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Introduction: typical electrical drive RWTHAACHEN

Power Electronic Converter with controller and
micro-processing unit (MCU)

Mercedes SLS
Electric vehicle

Front wheel drive-train

=>» Schematic representation electrical drive ?
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Introduction: typical electrical drive
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Micro Controller Unit (MCU)

PWM1
PWM2
PWM3
PWM4
PWM5

PWM6

Power Electronic Converter

+

PWMl—Il:PWM3—Il:PWM5—|l:

DC Bus

Motor

PWM?2 —Il:PWM4—Il:PWM6 —|l:

v

Encoder

= What is 'Field Oriented Control' (FOC) ?

‘
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Introduction: What is 'Field Oriented control' ? S|SB P

Electrical Drives

RWTHAACHEN

Low Torque
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Medium Torque Rotor

direct

High Torque

X X X

Currents

Axis of
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Stator
winding

Axis of
phase ¢

Torque < Ypyl,

Adjustable
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Introduction: What is 'Field Oriented control' ? RWTHAACHEN

Maintain the
angle between
stator field and

PM field at 90°

Principle of 'Field Oriented
Control' (FOC) for PM [1], [2]

Magnetic field
dueto phase
currents

m Gives highest torque for the lowest current

m High dynamic response fully equivalent to DC motor

m Requires control of the currents in the stator by using the converter
m Requires knowledge of the PM magnetic field orientation

Permanent
magnet rotor

Prof. D.W.J. Pulle EMsynergy 6



Introduction: How can we find rotor position? RWTHAACHEN

Induced voltage
phase

wmdlng%s due to

magnet(EMF)

Use of a shaft encoder Use EMF induced by rotor magnets

m Shaft encoder: reliable position information, but expensive , increases drive
complexity and requires an additional cable to MCU

Encoder: requires access to a motor shaft end and increases motor volume
EMF sensing required sohisticated algorithm that works at near zero speed

Prof. D.W.J. Pulle Emsynergy 7



Challenges to achieving sensorless control
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m Needto find EMF 'vector' in amplitude and orientation using
0o EMF = Vmotor — VR — VL
o Approach requires knowledge of the motor parameters R, L and currents

A

DC

—
=

A

=» Complication: motor voltage (V,,,0t0r) Must be

Converter

VR + <P EMF

+ V. L .

SN e e e e e e == == —————

Vconverter

reconstructed from

converter voltage (V.pnperter) Which has a value V_.DC or 0V
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Challenges to achieving sensorless control RWTHAACHEN

m Estimate the rotor flux in terms of amplitude AND orientation
o Undertake this at near zero speed and remain STABLE at zero speed
o Estimate the motor parameters in order to ‘reconstruct the EMF of the motor
o Be used universally for all three-phase machines (PM and INDUCTION )
o Accurate measurement of the motor voltages and currents

m Need for a software package than can communicate with the
sensorless algorithm at a 'high level' so

that inexperienced users can use this technology: VisSim

m Need for a software package that can evaluate sensorless operation
with a model of the machine and converter: PLECS PIL

=» Solution??
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[m} Institute for
Power Electronics and
Electrical Drives

Solution to realizing sensorless control RWTHAACHEN

m Use of Texas Instruments InstaSPIN™-FOC (3]

o Anew advanced field oriented control
technique for sensorless control of
permanent magnet (salient and non-salient)
and Induction motors

o Comprehensive self- commissioning
capabilities

o On-line estimation of key variables

0 Relatively easy to use by inexperienced user
m What are the components ?

o FAST algorithm that provides:

» Flux amplitude , Angle and Speed of the
flux vector and machine Torque

o Motor ID:
= |dentification of motor parameters
o PowerWarp:
» Energy efficient induction machine
operation under partial load

=>» System architecture using InstaSPIN-FOC?

Prof. D.W.J. Pulle EMSYnergy 1o
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Solution to realizing sensorless control RWTHAACHEN
System architecture of InstaSPIN-FOC located in MCU: TMS320F280xF
Power
InstaSPIN'™™ — FocC T o e o
* e s dy N S :
f&h Speed iq a Current . 7% PWM
- m3 7 2 'I onverter
fm—l" Controller FH“IE—"' Controller m; P d Driver ) ¢ '
g
) . inl ip, in |
lux -« - —e— Tl
;Lllgl(i _ Forward 7. <] apc |e b
- T Wy W2ty LA
Torque Clarke | d] ARNE

PR
1 P

Control vp,.
LPF
TMS320F2806xF device

o FAST module: provides flux amplitude/angle/speed and torque
o0 required speed and current control algorithms to achieve FOC

=» Tool set ?
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Solution to realizing sensorless control RWTHAACHEN
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-~ -~

DRV8312 Kits
027F-069M MCU DRV8301 Kits

High Voltage Motor Control + PFC Kit
C2000 Launchpad (027 and 069) and Booster Pack

TI PM/IM Motbrs
InstaSPIN-FOC BLDC FOC

ACIM FOC (3 and 1 phase)
PMSM FOC
IPM FOC

Stepper FOC (Pending release)
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Solution to realizing sensorless control RWTHAACHEN

= Development solutions:

= System components:
o DRV 8312-069M -kit (24V/3.5A) =
- DRV 8301-069M -kit (60V/40A) _
-~ HV+PFC kit (350V/10A) —

to apply InstaSPIN??
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InstaSPIN™ development tools RWTHAACHEN

m VisSIim™
o Embedded control software
o Use of custom designed InstaSPIN™ modules

m MotorWare™
o Texas Instrument development tools
o Includes set of MotorWare™ laboratories which use InstaSPIN™

m PLECS ™
o Software simulation environment with electrical and control block set

PLECS processor in the loop (PIL) technology, works together with (PIL
prepared) MotorWare™ laboratories that use InstaSPIN™

=» Closer look at development tools

Prof. D.W.J. Pulle EMSynergy 14



InstaSPIN™ development tools
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Example of VisSim [4] 'embedded control' development software

Ability to develop and veritfy a fixed point control algorithm for the MCU and

test this with a simulated motor model first

rev_on

Motor Lab 1-3-phase B

Operational
Variable

S

[F28x Config. F280691 @S0MHz |

Vdcd2

= VaREF
=L VBREF
VcREF

controller
details

Current/speed  mt_ref)
Controller_

=peed_n rb nm_est
Ly Post. P »| 006461] Pm_fix_est(Wh)
" speed P 1200.02] shaft speed (rpm)
closed_loop_On isq_n—r|> SC g"’......u ¥ -.002375| Shaft torque (mNm)
Lo
a
- " | VaREF |4
B = C“"E—F:%qz;\ VbREF |4
- 4__ - A\
ibeta ;11170 I PM machine o __\}f;c;é:‘.{dCd\;cREF &
iﬂﬁﬁ:if——mW Coad ~n -
th Module H
—
w2n Vdc
Vdcdz2
Motor model

=» VisSim for sensorless control using InstaSPIN?

