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Abstract

Resolver as an angular position sensor is widely used

Resolver system is complicated, equation based method
IS Insufficient

Resolver normally operates in the environment that has
EMI/EMC issue

Fast response and accurate position feedback is critical
In the electrification of automotives and aircrafts

A system level circuit simulator is needed to accurately
account for all the above-mentioned factors
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Outline

« Variable Reluctance Resolver FEA Model
* Resolver Excitation Signhal Generator

* Resolver-to-Digital Converter

» |deal Resolver System Behavioral Model
* Resolver Cable Parasitics

* Resolver System Integration

e Conclusions
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Resolver System Simulation
Simplorer, Q3D, Maxwell, DSO, Optimetrics

| Simplorer as System Simulator |

Signal Generator Magnetic Resolver | i
(Simplorer) (Maxwell)
v
RDC (Resolver-to- D.SO &
Digital Converter) Optimetrics
(Simplorer)
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Advantages of Resolver over Optical Encoder

* Higher Resolution (up to 16-bit)

 Wider Environment Temperature (-55~+220°C max)
« Higher Tolerance to Vibration (20~40g’s)

* Higher Tolerance to Dust

 Robust EMC/EMI Performance(no electronics on
board, cab be shielded)

e More Sizes Available
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Resolver FEA Model

nnnnnnnnnnnnnnn Winding Quick Report
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Resolver Design Optimization

-Parametric Sweep Geometry

-Sweep Number of Turns in the Slots
-Check Different Winding Arrangements
-Try Different Materials

-Innovate New Designs

-Etc.

Goal:
* Optimize Outputs
* Reduce Cost

A\
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Creating an Equivalent Circuit Model for the Resolver

Distributed Analysis Machines x|
Setup Sweep Analysis x|
Sweep Defiritions | Table | General | Caloulstions | Options | — Machines for Distributed Analys

Sune ttl \u’aliablel Dezcription | Add... I }gg:ll gggg Remaove |

alpha  Linear Step from Odeq to 90deq. step=0.5deg - 1921 5824
1Sic Linear Count from -2.5 ta 2.5, count=20 Edi VEER e

D 1216878 = |
19216827

192.168.2.8 hiove down |

Spnc UnSyne

Dperatmnl Description

— Remote Machine Details:

& |P Address (format: 192 168.1.2): I 192188 . 2 . §

= DMS Mame [format: www.server.cam]: I

- 7 UMC Mame [format; Sseerver): I

Add machine ta list |

Sweep Angle (0~90 deg, in steps of 0.5 deq)
Sweep Source Magnitude (-2.5~2.5 Amp Turns, 20 counts) ok | coce
Total: 181*20 = 3,620 rows

Each row takes 50 seconds to simulate

Total simulation time on one machine = 181,000 seconds

Use DSO (Distributed Analysis)
8 Machines were used

| 50.28 Hours! Simulation Time = 9 Hours 10 Minutes

Almost 6 Times!

ANSOFT
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Create an Equivalent Circuit Model for the Resolver

