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Combined Temperature Monitoring

and Rotor Flux Position Estimation %

DIEEI
The idea is to exploit the thermistors for measuring the temperature and their wirings to estimate

the rotor flux position in sensorless synchronous motors.

How do it?

Search Coils can be obtained by slightly modifying the shape of thermistor (T;) wirings, which
are normally placed in the stator slots.

Search Coil
Ti:thermistors
’Tc ] L ’ Stator Slots

_|®@a

a

Thermistors Search Caoil
(Temperature sensing) (Rotor flux position estimation)

Search Coil with Thermistors
(Rotor flux position estimation

and temperature sensing)
* The introduction of SC should require a very limited extra cost, mostly related to the

introduction of some additional low-voltage signal conditioning circuits

The temperature monitoring is completely unaffected by obtained search coils
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Model of the SMPMSM embedding SCs in % E]]

a qd synchronous reference frame IglEEl
SCs Stationary (af) to synchronous reference frame:

() = _[cos(&’re) -sin(&re)}
() =€ = Sin(Gre) cos(he)

ST}
Voltage Equations: — q

dz .
Vgd2="gr tJ @re Aqd2

ﬂqd] =Ls iqd] - Mpm

Flux Equations: —

Va1 - ﬂqdzz Ms iqd] -] Apmsc
Equivalent circuit of the electrical machine . - -
including search coils lga1 Is Ja)felqdl Ljs Mins Ja)re}’qdz iqd2:0

The electromagnetic torque is given by:
: 2p | : Y qdl‘ ‘piqdz T Vod2
Te= 29 /Ipmiql ° 0

Equivalent circuit of the SMPMSM in
the qd0 synchronous reference frame.
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Rotor Flux Position Estimation in 070
SMPMSM O
' DIEEI
The mathematical model of the SC set can be referred to an estimated qdO reference frame by
including the estimation error &: Ore: real
€= Qre B ‘9 re Ore: estimated by using SCs.
A . A
Stationary (af) to the estimated R( 6 )_ejg _ Cos( Ore) -sIN( Ore)
: re) — e =
synchronous reference frame: sin( é\re) cos( é\re)

R(6r) R(0r)

* |t Is assumed that the currents las=15C0S( 9re)

AN
flowing in the main stator le:ISCOS(@re—ZﬂB) N

windings can be expressed as: :
J P I.s=1sC0S( 9re+27z/3) 4
N\
(9re
* By supposing that the estimation A >
error & is constant, we get: Wre = Wre
ﬁq2 = a’re)“pmgc cos(&g)
Vap = —WreMI — a\)re)‘pmsc sin(gg)
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1. Estimation of rotor flux position by using the estimated d axis voltage:

Rotor Flux Position Estimation In 8 E]l

SMPM3SM O

DIEEI

Va2 = —WeMlg — wre)’pmsc sin(gg) =) P, + @ Mg = _a’re)lpmsc sin(gg)

The sum between the induced voltage v, and @,..MI ¢ has to be forced to zero in order to
drive the estimation error &¢4 to zero.

2. It is possible to correct the rotor position estimation error caused by M variation according
to the load condition.
This can be accomplished by tracking the maximum of the R R
voltage ¥, which coincides with a zero estimation error m=) Vg2 = Dredpmg €0S(&g)
g9 = 0, independently from motor parameters variations.
< A maximum voltage point tracking Rotor Position Tracking Algorithm
AN

e
Q The MVPT — P&O is of simple %L

(MVPT) based on the perturb and ~ *93|
observe (P&O) algorithm has been MVPT | €6 &%} SW 0. }
| | ! —0 ?%*0 &

integrated into the zero crossing PLL - e

tracking algorithm 0 ot . —C\T

d2 Pl . {? > |u|i>m e PI @
— 1/z

3
>

Implementation, but it features a Ii>>< 0 |\’/|\ms<_1/z<

slow dynamic
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RUICONEY
=
Speed Loop T
N %(k
0 \
Current Loop ;. b % .
é\)rm Ul'l’en OOp |q1 Y |a1 .
s [ > N aij—<> |bl>i
A X~ Al Iq +lg < la1 qd Q &
S X
T b P2 G

Vaxt|  Signal

Vb2t | Conditioning
Veat|  Circuit

Tracking [« abg
Algorithm| Ye2|qd

A A A

Block diagram of the sensorless motor drive

Tracking the zero crossing point of
Tracking = Vaz + WreMls

Algorithm
N Tracking the maximum of v,
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Table | Motor Data
Rated torque 5Nm
Rated speed 6000 rpm
Inertia 0.0025 kg m?
Pole pairs 3
Rated voltage 565V
Rated current 5A
R, 0.84Q
L 4.7 mH

Table Il Technical specification of the Search
Coils and Thermistors

M, 0.2 mH
Thermistor
resistance value 210 kQ
at 25 °C R,.