E\rlssim for TI - [lab1-8_2MTRphCvl.vsm*=drive 1: FOC IM drive 2: FOC PM.Main motor control
4~ Fle Edit View System Analyze Blocks State Charts Digital Power Motion Diagrams —SpinTAC

bus EEEEEETIEEY T
# B D ko e | > el Jalals
D{_ reffreq_n2 —»{ convert I—D% _
{={ -shaft_freq_n =] convert —> r+] igref_sp? }
igref _tor2

“closloopON | @9

convert
1>[ ;amplg_n ——>[ C-RAMP.

1= -ampld_n F-{ C-RAMP |—={ convert =] idref2 = +
- 8.32
- e r

105 90 75

Prof. D.W.J. Pulle
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InstaSPIN™ development tools
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Use of VisSim to develop

complete sensorless

ofFreg n}——

embedded controller ol o
structure Mgy -
1= b By

Modules present: e -
InstaSPIN-FOC : specially i%
designed VisSim module [5]  »{Kpn] o
which executes the FAST  PHEE——" )

InstaSPIN™

FOC

—— = .nmr_ref
—— = :nms ref
— = nmt_ ref

= Flux n

algorithm and all control

tasks

ADC-PWM: module used to
obtain the measured

voltage/currents and controls
the power electronic
converter

———{={ Ang ERR n |—
——= Speed n
—— = Torg n
—— = CC _kp n
—— = CC_kin

——I={ Rs n
—={ Ls_nn
—= RSONL_n

DChus n |—

Vd

vb

—= Testch3
—= Testchd

sia

——1= Testch?

=ik

——= Testch

=>» Compilation of this module to C-code generates an 'outfile’ that runs the drive

Prof. D.W.J. Pulle
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InstaSPIN™ development tools RWTHAACHEN

= Example of a VisSim based controller which operates a sensorless drive
Motor Lab 2-2 -phase C+ Eﬁ% gg\r

Variables

[F28x Config F28060M@I0MHz |

Minimum - flux .000713] min flux(Wb)
:::;Ef Z:;ﬁ e[ Low-Pass Filter He{ torgleter |—
) Vde_n | 24.1576| V_DC_bus(V)
arefn Flux_n B 006362| Pm_fix_est(Whb)
Ko_n Ang_err_n | 177.13| shaft ang_err(deg)
Ki_n Speed_n #|  9899.91| shaft speed (rpm)
Torg_n B 71.6086| Shaft torque (mNm)
E’"D"n—”” CeKp_n M oot p{ 2.28277] Kp_est(V/A)
- lab2-2_8312phCv10out  cc_win i Scﬁ;g CC_Ki B 2000 | wi_est(rad/s)
Force_ang_on Rs_n MOT 1D Rs P 410041 Rs_est(Ohm)
=peed_con_on wols_n|—— = Ls | 201739 Ls_est{imH)
Cnttrl_st 3.| Cntrl_state
S:—L:E;:—D” Est_st 13.| Est_state
- - WR1 000101
[(Off J——#={re_onL_active w2 00107
[(Off —————={chan_sel Rs0Onlin_n 410041] Rs_online_est(Ohm)
F28089N-Wonitor Buffer Read 0_ | e
Buffer
F28069M-Monitor Buffer Read 1DUIT|19| | ch2/4 4 CTRL_State_Error=0,
L CTRL_State_Idle=1,
[ torgMeter | CTRL_State_OffLine=2,
GEAUC{IN] x | 2P I CTRL State_OnLine=3
s | OO /O
o 1 EST State Error=0, W= error
RS ALI A A N AT Al I-5-cos s e
1 0 EST_State Roverl, = RJIL estimation 2
1 \ \ / / \ / \ \ / / \ / EST_State_Rs, /M= Rs estimation state 3
- \ / / \ / \X / EST_State_ RampUp, /< ramp up the speed 4
_2 - " EST_State_RatedFlux_OL, /M= open loop rated flux &
o EST_State_RatedFlux, /M= estimate the rated flux 7
-3 EST_State RampDown, /< ramp down the speed 8
EST_State Ls, /M= stator inductance 10
-4 EST_State_Motorldentified, /1= motor identified state 12
0 01 0z .03 04 05 EST State_OnLine, IN< online 13
| Time (sec)

= Example from Texas Instruments InstaSPIN- VisSim workshop program [5]

Prof. D.W.J. Pulle
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InstaSPIN™ development tools LSS\ Fovreecimssans

Electrical Drives

RWTHAACHEN

= Introduction to Texas Instruments MotorWare Software

m Content:

- Motor Ware software structure

- InstaSPIN implementation

- Use of MotorWare to run VisSim lab 2-2 (previous slide) but implementation
using CCS instead of VisSim

Prof. D.W.J. Pulle EMSYnergy  1g



InstaSPIN™ development tools LSS\ Fovreecimssans

Electrical Drives

RWTHAACHEN

= MotorWare™ is a repository to build solutions:

4 | drivers

4 | motonware
[+ . motorware_1_01_00_05
4 motorware_1_01_00_0&6

4 | modules

. clarke

[
[
[
[=
[
[+ -
N o ~mw_explorer b0 debus
[ C
I [* | Jy docs I Jd dlog
P | com .
: P I eclipse i | docs
P cpu
o 4 1 sw b est
[ | docs
¥
. docs b fast
P8 emu _ | filter
[+ 1) drivers
b flash b fw
B ide
Il gate - . N
-9 " dul 4 | solutions i ipark
> & gpio i mociies % . . l= 0 igmath
; ) 4 | instaspin_foc
b 2 [ 1 solutions board i | math
) 4 | ) boargas
b B fin | MotorWare. exe i || e
b osc |/ T Resource Explorer - MotorWare EL 0 drvB300 kit_revD B motor
I File -
S o : | b L drv@312kit_revD bl offset
- pie Devices: [All Topics: [All @ =) = :
¥ FI'” enter search keyword Address: - 4 hvklt_reurlpl by park
» & InstaSPIN-FOC B i
b pwm » & peesmiveron MotorWare™ Software W src P pid
3 Drivers
(¥ A pwmdac v [ Meodules Motor\Ware™ is a cohesive set of software and technical resources ] i instaspin_mﬂtiﬂn " queue
> Resources designed to minimize motor control system development time.
& ocs From device-specific drivers and support software to complete system = 10 rampgen
[ L pwr examples and technical training, MotorWare™ provides support for ' |- bDardS
every stage of development and evaluation. ¥} " spiﬂtac
b L qu MotorWare™ software has been developed to enable easy integration [ L drl'l'aaulklt_rel'r[}
b = of best-in-class motor control techniques. [55 L. EVQEN
. EBCI The software has been designed to enable: =
. s Cross Tl MCU suppart Pk L dnﬁngklt_rﬂD [ traj
[ | SFH * Modular and portable across MCU, power electronics and control
. techniques I
. +  Object Oriented software design P hvk|t_re1.-'1p1 B types
b timer +  APIbased
= W SIC [+ J) usDelay
> 1) wdog —

