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EPS - Electric Power Systems

Formula E drive System
Develop and manufacture high .

performance electric motors and controls. ‘ ”

» Traction drive
¢ » Kinetic energy recovery
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» Industrial solutions
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» Qil and gas exploration
» Aerospace applications
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Development Cycle for Motors and Drives

Duty Cycle Code Generation
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Motor Principle
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Motor/Drive System Design Process

e Duty Cycle drives base design, topology, etc.
* FEA of EM design

* Control Design

e Simulation

* Data Analysis/Hardware Design

* Code Generation

* Testing & Verification —
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Motor/Drive Design Process

* FEA

e Control Design

e Simulation

» Data Analysis/Hardware Design
* Code Generation

* Testing & Verification
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Control Design

 Motor parameters lookup table
Generated with FEA
— Ld, Lg, and Lambda vs Id and Iq

* Discrete control design

d-q current commands
Speed command
Speed observer

Current observer (Self Sensing)

* QOperating point calculations
— Including saturation
— MTPA and Field Weakening

* Rapid and robust control design

— Select Motor

"B PMSM Control Design - DADocy

Load Motor

Point 1 v

Status: Idle

New Motor Config

iments\MATLAB\My Files\Simulations\Ferrari ERS\Ferrari 2014 - N

— Control Design

G

—
MTS
I

Value Unit
PWM_Freq 20000 Hz
Ld_hat 2.2742e-05H
Lg_hat 2.8562e-05H
Rs_hat 0.0048 Ohm
P_hat 4%
Lambda_pm_hat 0.0218 Wb
J_hat 0.0014 kg*m"2

[ current Reguiator |

[ speed controler |

[ Position Observer ]

[ Current Observer ]

Parameter

CR [CR_Bandwidth
CR |CR_Pole_Spacing

| Value

| unit |
750 Hz
S Scalar

L L L T T T T T T T 1

— Motor Model
Value ‘ Unit |
Vdc 325V
Speed 33000 RPM
Te 34.7000 Nm
Vdc_Margin 28V
Id_com 82A
Ig_com S34 A
Calculate idg | [ calculate Te
Value ‘ Unit
Ld 2.1690e-05 H
Lq 2.7940e-05 H
Rs 0.0048 Ohm
P 4%
Lambda_pm 0.0212 Wb
J 0.0014 kg*m"2
Ld_HF _ratio 1HH
Lq_HF _ratio 1HH
L_line_ext
R_line_ext

Imaginary Axis

3000 Hz
S Scalar
1#
0.3479 Scalar
1.0922e+03 Scalar
2.5920e-05 H
0.0048 Ohm

|
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Motor/Drive Design Process

* FEA

* Control Design

e Simulation

» Data Analysis/Hardware Design
* Code Generation

* Testing & Verification
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2014 - TGU\TGU 300V\3-Level\Ferrari_2014 TGU_3_Level.slx

Dat:

. . imulat
EEY somes
Imuiation o
Experimental - Point 2 v Reload Params Fie | [ Save Params to Fie B e KR —
ve
Parameter Type Parameter [ unit [ value Multiple Values
1 |Operating_Point  V_dc_com v 360 o Run: 1 of 1
2 |operating_Point  Speed_com RPM 70000
3 |Operating_Point  Te_com Nm o 54831
. 4_|operatng_Point  V_dc_Margin v 152 200
 Parameters imported from HETR TR =
6 _|Operating_Point  ka_com A 216 D
7 |Motor_todel Ld H 22927605 200 J'n A A AR AR AR AD AN AN AD AR A ‘7&
8 _|Motor_bode! Lo H 2685¢-05 , _\
: 9 |Motor_tode! Rs ohm  0.0085 I
motor control design SEE T
11 |Motor_Model  Lambda_pm wo  oote72r
12 |Motor_todel kg2 0.0002018 0
13 iotor todel_Lo_HF_rato w1 EEN IR AR “ W \ v w W

* Quick view of simulation results | [ZE i ———— ){X MH )V\M I

el { »| Enter search term - G dl[www LA A R R

* Custom motor control library = G i ot s L1

003 0004 0.005 0.006 0007 0.008 0.009 001

- Signal Routing - . - time [sec]
—Sinks Arctan Position | f~ =} Clare -
n Observer Sy Transformation N N e 25
. -~ Sources 12592 2176 180.02 18005 .
— D e S I n b I O C kS “User-Defined Functions D-axis Curmrent D-axis Cument 12982 ciibid ponoe tonte
- Additional Math & Discrete Regulstor Regulstor - St =zl & (IELE
0.00 543.59 360.28 360.70
Control System Toolbox 0.00 779 18012 18036

Embedded Coder
TS Blockset
ITS_Peripheral_Library

0.00 27179 180.16 180.39
24396 25847 212 15473
25134 23254 246 15405
24284 25095 03¢ 15436
13716 2430 5560 58.08
25648 9455 20698 21048
650 240 526 535
0.00 7193 3897 4153

