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Instantly Enabling Superior
3-phase Motor & Motion So utions
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Overview

InstaSPIN™ Resources

http://www.ti.com/ww/en/mcu/instaspin/index.shtmi

InstaSPIN-MOTION | InstaSPIN-FOC

InstaSPIN-BLDC | Zero & Slow Speed | Tools & Software

Support & Community

InstasPIM in Action

InstaSPIN™-FOC, -MOTION and

BLDC

¢ Thorough Reference Manuals and
User’s Guide

¢ MotorWare projects, detailed lab
documentation, and code examples
provided

¢ Includes API information

¢ GUl and CCS

o

InstaSPIN Motor Control Kits

Low Voltage kit

Medium Current kit

High Current kit

High Voltage kit

TMDSCNCD28027F controlCARD
TMDSCNCD28069MISO controlCARD
TMDSCNCD28054MIS0 controlCARD
F28027F LaunchPad

F28069M LaunchPad

* TRM for

* TRM for

* Downlo

* Downlo

* TRM for

* TRM for
* TRM for

InstaSPIN Resources

" F2806xF FOC
F2806xM MOTION
" F2802xF FOC
F2805xF FOC
F2805xM MOTION
ad User's Guide

ad Motorware

wisyear) [

Readme | FoC | MOTION-Velocity | MOTION-Positon | DRVS301 71
InstaSPIN-FOC MotorWare Instrumentation
Reres Ao Field weaken &

-------- o

Offsercale

id

TI E2E™
Community

Training

¢ +MotorWare
projects offer
self paced
workshop
style
sessions

¢ cInperson
events
coming soon



InstaSPIN —=BLDC Detalls

www.ti.com/instaspin-bldc




InstaSPIN™-BLDC

* Low cost, Sensorless Control of BLDC/PMSM motors

* Bemf Voltage technique without issues of Bemf Zero Cross Detection!
* Robust start-up

* Robust during acceleration / deceleration

* Forward and Reverse control

e Capable of much lower and higher speeds

* More noise resistant

Speed Opt Trapezoidal 3PHI
Loop —>| Torque 2 Commutation >
Loop Engine
A )
Speed : ”
Est. - Commutation Back EMF :

Observer €———— \Voltage

Sensing

BLDC.lib
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The InstaSPIN-BLDC Advantage

Robust!
InstaSPIN has currently been tested on about 80 different motors. In each case,the motor
was running inunder 30 seconds, and suitably tuned in under two minutes.

Simple!
Only one parameter needs to be adjusted to tune the commutation process.

Better High Speed!
Commutation by dynamically loweringthe threshold level.

More Reliable Low Speed!
Back-EMFintegrationcreates aless noisy signalfor commutation control.

Adapts to Acceleration Changes!
unlikethe zero-crosstiming technique



Most Common Sensorless Technique: Zero Cross

Requires Timing

Uses past info
as future, hence
poor during
speed and load
changes
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InstaSPIN - BLDC...A Peek Under the Hood

Rotor Electrical Position (Degrees)
0 60 120 180 240 300 360

Adjustable PhaseC
threshold
voltage
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Speed Invariant Performance

J

-Vth

dA
voltage = —
dt

éStart Integrating

TCom mutate TCom mutate



Spin & Tune with GUI

45 DRVE3xx InstaSPIN =Jo&

Fle Connection Help
InstaSPIN-BLDC Cacsstains (@)

Man  Settings | D3 Engneering | More.., |

Motor Speed (RPM)

)

Control Mode -> Knob Function
Duty Cycle -> Duty Cycle
Current -> Motor Cusrent [PU)
Velocity -> Mot Speed (PU)
Cascade -> Motor Speed (FU)

045 A Grap TimeScda

Motor Cunent [PU)

0.00
Flux Theeshold (PU)

o~
3

Control Mode Fauk Status o (Comt) Diiver
|- i O [[ox it

53 Waming

Connected  Updates: ON  QYalue: 24




Closed Loop with GUI

*3 InstaSPIN-BLDC

M=%

File  Connection  Help

Main | Settings | D3 Engineering

InstaSPIN™-BLDC

e

r Current Loop
J Kp

— Startup Control
Startup
Startup Ramp Time
Dty Cycle [mz)

1000

Q00

1]
Foo
&00

RO0

00
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]

0oo

-

Famp Start Speed
RPM

Ramp End Speed
RPM

r Advanced Startup Options
n Enable Advanced
Startup

Acceptable
Cornmutation Ermror [ms]
0.0s ()

3

Required Consecutive

C Welocity Loop —gF

crassHaas (6] i

Current Loop parameters are only active
when Control Mode iz set bo Current or
Cascade.

