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Simulink
PMSM

[Permanent Magnet Synchronous Motor) - ......... .
% ] 000119 double (aute) [1 1] real
E Ll 000401 double (aute) [1 1] real
P % Lg 000401 double (aute) [1 1] real
P 5 double jauto) 11 real
/\/ ks = | % Rs 0.2a double (auto) EI I; real
b iq P % lambda 0.154 double (aute) [1 1] real
Ny > v S — PARAMETERS OF THE PMSM
Vb1
| > ' ' Parameters Values
o TL step Inputt R ¢ Nominal Power (Pn) 1.5 EW
av. > ve Nominal Speed (n) 2000 rpm
Vet Stator Resistance (f2s) 0.26 Q2
b o Stator inductance (Ld = Lq) 4.01 mH
Inertia Moment (.J) 0.00119 kg.m?
— " Friction Coefficient (B) 0.0000014161 Nm.s
Rotor Mechanical speed [» Magnet Flux (Ti’M ) 0.0946 Wb
sba to dq Number of Poles (2p) 10
PMSM

Field-Oriented Control of the PMSM with 2-DOF
PI Controller Tuned by Using PSO



dq Transformation
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[Vd] 2 [cose cos(6 — 2mw/3) cos(6 + 2w /3)] Va

V,| ~ 3 |sinf sin(@ —2x/3) sin(@ + 27/3)

2
Vi = E(VG cos @ + Vjcos(6 — 27 /3) + V. cos(f + 2?T/3))

2
Vi=3 (Va sin 6 + Vysin(0 — 27/3) + V, sin(0 + 271'/3))



PMSM Subsystem
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The d-axis equivalent circuit
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Hwan-hee Cho, Jae—won Kim, Hyung—chul Kim

11 ==-Time-series based System Stability Estimation for Railroad Vehicle PMSM Using Real-time Simulator



The g-axis equivalent circuit-
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Hwan-hee Cho, Jae—won Kim, Hyung—chul Kim

&1 =2-Time-series based System Stability Estimation for Railroad Vehicle PMSM Using Real-time Simulator
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Theta

T, = 0.75 P(Xiy + (La — Ly )iai,)

Electromagnetic Torque Equation (

9.
[\

The electromagnetic torque produced by the motor
is given by: the-m
3L 2 ; o (2)

where P is the number of rotor magnetic poles. If
the rotor is perfectly round, the quadrature and
direct impedances are equal, and in this case the
electromagnetic torque only depends on the
quadrature stator current.

£t 2 A-MODELLING OF PMSM
Dr. Bibhu Prasad Ganthia

Te: electromagetic torque
P: pole pairs
A: flux linkage

-12-



Mechanical Ahgular Speed Equation ==

Te

&

Te

e e

i

The equation that represents the mechanical torque 1s
given as [15]:

we
(Te—-Tp—Bwm)
W = [ dt (10)
e &1 =& -Mathematical Model of Permanent Magnet Synchronous Motor
Fatimah F. Jabert , Abdulhasan F. Abdulhasan T
(4)
wm
S dw
m

dt

wm

o
@

Theta

J: moment of inertia
Bwm: Viscous frition torque
Wm: Mechanical angular speed (rad/s)
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Rotor Mechanical Speed
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RPM Insert
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Inverse Park Transform
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Inverse Park Transform
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Inverse Clar
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Inverse Clarke Transform

O r—
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va Ualpha P Ualfa

Uc focn Ubeta P Ubeta
Embedded
Ve MATLAB Function1

Pa focfinal ¥ Ba SVPWM P |44 Embedded MATLAE Function

1 - function [Ualpha,Ubeta]= fcn{Ua,Ub,Uc)
2 Ualpha=2/3*(Ua-©.5*Ub-8.5%Uc);
3 Ubeta=2/3*(sqrt(3)/2*Ub-sgrt{3)/2%Uc) ;]

Usipha = 2(Va — 0.5V; — 0.5V,.)
> Zg}3
Upeta = 2(32V; — L2V,)

[k

b pulse

34t Al £ SVPWM HlAH|
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Inverter

Park and Clarke Transformatian
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Sinusoidal
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Motor Speed B
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ut.Loss

Refetonce Speed

L =0

Vagha

Vbets

7

1

wrvorse Park Transform

Park and Clarke Tranaformation

+ + +

out.Loss_Data

) motor_loss - Windows 2%

OEFE HEE MO 27NV =ESEH)

0.0
3.15544362088405e-30,1.91499417171764e-82
1.9320847562087e-17,2.64009197714716e-25
1.93208475620921e-17,2.64009197714855e-25
1.10940425553111e-05,0.0810043471515931
1.28285956905638e-05,0.108118542553716
1.40460859305199e-05,0.153521517319547
2.01335371303007e-05,0.495109761659981
2.85385013557091e-05,1.28143581532741
3.69434655811174e-05,2.42694923099786
4.76850479985605e-05,4.40369974790971
5.84266304160036e-05,6.94573289452401
7.18951370360454e-05,10.904926065562
8.53636436560872e-05,15.7068300557343
0.000101762269215281,22.6533447769274
0.000118160894774475,30.7676199856066
0.000138506376195666,42.3957855784559
0.000158851857616857,55.6806207286
0.000185431361472944,75.4086901980101
0.000212010865329031,97.6776307276358
0.00024965620300014,133.269571600163
0.000295729249075953,182.750535242612
0.000341802295151727,238.089024920574
0.00038787534122752,298.633424186176
0.000435948387303313,363.781226256569
0.000480021433379107,432.975739705757