=10l

ost Analys =10l x| // node N_1 FL_Outi OUT
// node W 2 FL Qutz OUT —
[ParemeticS e = |7 // node W 3 FL Qutd OUT
// node W 4 Isre IN
Resit | Profle | // node N S5 alpha IN
Wigw: & Table [~ Show complete output name /¢ Format: SML
/¢ Pin Layouts:
£ Plat /S Left:
Vaﬂallunl 151 I alpha |Matmﬂ.MagFqu[Duﬂ]....lMatmﬂ.MagFqu[DulZ]....lMalmﬂ.MagFqu[SDurc...l Torg~ Expart... /¢ Right: FL_Outl OUT FL_oOutZ_ OUT FL_Out3_OUT
19 223684210526316 | Odeg  -0.0030111001448073.. 4.91388773970795¢-0... 0.0164237739003006,. -2.204_| // Model: Lookup Table
Fi] 25 Odeq  -0.003365I472482377... 549199221 35357960 0.01G3559026429140... 275 (CANENDIIN SO HTREEIDER
2 25 D5deg 0.00335715350787347. | -6.10334820072163e0 0L0183226767408397 4117, i
NODELDEF Resolver ECE
2 223684710526316 | 06deg 0.0030037689036335. -5.46089044455704e 0 10163939729881088. . 3,296 = ; S
3 1 97IRZIG2632 | 06deg 0.00265038430759638. -4 5194327 0501863-0. . 001 4465272495072 2,566
2 A.71052671578947 | 05deq 0.00230073160065873... -4.2332660249699¢ 00, 001 2554936715618, 1.432 ¢/ Interface Nodes
% A 447IBA42106263 | 0 deg 0.00134677288224681 . -3E3276421368784e 0 0L01062340736A034 Wb 1068 ﬂl FORT real in: Isre IN:
% A1B421062631673 | 0 6deg 0.00159281 416314345 -2 5722616137928e 00 0096919732338420 . 7.162. PORT real in: alpha IN;
7 01921 052631578347 0 6deg 0.00123995546038464. -2.311759023226843-0. . 100G 7RIE0S072893. 4,326 PORT real out: FL Outl OUT = nOUT1.V:
28 -0 EE7E047 6042105 0 5deg 0.00050489675500457 .. -1.651 256439961 21 o0, 0004520521 7066774, 2207 FORT real cut: FL_CutZ OUT = noUTz.V:
T 0394736342106263 0 6deq 0.00053093905203732. -9.3075396199515e-0. . 0.0029972930703087. 7.947 (sl SR, CIREE i ekl ElRe S Felinote
3 {0131578347368421 0 fdeg  0.00017697935051812. -3.30251286955438e: 0. 0003657R435R4866. . 88301 )
E 0131578947368421 0 6deg 00001 7ES753505162. . 330251 20695779920 0.0009E576435648676. . 5,830 ¢/ Extra Inpuc Caleulacions
INTERN E Einl N1:=GND, N2:=nlIN1
2 0.34736842105263 05deq -0.0005303300520372 . 9 90753061032634e-0... 0L00283729307030875 mjﬂ {EMF:=Tsre IN, AC MAG:=D, PARTDERIV:=1]:
< | v INTERN VM Vini N1:=nIN1, N2:=GND:
INTERN E Ein2z N1:=GND, N2:=nINZ %}
{EMF:=alpha TN, AC_WiG:=0, PARTDERIV:=1};

a | INTERN WH VinZ Nl:=nlIN2, NZ:=GND:
lose

/¢ Extra Oucput calculations

INTEFN WM Woutl MN1:=nQUT1, NZ:=GND:
INTEFRM WM Wouti MN1:=nQUTZ, NZ:=GND:
INTEFRM WM Wout3 MN1:=nQUT3, NZ:=GND:

|Src |N alpha |N // Piecewise-Linear Lookup Takle

INTERM NDSRC Ptable NO:=nOUT1, M1:=GND, N2:=nOUTZ, N3:=GND, %
N4:=nOUT3, NS:=GND Y

[QUANT:={nIN1.¥, nIN2.V}, %

SRC:={VIRC, V3RC, VSRC}, %

TableData:="_MODEL test pwl TAELE={ %

20, -2.5, -2.23634, -1.97363, -1.71053, -1.24737,

-1.18421, -0.921053, -0.657835, -0.394737, -0.131579, 0.131573, %

FL out3 OUT 0.394737, 0.657895, 0.921053, 1.18421, 1.44737, 1.71083,
— —_— 1.97368, 2.23684, 2.5, 0, 181, O, %
b 0.5, 1, 1.5, 2, 2.5, 3, 4
3.5, 4, 4.5, 5, 5.5, 6, %
) 6.5, 7, 7.5, 8, 8.5, 9, %
FL_OUtz_OUT 9.5, 10, 10.5, 11, 11.5, 1&, 4
'3} 1z.5, 13, 13.5, 14, 14.5, 15, 4
15.5, 16, 16.5, 17, 17.5, 18, Y
18.5, 19, 19.5, 20, 20.5, 21, Y
- — 21.5, 22, 22.5, 23, 23.5, 24, %
5, ; .5, , 5, ;
ECE_ReSOIVer 24.5, 25, 25.5, 26, 26.5, 27, %
27.5, 28, 28.5, 29, 29.5, 30, % hd
N ]z
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Resolver System Simulation
Simplorer, Q3D, Maxwell, DSO, Optimetrics

| Simplorer as System Simulator |

Signal Generator

(Simplorer)

RDC (Resolver-to-
Digital Converter)

Optimetrics

(Simplorer)
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Resolver Excitation Signal Generator

