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SynRMs

Principle of operation :

The rotor is designed in such a way its magnetic
reluctance is lower in one direction, which tends to
align with the rotating field produced by stator Fxarer
currents

O

Rb

SynRM (transversal cut) from [im
et al. (2009)]

Electric MINES PARIS

Scl&neider //@V PSL%*

R. Orsolle-Tyberg, P. Bernard, P. Combes Robust sensorless flux and position estimation for SynRMs 3/21



Introduction Stator flux observer Position and speed estimator Experimentation Conclusion References
080000 [e]e] 0000 [e]e]e} [e]e]

SynRMs

Principle of operation :

The rotor is designed in such a way its magnetic
reluctance is lower in one direction, which tends to
align with the rotating field produced by stator Fuxarir
currents

Advantages:

o No expensive permanent magnet = Cheaper ; = e
than PMSMs

o Few losses in rotor = More efficient than IMs

SynRM (transversal cut) from [im
et al. (2009)]
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SynRMs

Principle of operation :

The rotor is designed in such a way its magnetic
reluctance is lower in one direction, which tends to
align with the rotating field produced by stator Fuxarir
currents

Advantages:

o No expensive permanent magnet = Cheaper
than PMSMs

o Few losses in rotor = More efficient than IMs

] Ois

Challenges:
& . . SynRM (transversal cut) from [Im
@ Sensorless control is more difficult et al. (2009)]

@ Magnetic saturation modeling is paramount for
a proper control of the SynRM
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Sensorless control /observation of SynRMs

Sensorless estimation strategies

@ basic/extended EMF approach to estimate stator flux, rotor position and speed
[Senjyu et al. (2001); Ichikawa et al. (2006)]

o adaptive observers with propotional current control [Tuovinen et al. (2011); Kojima et al.
(2020)], or sliding mode current control [Liu et al. (2018); Pavli¢ et al. (2021)]

@ current ripple due to PWM voltage modulation to estimate rotor position [Matsuo
and Lipo (1995); Consoli et al. (1999); Capecchi et al. (2001)]
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Sensorless control /observation of SynRMs

Sensorless estimation strategies

@ basic/extended EMF approach to estimate stator flux, rotor position and speed
[Senjyu et al. (2001); Ichikawa et al. (2006)]

o adaptive observers with propotional current control [Tuovinen et al. (2011); Kojima et al.
(2020)], or sliding mode current control [Liu et al. (2018); Pavli¢ et al. (2021)]

@ current ripple due to PWM voltage modulation to estimate rotor position [Matsuo
and Lipo (1995); Consoli et al. (1999); Capecchi et al. (2001)]

Contribution : Export stator flux observer designed for PMSMs in [Bernard and Praly (2017,
2018)] to the context of SynRMs allowing to estimate

@ the stator flux, assuming only the resistance, current and voltage known,
whatever the magnetic model is;

@ the rotor position fitting at best with the estimated flux, measured current and
magnetic model (dynamic optimization)
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System model

SynRM model in fixed a/3-frame :

E\UQB = *Rlaﬁ + Uap

where
- Vs € R? : total magnetic flux generated by the stator windings
- 108 € R? : current in the stator windings
- Uag € R? : voltage drop accross the stator windings

- R : stator winding resistance
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System model

SynRM model in fixed a3-frame :

E\UQB = 7R7,a5 + Uap

where
- Vs € R? : total magnetic flux generated by the stator windings
- 108 € R? : current in the stator windings
- Uag € R? : voltage drop accross the stator windings

- R : stator winding resistance

Magnetic model in rotor dqg-frame Vio=R(=OWog , 19q=R(—0)103

Ly 0
\udq:( gL )qu+5m(wdq)

where
- Ly, Lg : linear inductances

- dm : magnetic saturation
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Equivalent PMSM-like flux model
Usually : plug (2) into (1) electrical + mechanical model
But here : sensorless estimation

no mechanical signals/parameters
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Equivalent PMSM-like flux model

Usually : plug (2) into (1) = electrical + mechanical model
But here : sensorless estimation —>  no mechanical signals/parameters
For [ € R>q arbitrary, we have

Vo = Liag + 0s(L, Wag, 140, 0)

with ®gq = ‘

6s(£,\lldq,qu,0)H constant in steady state !
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Equivalent PMSM-like flux model

Usually : plug (2) into (1) = electrical + mechanical model
But here : sensorless estimation —>  no mechanical signals/parameters
For [ € R>q arbitrary, we have

Vo = Liag + 0s(L, Wag, 140, 0)

with ®gq = ‘

55(£, \qu,qu,Q)H constant in steady state !

= Equivalent PMSM model with unknown magnet flux whatever the SynRM
magnetic model !

d

*Waﬁ—uuﬁ R7ry3 R 5 s
dt with 0= [Wo5— L1452 — @2,
Loy =0

dt

(Measured signals, Parameter assumed known, Design parameter)
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Estimation strategy

Idea :
© Estimate (\ilag,&)eq) in (3) adapting PMSM observer to unknown magnet flux

@ Estimate 0 (and §) matching at best the magnetic model (2) with (¥ oz, 245)

U U .
abey af | Yep | Gradient Uop
abc flux >
observer w
__09C -
labe af | tap ost r(I95CD | Position
tate, [Nof J| Cos 0
abc function observer | ¢
>
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Stator flux observer

In steady state (4q, Ugq COnstant)

d d ~
awaﬁ = Uap — RZ(\'!? 3 aq)eq =0 ) |wo¢[3 —-L l(x3|2 - ¢gq =0

Assume ®eq # 0 and ‘%Heq(t)‘ > w > 0 where feq := arg(Vog — [zag).