Welocity Loop parameters are only active
when Contral Mode iz set to Welocity ar
Cascade.

Muatar Parameters

Fole Count
4FPaes  |w

Basze Electrical
Frequency [Hz]

I Welocity Control Mode the Welocity
Loop Limit ghider sets the marimurm P
duty cycle ta the matar.

In Cazcade Contral Mode the Velocity

Disconnected  Updates: OFF  Ovalue: 24

Commutatioris Loop Limit gider sets the masimunm
2 > oono current to the mator,
N Fault Status Driver
[] Enable Mo Ceneeah [ EC % y | O Over-temperature O
— us Warning
- <Waluer




InstaSPIN —=FOC Detalls

www.tl.com/instaspin-foc




FOC & Sensorless Challenges

FOC requires precise position knowledge of rotor magnetic field to create
appropriate stator magnetic field, oriented to produce maximum torque.

1. Costly sensor (encoder/resolver)
- Mechanical alignment
- Not necessarily magnetic unless “absolute”

2. Complex softwarealgorithms (model observers)
+ Lower costand norepair or replacement
+ Can be used where sensorscan’tbe
- Not appropriate for FOC with position
control

TI's new FAST software sensor is Superior
+ Works with synchronous & asynchronous motors
+ Modelrelies on fewer motor parameters
+ Optional start-up parameter ID tool
+ Optional run-time parameter tracking
+ Observer requires notuning
+ More accurate, moredynamically robust
+ Stable at and through zero speed
+ Stall recovery
+ Better at start-up under load
+ Parameters usedto set FOC currentcontrollers
+ Highest fidelity feedback signals
-/ + Proprietarytechnique,no sourcegiven

Axis of
phase b

Stator
winding

Axis of
phase ¢

13



InstaSPIN ™-FOC with FAST

simplify design of a sensorless torque controller

“simple” “starting” o
| Motion | Speed Control | TorqueControl | Inverter Switching

__________________ —
User Code or ROM |
| Speed ———>| !qControl 3-phase Space
-)l / Control Id Control Vector Generation I >

Field Weaken Off-Line
Field Boost Motor ID

Fqu'T‘ Torque Angle FAST™
. SW Encoder

lux changes monitoredin realtime
ngleaccuracy bestavailable,over widestrange! On-line Motor ID
peed signalindependentof Angle - no phaselag! Py & Compensation
orque signal accurate to multiple decimals!
| .
\ Piccolo ROM /

—e— —— —— —

| Feedback

Full load start-up features, 100% duty cycle, stable

at and through 0O speed, four quadrant



InstaSPIN ™-FOC: FAST™ replaces rotor sensor

or software observer techniques of the past

[Dramatically reduce challenges of sensorless FOC system development

Motor parametersidentified

No tuning of FAST required (vs.other algos)

Currentloop automatically tuned

Speedloop setfor evaluation

“Instant” stable system to start development

Run-time parameter compensation

Modes & featuresfor common system challenges: start-up, at & through
zero speed, field weakening, high modulation, PowerWarp™ for induction
motors

[Easy to use flexible software architecture ]

Novice can call full system from ROM adjusting control gains
Expertcan fully customize control system calling only FAST from ROM

[Benefit from high fidelity, low latency feedback signals ]

Flux signal for field weakening /boosting

Angle accuracy overwidestrange

Speed of rotor with near zero phaselag

Torque signalis high bandwidth and high accuracy, enabling
monitoring and control of loads and flows




TIP's InstaSPIN "-enabled real-time controllers

_I%. Instaspin "}5% ﬁ ;:r;'l_') M

TI's InstaSPIN three-phase motor control sclutions are enabled by special libraries in the read-only memory (ROM) of Piccolo microcontrollers (MCUSs) that
allow you to create products with improved efficiency, performance, and reliability, while reducing development time from months to minutes. TI's InstaSPIN-
enabled MCUs provide experuse:bdesrgners of sensorless (velocity and torque) or sensored (position, velocity and torque) motor control applications.

