ESTIMATING MOTOR PARAMETERS

Part 4




« Assumptions;

* Modeling of PMSM motor;

« Estimate actual motor parameters;
« Example;
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ASSUMPTIONS

» Stator windings produce sinusoidal MMF;
» Space harmonics in the air-gaps are neglected;

« Air-gap reluctance have a constant & sinusoidally
varying component;
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ASSUMPTIONS

* Balanced 3-phase supply voltage;
« Eddy currents & Hysteresis effects neglected;

Copyright 2022-23 PEG This document contains privileged information. Any unauthorized review, use, disclosure, or 4
distribution is prohibited.



MO

DELING OF PMSM MOTOR

« Stator reference axis for phase-A is chosen in the
direction of maximum MMF when a positive phase
A current iIs maximum;

« Stator self inductances are maximum when rotor
g-axis is aligned with the particular phase;

 Mutual inductances are maximum when rotor g-
axis is midway between two phases;
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MODELING OF PMSM MOTOR

Self Leakage Magnet
inductance 'nductance |nieraetion

/

La =L+ La+ L cos(20) 26 is the terms infroduced
Lbb — |_SO 4 le 4 |_X COS(2(9+120) due to saliency

L. =L,+L,+L, cos(20—-120)
h ~axis is ali d
L, =(-1/2)L + L, cos(20—120) | it the perticoler prase.

self-inductance is

L. =(-1/2)L,,+ L, cos(26) MAXImMuM.
Lca =(-1/2) Lso + L, cos(26 +120) When g-axis is midway

between phases, mutual-
inductance is maximum.
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DELING OF PMSM MOTOR

MO

R.I_ + pA,
Rslb —+ pﬂ"b
R.I_ + pA.
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DELING OF PMSM MOTOR

MO

A =L 1 +L 1 +L_ 1. +4_
Ay = Lo la + Ly + L le + A
A =L I +L 1 +L 1 +A4_
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DELING OF PMSM MOTOR

MO

A=A €C0OS(O)
A, = A, €0s(6—120)
A.. = A, €C0S(0+120)
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DELING OF PMSM MOTOR

Park'’s tfransformation

S cos() cos(0-120) cos(f+120)]S, |
S, [=(2/3)|sin(@) sin(6-120) sin(8+120) || S,
15 | 05 0.5 0.5 9
Anti-Park’s transformation @
S, | | cos(6) sin(@) 11| S,

S, |=|cos(f-120) sin(6-120) 1|/ S,
cos(0+120) sin(0+120) 1|3,

Beware of 6
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DELING OF PMSM MOTOR

V, =R.1, + pA, + @4,
V, =R, + pA, — @4,

\

Why this is —ve?
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DELING OF PMSM MOTOR
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| Al Ay
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Synchronous inductances are effective inductances seen by phase
winding during balanced operation.
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DELING OF PMSM MOTOR

L, = (3/2)(Ly + L) + Ly,
Ly = (3/2)(Ly, — L) + Ly

\ Leakage

Position Inductance

Dependent

Average Value
Component
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DELING OF PMSM MOTOR

V, = (R, + L, p)l, + by, + ok,
V, = (R, +L,p)l, —alyl,
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DELING OF PMSM MOTOR

* Synchronous inductances are effective
iInductances under balanced conditions;

B =@/2){V, 1, +Vyl,}

P, =(3/2){wiyl, — w14}

T =(3/2).(P12){A, 1+ (Ly — L)1, 1 .}
/ v

Mutual reaction Torque Reluctance Torque

Lg>Ld, Hence Id must
be —-ve to produce
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DELING OF PMSM MOTOR

« Equivalent circuit of PMSM:

+ Rs Lg g RS Ld
1 AAN A YA 1 AAN a2
— —
Vv lq WAm |+ Id
: Vd
wldld wlglg
~> Y
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MSM MOTOR
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MODELING OF PMSM MOTOR
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MODELING OF PMSM MOTOR
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Large signal model of Half bridge inverter
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G OF PMSM MOTOR

Torgue < Torgue
Speed (wm)
A I AN
- 3 ) b
FJ_MOT} i
Angular H_Load_sense
Acceleration: Load
A ey ok _l
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DELING OF PMSM MOTOR

Mechanical Speed in Badis

{:}Speed_Feedhack
Crmega_gle
C

W%l * | > Electrical rad/s
T moToR pdiEEm o —
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SIMULATION RESULTS
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SIMULATION RESULTS
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SIMULATION RESULTS
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DELING OF PMSM MOTOR

V| = V.2 +V l, =1, cos(d,)
|, =—1.sIn(6,
NENEE ; “n)

T =(3/2).(P12){4, 1, c08(6,) +0.5(L, - L,)1.” sin(26, )}
T =3/2)(P/2)(4,1,cos(b,))
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Zero Current
pamsstd /ero Rotor Position