I Oscillators I

I
1
1
1
1
1
I
: N0004 R2 442
| ST —we
""""""""" . LS — ;
1 | Noo12 R3 Trez
! 1 N0022
boo4 | |
NO00Z2 1 i
bo12 | + |
Signal Generatornoogs | w3 |
1 | 2DGraphSel: hd PNP1
bo4s | | - R6
| 1 0
po51 I | = 200
R17
| 1 Excit... %
_________________ ! I Excit.. .
1
| 2.5C+ C1 == 47n
: 250.00m
| 0 ‘250.00L
2DGraphs... 2DGraphS...\ : 1.24k
.
1 ﬂ/\/\/‘—_]
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I Signal Generator Sub-circuit I
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Resolver System Simulation
Simplorer, Q3D, Maxwell, DSO, Optimetrics

| Simplorer as System Simulator |

RDC (Resolver-to- SO&
Digital Converter) Optimetrics
(Simplorer)
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Resolver-to-Digital Converter
Classical RDC Algorithm

|| | || | || | || | || | || | || | L | Ust
Resolver: '

Magnitude Match

V_excitation = Ul*sin(2*PI*Freq*t)
V_Out_Sin = U2*sin(2*PI*Freqg*t)*sin(Thita)
V_Out_Cos = U2*sin(2*PI*Freq*t)*cos(Thita)

Ucl

| RDC:

TRANS1 STATEL TRANS3 STATE3
| 90 Degree Phase shift: } ®
V_Out_Sin_1 = U2*sin(2*PI*Freg*t+90deg)*sin(Thita) TREVIn==C SETVIn_fef=1 TRC WMLV >=0 SET: Vo_square:=1
= U2*cos(2*PI*Freq)*sin(Thita)
| Summation: . crres TRANS? S TRANSS
V_sc=V_Out_Sin_1+V_Out_Cos O \ ~ L
. . /
= U2_2 *S|n(2*PI*Freq*t + Th'ta) SET: Vin_ref:=-1 TRC V‘in<0 SET: Vo_square:=-1 TRC VMLV <0
| Magnitude Match:
FML_INIT1 Position FML_INIT2
I V_sc_1 = U1 *sin(2*PI*Freg*t + Thita) S~ e
—_ f— Vin_ref:=0 Pulse_pos:=abs(Vin_ref+Vo_square)/2 t1:=0 Gz1 Position_out_final:=0
Comparison: Vo_squarei=o  Posilon_out=0 om0

Position_out_temp:=0

I V_excitation = Ul*sin(2*PI*Freq*t)

. TRANS? STATE7
I V_sc_1 = U1 *sin(2*PI*Freq*t @
TRC Position_out>Position_out_final
SET: tl:=t
I I I IS IDE DD DD IEE BDE DS BEE BEE BEE B . TRC (GZ1.VAL > 0) AND (Pulse_pos =0) T
NEW_MAX
2DGraphSell STATES
TRANSS
45'204 Rotor Position STATES TRANS8 WA LSET: Position_out_final:=Position_out
Position_out_final (@) L T
et T True
SET: t2:=t
SET: t3:=t2-t1 TRC (GZ1.VAL < 1) AND (Pulse_pos = 1)
20.00+ SET: Position_out :=Input_AC_Freq*t3*180
0 . oo
A A py ohom  75.00m Classical RDC (Resolver-to-Digital Convertor)

]
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Resolver-to-Digital Converter (continued)

Eﬁﬁimplurer Schematic - [Resolver_B4

ﬁ Fil=  Edit  Wew Element  Conne

FUNCTIONAL BLOCK DIAGRAM s
DEHd@&0 = & &
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Resolver System Simulation
Simplorer, Q3D, Maxwell, DSO, Optimetrics

| Simplorer as System Simulator |

Optimetrics
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Resolver Cable Paracitics Extraction

(3 Cables, 1.7 meters lonqg each)

MName

Copper_Segment
Copper_Distance
Copper_Radius
Cable_Length
Twist_Per_Meter
Mumber_of Twist
Copper_Insulation
Total_Length
Scale_Factor
Cable_Insu_ID
Cable_Insu_0D
Cable_Shield_0D
Cable_Shield_ID

12

1

02

Mumber_of Twist/Twist_Per_Meter*1000mm
35

6

0.05

1700
Total_Length/Cable_Length/1000mm
22

25

2

1.8

mm
mm

mm
mm
mm
mm

All Parameterized for Optimization

m Solutions: Resolver_Cable - 3_Six_Straight

Design Wariation: |' Murnber_of_Twist='6' Scale_Factor="9.91666666BEEEE?" Total_Length="1700mm' Twist_Per_he

ﬂ | Lastadaptive ﬂ ,ﬁ

Simulation: |Setup1

Matrix lConvergence ] Profile ]

[v Resistance  Units: ,_I |Matrix ﬂ
ﬂ |Original ﬂ Export...