12b
InstaSPIN CLA Co- Flash | ADC
Solution | MHz | FPU | Processor (KB) | Chs | PGA UAR Temp

_ 16x16mm (L0 -MOTION 256
F2806x
MCU #4000 -MOTION - 256
- 16 or 100/
F2806Xx - -
s 1250 F28069F FOC 90 Y Y tor2 256 O, 1 1 1 2 2 1
o
_ O | F28068F | ele - 256
"= c
5 -40 to
14x14 ®
SRR © (F2s0cor [ESClS - 128 1050C
o
14x14 mm_ E3¥pLNLLYIYE -MOTION 128 -40 to
(o]
F2805x Z gfﬂg
MCU & | F28054F [ :lele: 128
. ® 60 - - 1or2 16 4 1 1 - 1 3 1 80
S | E28052M [RIepylel
. 9x9 mm ._ F28052F -FOC
F2802x
MCU [#i:rrill -FOC
60 - - 1 =1 -1-1-1 1 | |
F28026F [Eele 32

W TEXAS INSTRUMENTS




FAST Algorithm Performance

Field orientation converges within first electrical cycle

Works on all three phase motors

Zero speed start-up operation at full torque

Fasttorqueresponse, negligibletorqueripple

Stableacross all cornersin all quadrants

Angleaccuracy within +/-1 count of a 1024 encoder steady state
Stall recovery without losing field orientation

Includes automatic currentloop tuning and Motor Commissioning

ACIl PowerWarp™: 80% energy savings vs. Triac,45% vs. FOC
¢ Real-world datafrom 200W 1400RPM Industrial Fan in-field installation

® & ¢ 6 O 6 O 0 o

ldentify,tune, and run best sensorless FOC available in minutes




InstaSPIN GUI

¢ Two types of GUIs

¢ InstaSPIN-FOC & InstaSPIN-MOTION GUI
DEMONSTRATION
only work with the TMDSCNCD28069MISO controlCARD
binary project is “frozen”

=4 InstaSPIN-FOC
#-8 piccolo F28025F
B piccolo F2805%F
=% piccolo F2806xF
E|'i"'1 cuI
IR otest kit Files
Jk, GUI 056G
. g Run GUI

¢ MotorWare Universal GUI
InstaSPIN enabled Piccolo device (2xF, 5xF, 5xM, 6xF, 6xM)
Instruments any MotorWare proj_lab##

a | InstaSPIN-FOC
a4 B Piccolo F2802+F
a B0 GUI
) Universal GUIInstal
1 Quick Start Guide
5 Run GUI



InstaSPIN UNIVERSAL GUI

¢ Latest files always at
www.ti.com/tool/instaspinuniversalgui

¢ Interact with instaSPIN projects over a
JTAG connection

¢ Create a binary from any MotorWare
project using CCStudio

4 &F InstaSPIN-FOC

¢ Launch GUI Composer UNIVERSAL & ccoloFzsoz
GUI using either method: « % riono F200
¢ Standalone %Ea&fz;tmes
¢ Inside of CCStudio . el

S| Universal GUI Q5G
&5 Run Universal GUI
. ¥4 boostkl drvB301_revB
. B4 dry8312kit_revD

. B drvg301kit_revD

. B hykit_revipl

. F InstaSPIN-MOTION

. [f Drivers

- ¥ Modules

¢ InstaSPIN UNIVERSAL GUI User
Guide

Quick Start Guide

. Resources
wr CCS



InstaSPIN™ —MQOTION Detalls

www.ti.com/instaspin-motion




InstaSPIN-FOC to InstaSPIN-MOTION
for velocity control

InstaSPIN-FOC provides
Efficient Dynamic Torque Control

Speed Pltuning ROM SoinTAC™ A ———————— N
Complex = on ‘

I—) CONTROL —| Iq Control 3-phase Space
Inconsistentacross use

—| Id Control || Vector Generation

= ™ i—e[ DA /_ ______
SpinTAC spinTAC™ [ )
MOVE IDENTIFY [ e
A

[ |
| |
Building Motions 1 | |
| |
| |

Even more complex

Only as good as control

...... -

\. Piccolo ROM ,

— e e

InstaSPIN-MOTION SpinTAC ™ suite InstaSPIN-FOC Speed Control
* Buildsupon InstaSPIN-FOC (or use with * Initial Plgains are just a first starting point
Sensors) « Doesnotincorporaterealinertiaof system
« IDENTIFY:systeminertiaidentification for « Controlrequires
enhanced feedbackinto controller * Tuning of 2-variable Pl controller
« CONTROL:singlevariable controller replaces + “gainstaging”, differentsets of tuning
Pland typically worksacross system at various operating points
conditions « Movements/ Trajectories
« MOVE:generationof Speed Ato Speed B with * Only offers constantfixed acceleration

varioustrajectories (trap, S-curve, ST-curve)
« PLAN: logic-based execution of different
MOVESs



InstaSPIN-MOTION for Position Control

User_Posg,r

T o Torque ] | oRv.run |
[1 b Mode ¥ o |
" | | i |

| caition Mod I ™
| | | |
|| __________________ || T E Driver |
|: | sTPOSPLAN run | Ils_:_rpnsmavs_mn' | sTposCTL fun | | : User_luaur | | : i |
| lg—» e | | | |