Prof. D.W.J. Pulle EMSynergy 19



InstaSPIN™ development tools LSS\ Fovreecimssans

Electrical Drives

RWTHAACHEN

m MotorWare™ contains 99% source code
= Source: Drivers, Modules, most code used in any solution
- Closed source is only some key IP
o Ex: FAST software sensor (ROM), initial position detection, etc.

m MotorWare™ is under revision and collaboration control using GIT
iInside Tl

m Entire repository is versioned for public release

4 || motorware
1. motorware_ 1 01 00 05
= 1) motorware 1 01 00 06

Prof. D.W.J. Pulle EMSynergy 20



InstaSPIN™ development tools
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m MotorWare™ contains multiple example

projects for each solution

= The main proj_lab##.c and ALL other files are
common through the instaspin_foc solution across

all boards and MCUs

- To port to a new board only three files change:

drv.c, drv.h, user.h

Qe S e

2 F InstaSPIN-FOC
a4 ¥ Piccolo F2806xF
B GUI
4 %5 dn@312kit_revD
» ® Example Projects|
1+ % drB301kit_revD
1 B9 hvkit_revlpl
i o InstaSPIN-MOTION
¢ ([ Drivers
& [ Modules
[3 Resources
& Ccs

All example projects are built as incremental teaching labs, allowing the user to walk through the
process and build up a complete system with the functionality required.

Instructions for these labs are located in the User's Guide

1. CPU and Inverter Set-up and introduction to interfacing to the ROM library
2a. Using InstaSPIN™-FOC for the first time, Motor ID, full control system from ROM
2c. Run InstaSPIN™-FOC from user memory (RAM), only FAST™ in ROM

3a. Saving your motor parameters and loading from user.h

3b. Saving your hardware parameters and loading from user.h

4, Running InstaSPIN™-FOC only as a Terque controller

Sa. Adjusting the supplied current controllers

Sh. Adjusting the supplied speed controller

6. Using FAST under load at start-up, low-speed, and speed-reversal
7. Using Rs Online

8. Using PowerWarp™ with Asynchronous Induction Motors

9. Experimentation with Field Weakening

10. Experimentation with Space Vector Over-Modulation

File
Devices: | All Topics: |All )@ _>
enter search keyword Address: -

-

4 | =solutions
4 | instaspin_foc
4 | boards
4 | dre8301kit_revD
4 ) f28x
4 || f2806xF
[ | docs
4 | || projects
4 | cesh
. proj_lab0l
= proj_labD2a
| proj_labl2c
| proj_labl3a
. proj_lab02kb
| proj_lab03b_flash
. proj_lab04
. proj_labD5a
. proj_lab05kb
. proj_lab07
| proj_labl9
| proj_labl0
\ src
=) drvB312kit_revD
= | hvkit_revlpl

Prof. D.W.J. Pulle
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InstaSPIN™ development tools LSS\ Fovreecimssans
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m MotorWare™ contains code that produces html documentation using
Doxygen

//! \brief Gets the angle value from the estimator in per unit (pu), 1024.

//! \details This function returns a per units value of the rotor flux angle. This value wraps around
//! at 1.0, so the return value is between 0x00000000 or _1Q(0.0) to OxOOFFFFFF or _1Q(1.0).
//! An example of using this angle is shown:

//1 \code

//'" _iq Rotor_Flux_Angle pu = EST_getAngle_pu(handle);
//! \endcode

//' \param[in] handle The estimator (EST) handle

//! \return The angle value, pu, in 1Q24.

extern _iq EST_getAngle pu(EST_Handle handle);

_ig EST_getAngle_pu { EST_Handle handle )

Gets the angle value from the estimator.

This function returns a per units value of the rotor flux angle. This value wraps around at 1.0, so the return value is between
Dx00000000 or _IQ{0.0) to 0x00FFFFFF or _IQ{1.0). An example of using this angle is shown:

_ig Rotor_ Flux Angle pu = EST getﬁnq%e pu (obj->estHandle) ;
kW)

Parameters:

) |GE15 the angle value from the estimatar, i
[in] handle The estimator (EST) handle

Returns:
The angle value, pu, in 1Q24.

Prof. D.W.J. Pulle EMSynergy 22



InstaSPIN™ development tools S|SB Foreecrorcsns

Electrical Drives

RWTHAACHEN

All FOC in ROM

Torque | !
Mode | CTRL_run
|
: . Wref i
i Traj . |
User_Spdger 1 > Ramp 1 Speed | Spdout A A Ion=s _ e
i PI Ll T Ia o DRV_run |
i w id b i | P[] b =
: ? ...... Lt Vq — Vq_aut - Ta } : - :
| T
User_lorer — s 1IN = VM T, =1 Ppwm 1
i | Va | PARK Vp_out _ T. | | .| Driver 1
: m d_ref > > T > :
User_lgper ] dh ;K"'j — Id A i ! : !
i A S q . ERCERIETR
1 |
: }
1 |
i o A !
1 |
! | PARK !
1 4 F g S— |
1 |
| ) |
1 |
1 IT |
: - -~ ! 777777 | q } r—T T T T T T T T T T T T 1
! ! q EST_run | ! | DRV_readAdcData |
| I | Lot |
! = ' " P ;
1 [ | < T « T
! | Drated f P '
Flux : _— g ellildz >IN |
| Y S s |
Angle , = FAST™ ! N i
Speed i W Software Encoder | | Vain LV, ADC !
pee i - | = Rotor Flux Observer N i CLARKE SV, Driver !
Torque <€— ! Lt Motor Parameters ID 1V_in P !
o ! | ™ | : :
: } 1 } : :
i } » : Vbus } ! :
: | - N :
i ‘ AAAAA ! bt 1
i i ROM | ROM Do FLASH/RAM i
1 [PER— B NN SN NN N N S SN S S J -
R, 4#——-+-+-+-+-— Enable PowerWarp™
-~ Enable Motor Identification
Ly <€
T Enable R, On Line Recalibration
qu |
Y rated < Enable Force Angle Startup
lrates <
Motor Type 23



InstaSPIN™ development tools S|SB Foreecrorcsns

Electrical Drives

RWTHAACHEN

Estimator Only in ROM

Torgue CTRL 1
Mode | —fun-
: Wet :
| Traj o i
User_Spdgef _E_> Ramp 7| speed i O
) I
i L | P g | poo DRV_run !
p w S Pl 1 ! |
: ? Vq‘__ V:(_out - Ta ! 1 . i
User_lgget = M 1Ny ] VM Ty ! i~ PWM !
: | Va_ | PARK Va_out - T, | i~ Driver |
| N N = > > |
User_loer ik >=\+j ™> — ! i |
| A I N q Ul
! i
! i
| e |
1
i I PARK i
! q 1
| ™ |
| )
S S I S A a
A 1
7S ! .
(oot TT T ~ T T i FLASH/RAM | 1o -ommmmmmm oy
! L EST_run a ! / i | DRV_readAdcData i
i . U, : I, | i 1
L < 1 ! = }
ted
Flux — | l CLARKE fg—t—rr !
} =~ [ ! ! ) I
1 y ™ | | [ : ] }
Angle — FAST™ 1 i P |
Speed LW Software Encoder | | Voin | A ! ADC 1
P - [ - Rotor Flux Observer N ! ! CLARKE SV ! Driver i
t Lot Vs i I T [
Torque < } Motor Parameters ID < : p_in : <Vci i i
| : i L 1
} = 3 Vbus ___________________ : }
! « | T }
: : i :
| 1
! ROM | \  FLASH/RAM |
R, ¢ Enable PowerWarp™
<
~r " Enable Motor Identification
Lsd “1
T Enable R; On Line Recalibration
Ly ¢
Vrsted € Enable Force Angle Startup
s € 24
AMAarar Tvnes