Cable_Shield:Sourcel | Copperl:Source? | Copper2:Source3
Cable_Shield:Sourcel  |0.0018159. 162.83 00018241, 161.6 00018295, 161.497
0.0018241, 161.6 0.014135, 19527 00034835, 163.82
0.0015248, 161.97 0.0034835, 163.82  0.014036, 196.12

I+

[v Inductance  Units: |nH

Copperl:Source?
Copperz:Source3

RLC Matrix

ASS SYSTEM SUCLCESS
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Resolver Cable Paracitics Extraction
(Frequency-dependent Model Extraction)

Ml Solutions: Resolyer_Cable - 1_Straight - |I:I|5|

Simulation: ISetup1 j |5weep1 j II:G j

L Deesign Variation: Iant='1 2 Murnber_of_Twist="1"Scale_Factor="09.5' Tatal_Lenagth="1700mm" Twizt_Per_Meter="35" J J
Sweep Name: Sweep] ¥ Enabled
. F'rofilel Ennvergencel Mesh Statistics  Matriz |
Sweep Tppe: Discrete 'I 0000000000000 0.
L ]
[ Frequency Setup Frequency - ¥ Conductance  Units: ImSie j IMa:-:weII Matrix j ceeccescsses o Ezport.. ¥ 5
Type: LinearStep - | 10kHz ) 4 Se RLGLC °
5 e . S (EGE ¥ Capacitance  Units: ||:.F j IDriginal j : V¥ &l Freqs :: S Parameters :
Start : B 20kHz = O b >
Stop 100 Hz = |__|25kHz Cable_Shield | Copperl I Copper2 | R
30kH
sepsee 5 |[wz 2] o Freq 5175532 .
I Save Filds (Al Frequencies] | [40kHz . Cable_Shield 0. 39005 0. -1.667 0, -1.6833
Copperl 0.-1.667 0183982 0,-0.2145
Copper2 0,-1.6833 0.-02145 0, 1.8946 _
r~Interpolating Sweep Options——————————— Freq: 5187457
Vi Sl E— Cable_Shield 0, 3.9005 0. -1.667 0,-1.6833
Copperl 0. -1.667 0.1.8982 0,-0.2145
Errar Tolerance; 0.0 E4
Copper2 0. -1.6833 0.-02145 0,1.894E
| pdecedtpiors. | Freq 51993595
Cable_Shield 0. 3.3005 0.-1.667 0,-1.6833
Copperl 0.-1.667 0183982 0,-0.2145
ar Cancel
Copper2 0,-1.6833 0.-02145 0, 1.8946 -

Cloze |

ASS SYSTEM SUCLCESS
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Resolver Cable Paracitics Extraction

(3 Cables, 1.7 meters lonqg each)

N

023

0053

Full_Cable

Sub-circuit

NOQG

NOO§

>

consist

s of 6 twists

Each Segment is 0.17 meters long,

N0023

$

el

T3 6T3
T2 T5T2
T T4HT

6113
T5 TM
T T

T4

6—T3
5—T2
44T

6T3
T5T2
T4HT

6

T5

T4

N0053

Resolver_Cable_6twists

Resolver_Cable_6twists

Resolver_Cable_6twists

Resolver_Cable_6twists

Resolver_Cable_6twists

Resolver_Cable_6twists1 Resolver_Cable_6twists2 Resolver_Cable_6twists3 Resolver_Cable_6twists4 Resolver_Cable_6twists5

N0086

T3 6T3
T2 T5T2
T T4HT

6113 6113
TSTMSTZ
TAHT TAHT

6T3
T5T2
T4HT

6

T5

T4

o2

o2
N0087

Resolver_Cable_6twists

Resolver_Cable_6twists

Resolver_Cable_6twists

Resolver_Cable_6twists

Resolver_Cable_6twists

Resolver_Cable_6twists6 Resolver_Cable_6twists7 Resolver_Cable_6twists8 Resolver_Cable_6twistsS Resolver_Cable_6twists1C
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Resolver_Cable_¥&.sml