) [ | spinTAC™ o= el SpinTAC™ H="el SpinTAC™ | |
| | spin T 1| =P et | | | | |
S;"‘m":‘“ !I »| Position |$Im 1| Position Il::::lr || Position |-oe==sg— | | | |
quence I Plan o Mive ol contral |} ool | | | DRV _acqAdelnt |
'| — I [ e FOC | | RV _readadcData |
||FLASH/RAM| | _ROM_ | | |_ ROM _, P ” Lo |
(N R - T | < i |
|| Is.'rpnsmn-.-_mn: | sTvELID un | || < — I |
| | - | ) | P! 4 | | |
| B | | SPINTAC™ ) | SpinTAC™ || || ; I ADC |
| | w| Position | | = 'M'dE|DE!T'|' I || CTRL_run M ! I Driver |
|: | | Converter ; : Identify W | : CTRL_setup o — : |
| : | | | |
FLASH/RAM

|: UG ol B Tﬂw ! |
i . | |
|'l SpinTAC™ Motion Control Suite | InstaSPIN-FOC™ L L :LE:: "“cé:;m"“ﬂ
______________________________________________________ |
InstaSPIN-MOTION™ =
nsta = ' : |
____________________________ , | _Drivers |

* Requirestheuseof asensor Kev Benefits
« CONVERTER: puts encoderfeedbackinto y ) :
mechanical units « Single Parameter Tuning of BOTH
- IDENTIFY: systeminertiaidentification for Position & Velocity loops
enhanced feedbackinto controller « Disturbance rejecting controller
« CONTROL:singlevariable controllerreplaces < Quiet zero position hold

Plposition & velocity loops and typicallyworks « Great performance at ultra low speeds

acrosssystemconditions " « Jerk controlled ideal position changes
« MOVE: generation of Position Ato Position B

with various trajectories (trap, S-curve, ST-
curve)

« PLAN: logic-based execution of different
MOVEs



SpinTAC™ Components

Account for mechanical inertia - Robust speed control - Simplified tuning

Identify: | Control:
Measure Inertia Maximum control, minimum effort
- Inertiais important for accurate ¢ Disturbance-rejecting controller
control ¢ Single variable to tune
- Short acceleration test to identify response
system inertia ¢ Typically effective across full

variable speed and load range

Bandwidth Tuning

a0.00
40.00 G0.00

1. Press button to measure
EEstimate MotorInertia§| o Identifying Inel"[la .
WIEICREEEE 2. Adjust knob to tune 0o =

Your motor will spin a
few times as SpinTAC

estimates the motor .
inertia O Identified




SpinTAC™ Components

[

Integrated Movement and Motion Design

800

700

600

500

400 -

300

200

100

Move:
Build Trajectories

¢ Select Motion Type for Speed A to

B
¢ Define constraints (accel, jerk)
¢ Move generates the ideal curve

Plan:
Design Motion Sequence

Define operating states and
transitions

Connect logic-based Moves
Execute the motion sequence

—

o

2500

2000

1500 -

o 1000

500

-500

Washing Machine Complete Profile
Fast spin cycle

w/ disturbances

|

Slow spin cycle
w/ disturbances

Agitation/Wash cycle ' ‘ .

0

5 10 15 20 25 30 35 10 45
Time

50




The Solution: InstaSPIN™-MOTION

Simplifies design, Improves performance

[Robust speed control with compensation for the real mechanics of the system

« IDENTIFY: Systeminertiaidentificationused asinputfor the mostaccuratecontrol
* CONTROL: SpinTAC™ replaces standard Pl and provides more accurate performanceacrossthe
full operating range through real-time disturbance estimationand cancellation

[Simple Tuning ]

» 1-variable “gain” allows for simple, instant
tuning

« Eliminates gain staging —singletuningis
effective over the ENTIRE operatingrange

Instaspyy y
MOTION

[Easy motion design ]

- MOVE: Motionenginecalculatestheideal
reference signal (with feed forward) based on
user-defined parameters. Supports standard
industry curves,and LineStream’s proprietary
“smooth trajectory” curve

 PLAN: Motion SequencePlanner operates

user-defined state transition maps Fowered by SpsnTAC = o

LineStream Technologies




InstaSPIN-MOTION GUI
Step 1 — Estimate Inertia

Maotor Identification || Speed or Torque | Speed Profiles | SpinTAC 1:5tartup | SpinTAC 2:Tuning | SpinTAC 3:Motion || Advanced: Field Control

o

Spin Version: 2
/-\"'——-— by LineStream

SpinTAC is a

High-Performance Controller

It uses advanced control techniques and is
that replaces PI control

Tuned with one parameter

In a matter of minutes .
You ony have to tune it once and

SpinTAC performs across a

Wide Operating Range

To begin, check the limits and click "Estimate pinTAC is Enabled, move the tab "SpinTAC 2: Tuning".

