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1.1

System Description

Interleaved TTPL PFC is an attractive topology for EV chargers and industrial applications with the trend
for higher power, higher efficiency, and higher power density. %] 1 shows the implementation of the TTPL

bridgeless PFC as it is on the TIDM-1007 board.

Key System Specifications

%% 1 describes the interleaved CCM TTPL PFC reference design power specifications.

#* 1. Key System Specifications

PARAMETER

SPECIFICATION

Input voltage (Vin)

AC 120 Vrms VL-N, 60 Hz
or
AC 230 Vrms VL-N , 50 Hz

Input current (lin)

16-A RMS maximum

Output voltage (Vout)

380-V DC bus Nominal

Output current (lout)

10-A maximum

Power rating

1.65 KW at single phase 120 Vrms
or
3.3 KW at single phase 230 Vrms

Current THD

<2% at 120-Vrms L-N rated load

Efficiency

Peak 98.7% at 230-Vrms input, peak >97.7% at 120-Vrms input

Primary filter inductor

478 pH

Output capacitance

880 pF

PWM switching frequency

100 kHz

Tl intends this reference design to be operated in a

WARNING

lab environment only and does not consider it to be a
finished product for general consumer use.

Tl Intends this reference design to be used only by
qualified engineers and technicians familiar with risks
associated with handling high-voltage electrical and
mechanical components, systems, and subsystems.

There are accessible high voltages present on the
board. The board operates at voltages and currents
that may cause shock, fire, or injury if not properly
handled or applied. Use the equipment with necessary
caution and appropriate safeguards to avoid injuring
yourself or damaging property.
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CAUTION
Do not leave the design powered when unattended.

High voltage! There are accessible high voltages present on
the board. Electric shock is possible. The board operates at
voltages and currents that may cause shock, fire, or injury if not
properly handled. Use the equipment with necessary caution
and appropriate safeguards to avoid injuring yourself or
damaging property. For safety, use of isolated test equipment
with over-voltage and over-current protection is highly
recommended.

Tl considers it the user's responsibility to confirm that the
voltages and isolation requirements are identified and
understood before energizing the board or simulation. When
energized, do not touch the design or components connected to
the design.

Hot surface! Contact may cause burns. Do not touch!

Some components may reach high temperatures >55°C when
the board is powered on. The user must not touch the board at
any point during operation or immediately after operating, as
high temperatures may be present.

2 System Overview

Interleaved TTPL PFC is an attractive topology for EV chargers with the trend for higher power, higher
efficiency, and higher power density. ¥/ 1 shows the implementation of the TTPL bridgeless PFC as it is in
this reference design.

2.1 Block Diagram

K 1 shows the block diagram of this reference design with key TI components highlighted.
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1. Power Topology Block Diagram

2.2 Design Considerations

The following detail the sensing circuit that is on this design. One can also refer to the calculations.xIsx
file, which is available under the C2000Ware Digital Power SDK Install directory at
<install_location>\solutions\tidm_1007\hardware for details on sensing circuit.

221 Input AC Voltage Sensing

The line and the neutral voltages are sensed by resistor divider to the ground of the board as shown in [
2. The two readings are subtracted on the controller to get the Vac sensing.

Vac_L Vac_N
Re Re
Rf 7 cf Rf 7 cf

2. Input AC Voltage Sensing

2.2.2 Bus Voltage Sensing

Similarly the bus voltage is sensed by a resistor divider network as shown in & 3.

Vbus

Ra

Rb cf

-

K 3. Bus Voltage Sensing Circuit
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223 AC Current Sensing

A Hall effect sensor senses the total current. The Hall effect sensor has an inbuilt offset, and the range is
different than what ADC can measure. Hence, the voltage is scaled to match the ADC range using the
circuit as shown in & 4.

linv

Rf Vnominal

Current linv_fdbk = R—(linv x I + Votset)
Hall-Effect e nominal_max
Sensor
K 4. Current Sensing Using Hall Effect Sensor
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224 Sense Filter

An RC filter filters the signals before connecting to the controller. A common RC filter is used for all the
sensing signals on this design as shown in [ 5.
Rfitr

Input Output Output = 1
Input  1+RgChys

Cfiltr
I

& 5. RC Filter

2.2.5 Protection (CMPSS)

Most power electronics converters require protection from overcurrent event. For this design multiple
comparators are required, and references for the trip must be generated, as shown in ¥ 6.

