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Applications of Power Converters
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Classification of Power Converter Applications

Up to 2 kW 2 kW —500 kW More than 500 kW
AC/DC, DC/DC AC/DC, DC/DC, DC/AC AC/DC, DC/AC
MOSFET MOSFET, IGBT IGBT, IGCT, THYRISTOR

Small volume and weight

High power density Low cost and high

High efficiency

High nominal power of the converter
High power quality and stability

efficiency
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Operator Interfaces Motion Controllers
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Taiwan

Department of Electrical Engineering, National Central University,



Volvo XC60

— Plug-In Hybrid
Porsche Panamera

S E Hybrid

Mitsubishi Outlander PHEV  Toyota Prius Plug-In

o 4 P
I 4 N

e —
Chevrolet Spark EV Ford Focus Electric Porsche Cayenne S Hybrid Cadillac ELR

EV HEV PHEV

Department of Electrical Engineering, National Central University, Taiwan



Applications of PMSM Servo Drives

servo amplifier UV, W
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Fig. 1 X-Y table using PMSM in CNC machine
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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
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Applications of Fuzzy Logic Systems

Fuzzy Controller Process
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Applications of Neural Network: Alphago

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 Using Intelligent Control

Intelligent Control System
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Five-degree-of-freedom Active Magnetic Bearing (AMB)

What is AMB?
= The elements of AMB:
= Electromagnet rover P
= Rotor
= Sensor
= Controller Controller
= Power Amplifier T D -

= According to its structure and usage of AMB:

= Radial AMB (RAMB) = Thrust AMB (TAMB) = Combination Disk
. 1.e. Axial AMB

RAMB TAMB

\

Source: Schweitzer, Waukesha
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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 RAMBSs and one axial DOF
controlled by a TAM B.y osition Sencors y

Load Disk X X
(Case 2 Only)

Rotor

0o0g9goo0 o 0o0o0o0 ooo0o0

Power Line

0000

............. I / / II \\ \\ P I atfo rm
T Left RAMB | Induction Motor | TAMB  Right RAMB
Signals Line Mass Disk Thrust Disk Flg . 16

e ¥ -———— W 1 " \I g e “.‘ P ] ‘ 5
: PC Based Control Core l-‘ |nvert -%Brlve Syst?_:,_,, Five- DOFAMB System
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Designs of Five-DOF AMB System

® =B,A = B,A,

System Dissection, Dynamic Analyses, and Experimental

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

The relation of flux ® and cross-sections A, and A, can be stated as

Stator

= One can obtain the followmg result

iy s

= Consider the Maxwell force quadratic!
_BIA _ mAN® | iPe—

|2

>

/

Hy 4l ) o\
AN 2 Inversely quadratic!
0

where X = A
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" Robust Control of Fully Suspended Five-DOF AMB System
Using Decentralized PIDNN Control

= The network structure of the PIDNN controller used for ¢-axis of
the five-DOF AMB system is shown as:

O P control N
0, (N) - fP(ul (N))
= 3 W (N)A(N)
N % Y
O | control I

OZ(N) - fl (uz(N)+02(N _1))

2

=S W, (N)g (N)+0,(N 1)

\ - /

D control

Layer 1 Layer 2 Layer 3
Input Layer Hidden Layer Output Layer
Fig. 17
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Robust Control of Fully Suspended Five-DOF AMB System
Using Decentralized PIDNN Control

= Te on-line learning algorithm of the PIDNN using supervised

: : Connective Weight Between
gradient decent method: ([~ Soonective Weight Betweer

AWJ?(N) =7},

OE(N)
2 8W12(N) —77W25¢(N)0j(N)

Wi (N +1) = w?(N) +Aw; (N)
Optimal Learning Rate

E(N
S (N) :
3 | GE(N)
2 5 +&

b {Z{ ] } } J
/ Connective Weight Between \
Input and Hidden Layers

JE(N)

AW (N) =77, T =17,,:6,(N)W; (N)g (N)

Wilj(N +1) :Wilj(N)+AW%(N)

Optimal Learning Rate
Layer 1 Layer 2 Layer 3 E(N)

Input Layer Hidden Layer Output Layer

B = 2
2|33 Em) }
E(N +1):%e¢2(N +1) < E(N) <; N { { o } /
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& <, (& -
Robust Control of Fully Suspended Five-DOF AMB System
Using Decentralized PIDNN Control

= The configuration of the wy-axis AMB control subsystem using PIDNN
controller with on-line learning algorithm and adaptive learning rates is shown

as follows:
18 1% P A
Varied Learning i On-line Learning
Rates Algorithms
(6.16) & (6.17) (6.8)-(6.11)
W2 rmmmmmmmmm e
i + One-Axi
Lg; DDM and Power :Or:MAé"S —
~1g —9/dt Amplifiers i, =1, ¢

< PIDNN Controller

Fig. 18
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Robust Control of Fully Suspended Five-DOF AMB System
Using Decentralized PIDNN Control
= 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.

f 47
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Robust Control of Fully Suspended Five-DOF AMB System
Using Decentralized PIDNN Control

= 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. %7
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Robust Control of Fully Suspended Five-DOF AMB System

Using Decentralized PIDNN Control
= 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.