Press the
button
O Motor Ready Zero Speed Inertia: _03.0251?4
10°[A-s/RPM]
Iq Limit: [32 (A] . Estimate Motor Inertia O Identifying

Friction: |0.031827
0 < =2 < 4

-3
____________________________________ ONot Identified 10" [A-s/RPM]

Your motor will spin a
Speed: 1200 [RPM] few times as SpinTAC

estimates the motor SpinTAC Enabled
0 < 1200 12000 inertia o Identified O P

I
2




InstaSPIN-MOTION GUI
Step 2 — Tune the Controller

Motor Identification | Speed or Torgue | Speed Profiles | SpinTAC 1:Startup | SpinTAC 2:Tuning | SpinTAC 3:Motion | Advanced: Field Control

(™  Motor Identified

~ - ] y Version: 2 1 ) - ]
/"\__ﬂn | % ) ’ () Motor Running
by LineStream

| Start/Stop

- = Try a few speeds to make
One Minute Tuning

Increase the bandwidth until

4]

sure the bandwidth settings works Reverts to Speed FI and
you are satisfied with the tightness across your operating range Ramp Reference on
or the motor becomes unstable "Speed or Torgue" tab

| | = d rror | REN
Target Speed: | Tune 3t 0 RPM, thepsmmtmtmioemscss |

Set the Target Speed to zero.

Motor Speed: 2001 [RPM]

Adjust
the knob

d\r 10 15 20 25 30 35 40 45 50 55

Bandwidth Tuning

-5 0 5 10 15 20 25 30 35 40 45 50 55

PI Speed

Y Controller Kp: 5.4 Ki: [0.03

| Enable |




Motor Identification | Speed or Torque

/_\'—S'ﬂnbv LineStre
Motion Profiler

Choose a curve type and
acceleration/jerk limits

Note: To use the SpinTAC Profile Generator with & standard PI Controller, click "Enable” on the PI Speed Controller below the graphs

InstaSPIN-MOTION GUI
Step 3 — Profile your Moves

Speed Profiles

am

SpinTAC 1:Startup | SpinTAC 2:Tuning

Version: 2

(0]

Set a target speed

and hit Enter

SpinTAC 3:Motion

Motion profiles will automatically
be generated and sent to the

controller

Adwvanced: Field Control
O
-
O
-

v

Motor Identified

Motor Running

Start/Stop

Disable SpinTAC

Reverts to Speed PI and
Ramp Reference on the
"Speed or Torque” tab

Trapezoidal Curve
sCurve
L Stcurve {Smeoothest) *Linestream Propristary ]
Acceleration Limit: 500
3 < |[1z200 | £ 1zooo0 [RPM H & i i
............................................ [RPM/S] Define the curve
Jerk Limit:
=1 < 192.00 [KRPM/s2] e -
0
Start Motor Target e
Speed Speed Speed
2000
4000 1415 -a000| 5 0 5 10 15 20 25 30 35 40 45 50 55
bl
[RPM] [RPM] [RPM] | ) Enable oo
'-'rSplnTAC Speed O + PI Speed Controller
Profile Time:  a.72 [Sample Counts] |Controller




Higher Bandwidth = Tighter Control

30 rad/s 40 rad/s 50 rad/s 60 rad/s

he SpInTAC™ Advantage




InstaSPIN-FOC
(Demo)




MotorWare Directory Structure

4 |t

Revision Number Folder
4 1. motorware é/////////////
4 motorware 1 01 00 04

sw contains all MW code

» 0 ~mw_explorer

» 4y docs
i echpse Peripheral driver code
4 | sw
| docs
> drivw Generic linker files
> g 1de

* 1. modules < Function specific software

> | 4. solutions

\ Kit example code




Solutions Directory Structure

| SW

, docs
| drivers FOC Software Solution
| ide
- modules Hardware platform
. solutions
. instaspin_foc .
. boards Processor family
| bc-c-Eta:IW/
| (T Processor target

, 2802xF
, f2806xF

d / A list of projects
| docs
. projects .
| €Cs5 / PrOJeCt
, proj_lab01
. prc%/ Common source code
| SIC

, drv8301kit_revD

| drv8312kit revD Project source code
, hvkit_revlpl .
— MOTION Software Solution

| instaspin_motion /

|



Lab 2b (Motor ID from RAM/FLASH)

¢ Call the API functions to set up the sensorless FOC system.
¢ Setup the user.h file for the motor and inverter.