InstaSPIN™ development tools LS5 R\ Froncsn
RWTHAACHEN

CTRL Contains:
SW Structure « All PI controllers DRV Contains:
» Clarke, Park, Inverse Park * Inverter/MCU setup/control functions
» Space Vector Modulator » A/D read function
USER * Critical function “CTRL_run()” * PWM set function
» Custom /O code goes here
[src/user.c Functions look like “CTRL_*()"
user.h Functions look like “DRV_*()”

Look at “ctrl.h” for API function calls Look at “drv.h” for API function calls

pInTAC

/src/spintac.h CTRL
Swlmodu|eslspint /SI’C/C'[I‘|C, C'[I’|h,

ac ctriStates.h
AN sw/modules/
proj_lab##.c
main.h

DRV

/src/drv_object.h
drv.c, drv.h
< sw/drivers/

EST Contains:

=  All estimator (FAST) function prototypes
sw/modules/est, « PowerWarp function

[fast « Rs Online functions

Prof. D.W.J. Pulle EMM 25



InstaSPIN™ development tools
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Motor Identification and sensorless operation : Lab 2 MotorWare (lab 2-2 VisSim)

Steps required:

1.
2.

ok

Open Tl motorware 12

Project> Import 'Existing CCS
Eclipse project' : need to work

down the software tree to find
'lab02a’' for DRV8312 board

'right-click’ project name and
'rebuild project”: result as sho

Select (left click) user.c

Within user.c select (left click
with ctrl down) user.h

Next: configure

user.h file according to
dialog box data VisSim
lab 2-2

File

'ﬂ CCs Edit - proj_lab02a/user.c - Code Composer Studio
Edit View Navigaste Project Run Soipts Window Help

a5 G & 35| 4~

e

; PDP!OJEC’E Explorer &3 I

BN

5

.| Bl = proj_lab02a [Active - Release]

[#- ﬁ;’ Binaries
- @']] Indudes
[#--[z= Flash
[#[*= Release
Bl [ ade.c
- [y dk.c
[]--@! pu.C
[ g5 F28069F_ram_Ink.cmd
Pl [y flash.c
[]--@! gpia.c
F- [y hal.c
Bl [ osc.c
E]--@l pie.c
B[ pll.c
[]"@l proj_lab02a.c
[]--@! pwm.c
B [ g pwr.c
[]--@! timer.c
Bl [8) usDelay.asm
[]--@! user.c
Bl [ wdeg.c
B 2806xRevB_FastSpnROM
Ef CodeStartBranch.asm
-~ [& Fas069F.amd
By IQmath.lib
@ memCopy.c
E]--@! proj_lab02a.js
(s TMS320F 28069 _xds 100v 2.coxml

&4 Expressions 3 l

MName
=?ﬂ' "gMatorVars”
Y “gMotoryars.Flag_enableSys™

Z‘%” "gMatorVars.Flag_Run_Identify”
By "gMotorYars.Flag...nableForceAngle™

£V =gMotorvars.CirlState”

By "gMotoryars. EstState”

5‘}” “gMotoryars. SpeedRef_krpm™
Z‘?’ "gMatorVars.MaxAccel_krpmps”
3(?»’ “gMotoryars.Speed_krpm”

=7" "gMotorVars.Torgue_lbin"™
3(?” “gMotorVars.MagnCurr_A"

=7" "gMotorVars.Rr_Ohm"

3(?” “gMotoryars.Rs_Ohm”™

=7" "gMotorVars.Lsd_H"

3‘%” "gMotoryars.Lsg_H"

5‘}” “gMotoryars. Flux_VpHz"

Z‘?’ "gMatorVars.I_bias”

3(?»’ “gMotoryars.V_hias™

¢ Add new expression

@ proj_lab02a.c !;m@ user.h

24 * CONTRIBUTCRS BE LIABLE FOR AN
2z X _EYEMPLRRY, OR CONSEQUENTIZRL Ii
28 = CUREMENT OF SUBSTITUTE GOC
27 * OR BUSINESS INTERRUFTICN) HOW
28 * WHETHER IN CCNTRACT, STRICT L
28 * OTHERWISE) ARISING IN ANY WAY
30 * EVEN IF ADVISED OF THE POSSIB
31| * --/COPYRIGHT—-*/

32|77 \file solutions/instaspin
33//! \brief Contains the function

35///!' (C) Copyright 2012, Texas In
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Configure user.h file on the basis of dialog box entries VisSim lab 2-2

A R A AR R R AR AR R R AR R AR R R R RS

User.h MotorWare

the defines

“brief CURRENTS AND VOLTAGES

“brief Defines the full scale frequency for IR wve
“brief A1l frequenciezs are converted into (pu) be
“brief this value MOST be larger than the maximun

78|/ /#define USER . IQ FULL SCALE FREQ H=z 800.0)

'?El#deflne USER_IQ FULL SCP.LE _FREQ Hz (400.0)
“brief Defines full scale value for the IQ30 wvari
“brief A1l voltages are converted into (pu) basec

‘\brief WARNING: this wvalue MUST meet the followir

B lab3-2_8312phCvB.c - Notepad

File Edit Format Wiew Help

JEE% \yis5im Automatic € Code Generator Version 9.0PR
/% output for Tlab3-2_8312phCv8.vsm at Tue Jul 08 15

#include
#include

#includ d11.h" i i
#include "cgendl], User.h compiled in

#include "Motorware.h” i i i
#include Motoruar phase C with VisSim
int MHZ=90;

int curctlstatech;

int statechangeld;

int junk;

DEF_MONITORBUF (_sigBuffer0, 901,1int,15, 3,16);
DEF_MONITORBUF (_sigBufferl,901,1int,15, 3,16);

static DRV_PwmData_t gPwmData_0;

static DRV_Obj drvstate_0;

static DRvV_Handle drvHandle_0;

static DRV_AdcData_t gadcData 0;

static CTRL_Obj Is_controller ob O_war;

static CTRL_Ob] *Is_controller_o j0=&I5_controller_o

83, ‘“brief WARNING: otherwise the value can saturate static USER_Params guserparams_| 0 10, /% igFullsca
84|, \brief WARNING: this wvalue is OFTEN greater than igb ;ﬁ jlqgﬂjlllgggllgﬁgltag */
85|, \brief WARNING: if wyou know the walue of wour Ben l% e nﬂmISFchkSperq r1Tick */
846, ZWerief It is recommended to start with a wvalue ~% %’ jz QHEEHPE SPEEEE‘E;’?ZETJ’?I( =/
i g2 value i=s also used to calculate the n 1:5, /% numCtpkTicksPerspeedTick */
8 R_IQ FULL SCALE VOLTAGE V (24.0) 15, A% nu r1TicksperTrajTick */
— 3, rAd mCurrentsensors %/