EERIN ANHSOFT HEALER
TL  Cable_Shirld:Sourcel
T:¢  Copperl:Seurcef
T2
T4
T
neds T6
Frojecn:
Design:
Fomnat:
Tapckt::
Left:
Biight:
Creator:
Date:
Hotes:
END AH3OFT HEATER

nade
nade
nade opperi:Source?
Lable_Shield:Birkl
opperl: Binkd

opper: Bink:
Besolver_Cable Wi
1_straight

Simplorer SML
Besolver_Cable W

T1 T T#

T¢ TS5 T

Ensoft D Esbractor §.0
Fri Sep 07 08:86:82 2007

node
node

e R R R =]

BODELIEF Fesolver_Cable_%
i
{PORT
{PORT
{PORT
{FORT
{FORT TS

[FORT electrical: T6

ODEL Fesolwer_Cable Wé_half XZhalfl T1:=Tl, Ti:=Té, T#:=T:, T¢:=T7, T5:=Té,
[T6:=T4 (]

ODEL Resclver_Uable_i_parlel X¥L TL:=T7, T¢:=T§, T2:=T9 ():

ODEL Eesolver_Cable_5_half XZhalf TL:=T7, Tt:=T#, T2:7T9, T4:=T4, TS:=T5, %
IT6: =T (1

TL :
T :
T2 :
T4 :

electrical:
electrical:
electrical:
electrical:
electrical:

BODELIEF Besolver_Cable_5_half

{
IPORT electrical:
IPORT electrical:
[POET electrical:
[POET electrical:
[POET electrical:
[POET electrical:
=T? ()
=TE ()
=Td ()
STL0 ( B:=0. 00050659546 )
STIL [ B:=0 0031969729 ]

$TLE ([ B:=0.0031951298 )

Hi: $=WE. I, TACT:= 0179787 )
Hi: LI, TACT:= 0.17419L ):
Hi: LI, TALT:= 0.0452452 ),
Hi: LI, TALT:= 00987265 ).
Hi: I, TACT:= 0.0451926 ).
Hi: LI, TALT:= 0. 0926987 ).

:=T¢ [ L:=§.5146892e-009 )
c=T5 [ L:=l.16#2074e-004 1
$ZTE [ L=l 1606552e-005 ) :

$3LEL, Ki=0. 855496 )

INTEEM L L: ML:=Tli,
INTERM M K1 i@ | L1:sL1.L,
INTERM M K1 2 { L1:L1.L,
INTERM M Ki_? | Ll:=Li.L,
+

H

$3L2.L, Ki=0. 59014 )
Li:=L3.L, K:=0.752110 );

MODELIET Fesolver_Cable_W_parlel
S

[FOFT rlectrical:
[FOFRT electrical:
[FOFRT electrical:
INTEEN ©

TL :
Té :
T2 :

Wi:=GHD | C:=5. 4i26151=-112 ):

INTEER C Ri:=T& [ L E43376de-01% )
INTEER C Ri:=T% [ LE540195e-01% )
INTEER C Wi:=GHD | C:=9.76i7146=-115 )
INTEER C b, Ri:=T2 [ L1437155e-012 )
INTEFR [ C2_0 H1:=T%, Ri:=GHD ( C:=2 9642619e-015 )
+

+

[« |

=0




Resolver System Simulation
Simplorer, Q3D, Maxwell, DSO, Optimetrics

| Simplorer as System Simulator |

Optimetrics
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Resolver Behavioral Model

Initializatior

EQU
Input. AC_Mag :=1
Input_AC_Freq:=12k
Conductor_Ratio:=0.:

Number_of_Rotor_Poles :=
Rotor_Speed :=10(

Excitatior
EQU

Vin := Input_AC_Mag * sin(2*PI*Input_AC_Freq*t)

Resolver_Outpt
EQU

Vout_sin := Conductor_Ratio * sin(Number_of_Rotor_Poles*Rotor_Position*(P1/180))*V
Vout_cos := Conductor_Ratio * cos(Number_of_Rotor_Poles*Rotor_Position*(P1/180))*V