- . Heterodyning P-
A
-]  DPWM Injection e o

3 inverse Clare
2] Transformation

et
e Verify motor control LRSS cEemserce - S
— Gains from control design

— Easy to implement different
control topologies

-} inverse Park =
Transformation

“Dupley Ougm Smubbon  Anshzs Sode ook e

— Different control topologies

e Data can be saved for further
analysis
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Motor/Drive Design Process

* FEA

* Control Design

e Simulation

* Data Analysis/Hardware Design
* Code Generation

* Testing & Verification
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"
Data Analysis — -
— Directory Selecti TestBenchData——————————— Simulation Data.
[ TOP DRSO\t EnginerngKERS Groupt e —— |
- ineeri u ® ® i
msen gineering ® 793 O Ferrari
) Power Analyzer © Peugeot
O Localpe E ” ”
© shared Change Directory ) Yokogawa Scope
- Load Data
. . LeCroy Scope [(import from Run_Sim |
* Import simulation and
— Data Fik
. File [ Date [ size
1
eX p e rrm e nt a | d a t a 1 TLABUly 12 4T Current 32pmmat Oeiay-2012 0
b CO I I l p a re d ata 7] Link Time Axes ['saveData | [7imeOffset| [Remove Data)
—Dat
Channel Functio
. Channel Units | File# | Min Max Mean RMS Fs | Length
* Functions to analyze data Smomow o ommm
1 6369 6376 0.02 4587 3999995 800000
1 0.50 0.50 0.83 08¢ 3999995 800000
- - 1 016 084 050 056 3999995 800000
Fie Eit Yo et ook Deidop Window Hep - |t 0.00 7276 6115 64.00 3999995 800000
FEEEID RS A =T 1 0.00 0.00 0.00 0.00 3999995 800000 T cemaoe
e ol o 6 o [Frr]m ] 1 410000 000 -89.00 99.50 3999995 800000 [ ChannetOrder
1 -540.00 0.00 31936 41478 3999995 800000 e latve]
Current vs. time 1 58530 13085 16265 27472 3999995 800000 O Alphabetical
600 1 0.00 628 316 366 3999995 800000 ©) Alphabetical by File
/ SN CNA N —la-1 1 185.00 185.00 184.45 185.00 3999995 800000 © Group Units
= v v I_b-1 1 -1.00 1.00 0.02 o7 3999995 800000 i
L/ —lc-1 1 -1.00 1.00 -0.00 070 2999995 500000
3 \ 1 12025909 6012956  -0.45 180.92 3999995 800000  Math Channels.
), N 1 18502 186.02 0.08 112.03 3999995 800000
v 1 18502 186.02 0.03 112,07 3999995 800000
1 0.00 596.55 363.92 424.19 3999995 800000
1 58365 586.19 055 20077 3999995 800000
200 ; 1 58356 58523 061 300.39 3999995 800000 =
Ble ESt Yow st Took Quitcp Wndow Help
DEWe (b A 0904 a/0@ =0
s
1a - Measured
AU la - Simulation
—l_a H
20
15| <
E
—_ 3
< o
% =
L ®
£ 10 =
6 <
[
5
o " . 1JIJ IM‘AIJJthlJllxljl“‘Ulw‘ |
| i
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Hardware Design

e Phase currents fed back into FEA to estimate motor losses

* Device currents used to calculate power electronics losses and heating
* DCRMS current and voltage ripple used for capacitor sizing

 RMS currents used for bus bar sizing

GET] 9@
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Motor/Drive Design Process

* FEA

* Control Design

e Simulation

» Data Analysis/Hardware Design
* Code Generation

* Testing & Verification
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Code Generation

* Simulink Coder builds DSP/FPGA
code directly from Simulink blocks
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* Develop and verify code with
simulation

* Deploy exact code in hardware
* Allows for rapid prototyping

% Code Generation Repeet

Back | [Forwerd) |

Contents

2 ¥
Subsystem Regort

Code Interface Report

Generated Code

=1 Model files
atwdemo_forloop.
wdemo_forloop.h
nwdemo_forloop_private.h
swdeme _forloop types.h
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Motor/Drive Design Process

* FEA

* Control Design

e Simulation

» Data Analysis/Hardware Design
* Code Generation

* Testing & Verification
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Testing & Verification

e Calibrate drive

* Verify back-emf

e Bearings break-in
e Verify control

DQ current regulators
Field weakening, Id, Iq
Torque accuracy

Tune sensorless control
Run motor to full speed and torque

 Measure motor and drive efficiency
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Applications ...
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Dr. Christoph Leser

MTS Systems Corporation
Advanced Technology Group
Electric Power Systems

14000 Technology Drive
Eden Prairie, MN 55344, USA
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