EEl#deflne USER_IQ FULL SCALE VOLTAGE V (4g8.0) numvoltagesensors */
9 \brief Defines the maximum voltage at the input t /* offsetPole_rps */
- . /% fluxpole_rps *#/
] \brief The wvalue that will be represented by the p /% zerospeedLimit */
92 //! “brief Hardware dependent, this should ke based ¢ 1, /: fOFCEA”%ﬂEFr‘EqEHZ */
- 4000, /% maxaccel_Hzps *#/
93 #define USER_ADC FULL SCALE VOLTAGE V (66.32) 20, /% maxAccel_est_Hzps */
g4 37.699112, /% directionPole_rps */
- . 314.15927, * speedPole_rps *
95| “brief Defines the wvoltage scale factor for the = 125_553?1, 5\& dEBusPo'Ie_r'gs w;
96 //1 ‘\brief Compile time calculation for scale factor 1. /¥ TluxFraction =/ .
o 1, /% indest_speedvaxFraction */
97/#define USER_VOLTAGE 5F ((floac_t) ((USE , /% eplGain */
98 90, I 5yste?Frqu\ﬂHz *é /

\ 66. 666667, * pwmPeriod_usec *
9 “brief Defines the full scale current for the I 1. 3816667, S E'o'ltage_sf w/
10 “brief Bl1l currents are converted into (pu) Hasec 1.7277, /% current_sf =/
~ . ?,_\ _ . ) o _ (pu) . ) 4487.074, /% voltageFilterrole_rps */
10 FU Abrief WARNING: this wvalue MUST be larg than tF 0.92376043, /% maxvsMag_pu ¥/
102 $define USER IQ FULL SCALE CURRENT A (10.0) 1.5, /¥ estKappa */

——— — - - o] = motor type *
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InstaSPIN™ development tools

Move to ‘debug’' mode of CCS to run lab 02a

? CCS Debug - proj_lab02a/proj_lab02a.c - Code Composer Studio

File Edit View Project Tools Run Scripts Window Help

Green arrow starts

debug process: jes-H a2 na-Poe-|s-
e O E|?’.@?‘.@-@|*&*@|@@vmﬁ ()= Variables | &' Expressions Xlﬂ?ﬁ?Rﬁgisters| L2k |¢' ok
. =l ¥ proj_lah02a [Code Composer Studio - Device Debugging] Expression | Type | Value |
FIagS/Varl ables Can be = m’_" Texas Instruments XDS100v2 USE Emulator _0,/C28xx (Suspended - 5W Breakpoint) (= gMotarVars struct _MOTOR_Vars_t_ Lok
H H = main() at proj_lab02a.c: 109 0x008C0 1 ()= gMotorVars.Flag_enabl unsigned char 0 (Decimal)
Set I n WatCh WI ndOW _args_main{) at args_main.c:91 0x00SDAB ()= gMotorVars.Flag_Run_] unsigned char 0 (Decimal)
0x2BB838 ({no symbols are defined for 0x2B8338) ()= gMotorVars.Flag_enabl unsigned char 1 (Dedmal)
).P Texas Instruments ¥DS100v2 USE Emulator_0,/CLA_0 (Disconnected : Unknown) ()= gMotorVars. CtriState | enum unknown CTRL_State_Idle
1 ()= gMotorVars.EstState | enum unknown EST_State_Idle
O Utp Ut Varl ab I es S h Own ()= gMotorvVars.SpeedRef_ long 0.09999996424 (Q-Value(24))

in Watch (Expression)

()= gMotorVars.MaxAccel_} long
()= gMotorVars.Speed_krpr long

0.1999999881 (Q-Value(24))
0.0 {Q-value(24))

window during

; ()= gMotorVars. Torque_lbir float 0.0
0] pe ratl on. (See n eXt ()= gMotorVars.MagnCurr_ float 0.0
S Ild e) ()= gMotorvars.Rr_Ohm | float 0.0
(%)= gMotorVars.Rs_Chm  float 0.0
()= gMotorvars.Lsd_H float 0.0
()= gMotorvars.Lsq_H float 0.0
()= gMotorVars.Flux_VpHz float 0.0
bﬂ gMotorvars.I_bias struct _MATH_vec3_ Lok
(= gMotorVars.V_bias struct _MATH_vec3_ {0k

aF Add new expression

[ proj_laboza.c 2 ] €] user.c |@ user.h |
102|DRV_SPI_8301 Vars_t gDrvSpis301Vars;
103 fendif
104

LOS| R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R AR R AR R AR AR AR AR R AR R R R R R AR R AR AR R R AR

106 // the functions

=
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'‘Debug’' mode during operation:

".ﬁ CCS Debug - proj_lab02a/proj_lab02a.c - Code Composer Studio

File Edit View Project Tools Run Scripts  Window Help

Ic- g |s-[exe-Bee-|s

% Debug E@] % | | T |%'@|8}BVEE W=Vanablesmm?ﬂ-€giiﬁfs| <t E|| w XK &@lf‘j £|6>@VEEI
T

= Ef’ proj_lab02a [Code Composer Studio - Device Debugaing] Expression ype | Value | Address |
o Texas Instruments DS 100v2 USE Emulator_0/C28xx (Running) g gMotorVars struct _MOTOR _Vars_t_ 1.} 0x009ES0 @Program
x@ Texas Instruments ¥DS 100v2 USB Emulator_0/CLA_D (Disconnected : Unknown) ()= gMotorVars.Flag_enabl unsigned char 1 {Decimal) 0x009EB0 @Program
()= gMotoryars.Flag_Run_] unsigned char 1 {Decimal) 0x009ES 1@Program
. ()= gMotorVars,Flag_snabl unsigned char 1 (Decimal) 0x009ES3@Program
O bs e rvat ons : ()= gMotorVars.CtriState | enum unknown CTRL_State_OnLine 0x009ESS @Program
° MOtOf ID resu |tS ConSIStent Wlth ()= gMotorVars,EstState | enum unknown EST_State_OrlLine 0x009ESA @Program