¢ Start the automatic motor parameter estimation.

¢ Update user.h for your motor.

¢ Lab Procedure
-. View Lab 2a procedure in Instaspin_labs.pdf
(C:\Mti\MotorWare\motorware 1 01 00 _16\docs\labs\instaspin_labs.pdf)



Motor Identification Parameters

¢ USER MOTOR_TYPE
—MOTOR_Type Pm -> PMSM
—MOTOR_Type_Induction ->AC Induction

¢ USER_ MOTOR_NUM_POLE_PAIRS
—Number of magnetic poles/2

¢ USER MOTOR _RES EST CURRENT
—Current used to measure the resistance (Rs) of the motor
*Rs measurement requires a park start
—Current used to start the motor during identification

*Use higher values if the motor is loaded or has high cogging torque
¢ USER MOTOR_IND EST CURRENT

—Negative current setting used to measure the total inductance (Ls) of the
motor

— The magnitude will change the result of the Ls measurement.
Determines where on the hysteresis curve Ls is measured.



Motor Identification Parameters

¢ USER_MOTOR_MAX_ CURRENT

—Maximum peak motor current
—Equals maximum total current +/fq * Ia

¢ USER_MOTOR FLUX_ EST FREQ Hz

—Electrical frequency that the motor is spun at during identification
—Make higher if identification fails
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INStaSPIN-FOC User Parameters

= proj_lab02b [Active - Release]

[ Includes

[gy adcc
[ clarke.c

[ clke
[$ CodestartBranch.asm
[ cpuc
[y ctrl.c

[g drva301.c

| F28069F_ram_Ink.cmd
[ filter_fo.c

[ flash.c

[ gpio.c

[g hal.c

4=

orware_1_01_00_14 » sw » solutions » instaspin_foc » boards » boostxldrvB301_revB » f28x » f2806xF » src - [ +4

Lo« EHC|A3 (C) » ti » MotorWare » mot
e —

=4 - ERECE - SR U ~ =7l

M ED

B==

-

A
[n] userh

|n] user jih
[n] user_js.h

Fal
=

e

SaT Rt

2015-01-20 2%

2015-01-20 2%...
2015-01-20 2% .

o

7
C/C++ Header

C/C++ Header
C/C++ Header

14KE
22KB
22KB

se FY P
- 0 @

[ ipark.c
[ offeetc
[g oscc
[ park.c
[& pid.c
[ piec
[g plle
[ proj_lab02b.c
[& pwm.c
[ pwr.c

[ g spic
[gy svgen.c
[ timer.c
[ gy traj.c

[8 usDelay.asm

[y user.c

2l

math.h

2 sw/modules/ctrl/src/32b/ctrl b

]

user.h|

USER,_calcPlgains(CTRL_Handle) - void
IUSER_checkForErrors(ISER_Params*) : void
USER_computeFlux(CTRL_Handle, const _ig) : _ig
USER_computeFlux_pu_to_WpHz_sf(void) : _ig
USER_computeFlux_pu_to_Wb_sf{veid) : _ig
USER_computeTorgue_Flux_Ig_pu_to_MNm_sf(veid) : _ig
USER_computeTorgue_|bin(CTRL_Handle, const _ig, const _ig) © _ig
USER_computeTorque_Ls_Id_Ig_pu_to_Nm_sfivoid] : _ig
USER_computeTorgue Nm(CTRL_Handle, const _ig, censt _ig) : _ig
USER_getErrorCode(USER_Params®) - USER_ErrorCode_e
USER_setErrorCode(USER_Params*, const USER_ErrorCode &) : void
USER_setParams{USER_Params*) : void



CTRL State OffLine and EST State Idle

1 2100 1 5.0d0 1.000s/! Erop .5 2 1.B0W 1 2100 1 0.0s 50,00 Crop EN 1.B5V
: 1 ! . Agilent R i Mgilent
, Hich P ! High Bas
GO0KZals I 1.006Za/'s
Offset Recalibration |
4— for5seconds — - o ST B g1
At 50% Duty Cycle o 1001 ) ! o 1001
/R IR _ e > 1 -
[”-+5 000000000 0s | 50 .08
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void CTRL_setKi(CTRL_Handle handle,const CTRL_Type e ctriType,const _iq Ki);
void CTRL_setKp(CTRL_Handle handle,const CTRL_Type_e ctrlType,const _iq Kp);
void CTRL_setGains(CTRL_Handle handle,const CTRL_Type e ctriType,

const _iqg Kp,const _iq Ki,const _iq Kd);