Rotor_Position := Rotor_Speed *(360/60) * t

Tend := 45/(Rotor_Speed*(360/60))
Hmin := 1/Input_AC_Freqg/100
Hmax := Hmit

| V_excitation = U1*sin(2*PI*Freq*t) I
I V_Out_Sin = U2*sin(2*PI*Freg*t)*sin(Thita) |
| V_Out_Cos = U2*sin(2*PI*Freqg*t)*cos(Thita) |

Resolver

2DGraphSell 2DGraphSell Vout_sin
994.27 100.00mr m ‘H HH HH M'..
il
H
0 Vin 0

il

[l
-1.0C ‘ -100.00m | ‘ bl
74.00m 74.50m 75.00mr 0 25.00mr 50.00mr 75.00mr
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Resolver and RDC Model

Initialization

EQU
Input_AC_Mag := 1
Input_AC_Freq:=12k

Excitation
EQU
Vin := Input_AC_Mag * sin(2*PI*Input_AC_Freq*t)
Resolver_Outpu
EQU

Conductor_Ratio:=0.:
Number_of_Rotor_Poles :=;
Rotor_Speed :=10(
Rotor_Position := Rotor_Speed *(360/60) * t
Tend := 45/(Rotor_Speed*(360/60))

Vout_sin := Conductor_Ratio * sin(Number_of_Rotor_Poles*Rotor_Position*(P1/180))*Vit
Vout_cos := Conductor_Ratio * cos(Number_of_Rotor_Poles*Rotor_Position*(P1/180))*Vir

Hmin := 1/Input_AC_Freq/100
Hmax := Hmir
2DGraphSell 2DGraphSell Vout_sir
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TRCVin>=0 SET: Vin_ref:=1
STATE2 TRANS2
O |
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SET: Vin_ref:=-1 TRC Vin<0
FML_INIT1 Position
ICA:; EQU
Vin_ref Pulse_pos:=abs(Vin_ref+Vo_square)/2
Vo_square:=0 Position_out:=0
Position_out_temp:=0
TRANS? STATE7
J O
" /
SET: tLi=t

STATES

TRC (GZ1.VAL > 0) AND (Pulse_pos =0)

TRANS8

L

)

2-t1

SET: Position_out :=Input_AC_Freq*t3*180

TRANS3

J

STATE3

TRC VMLV >=0

STATE4
)

SET: Vo_square:=1

TRANS4

FML_INIT2

WAIT

N

SET: Vo_square:=-1

TRC VM1V <0

ICA!

Position_out_final:=0

TRC Position_out>Position_out_final

NEW_MAX

TRANS5

L SET: Position_oyt_final:=Position_out

STATES

)

True

TRC (GZ1.VAL < 1) AND (Pulse_pos = 1)

Classical RDC (Resolver-to-Digital Convertot

]

HRS HPASS SYSTEM SUCLCESS

APPLICATION WORKSHOPS FOR HIGH-PERFORMANCE ELECTRONIC DESIGN



Position Output Accuracy

2DGraphSell 2DGraphSell
45.00_ Rotor_Position 45.00_ Rotor_Position
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0 0
I
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12k Hz excitation, 1,000RPM speed, 0.1us sampling time : 12k Hz excitation, 1,000RPM speed, 0.01us sampling time
2DGraphSell 2DGraphSell

Position out final Position_out_final

20.00 20.00-

| |
0 500!00u 750.00u 0 25.00m 50.00m 75.00m

@APPLIEMIGN WORKSHOPS FOR HIGH-PERFORMANCE ELECTRONIC DESIGN




Resolver System Integration
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Resolver System Integration
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Conclusions

 Resolver Deserves More Attention for Applications where Rugged,
High-accuracy Position Sensing is Needed

« A Systematic Approach is Necessary for Signal Generator /
Resolver / Cable / Resolver-to-Digital Converter System
Optimization

« Simplore as a Multi-level / Multi-domain System Simulator is an
Ideal Tool for Applications where Electric Circuitry, Field Simulation
and Paracitics are Involved

 Each Tool (Simplorer / Maxwell / Q3D) can be Used as a Stand-
alone Design Tool to Optimize Components (Signal Generator /
RDC Algorithm / Resolver / Cable) in the System

« This Systematic Approach Ensures Engineers from both Sides of
Component Design / System Integration to be Successful

(@ FRSF-PASS SYSTEM SUCCESS
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Future Work:
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1. Add Termination Impedance, to take into account
the harmonics and transmission line reflection
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Future Work: 2- Replace the classical RDC with Type Il Position
' Tracking mode
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