)= gMotorVars.SpeedRef_ long

Lab 2'2 VlSSlm ()= gMotoryars, MaxA

0.3000000119 (Q-Value(24))  0x0D03ES4@Program
0.1999939381 (Q-value(24))  Ox0D0SES3@Program

mvars.Speed k.r|:-r lona 0.2984411716 (Q-Value(24))  Ox0D09ESA@Program
¢ Operatlon now ContrO”ed by/- )= gMotorVars. Torque_lbir float 0.1458852 0x009EBD @Program
SpeEd reference (krpm) ()= gMotorVars,MagnCurr_ float 1.008374 0x009EA 2 @Program
)= gMotorVars.Rr_Chm | float 2.079839 0x009EA4@Program
¢ M easu red phase Cu rre nt ()= gMotorVars.Rs_Ohm  float 1.3092 0x00SEAG@Program
waveform 0.5A/div - gMotorvars.lsd H  float 0.006075025 OX00DSEAA@Program
()= gMatorVars.Lsq_H float 0.006075025 0x009EAC @Program
Tek L. @ Stop M Pos: 25.58ms CURSOR ()= gMotorVars.Flux_vpHz float 0.2156315 0x009EAE @Program
* Tupe g gMotorvars,I_bias struct _MATH_vec3_ {0} 0x009ECA @Program
& @ gMatorVars,V_bias struct _MATH_vec3_ 1.} 0x009EDO@Program

a° Add new expression

Source
CH1

M 10.0ms
G-Jul-14 2308
IES 20148 - 174247 TiRE014
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PLECS simulation software:

What is PLECS [6]? :

« Comprehensive software development platform which is available as 'stand-alone’ or with
MATLAB/Simulink

* Ability to use Electrical and control blocks together
« Example PLECS: Case3av2 V/f controller with e-Traction converter and IM motor

. r-r—=--=—--=--=-=-=--"=-"=-="=-"=-=-"=-"="======
EXampIe. v (V) I % in  out| - mud_\nldwcﬁ
«  V/fcontroller P Rev-park ;

n Rev-Clarke SUM I
|
|
|

e  SVM modulator v_aref(V) 5
. PWM : | =

f_ref (Hz) 1 ow Product
¢ ADC with Sampling el
«  Converter with ideal or R
non ideal power SO, 5 e @ K
electronic devices ADC fullscle Vokrage m i T b o[>
° Thermal mOdelllng e L trig {3 Tiig 5/ - -
converter (heat sink) o [ ] . :
ADC _fsC
e  Motor model |
. 0.3886
*  Mechanical model | _ wr« Torque ()
interfaces to load w30 ) = ~Dven
« Comprehensive = 02 601
analysis tools s e shaft seed (RPM)
e Fast computation times L B

Converter 4"|D V_con_F
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: : Filtered voltages
PLECS SImUIatlon SOftWare: 200 '|Hllll1rllI1HlHrH'Hr'lllll'lrll'nu1|r1|'[lIHTHH1H'r1'I||l1lrlr]r]H||||H|']H1H|1_|rs_f1|[

e« V/fcontroller
 Typical results:

PR EE LR e b ek b e e Cer bk b b CeL bk ek Ly

User has the ability to fully tailor
drive design to meet performance
requirement

'IMH-lHHHIHHl““HIH“HIHH”””"“H“”l“H'HHHIHIHHHlHIHHHHquHHHH
‘HH”““HHHIHH|+|HHHlHHIHHHIHHHIHHIHIiHHH”“““””NH'“HH'H'H“'

Shaft speed

0.8 1.0

t [s]
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PLECS software S —

 Example PLECS case study

e e-Traction 3 kW/400V converter and
Marathon IM motor
e SETUP in use with:

—  TMS32028069M control card with USB
JTAG interface located on e-Traction
board

— 400V/2 A DC power power supply
— 24V auxiliary power supply for logic
circuit
— CAN BUS interface (not used here)
*  We want to evaluate sensorless operation
WITHOUT running the hardware
 Answer: PLECS processor in the loop
technology (PIL)
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PIL: 'Processor in the loop'

Whatis PIL?

TM8320F8069I\/I processor in the
loop’

ADC inputs from hardware
‘overridden’ by inputs from

'ADC-069M' PLECS module

PWM outputs 'sw' by MCU now
generated by 'ePWM_069M'
PLECS module, which controls
PLECS converter

MCU 'trig' output used to trigger
internal ADC now triggers PLECS
'‘ADC-069M'

Additional inputs/outputs to PIL
can be generated to suit user
requirements.

MCU runs the Tl MotorWare labs,
provided they are 'PIL prepared'

In this example MotorWare
laboratory 4e is used to control
the drive: FAST as encoder, with
known parameters and control of
'lgSet’ (reference Iq)

k]

wh
V_ph

vi300 (7) [ ]:J;g*:
0 Tme
e=—>Db wme
Shaft
IM_Marathon
? 4I-| > 1_con

W_con_F

I_con >—| h
- Y
Is £ E3

AdcResulD-7

LS E—
Vdc

LA A D

EnableForceangle

IE'_

ADC_0a9M

L |

EnabeEpl
<]

IgSet
Value: -0.5

Next: how to set up PIL

operation

s
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How to set up PIL operation

Actions to take:

 Import the PLECS PIL
prepared MotorWare lab 4e

. Edit the user.h file to match
the motor and drive data used
in PLECS model.

e Editdrv.c if the MCU clock
freq. need to change as is the
case here: set to 60 MHz

* Rebuild the project, which
generates a xxx. out file

 Keep the MotorWare and
PLECS file in the same folder

*  Move to 'Debug' mode and
which downloads

xxx.out file

o Start debug : LED flashing on
control board

Next: move to the
PLECS model

'ﬂ CCS Edit - FOC_Sensorless_28069F /user.h - Code Composer Studio

File Edit View Mavigate Project Run  Scripts  Window Help

[e3- IR - - 9 i e
[ Project Explorer EX] = & ¥ = O| &1 Expressions EX]
= {Lf:‘i FOC_Sensorless_28069F [Active - Debug] Mame | Value
E]--i‘; Binaries =_; "gMotorVars.Flag_enableSys”™
E-{ajl) Includes Y =gMotarvars.Flag_Run_Identify”
B-(= Debug z(.;y "gMotorVars.Flag...nableUserParams™
Bl-(= drivers 5_; "gMotorVars.Flag_enableRsRecalc”
[H-F= modules x;y "gMotorVars.Flag...nableForceAngle™
- IE dd.h 5?’ "gMotorVars.Flag...nableCOffsetcalc”™
B[4 ctrl.c 1Y =gMatorVars,Cristate”
&[] ctrlh Y “gMatorVars.EstState”
- 2 F28069F.cmd %Y “gMotarvars, JaRef_A"
B[] main.c ¥ =gMatorVars,5peed_krpm”
B[] main.h ¥ "gMotorvars. Torque_lbin™
[ [ pil_codeid.c %Y "gMotorvars.Rs_Ohm"
- [ pil_codeid.h %Y “gMotorvars.Lsd_H"
B[] pil_comm.c Y “qMotorVars.Lsq_H"
B[R] pil_comm.h Y =gMotarvars.Flux_vpHz"
B [€] pil_ctrl.c Y =gMotarvars. VdcBus _kv”
& (8] pi_ctrlh =
58 pil_symbols.c [ manc (g werc [ ied)
B [h] pilh 381 #elif (USER MOTOR == My Mator)
[]"'@ user.c 382 #define USER_MOTOR_TYPE MOTOR_Type_Inductic
&[] user.h 383 #define USER MOTOR NUM_POLE_FAIRS (2)
----- =, 2306xRevE_FastSpinROMSymbals.lib 324 gdefine USER MOTOR Rr (4.0)
~{F] buildsteps.bat 325 gdefine USER MOTOR Rs (11.4)
""" [ Fasosam.cmd 386 #define USER MOTOR Ls_d (80.62-3)
""" Bl 1Qmath.lib #define USER MOTOR Ls g (80.62-3)
- (&) main.js #define USER_MOTOR_RATED FLUX (z2.82)// V/Hz
""" Bl pil_framework.lib 3289 #define USER MOTOR MAGNETIZING CURRENT (1.3)
""" %] TMS320F28058_xds100v2,coxml [Active] 320 #define USER MOTOR RES EST CURRENT (1.0)
391 #define USER_MOTOR_IND EST CURRENT (NULL)
392 #define USER MOTOR MAX CURRENT (1.0)// this is igr
393 #define USER_MOTOR FLUX EST_FREQ Hz {5.0)
394
«| |
El consale &2 l
CDT Build Console [FOC_Sensorless_28065F]
"FOC_Sensorless_28063F.out"” ==> IQmath
"FOC_Sensorless 28069F.out"” ==» .cinit
"FOC_Sensorless 28069F.out"” ==>» .econst
"FOC_Sensorless_28063F.out” ==» codestart
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How to set up PIL operation (continued)