CTRL State OnLine and EST State Rs
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/I get the stator resistance
gMotorVars.Rs_ Ohm = EST_getRs_Ohm(obj->estHandle);
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CTRL State OnLine and EST State Ls
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Full Identification of PMSM Motors - Summary
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Full Identification of ACIM Motors - Summary
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Updating User.h from Motor ID

84" Expressions 53

Expression Type | Value
()= gMotorvars.Rs_Ohm  flogt  0,4009805
()= gMotorvars.glsd_H float 0.0008364161
()= gMotoryVars.glsg_H float 0.0008364161
()= gMotorvars.Flux_VpHz float 0.034130%

#define USER_MOTOR_Rs (0.4009805)

#define USER_MOTOR _Ls d (0.0006364161)
#define USER_MOTOR Ls g (0.0006364161)
#define USER_MOTOR_RATED_FLUX (0.0341805)




Updating User.h from Bias values

4 g gMotorvars]_bias struct _MATH vec3_
4 (= yalue long[3] 0x00B3DC@Program (Q-Value(24))
= [O] long 0.8322011828 (Q-Value(24))
(9= [1] long 0.8340322971 (Q-Value(24))
(9= [2] long 0.8305362463 (Q-Value(24))
4 [g ghMotoryarsV_bias struct _MATH_wec3_ L}
4 (3 yalue long[3] 0x00B3E2@Program (Q-Value(24))
(9= [0] long 04993093014 (Q-Value(24))
(9= [1] long 0489632597 (Q-Value(24))
=)= [] long 04965568185 (Q-Value(24))

#define |_A_offset (0.8322011828)
#define | _B_offset (0.8340322971)
#define |_C_offset (0.8305362463)
#define V_A_offset (0.4993093014)
#define V_B_offset (0.499632597)
#define V_C_offset (0.4965568185)




InstaSPIN-Motion
(Demo)




Lab 5c (Inertia ID)

¢ Call the API functions to set up SpinTAC™ Velocity Identify
¢ Start the inertia identification process
¢ Update the inertia value for your motor in user.h



Updating User.h from Inertia and Friction

= gMotorvars. SpinTAC InertiaEstimate_Aperkrpm  long 0.02479678392 (Q-Value(24))
9= ghotoryvars. SpinTAC FrictionEstimate_aperkrpm long 0.1705551744 (Q-Value(24))

#define USER_SYSTEM_INERTIA (0.02479678392)
#define USER_SYSTEM_FRICTION (0.1705551744)




Lab 5e (Tuning SpIinTAC Speed

Controller)
¢ Quickly tune the SpiInTAC™ controller for your motor

¢ Note the differences between tuning a PI controller and tuning
the SpINnTAC™ controller

¢ Realize the advanced control capabilities and enhanced
performance characteristics of the SpiInTAC™ speed
controller



Updating User.h from Bandwidth

)= gMetoryvars. SpinTAC VelCtBw_radps leng 80.0 (Q-Value(20))

#define USER_SYSTEM_BANDWIDTH (80.0)




Lab 6a (Running SpinTAC Profile

Generator)
¢ Use SpInTAC™ Move to transition between speeds

¢ Become familiar with the bounds that can be adjusted as part
of SpINTAC™ Move

¢ Continue exploring how the SpinTAC Velocity Control takes
advantage of the advanced features of SpinTAC™ Move



Avallable Curves

1_

¢ Trapezoid
Bounded Acceleration
Impulse Jerk

0.5r

Wel [pulfs]

¢ s-Curve
Continuous Acceleration
Bounded Jerk
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Acc [pu!sz]

¢ st-Curve (LineStream Propriety)
Smooth Acceleration
Continuous Jerk

Jrk [pu/s3]
L ]

Time [3]
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User Inverter Parameters

#define USER_1Q FULL_SCALE_FREQ HZ

#define USER_1Q FULL_SCALE_VOLTAGE_V
#define USER_ADC_FULL_SCALE_VOLTAGE_V

#define USER_1Q FULL_SCALE_CURRENT A

#define USER_ADC_FULL_SCALE_CURRENT_A “ -

—
#define USER_NUM_CURRENT_SENSORS | »U,V,W phase
#define USER_NUM_VOLTAGE_SENSORS Ve 0 =R

de | ) = Nyy
. N % T * Vmeasure
#define USER_PWM_ FREQ kHz - =Ry T C,
J.__ =

#define USER_VOLTAGE_FILTER POLE_ Hz 1] & z
: = R, >—’ Imeasure




User Motor Parameters PMSM

#define USER_MOTOR_TYPE
#define USER_MOTOR_NUM_POLE_PAIRS

#define USER_MOTOR_Rs

#define USER_MOTOR _Ls d

#define USER_MOTOR_Ls ¢

#define USER_MOTOR_RATED_FLUX
#define USER_MOTOR_RES EST CURRENT
#define USER_MOTOR_IND_EST_CURRENT
#define USER_MOTOR_MAX_CURRENT