Then, for any v > 0, any @ag(O) € R? and ®(0) > 0, any solution of

d - A A o s 2 4
fww:uw—Rmﬂ—woug—uw)O%w—uwl—¢Q

dt
A a a a 2 2
¢:7¢Gmw—uw‘—¢ﬂ

verifies

im [Fas(t) — Wap(t) =0, lim &(t) = [teq] .

Stator flux estimated whatever the inductance model = absorbed in ®¢q !Schneider A | psLx
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Position estimator

At each time t, given the flux estimate \Tlaﬁ(t) and 1,5(t),

find O(t) € [—m, n] fitting best the magnetic model in dg-frame

0 =arg r['nln 0(9,\i’aﬁalaﬂ)v

where

€0, Vas100) = | By RO (D) RE=00as = ROB(Bag(o))]

Estimate

Model
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Reconstruction of 6§ modulo 7 !

i
i
<
Es
|
=

(07 )

Clu ) O -0] C(, 7, 07)

C(-, W7 ,477)

o
»

Normalized cost function C
2
Normalized cost function C
s =
P

=
o

o o
-180 -90 o 90 180 -180 -90 0 90 180
A0 (rad) A (rad)

(a) Once the flux observer has converged (b) During the transient of the flux observer

Figure: Shape of C(-, W43, 1ag) in standard conditions.
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Dynamic position and speed estimation

Two solutions:

@ Minimization of C at each time step ;

@ Or, dynamic observer exploiting 99C(6, \Tla/g, 103) = 0 and w slowly varying

d A 89C(0, 9o 5,005)
Aok 0COVag rap
dt L (193C@0 Vg 10s)))
d 099C(0,9 0 5,203)
9= h— Pk 0C(0Vap ras
AR
iﬁ — Bk d9C(d, ‘Vu;sala;s)
dt P(\azc(‘) Vapitap)l)
where
o p:R>o — Ryg regularization map (for instance p(s) = V€2 + s2, with € > 0)
—k 1 0
o K = (ki, ky, k3) such that | —k» 0 1 | Hurwitz,
—ks 0 O

o ¢ > 0 picked sufficiently large.
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Experimental results

Position and speed estimator
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Experimentation

oeo

Conclusion References
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Observer implemented in Rapid-Prototyping system (from dSpace®), which controls
the inverter bridge of a 3kW — 400V industrial drive (Schneider Electric ATV71)

SynRM parameters (magnetic saturation identified in [Combes et al. (2017)])

Rated power

Rated rotor speed

Rated torque

Rated current

Rated voltage

Rated frequency

R. Orsolle-Tyberg, P. Bernard, P. Combes

Ya1 | 1.278 Wb
750 W
J | 5e-3 kg.m? g2 | 0.947 Wb
1500RPM
np 2 Yg3 | 0.810 Wb
4.8 N.m
R 6.5 Q Pq1 | 0.033 Wb
2.1 A RMS
Ly | 590 mH Vg2 | 0.148 Wb
400 V RMS pp
L, | 584 mH Y1 - Wb
50 Hz
wx2 - Wb
Robust sensorless flux and position estimation for SynRMs 16 / 21



Experimental results

50

100

5200

50

100

R. Orsolle-Tyberg, P. Bernard

50

100

Time (s)

, P. Combes

Schneider A2

PElectric MINES PARIS

[m] = = =
© Robust sensorless flux and position estimation for SynRMs

| PSL%*

APRN G4
17 /21



Experimental results

5 2000 2000
& 1500 1500
= 1000 1000
= G
g 500 500
a0 0
0 50 100 0 20 40
5125 125
T e
X 75 75
g 50 50
g 25 25
E 0 0
0 50 00 0 20 40
200 200
=
(=}
=1
5180 180 —“**""V'——.—
[}
&
=]
Z 160 160
0 50 00 0 20 40
Time (s) Time (s)

R. Orsolle-Tyberg, P. Bernard

Schneider A2 | PSL%

PElectric MINES PARIS

o« = E T 9ae
P Combes IS e e ey T —— 17/ 1



Introduction Stator flux observer Position and speed estimator Experimentation Conclusion References
000000 [ele) 0000 ooe

Experimental results

o 2000 2000 2000
&, 1500 1500 B0—
= 1000 1000 1000
g 500 500 ! 500
a0 0 0
0 50 00 0 20 40 0 10 20
=125 125 125
£100 w 100 100
X 75 75 75
g 50 50 50
& 25 25 2
S 0 0 0
0 50 100 0 20 40 0 10 20
200 200 450
5 405
g 180 180 M‘*““V"—m— 360 W&T——
= 315
Z 160 160 270
0 50 100 0 20 40 0 10 20
Time (s) Time (s) Time (s)

Schneider A@V | PSL#*

G Electric MINES PARIS

R. Orsolle-Tyberg, P. Bernard, P. Combes Robust sensorless flux and position estimation for SynRMs 17 /21



@ Introduction

© Stator flux observer

© Position and speed estimator

@ Experimental results

© Conclusion

Schneider £ | PsL%
Electric MINES PARIS

DA



Introduction Stator flux observer Position and speed estimator Experimentation Conclusion References
000000 [e]e] 0000 [e]e]e}

Conclusion and perspectives

Results :

@ observer of stator flux for SynRM without knowing its magnetic model

@ dynamic minimization algorithm for estimation of rotor position and speed from
flux estimate and magnetic model

Future potentialities :

@ improve dynamic behavior of position estimator through better tuning or
minimization algorithm (taking into account the non-convexity of cost function)

@ use this observer for sensorless control
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