Actions to take:

. Double left click on
PLECS PIL

e Settargetto
InstaSPIN-FOC

e  Select 'configure’

 Enter the location
of for the xxx. out
in the 'symbol’
entry

 Entries for the
ePWM-069M must
be made, but
requires one time
PIL operation so
that info is on
displays.

e InPLECS
Simulation
parameters>
Initialization box:
set System CLK
and PWM
frequency

W .
e-Traction

Converter |

0.0000]

4 PIL parameters: Case3C_eTRAC_069v3/PIL

=

by
=
L

.4%75

J: 300 C

Ry

ALY

J —Parameters
0 _me ot
= P — w_me TEs
‘ chaft [instaspin-Foc | configure
IM_Marathon Sample time:
? 4-{> I_con [ / L
) Load cuy | Exteral rigger:
W _con_F [rising edge =r
utput delay:
Icon [>_‘ ¥ Y /% / r
. = X . - é . [ [Input 7~
V con F Vs AdcResulD-7 =

_con_| Ve £= * Number of inputs: 3 = [nput 1 =l

PIL

lrlnmrﬁms a Processor in the Loop.

AdcOverride.Resultd

AdcOverride.Resultd

ADC_059M AdcOverride.Result1 AdcOverride.Result1
. PIL AdcOverride.Result2 AdcOverride.Result2
AdcOverride.Result3 ;I AdcOverride.Result3
AdcOverride.Result AdcOverride.Resultd
EnableForceAngle AdcOverride Results
6 AdcOverride.Results
7 AdcOverride.Result?
n orvarsOverride.Flag_enableEpl
gMotorVarsOverride.Flag_enableForceAngle < I
EnabeEpl gMotorVarsOverride.IqRef_A
[c]
IgSet
|| ¢ PIL Targets x| Output
. Number of outputs: 3 = Output 1 -
Targets IName. = I =
InstaSPIN-FOC AdcOverride,Resultd - EpwmMirrar.Cmp 1A
.Ilgf‘;ftpm'mc AdcOverride. Resultl EpmMirror Cmp2A
Settings AdcOverride,Result2 EpwmMirrar,Cmp3A
AdcOverride.Result3 >
Symbol file: AdeOverride.Result4
IC:fDD:umenis and Settings/DucoPulle My Documents/Duco,Te.. | :ggg;smgsg::a:g
AdcOverride.Result?
Device type: Device name: BackgroundsStepCtr
FTD2XX — 0, — EpwmMirror. Cmp 1A <
| =] [rviesras = sen | S cng2a =
EpwmMirror.Cmp3A
Properties | EpwmMirror. ETPS LI
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘
+| —| Accept I Revert | Help | oK I Cancel Apply Help
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How to set up PIL operation (continued)

Actions to take:
. Click on PLL

Interfaces a Processor in the Loap,
*  Select x
Conﬂgure —Parameters
! Firmware description: Motorware demo project
° Se|eCt 7 2 compied by: pul Target:
'Properties’ - " C
p Compiled on: Mon Aug 04 12:43:55 2014 __ | |mstaspin-FOC x| gfonfigure
. Confirm that | Tergetcum: 98-48-A5-37-33-52-7C67 Sample time:
sym bol file ~| { Symbel file GUID: matches Target GUID. El r
F
GUID states Target mode: |Ready for PIL x| [>7r | Extemal trigger:
1
matCheS I—I | | Irising edge ;I r
Target GUID' — L—= Cance Sely
g | TL QOutput delay:
° Check that 5 Lcon mL ||3 / r
‘Target mode' L{> v_sonle s
Input
set to 'ready e rd
for PIL' —I—p Is L Mumber of inputs: 3 /f’ |Input 1 |
*I-:L: Vsl PR=r AdcOverride. Resultd AdcOverride Resultd
Ve AdcOverride. Resultl AdcCOverride. Resultl
apc bosam AdcOverride.Result2 AdcOverride,Result2
: . AdcOverride. Result3 = | AdcCOverride. Result3
—] AdcOverride. Result AdcOverride Result4
. x| AdcOverride. Results
AdcCOverride Results
X AdcOverride Result?
Targets ame: nableEpl
InstaSPIN-FOC IInstaSP N-FOC nableForceAngle < |
Target —Setting A
Symba] file:
IC:fDo ments and Settings/DucoPulle My Documents/Duca/Te... |
Device : Device name:
[Fozq =l [TiwesFras =] san || P = Joutput 1 [
- EpwmMirror. Cmp 1A
Properties | = EpwmMirrar. Cmp2A
Next: RUN PLECS d[Formiermes

44- PIL parameters: Case3C_eTRAC_069v3/PIL

—PIL
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Running PIL

Actions to take:

. Set 'enable force
angle 1

. setigSetto 1 A

. We have quadratic
load curve 1 Nm at
1000 rpm

. Start PLECS

. Observe:
- MCU DC is 300V

— check TBCL, EPSEL
and ETPS match
results in ePWM mod

. Selected magnetizing
current 1d=1.3A
corresponds to rotor
flux of 0.37Whb

ol ol .
A | vec_b . E .
p{vec_r ¥ -
mux 1 e
wlvsc b "
W, eraction VED x > .
Converter [ 11383 #lvec r ¥ o —
M
wR
! s — V_php3
- ] T i b (1061.8957 | J
: I_p
Vi 300 _) v Starp -
0 Tme =D> Tm rad2rpm > rpm ::I_,—b
—5 wme T =D o Polar-=rect
Fan -
IM_Marathon —t/u
Y P = [ 0.3727|
V_gon_F Load curve Rotorflux{wb)
- 1059. 1414
I_con ¥ Y PIL b |
Is & £ —probes Speed (rpm)
V_con F [>_>I:L: ] AdcResultd-7 » = Cmpr g IWI
Vdc sl * _ —
> _l—l- Enzble  sw —b[) W MCU_DC (V)
G [ ePWM_069M
PIL 183.33 :