Dut.Lnss_Data;

time data = ts.Time;

loss data = ts.Data;

loss data = real(loss data):
writematrix([time data, loss data],

100%  Windows (CF

"motor loss.txt');
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Progress

Log

-4 293.15

¥ General source

la | User defined

P loss funcit)

) Linear source

h=qs" T
O Owerall heat transfer rate
o= 8
Ty
>>» t8 = out.

time_data =

lnss_data
lﬂsa_dntﬁ =

Loss Data;
ts.Time;
ta.Data;
real (loss_data):

Wim

writematrix([time data, loss data), 'motor_loss.txt');

£ 55

1 P loss_data (1) - Windows 23
OEF BRE MY BTN EEEH
0.413167925241369,0.720252076265627
0.4713173005970412,0.71956307438151
0.413173005970415,0.719563074382807
0.413174096174721,0.7200771861931
0.413174096174724,0.72007 7186195155
0.413191538967078,0.7596017 73841603
0.413212324268843,0.881523959435295
0.413217430302585,0.0660433470709%6
0.413230495546474,0.9341 7105673318
0.413251475550093,1.25819628946657
0.413272455553712,1.59549093318386
0413301115451 168, 2168717650504 34
0.413301115451171,2.16871765058315
0.413301551094738,2.17839575635971
0.413301551094741,2.17839575643875
0.413301986738308,2.18810255323201
0.413304164956142,2.2370515918585
0.413315056045312,2.492269091 35758
0.413327826097051,2.81272925231487
0.413327826097054,2.812729252407T17
0.413334448958064,2.987755598062 32
0.413334448958068,2.98775559815781
0.4133410T1819077,3.16670557844321
0.413374186124126,4.15912312563581
0.413409326342659,5.35 748714480761
0.4713409326342662 5.35T48714493604

Lm 15, Col 38 100%  Windows (CRLF)

UTF-8

Time range(0, 1, 300

-37-



[\

Result

10s

60 |-

60 |-

60 -

-38-



0

References

https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=4282649

https://ieeexplore.ieee.org/document/ 10421371
https://community.nxp.com/t5/Model-Based-Design-Toolbox-MBDT/Module-2-PMSM-and-FOC-Theory/m-

p/761926
https://fenneltechnology.wordpress.com/2018/12/07/field-oriented-control-foc-of-pmsm-by-using-svpwm-

technique/
http://journal.auric.kr/kiee/XmlViewer/f408400

nttps://www.onsemi.jp/pub/Collateral/TND6236-D.PDF
https://www.studocu.vn/vn/document/truong-dai—hoc-bach-khoa-dai-hoc-da-nang/truyen-dong-
dien/mathematical-modeling-of-permanent-magnet-synchronous—motor-pmsm/125806603

https://www.iaeng.org/publication/WCE2015/WCE2015_pp375-380.pdf

-39-


https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=4282649
https://ieeexplore.ieee.org/document/10421371
https://community.nxp.com/t5/Model-Based-Design-Toolbox-MBDT/Module-2-PMSM-and-FOC-Theory/m-p/761926
https://community.nxp.com/t5/Model-Based-Design-Toolbox-MBDT/Module-2-PMSM-and-FOC-Theory/m-p/761926
https://fenneltechnology.wordpress.com/2018/12/07/field-oriented-control-foc-of-pmsm-by-using-svpwm-technique/
https://fenneltechnology.wordpress.com/2018/12/07/field-oriented-control-foc-of-pmsm-by-using-svpwm-technique/
https://www.onsemi.jp/pub/Collateral/TND6236-D.PDF
http://journal.auric.kr/kiee/XmlViewer/f408400
https://www.studocu.vn/vn/document/truong-dai-hoc-bach-khoa-dai-hoc-da-nang/truyen-dong-dien/mathematical-modeling-of-permanent-magnet-synchronous-motor-pmsm/125806603
https://www.studocu.vn/vn/document/truong-dai-hoc-bach-khoa-dai-hoc-da-nang/truyen-dong-dien/mathematical-modeling-of-permanent-magnet-synchronous-motor-pmsm/125806603
https://www.iaeng.org/publication/WCE2015/WCE2015_pp375-380.pdf

'll-hl.ol-LIEI.

-40-



	슬라이드 1
	슬라이드 2
	슬라이드 3
	슬라이드 4
	슬라이드 5
	슬라이드 6
	슬라이드 7
	슬라이드 8
	슬라이드 9
	슬라이드 10
	슬라이드 11
	슬라이드 12
	슬라이드 13
	슬라이드 14
	슬라이드 15
	슬라이드 16
	슬라이드 17
	슬라이드 18
	슬라이드 19
	슬라이드 20
	슬라이드 21
	슬라이드 22
	슬라이드 23
	슬라이드 24
	슬라이드 25
	슬라이드 26
	슬라이드 27
	슬라이드 28
	슬라이드 29
	슬라이드 30
	슬라이드 31
	슬라이드 32
	슬라이드 33
	슬라이드 34
	슬라이드 35
	슬라이드 36
	슬라이드 37
	슬라이드 38
	슬라이드 39
	슬라이드 40

