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Objective of the work

 Develop a PMSM drive model that is

— compatible with real-time simulation

— can support faulty or non-active control modes
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SERVO AMPLIFIERS & MOTORS

This motor drive is used in:
— Machine tool application
— Injection molding machine
— Semi-conductor equipment T ————

— Robots MELSERVO
— Press machine -l

And especially in:
— Air Conditioning

Empowering £ZSSCNET MELSOFT |\Tasg) Y, || e
Indusiries v,

<http://wwwf2.mitsubishielectric.co.jp/melfansweb/english/servo/details/index e.htm> 3
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MELSERVO-]J3 The ever-evolving new

End Application

generation servo

SSCNET I, new high-speed serial bus compatible: MR-J3-B

B High-speed with high accuracy via optical communication

® [mproved sysiem responseness! -
The spesd af exchanging dam berwen the conroller and the serm
ampiifier bas been greaily increased tereby shanening ac tme.

& Epnchronized cantrel and synohwronized s@ning for advanced
imerpoiation!

# Smo<th coniral using high-speed ssrial communication wih cyde
tmisx up o Cdioe! MNate 13

LD b |

ol

B Easy and flexible wiring with optical
communication

& Capabile of long distarce wiring (Maxicmon overl] disiance
U 00 S0m. Deiwean salions (Nole Z) X pamber of axes).

# Aeduced wiring by ssuing the sircke lmit signal and the proximity
diog signal wa the serva amplifer.

® Smple connectan wih dedicabed cables, Teducing both wiing dme
and charces of wiricg srrors

B Enhanced reliability
# [mpeoved pakse reds@Ence wich optca] cammanicadon!

T

Fully closed loop conirol compatible servo amplifier: MR-J3-B-RJ006
B High accuracy and high response ¥
position conteol
# Dual fesdback conirol peavides the highesi possitie
positionicg resparnss by usng the position fesdback

lieyear encoder, when poskloning Giopping).
B Flexible system struciore

& Wik the wide variety of linear snooders, Users can
onflgurs sysiems that mest their requirsment.
Cornpatible ssrial communication linear snoonder
for MRJ25 n be used wiihout modificaton. '

# Absolute postiion delection system is easily configuned witoax 2 baiiery by using a seral inerface ABS type linear encoder,

& ARE phase dfferenilal Inpok imiecface unit, MR-]25-CLET, that was necessary far ME-125 serles, 15 not requirsd when using a
compaiible ABZ phise puiss main loesrfaoe Inear sncoder

Linear servo compatible: ME-J3-B-RJ004

B High-speed, high-accuoracy
# Highspeed operation (3m/s) 15 now posble with this drect drive [
system. (Conventional rarermiszion mechanisme pkcally cin not
achieve such fst operational spesds)
# A ully closed loop control system 1s pealized by using postilon.
Tesdback signals from 2 maching-end encoder such as a linear ercoder.
B Wide range of produocts
& Core fype Inar :er maor
LM-H2 series Cominuous hros /10 5608
[M-F series  Coatinuous thred 330 o 30008 (ssifcoolng)
Continuous thrust (10 o GO diquid-ooding)
E ® Coxedess bppe linear ssrvo mokar

[M-172 series: Continuous thrus 80 ta S0

CC-Link compatible buili-in positioning function: MRJ3-T

B Buoilt-in positioning functicn
® By seiting position and speed data n the paint @hies In the servo amplifler, postdoning operaton L possihle wdih a simple
start sigrial from the posidoning cantroller.
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B CC-Link communication compatible il
& Seiling position and spesd dats and operation swar and stop 15 posible
¥l OC-Link communication.
& Seren dal Infarmation can b sent wa CC-Unk communi catian io e
positianing coatraller ind ussd for contralling the positaning
application.
# CC-Link communicatian makes [f posdble to deslgn the sysiem with the o
servo amplifiers dsperesd troughoul.
B DO command with the extension IO unit,
MR-J3-D01 {Optional) \
# Seleing the point @hie and positioning operion siirt ane possibie by
the DI command with MR-[3-D31. Adsa, alarm code and M code oo be
auipui with the dghal sgnal. (DC-Lnk communicatian is not avallable
when using ME-]3- 0413
W Parameter unit, MB-PRU0
# Farameier seiting, mankorning, alamm display and iest operation are
passible by connecting io the servo amplifier, thus providog an T
fficiert aperatian start.

® Up m 32 servo amplifler 1385 can be connecied and oonrallsd with 2 ‘. i
it -drop connedion. B
N Operational fonctions %:mzl —

# Eall fesd functicn e Bt

. l ’-
Capable of positoning 1o a set number of equally divided stations (up [Pt
£ 255 statioreh.

Wide range of product lines

B DHverse motos capacities
# Largs capacty motoes have been addsd o our product ine. Now motoes are avallable from S0% 1o S50W. Wit the wide
sslpcion of molors provided, full el of an ME-J25 ssries sysiem is possible.