Comparators Trip Reference Generation

3.3V 3.3V

Filtering

linv-fdbk

PWM Trip Itrip_Lo Itrip_Hi

<+

l— Itrip_Hi

|||—|

l4— Itrip_Lo

6. Trip Generation for PWM Using Comparators and Reference Generators

All this circuitry is avoided when using C2000 MCUs, such as TMS320F28377D, which have on-chip
windowed comparator as part of the CMPSS that are internally connected to the PWM module that can
enable fast tripping of the PWM. An on-chip windowed comparator saves board space and cost in the end
application as extra components can be avoided using on-chip resources, as shown in & 7.

=

ADC
ADC Pin on
Comparator Subsystem C2000 MCU

COMPL = DACLVAL

+ |EA
I

To Pwm Trip

+ DACHVAL

COMPH

|
Copyright © 2017, Texas Instruments Incorporated

K 7. CMPSS Used for Overcurrent Protection
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2.3

231

2.3.2

233

2.4

24.1

Highlighted Products

C2000™ MCU F28004x

C2000 MCUs are part of an optimized MCU family for real-time control application. Fast and high-quality
analog-to-digital controller enables accurate measurement of the current and voltage signals, and an
integrated comparator subsystem (CMPSS) provides protection for overcurrent and overvoltage without
use of any external devices. The optimized CPU core enables fast execution of control loop. Trigonometric
operations are accelerated using the on-chip trigonometric math unit (TMU). The solution also provides an
option to use the control law accelerator (CLA) on the F28004x and F2837x. The CLA is a co-processor
that can be used to alleviate CPU burden and enable faster-running loops or more functions on the C2000
MCU.

LMG3410

The LMG3410 single-channel GaN power stage contains a 70-mg, 600-V GaN power transistor and
specialized driver in an 8-mm x 8-mm QFN package. Direct drive architecture is used to create a
normally-off device while providing the native switching performance of the GaN power transistor. When
the LMG3410 is unpowered, an integrated low-voltage silicon MOSFET turns the GaN device off through
its source. In normal operation, the low-voltage silicon MOSFET is held on continuously while the GaN
device is gated directly from an internally-generated negative voltage supply. The integrated driver
provides additional protection and convenience features. Fast overcurrent, overtemperature, and
undervoltage lockout (UVLO) protections help create a fail-safe system. The device’s status is indicated by
the FAULT output. An internal 5-V low-dropout regulator can provide up to 5 mA to supply external signal
isolators. Finally, externally-adjustable slew rate and a low-inductance QFN package minimize switching
loss, drain ringing, and electrical noise generation.

UCC27714

The UCC27714 is a 600-V high-side, low-side gate driver with 4-A source and 4-A sink current capability
that is targeted to drive power MOSFETSs or IGBTs. The device comprises of one ground-referenced
channel (LO) and one floating channel (HO), which is designed for operating with bootstrap supplies. The
device features excellent robustness and noise immunity with capability to maintain operational logic at
negative voltages of up to -8 VDC on HS pin (at VDD = 12 V).

System Design Theory

PWM

Y

Q3

= duty
commanded

from the R VA
control loop V¥

CAD CAD
SET CLR

\Q4 «—D0—»
S N R

A
[ =

’_
K 8. Single-Phase Diagram of TTPL PFC
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24.2

8 shows a simplified diagram of a single phase of the interleaved TTPL PFC topology. To control this
rectifier the duty cycle is controlled to regulate the voltage directly. This regulation is possible if the
software variable Duty or D is set so that when it is equal to 1, Q3 is always ON, and the setting makes
the voltage Viin equal to the V,, voltage. When Duty is set to 0, Q3 never turns on, and Q4 is always
connected to , which makes the VxiN voltage go to 0.

Current Loop Model

To understand the current loop model, first look at the inductor current closely. In ¥ 8 the Duty cycle (D)
is provided to the PWM modulator, which is connected to the switch Q3 and Q4. From here, A 1 is
written as:

Viin =D x Vpys 1)

T When D is set to 1, Q3 is on all the time, and when D is 0, Q3 is off all the time.