Shaded Plot {Wb;/mm)}
-52.09%:-06 -3.81e-06 -2.54e-06 -1.27e-06 J.81e-09 1.28e-05 2.55e-05 J.82e-08 2.09%-05
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Lg Flux Linkage

Shaded Plot {Wb,/mm)
-4e-05 -2,75e-06 -1.5e-06 -2.59e-07 9.96e-07 2.25e-06 3.5e-08 4,75e-06 Ge-0s
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i Z Current
90 degree Rotor P

Lg Flux Linkage

Shaded Plot (Wb ,/mm)
-1.5e-05 -1.19-05 -5, 92e-06 -5.%e-06 -2, 80e-06 1.38e-07 3. 16e-06 6,17e-06 9,19e-06
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Zero Current Ld Flux Linkage
Zero Rotor Positig

Shaded Plot {Wb,/mm)
-1.2e-05 -5.97e-06 -5.98e-06 -2.99%-06 2.27e-09 2.99%-05 5.98e-06 g.97e-06 1.2e-05
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Shaded Plot {(Wb,/mm)
-6, 05e-06 -4.,52e-06 -3.01e-06 -1.51e-06 5.71e-10 1.51e-06 3.02e-06 4, 52e-06 6.03e-06
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Lg Flux Linkage

Flus¢ functn B i
-LAe-07 ' Wh/mm

Shaded Plot {Wb,/mm)
-5.45e-06 -3.99e-06 -2.53e-06 -1.06e-06 3.98e-07 1.86e-06 3.32e-06 4., 78e-06 6,25e-06
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LUMPED PARAMETER ANALYSIS

/ero Rotor Posifion + 45 degree phase advance
SPM - 180 iggrﬂee Magnet SPM - 90 dsepgcrie magnet Pl - TeIer el neT

Ld (d-axis inductance) (mH) 0.102 0.089 0.429

Lg (g-axis inductance) (mH) 0.103 0.0867 0.929

L average (mH) 0.102 0.0879 0.679

Phi_m (zero-current flux) (Wb) CHOLTE: 0.00853 0.00617

Phi_d (flux used for Ld) (Wb) 0.000508 0.000445 0.00214

Phi_q (flux used for Lq) (Wb) 0.000517 0.000434 0.00464
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ESTIMATION OF PARAMETERS

e Resistance:

 Line to line R is measured with an RLC meter;
« Half the value gives R/phase;
* Neglecting skin effect R is given by:

. Wﬁére: deS(#ﬁe#e-sri;réQc:(e_lrﬁg@lured at To;

« Rtis the value at different temperature;
« K=243.5 constant of the material (copper);
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ESTIMATION OF PARAMETERS

» Synchronous Inductances La & Lo

+

V ={(3/2)R, +(3/2)L, p}, A
L, =(2/3)L(6=0°) y
L, =(2/3)L(0 =90°) B@A%C
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ESTIMATION OF PARAMETERS

Current Decay Method R

—®-

@)
(@) B C

°|o° |
SW2 L % i
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Variable Resistor

la
Circuit for general Inductance © >
Measurement
T1
Lock the rotor, keep the A
currents balanced and
measure inductance for . o' c
various values of current a’
and position. Position is B C
simulated by different
current magnitudes. / \
lo
b lc
T2
C
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ESTIMATION OF PARAMETERS

 Permanent magnet flux linkage;
An =213V, »

 Where w=wm (P/2);

* BEMF const Ke=Vn/®;

« Maintaining orthogonal at stand still Am can be
foundas: A =(2/3).(2/P)T /1,

* Where Is is peak current value;
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* Let Lo, Ldo & Amo bbe the values in the linear region;
 In linearregion |lg|<|lo];
« But at high currents |[lq|>]lo
* Lqis subjected to saturation;
* Ld & Am are subjected to armature reactions;

« At high currents Frolich’s formula can be used for
calculating Ld, Lg & Am;

.
4
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ESTIMATION OF PARAMETERS

* Frolich's formula:
Lq(l) — qu(a+ 1,)/(a+|1,])

q

Ly (1) = Lyo (b + 1) /(b +|1])

q

A (1) = A0 (0 + 1) /(D + 1))
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ESTIMATE

« RH=1.9Q at 25 degrees celsius;
* VnI=106.8V at 1000rpm;

» Orthogonal Torque=17.6Nm at 10A rms & 31Nm at 20A
rms;

e L(0)=21.15mH up to 10A rms & 16.08mH at 20A rms;
e L(20)=12.20mH up to 10A rms & 10.73mH at 20A;
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HINT

Ld=8.13mH;
Lg=14.1TmH;
AM=0.2765 WDb-T;
Rs=0.95Q;

Calculate aand b
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