Estimated rotor
L ‘ flux position

Independent from
motor parameters
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Experimental Setup 00
(]
DIEEI
C Power Supply SPM Motor Drive

- —-7"g T T T |
T

i

Ve —
| ‘ ~ Ipc1 =y I
. ' I ’
Vpe vsl Ly Vabcof
|
 / LV tr ot
. abc2 ..
< Vabe2f | .~®jy[ > Signal
Control Unit | < lapc1 j [ b2 — Cond.
“Or
T|_ T|_ . ) Y2
—
i i
Encoder (_ ' Torque Meter - JEncoder
1 ARRRNRRRRR R nnnnnnnnnnnnnn QRRRRRRRRRRRR RN nnnnnnnnnnnnnnnnnnnnn 2
2,6 KW IMPMSM
< 2kW SMPMSM

¢ Three phase PWM inverter for IPM, with a 600V DC bus voltage and fs=20kHz
s Three phase PWM inverter for SPM, with a 600V DC bus voltage and fs=10kHz
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Sensorless Dynamic Operation é"%
D

Sensorless Control Algorithm based on v 5 + @, MI¢

O F " o ]
FeA At WJWWWWMWMMWWW L tv tr T W
) E 1V ¥ 1 I T 1
Ry ¥ Qg+ DreMisls ‘ ¥ ]
3»:WWMVd2\N—*+ a)j'«\//l\r/nilrs \ MJWWJJIJ\4 :WWV"‘“ AANNVAAAAANAANAANRA W NAAANNAA A A A AN AN AN A 3$§ =W 1 VJ‘ mw: M
B ot | 20radls | st s O T
_ 5A, 2of B (20 radis ¥ T N
4 o1 T G [ SO RO v T
2> T 4ol T
A 15 deg T A 15 de 1
5+ E “ . W“AWE 1 5»wwi€4f-«~uwv—vww»— «ng—mrwuww*’”ljm A VNV IIAANA AN ANANA W ANAAAANAANM AN A AAAAAIANN AN
&, \ T 15 rad/s i 15 rad/s ]
- RrA AN AN ANRAIA A WA A WWWWMMWW (RS R U W AN AT WWAAMAVVIAAANMANAAIAAA A AAA AN IAIA-SU AN M A AA A A4
: T 200 ms 10 T 200 ms
. _ . Speed transient from @,,, = 10 rad/s to @, = 50 rad/s at rated
Torque transient from no load to rated torque at @, = 50 rad/s, with ) L m m .
the switch SW set to O, that is to say with the MVPT deactivated torque, with the switch SW set to 0, MVPT deactivated
Only negligible estimation Low speed ‘ SC method Satisfying
errors were recorded High current dynamic behavior
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Maximum Voltage Point Tracking 0Oo0
(MVPT) DiEE

The proposed method with v,,. Maximum Tracking Point to compensate the parameters
mismatching in the rotor position tracking algorithm

A quite large variation of the mutual inductance M with the load has been purposely generated
to assess the operation of the additional MVPT tracking loop.

SW=0 [ SW=1

m > 1* T
‘/\ML\J T d 7y
- &0 AN :E 10 eg .
TN O | WW IS 29 YORIPE N N RN
L | - ""’\,\/\W w v i
~ Eo 0 | _Slradls -
o o to '|' ! T Al’_ T o
A T 20 rad/s
Wrm "I'F\ | T v
Tr | v A N e v"
: 5A £ _
i | T 2S <+
- gl T < > ]

Activation of the MVPT algorithm on the estimated rotor position at the instant t*
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Temperature Monitoring with SCs 000
L]
@, =50rad/s, T, = 100%Tn DIEEI
R/=210 kQ SW, NTC _Rrs:c)=210 kQ
. 75 T T T T T T T T $
i SC 70F[°C] 389°°°°'
O - 8 i
E~ — y R+ = R 65 o 8 8 8
= | T E 601 ) |
—1 55 ° -
9gVir 0 9
Signal Conditioni I ) i
;~777755777'95‘5"7779?“3”'”g il ast 2 O Thermistor alone 1
|| Voltage Level Adaptation ;Vlf[> 1uC Running o
| andFiltring || .. Mean 40y O Thermistor embedded in'a’ SC
ADC]_ 35- R : . : : : -
Signal conditioning circuit for proposed 30‘? ~ ~ ~ ~ ~ ~ ~ ~
temperature measurement with a DC 14
supply of the series connection of the 1'2 i o ° |
thermistor and SC 1l error [*C] o ] 1
o
N 0.8} 5 o |
! \A/ 06% o = 0 |
n _ V 04r ' o 6 7
E—— C@ NTC Ry =— o2} >
— I 0 - o o © u
RT(25oc):210 kQ 0.2} o : ]
. 04+ il
. .y - . - . _06 I I I I I i i i (0]
Signal conditioning circuit for typlcal 0 5 4 8 10 12 14 16 18 20
temperature measurement by exploitinga DC Time [min]
supply voltage
Sensorless Control of PMSM Drives through Modified
L. D. Tornello 10/20 Thermistors Wirings