Axes Regulating Errors Case 1 Case 2 Case 3
(em) PID PIDNN PID PIDNN PID PIDNN
RMS Values 7902 | 6068 9204 | 7764 8272 | 7381 |
" peaktoPeak Values  359.1 2787 ¢ 3905 373.3 356.0 286.5
y,  RMS Values 88.39 50.85% 11409 : 7238 F 130,60 87.62%
Peak to Peak Values 3159 2659 4475 307.7 4867 | 3779 |
RMS Values 9023 | 5095 . 10208 | 7086 12587 104.42§
2 peaktoPeak Values 3511 259.8% 358.8 2764 | 4951 3800
y, RMS Values 66.54 52.00% 73.29 46.71 148.03 7475
Peakto Peak Values 2598 | 2151 ; 2777 213.2 495.0 3027 :
RMS Values 1442 i 945 1701 | 1130F 2145 | 12.34
‘ Peak to Peak Values 84.7 . 66.3 : 93.7 75.6 126.8 83.2
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Fq b bt
Fault Tolerant Control of Six-Phase PMSM Drive System—

Using TSKFNN-AMF Control
* Fault tolerant control six-phase PMSM drive system using

TSKFNN-AMF control TMS320F28335,

r
%

SSR

l./uluuu CITIVIIL VI EelUWLI TN I—Ilvlll\l\llllls, I NVALIWVITWL wuliIll AT Wil VUI\JIL]’ I\.A.IV.VMII

I DC Link
i |
# # q #
’ : . * I —
@, | Speed @ & TSKFNN-AMF p Var | |
» Command dfdi Control * Current . V. IIRE:
Lookup Table é Command | Z; | Current Control Al PWM
x o, Lookup . and I
Table lyy Coordinate . : Inverter
= Transformation Var . \
I - SV H
> Vs =
A2 | PWM |
0 Fy A A A & A A I Z
Ix X %
4—-—.
— AD 4 b =
Fault Detection [* bz +t =
S, S, and — i D |
. - d 4 Za )
i _
Operating Decision |, Z.g; AD M4 Ze,- >
e 1= D)
I -
f | SW2 7Y -
| Three-Phase
| Y, SW1 |Resistive Load
-
|
JV « 6, QEP Six-Phase
6, /2 I PMSM
|
|
Speed :
Calculator | I
I Torque Meter
|
I
3

7



Using TSKFNN-AMF Control
 TSKtype FNN with asymmetric membership function
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1
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Using TSKFNN-AMF Control

¥ Fault Tolerant Control of Six-Phase PMSM Drive System—

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

E :%(a): ~—w,)" ==e
— Then, the update laws are:

5
s -y B OB OEN)

8\N5 77w 8y5(N) 8W5 5 yk
rc, =y FE_ B Oy3(N) QYN T (N) _ e
oCy 5}’ (N) oy (N) 8T, (N) ac;, (N)
oE
AT = B (N)

OE  dy5(N) ayf(N)ayg(N) ay;(N) oneti(N)
Y (N) oy, (N) ay, (N)ay; (N) onet}(N) om, (N)

Z(Yi_m')
mé‘j2 o _°O<Yilgmj
_ d
2(v —m.
Nn0; S . ’), m; <yj <o
o

(4.9)

(4.11)

(4.15)

(4.18)
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a’ﬁmm of Six-Phase PMSM Drive System—

Using TSKFNN-AMF Control

ok
|J (N)

OE  0y3(N) ay; (N)ays(N) oy}(N) aneti(N)
e 252 (N) 2y (N) By (N) &2 (N) net? (N) oy (N) (4.19)

0y = _77|a

do;(N)

GE 0yS(N) oy (N)ayi(N) @y3(N) aneti(N)
rUay (N)ayk(N) ayk(N)éy (N)8net (N) oo, (N) (4.20)

=7, 0] ———1—
Ori
— The exact calculation of the sensitivity of the system, 0@, /0y;(N)  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:

5. =(w —w )+ (0, —»,)=e+6 (4.24)
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Fault Tolerant Control of Six-Phase PMSM Drive System—
Using TSKFNN-AMF Control

Healthy condition in experiment:
Periodical trapezoidal wave (0.056Hz) reference speed profile.
= Y-connected three-phase resistive load 72 for the PMSG (Case 1)
= Y-connected three-phase resistive load 3.5Q 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 3.5Q to 7Q2 immediately by
using the SSR when the fault is detected, and then changed to 3.5Q
after six seconds.

= abc winding open (Case 3)
= Xyz winding open (Case 4)

Department of Electrical Engineering, National Central University, Taiwan
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irol of Six-Phase PMSM Drive System—
Using TSKFNN-AMF Control

Speed Speed

Command 2250rpm 2250rpm Command  2250rpm 2250rpm
Orpm Orpm
Motor Motor
Speed Speed
¢ 1280rpm W ¢ 1280rpm 4@’
(@) (d)

M Tracking Error " /\1 Tracking Error

rpm e
Rl R e ‘/‘\J

¢128rpm 4@’ ¢128rpm Ssec
(b) (e)
i * Iq
q m
. M oA )
¢l3.6A <> ¢13-6A A
(c) ()

Experimental results of PI control at Case 1(left) and Case 2(right)
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Orpm

Orpm

0A

ol of Six-Phase PMSM Drive System—

Using TSKFNN-AMF Control

Speed
Command 2250rpm 2250rpm
Motor
Speed
<«—>
¢1280rpm 5sec
()
Tracking Error
s’ e v T
¢128rpm < Ssec’
(b)
M
¢13.6A N
Sec
(©

Orpm

Orpm

0A

Speed
Command 2250rpm 2250rpm
Motor
Speed
¢1280rpm '5390.
(d)
Tracking Error
¢128rpm E’
(©)
M
¢13.6A e
)

Experimental results of TSKFNN-AMF control at Case 1(left) and Case 2(right)
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Orpm
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au%o erant Control of Six-Phase PMSM Drive System—

Using TSKFNN-AMF Control
» The performance measurings of the Pl 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 Pl and TSKFNN-AMF controls under healthy condition.

) Pl Control TSKFNN-AMF Control
Tracking Errors, rpm
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

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

_ Pl Control TSKFNN-AMF Control
Tracking Errors, rpm
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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