MRJ3 WALy <SPy mogesd eom mten

HA-LF 4= HA-LFS
HC-FF 4= HC-AFE
HC-LF = HCLUFE
HC-LF = HCLFE
HF-EF 4= HC-SF3

HFHF | HCKFS
HFWF * HCMFS

B Compatible with the various power voltage +
® LGV, VA, U0TVAC dass servo ampliflers are available.
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Classic motor drive test bench
e Using real physical prototype
* Requires a 2"d motor drive to produce torque

Motor drive
under test

DC motor
(torque production)

zl\'
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=i \firtual motor test bench at IVIELCO

Simulated in RT:
— Diode converter
— IGBT Inverter

—  PMSM motor

— Mechanical load

=~

OPAL-RT

eDRIVEsim Simulator

IGBT Inverter

- A

H%T

PMSM

R

X
\

__ Load

eDRIVEsSim
Virtual Test Bench

Controller




¢ MITSUBISHI
& W ELECTRIC .
Changes for the Better i

Challenges =

e Controller sample time is around 50 ps

— We need a motor drive model that run much faster that this.
10 ps is acceptable and near today’s simulator limits (for CPU
type. FPGA type PMSM model can run much faster!)

e PWM frequency is around 10 kHz

— Interpolation of gate signals inside a ‘direct analytical
approach’ must be used at 10 ps to avoid under-sampling
problems.

 Fault modes

— A problem until now because of the switching-function
approach (SFA).

=> A solution is presented here




Direct Analytical Approach

Advantages

e Simple controlled

voltage source

e ->\Very fast method

;

.

V_load

| load

Disadvantages

Has limited functionality when used
in rectification and faulty mode
because of the high-impedance
mode cannot be modeled by a

voltage source

~V+

~0

logic

G+ G-

*V_load for positive | _load
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Motor currents (A)
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HIL simulation Actual System

Motor Current [A]

. I . L o I .
0 0.003 0.006 0.009 0.012 0 0.003 0. 006
Time [sec] Time [sec]

2.25 kHz

Motor Current [A]

I
|
. I . L 0 I .
0 0.003 0. 006 0.009 0.012 0 0.003 0.006

Time [sec]

Motor Current [A]

Time [sec] Time [sec]

9 kHz

Results (active mode)

Effect of PWM frequency

Effect of dead time

HIL simulation  Actual System

Motor Current [A]

|
0.006
Time [sec]

Motor Current [A]

. . Y I . )
0 0.008 0.006 . 0.006 0.009 0.012
Time [sec] Time [sec]

Motor Current [A]
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How to implement high impedance
mode in ‘direct analytical approach’?

e A series switch in SimPowerSystems

— Facilitate inclusion of other contingencies like
breaking resistors

Simulink y —— Simulink

SPS PMSM

o JI: S}'“h :

SimPowerSystems

“_ |3

= 10
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" Free-running simulation —

IGBT

e When no IGBT gates = " B
are present @DE + T T%} o

[ Free—Running ]
| Gate Signals | Gate Signals turn OFF

Back-EMF present
during shutoff

Real-time simulated motor

Currents go to zero
during pulse shutoff

I i I i i I i I i
0 005 01 015 02 025 0.3 035 04 045 0.5
Time (s)

11
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" Open-phase simulation "

[ Open—Phase ]
IGBT U-Phase is open

 When one motor phase Dioce

is opened @5; % E »){TL > omsm

Acceleration is different

Actual motor

eal-time simulated motor

(%)
. urrents
= L
=] o
=] T

1 1 1 I I | I
0.0z 0.1 0.1 0.z 0.25 0.3 0.35 04
Time (5)

R i i I i ; i i
-0.05 ] 0.05 0.1 0.15 0z 0.25 0.3 0.35
Time (s)

Non-null open-phase current 12
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Dynamic breaking simulation ==
oBT LDy reskine]
e Force the motorto a halt
. : : : : @E * 1 . +—{ PMsm
by dissipating its kinetic T £
energy Into resistors IR S m
Pulse shutdown Resistors engaged
(o]0] (o]0] g
S k=
vz vz <
o) o) g
()] ()]
2 7
- - z
o Q. z
~ o
v Realtme simulated motor| w Real.time simulated motor
1] 0.05 0.1 015 Tm?éQ(S) 0.25 0.3 0.35 04 015 Tm?:(S) 0.25 13



¢ wmTsuBISHI
&\ ELECTRIC .
=\

Summary

OPAL-RT

e The most common method to simulate a motor drive
in real-time is with the use of switching function
methods.

— However, the high impedance case is a problem in this
method.

e By combining ‘direct analytical approach’ and a global
solver (SPS here), it’s possible to simulate the high
impedance effect of the inverter by using a SPS switch
model in series with a switching function approach

 This enabled MELCO to make several passive control
and fault mode tests not previously possible in RT.

14
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Conclusion (2)

e Accuracy of the proposed model is good. However:

 Non-null current during open-phase test

— a limit exist on the maximum resistance of the high

impedance resistor because of the delay between SPS and
SFA parts.

— This limit does not diminish the usefulness of the tests that
can be made with the model.

e A different acceleration occurred in the open-phase
model.

— This may be caused by the motor model itself which is a

standard d-g model with no saturation and sinusoidal
back-EMF.

— An FEA-model of the PMSM could be better. JIMAG-RT
provides such real-time models for RT-LAB.

15
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Thank you for your attention!
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