EnableForceAngle

o]
II} EnabeEpl

IgSet
Value: 1

Next: Results achieved with PIL

[ 40970 |ITBCTL ap

[ 2304 || EPSEL
[ 257 || ETPS

C fullscale Current
I_con

663.3

ADC fullscale Voltage

2 D:
easurements
o

300,000 |
oC (V)

V_zon_F [}J—>
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Results when Running PIL with PLECS Phase Currents [A]
Observations: 2 : : ; ;
. Machine fully fluxed at t=1.2s (force angle !
turned off)
e Actual and FAST (red) flux vectors aligned 0N\
Jo ol & K[ %5]e
04 -2 : : :
Filtered voltages
i 300 5 vorages.
| 200
! 100-
:w« B O — 0! S ORI SO
L AR\ VA
A N A A 5 Torque [Nm]
. FOC torque control example : ? i
- flux times 5 (red) and current vector ig=-1A
E‘;Eg%ﬁ‘{wguﬁgﬁlglﬁ‘e
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Result when Running PIL with CCS

Bl =1L
| &7 ~ i [% ccspebug [ O » |
iy = | % - & | @@ ~ = O ||69= variables | &7 Expressions 52 l 141 Registers | = 5 | o K % &ﬁ’ | Y % | @@ ¥ = C
ng] Expression I Type | Value I Address
] (%)= gMotorVars.Flag_enableSys unsigned char 1 {Decimal) 0x00009080@Data
=cted : Unknown) ()= gMotorVars.Flag_Run_Identify unsigned char 1 (Decimal) 0x00003081E@Data
()= gMotorVars.Flag_enableUserParams  unsigned char 1 (Decimal) Ox00009086 @Data
()= gMotorVars.Flag_enableRsRecalc unsigned char 0 {Decimal) 0x00009085@0ata
()= gMotorVars.Flag_enableForceAngle unsigned char 1 {Decimal) 0x00009083@Data
()= gMatorVars.Flag_snableQffsetealc unsigned char 0 (Decimal) 0x00002087 @Data
()= gMatorVars.CtriState enum unknown CTRL_State_Online 0x00009085 @Data
(%)= gMotorVars.EstState enum unknown EST_State_OnLine 0x0000908A @Data
()= gMotorvars.IgRef_A long 0.0 {Q-value(24)) 0x0000908EEDats
()= gMotorVars. Speed_krpm long 1.054953575 (Q-Value(24)) Ox00009056 @Data
()= gMotorVars. Torgue_lbin long 6, 761470973 (Q-Value(24)) 0x00009038 @Data
()= gMotoryars.Rs_Ohm float 11.4 0x000090A4EData
()= gMatorVars.Lsd_H float 0,0806 0x000090A8 @0ata
()= gMotorVars.Lsq_H float 0.0806 Ox000090AA@Data
(%)= gMotorVars.Flux_VpHz float 2.3431 0x000090AC @Data
()= gMotoryars. VdcBus_kV long 0.3000719547 (Q-Value({24)) 0x000090BE@Data
()= gMotorVars.Rr_Ohm float 4.0 Ox000090A2@Data
()= gMotorVars.MagnCurr_A float 1.3 Ox000090A0@0ata
(%)= gMotorVars. CtriState enum unknown CTRL_State_CnLine 0x00009083@Data
()= gMotorVars.EstState enum unknown EST_State_Online 0x00009084 @Data
EW EXOFESTION
ar Add i
| | »

Observations from Watch Window :
. Shows the machine parameters in use and magnetizing current selected
. Shows rotor flux (V/Hz) of the estimator, rotor speed (krpm) and supply voltage

Control of drive may also be realized directly from CCS watch window by setting PIL to 'normal operation’
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Applications of sensorless control RWTHAACHEN

= Why customers change to Sensorless control using InstaSPIN?

O

O

O

To reduce product cost : removal of the encoder leads to significant savings
To reduce product development time
To increase reliability: to avoid encoder alignment and breakdown problems

To enhance their product: having access to instantaneous shaft torque and
speed without requiring additional (to the power leads) is attractive

Ability to measure and track key motor parameters: measurement of, for
example, resistance gives the ability to monitor temperature of the motor

Need for sophisticated motion control: use of SpinTAC [7] control suite

To provide back up to encoder based drives: provides the ability to keep the
drive in operation if an encoder related problem occurs

To improve energy efficiency: for drive which use an induction machine, which
allows field weakening during partial load operation

=> Application examples

Prof. D.W.J. Pulle EMSYnergy 4o
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Application examples: currently in use or being developed

Automotive Industrial/Consumer

sTransmission «Constant pressure *Refrigeration *Air/Con
*Brake/Boost *Water/Waste/Chemical *Refrigeration
Oil *Spa/pool pump
Turbo -Ggothermal pump
*Dishwashers
*Fuel/Water
LAUNDRY
*\Washers
*Dryers
*Air/Con Blowers *Respiratory -Traﬁtim s -Elscalfttors
. ' . *eBike/Moped/Scooter <Elevators
reelling (et .\F/acuum *Off-highway Vehicles <Treadmill
f"ms «Carts, Transport *Tools
*Air/Con Blowers *Fork lifts «AC Drive / Inverter
*Exhaust *Wheel chairs Assembly Line

Prof. D.W.J. Pulle EMsynergy
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Specific application examples: Traction drive for Electric Vehicle

o Use of InstaSPIN-FOC to realise a highly responsive & efficient torque machine
like this high performance 'Tesla'

Prof. D.W.J. Pulle EMsynergy
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Specific application examples: Induction machine drives using PowerWarp

o ] Adaptively reduce magnetizing current to
SRS RS only induce the field required for the
1= s { torque required!

L | =— 5%

s Real World Field Trial
27> copper ‘ g Induction Motors

Pp”  used for Agriculture
. Air & Humidity

Pl Control
._

PowerWarp Savings
80% of energy vs. Traditional Triac
45% of energy vs. IS-FOC

i A
Algorithm is based on reducing motor copper losses in the stator AND the rotor!
www.ti.com/powerwarp
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= Specific application examples: Bow thruster for yacht

Max power: 3500W Max power: 2200W
Speed: 6000 rpm Speed: 4100 rpm
Max current: 15 A Max current: 280 A
Efficiency : 90% Efficiency : 75%
Weight: 3.5 kg Weight: 8.9 kg

Prof. D.W.J. Pulle Emsynergy
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Summary/comments RWTHAACHEN

Introduction on sensorless electrical drive technology:
Challenges faced when trying to implement a sensorless drive
Introduction on the InstaSPIN Sensorless solution

Introduction of development tools that can be used to speed up and
simplify the development of MCU based control in general and
InstaSPIN in particular

Overview of InstaSPIN based applications currently in placed and those
being developed world wide

Book 'Embedded control of Electrical Drives using VisSim and PLECS'
to appear later this year (publisher Springer)

Demo table at conference which shows InstaSPIN in action!

Thank you for your attention !
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Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
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