

o
r

rj
rrj

my

N
Nnet

Nnet
Ny

Ny
Ny

Ny
Ny

Ny
Ny

Ny
E

N
E

σ
δη

σ
η

σ
ησ

σ

σ

σ

−
=

∂

∂

∂

∂

∂
∂

∂
∂

∂
∂

∂
∂

−=

∂
∂

−=∆

(4.19) 

(4.20) 

(4.24) 

)(/ 5 Nyor ∂∂ω

eerrrro  +=−+−≅ )()( **5 ωωωωδ

40 



Department of Electrical Engineering, National Central University, Taiwan 

 Healthy condition in experiment: 
 Periodical trapezoidal wave (0.056Hz) reference speed profile. 

 Y-connected three-phase resistive load 7Ω  for the PMSG (Case 1) 
 Y-connected three-phase resistive load 3.5Ω  for the PMSG (Case 2) 

 
 Faulty condition in experiment: 

 Speed profile is set as 2250rpm at the beginning and reduced to half of 
the speed after three seconds when the fault detected. The three-phase 
resistive load will also be changed from 3.5Ω  to 7Ω  immediately by 
using the SSR when the fault is detected, and then changed to 3.5Ω  
after six seconds. 
 abc  winding open (Case 3) 
 xyz  winding open (Case 4) 

Fault Tolerant Control of Six-Phase PMSM Drive System—
Using TSKFNN-AMF Control 
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Fault Tolerant Control of Six-Phase PMSM Drive System—
Using TSKFNN-AMF Control 
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Fault Tolerant Control of Six-Phase PMSM Drive System—
Using TSKFNN-AMF Control 

Experimental results of TSKFNN-AMF control at Case 1(left) and Case 2(right) 
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Fault Tolerant Control of Six-Phase PMSM Drive System—
Using TSKFNN-AMF Control 

Experimental results of PI fault tolerant control at Case 3(left) and Case 4(right) 
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Fault Tolerant Control of Six-Phase PMSM Drive System—
Using TSKFNN-AMF Control 

Experimental results of TSKFNN-AMF fault tolerant control at Case 3(left) and Case 4(right) 
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• The performance measurings of the PI and the proposed TSKFNN-AMF 
controls under healthy (Cases 1 and 2) and faulty (Cases 3 and 4) 
conditions are shown in Table 4.1 and Table 4.2 respectively.  

• The proposed fault detection and operating decision method can detect the 
open phases of the motor effectively. 

Table 4.1 Performance measurings of PI and TSKFNN-AMF controls under healthy condition.  

Table 4.2 Performance measurings of PI and TSKFNN-AMF controls under faulty condition.  

Fault Tolerant Control of Six-Phase PMSM Drive System—
Using TSKFNN-AMF Control 

Tracking Errors, rpm
PI Control TSKFNN-AMF Control

Case 1 Case 2 Case 1 Case 2

Maximum 261.12 281.6 71.68 107.52

Average 14.51 15.31 11.06 13.39

Standard Deviation 103.23 146.5 37.71 58.92

Tracking Errors, rpm
PI Control TSKFNN-AMF Control

Case 3 Case 4 Case 3 Case 4

Maximum 348.16 522.24 245.76 307.2

Average 23.47 32.88 19.06 25.82

Standard Deviation 350.77 357.73 191.74 211.72
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Thank You for Your 
Attention!  
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