#define USER_MOTOR_FLUX_EST FREQ Hz




USER IQ FULL SCALE FREQ HZ

¢ The maximum electrical frequency of the currents and
voltages that the motor will operate at.

—Set 20%-30% higher than the highest motor electrical frequency for
headroom.



USER ADC FULL SCALE VOLTAGE V

¢ Hardware dependent full scale voltage with respect to the
maximum voltage of the A/D being used.

RUI-I-RVU .
Ry

USER_ADC_FULL_SCALE_VOLTAGE_V = v

adc max

o Ve ma— AID’s maximum voltage (i.e. 3.3V)

. l »U,V,W phase

+-.= 'Vmeasure




USER IQ FULL SCALE VOLTAGE V

¢ User selectable voltage scaling.

¢ Defines full scale value for the 1Q30 variable of Voltage inside

the system. All voltages are converted into (pu) based on the
ration to this value.

—This value MUST be larger than the maximum value of any voltage
calculated inside the estimator system otherwise the value can saturate
and roll-over, causing an inaccurate value.

—This value is OFTEN greater than the maximum measured ADC value,
especially with high Bemf motors operating at higher than rated speeds.

—If the motor is operated at multiples of its base voltage, in field

weakening, then USER_IQ FULL SCALE VOLTAGE V must be
increased.



USER ADC FULL SCALE CURRENT A

¢ Hardware dependent full scale current with respect to the
maximum A/D voltage.

Vadc_max

USER_ADC_FULL_SCALE_CURRENT_A = RoG
G’

« Vauema— A/ID’s maximum voltage (i.e. 3.3V)

RS G : Imeasure

B2




USER IQ FULL SCALE CURRENT A

¢ User selectable current scaling.

¢ All currents are converted into (pu) based on the ratio to this
value.

—Prevent roll-over by keeping this value greater than half of
USER_ADC FULL _SCALE CURRENT_A.



USER_NUM_ CURRENT_ SENSORS

¢ Chooses the number of shunts available for current
measurement.
—Qptions are either 2 or 3.



USER_NUM _ VOLTAGE_ SENSORS

¢ Defines the number of voltage sensors
—Must be 3



USER PWM FREQ kHz

¢ Defines the Pulse Width Modulation (PWM) frequency in kHz.

—The PWM frequency can be very large but care must be taken to allow
enough time for the main ISR to be finished.



USER VOLTAGE FILTER POLE Hz

¢ Defines the analog voltage filter pole location in Hz.

Cy 1
-1 -1
R"Jl +Rvu 2T[

USER_VOLTAGE_FILTER_POLE_Hz =

. »U,V,W phase

+ . Vmeasure




ADC Routing
¢ void HAL setupAdcs(HAL_Handle handle) in hal.c

—Set the channel number to sample and convert
ADC_setSocChanNumber(obj->adcHandle, ADC_SocNumber_1,ADC_SocChanNumber_A3);

—Set the start of conversion trigger
ADC_setSocTrigSrc(obj->adcHandle, ADC_SocNumber_1,ADC_SocTrigSrc_ EPWM4_ADCSOCA);

—Set the number of cycles to sample
ADC_setSocSampleDelay(obj->adcHandle, ADC_SocNumber_1,ADC_SocSampleDelay 9 cycles);



ADC Polarity

¢ staticinline void HAL readAdcData(HAL Handle
handle,HAL AdcData_t *pAdcData) in hal.n

— Positive polarity for op-amp feedback

| < -
X = R5 G lmeawre

— Negative polarity for op-amp feedback

| J.T—F
Sli Rs G 'lmeasure
<



ADC Polarity change in hal.h

¢ Positive polarity forx =0, 1, and 2
—“‘value” must be positive
—"bias” must be +=
pAdcData->l.value[X] = value,

bias += OFFSET_getOffset(obj->offsetHandle I[cnt));

¢ Negative polarity forx =0, 1, and 2
—“value” must be negative
—“bias” must be -=
pAdcData->l.value[X] = -value;

bias -= OFFSET_getOffset(obj->offsetHandle _I[cnt]);