Other Research Activities During The E]] E]]

Academic Year b

s AUTOMOTIVE: FPGA-Based Design and Implementation of a Real Time Simulator of Switched
Reluctance Motor (SRM) Drives

. Processor — dSPACE side HIL - FPGA side
Hardware in the Loop workbench speed loop CONVERTER MODEL MOTOR MODEL
. Iref V SRM
> DS1006  (sample  time=50ps Gret 4 ik : gy Vcontolabed |
(sample ps) | FEEO Pl {—~E fpi=i 8/6
processor board with 4 core arm o
technology i ] Switch Control | 6, & Gt PhaseA PhaseB PhaseC (PhaseD
> DS2211 1/0 and CAN bus board ¢ Signal Generator | | o J
Signal | Position
> DS5203 based on Xilinx FPGA Se”SO{ ; l .
technology (FPGA clock period=10ns), : ”“ ( m
ensures high speed signal processin lape " Om

1. Mathematical Models of SRM 4/6, 6/8 and 8/10
PWM Modulator and Power Converter Models

MWMMM 3. Flux Linkage and Current Profiles Measurement
, for Inductance and Torque look-up tables

— Xilinx (LUTS)

15— T T T T —r— 30
- "
: ; | — Xilinx 1 20k

10f

N

T
> Load Step
10r }
|
|
|
1
|

0

o

-1

-5 . . -
4 AR 1 1 1 T 1 4. SRM drive implementation on a Standard
. e ) 1:3: o rad] j Model-Based design environment (SMB)
'2’ LA U] '\“lTHM‘l.G } - -

4 H ‘ 12 60l 4 { 5. Model Validation

s o Ao L]0 zz 7 , j 6. Hardware in the Loop (HIL) Performance
B 4 B e e A A AR 000 AR AAS 0 i — Xilinx . .
PN 04 0 < | ! s | ] Monitoring
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«» Power Converter Topologies: A Fault Tolerant AC/DC Converter for Electrical Gen-Set
Applications
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Other Research Activities During The
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s Power Converter Topologies: A Novel Three-Phase Multilevel Inverter Topology with Reduced
Deviced Count for Open-end Winding Motor Drlves

C
1. Three-phase, Two Poles, Open-end Wlndmg Ve, =1
Motor Drive (TPOWMD) model _ .
Vpe TL-
2. Control Strategy for a TPOWMD T
3. Simulation and Performace Analysis chC
+ |2
4. Power Losses (3L-PWM vs TPOWMD) T
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«» Papers/ Journal:

L. D. Tornello, G. Scelba, S. Scarcella, M. Cacciato, A. Testa, S. Foti, S. De Caro, M. Pulvirenti “Combined Rotor Position
Estimation and Temperature Monitoring in Sensorless Synchronous Reluctance Motor Drive”, IEEE Transaction on Industrial
Applications, vol. 55, Year 2019.

«» Papers / Conferences:

G. Aiello, L. D. Tornello, G. Scelba, S. Scarcella, M. Cacciato, A. Palmieri, E. Vanelli, C. Pernaci, R. Di Dio, “FPGA-Based Design
and Implementation of a Real Time Simulator of Switched Reluctance Motor Drives”, International Conference and Exposition
on Electrical And Power Engineering (EPE 2019), Genova, Italy.

S. Foti, A. Testa, S. De Caro, T. Scimone, G. Scelba, L. D. Tornello, “A Fault Tolerant AC/DC Converter for Electrical Gen — Set
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Open-End Winding Multilevel Converter configuration”, International Conference and Exposition on Electrical And Power
Engineering (EPE 2019), Genova, ltaly.
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Reluctance Motor Drives”, 2019 IEEE 10th International Symposium on Sensorless Control for Electrical Drives (SLED), Torino,
Italy.

S. Foti, A. Testa, S. De Caro, T. Scimone, L. D. Tornello, G. Scarcella, G. Scelba, “A Novel Three — Phase Multilevel Inverter
Topology with Reduced Device Count for Open — end Winding Motor Drives”, 2018 IEEE Energy Conversion Congress and
Exposition (ECCE), Baltimore, MD, USA.

S. Foti, A. Testa, S. De Caro, T. Scimone, L. D. Tornello, G. Scarcella, G. Scelba, “A novel Hybrid N — Level T — Type Inverter
Topology”, 2018 IEEE Energy Conversion Congress and Exposition (ECCE), Baltimore, MD, USA.

«» Tutorial / Ph.D School:

ECPE Tutorial: “Power Semiconductor Devices & Technologies”, 4-5 October 2018, STMicroelectronics, Catania, Italy.
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