To modulate the current through the inductor, the voltage Viinis regulated using the duty cycle control of
Q3 and Q4 switches. It is assumed that the direction of current is positive in the direction from the AC line
into the rectifier and that the grid is fairly stiff when using the DC bus feedforward and the AC voltage

feedforward. & 9 shows the simplified current loop, and the current loop plant model is written as A = 2.

i 1 1
p_i :%: K ><Ki_gain XKi_fItr x Gy XZ

v_gain i (2

Where:
1
. Kv_gain is the inverse of maximum bus voltage sensed, VbusMaxsense
1

. Ki_gain is the inverse of maximum AC current sensed, IAC,MaxSense

. Ki_fltr is the response of the RC filter connected from the current sensor to the ADC pin

.« Gyis the digital delay associated with the PWM update and digital control is the current command

o lLiis the current command

*
Vin Kv_gain ————  Ky_gain [V

VbusK

v _gain

4

I Kligaln I‘_l Kliﬂtr

MCU PLANT

Kv_gam <_ Vbus

K 9. Current Loop Control Model

8
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VE: The negative sign on the reference is because the current loop is thought to be regulating

243

the voltage, VN . To increase the current, VyiN must be reduced—hence, the opposite sign
for reference and feedback in & 9.

This current loop model is then used to design the current compensator. A simple proportional integral
controller is used for the current loop.

Now, in the case of three interleaved phases, the current is simply three times more as the same duty
cycle is provided to each leg. Hence, the plant model is given as A 3.

1

1
=3x——X Ki_gain X Ki_fltr x Gy x 7

v _gain i 3)

i
Hi=p =k

This model is verified on this design using the SFRA library. &/ 10 shows the model versus measured
open loop frequency response, which shows good correlation between the two.

60

50 ~_ Modet

Py 40 T~ Measured with AC ‘from djrect
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S 20 YMV

2 _

§’ 10 GM
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a
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DC Bus Regulation Loop

The DC bus regulation loop is assumed to provide the power reference. The power reference is then
divided by the square of the line voltages RMS to provide the conductance, which is further multiplied by
the line voltage giving the instantaneous current command.

Small signal model of the DC bus regulation loop is developed by linearizing /4= 4 around the operating
point.

. —nV. . . _ VNrms
IbcVbus = MVYNmsINims = IDC =M —= I
Vbus (4)

A

For a resistive load the bus voltage and current are related as shown in Az 5.

A A

Vbus = —L ipc
1+ SRLCO (5)
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The DC voltage regulation loop control model can be drawn as shown in [¥| 11. An additional Vbus
feedforward is applied to make the control loop independent of the bus voltage, and hence, the plant
model for the bus control can be written as A 7 6.

Hp_bus = HIoad Xmx Ki_gain x Kv_gain x Kv_fIt (6)
Vac X Kv_gain
Po* i* n
5 — Ioc O
1 Vbu)s(iavg - Gle _’ n \_/rms -~ RL bus
Vl\zl x K\2/_fbk Ky_gain - 1+ G|(';p VbUS 1+ SRLCO

NotchFilter

‘ Kvﬁgam " KvJItr }<

& 11. DC Voltage Loop Control Model

Using & 11, a proportional integrator (Pl) compensator is designed for the voltage loop. The bandwidth of
this loop is kept low as it is in conflict with the THD under steady state.

SFRA library is used to measure the frequency response on the voltage loop and verify the model. & 12
shows the modelled versus measured plots for the voltage loop.

40
20

0

Magnitude (dB)

-90

-180

Phase (Degrees)

-270

-360

GM 38dB
< 3108
BW 6.15 Hz T
5.01 Hz %
——  Model
—— Measured

PM

F3° 75°

%

10

i 12. Gv, Voltage Loop Modeled Versus Measured

1
10

Frequency (Hz)

10

10
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2.4.4 Soft Start Around Zero Crossing for Eliminate or Reduce Current Spike

Zero crossing current spikes is a challenging issue for TTPL PFC topologies. This issue is solved by
implementing a soft start scheme with a state machine to turn on and off switches in a particular

sequence.
Q1
Q3
Vin
Y ¥ — Ve
Q2
\ Q4
Negative Half Positive Half
Soft Start
Q1 |
Q2 |

@ JLILIL Ul [
ot L1

13. PWM Sequence With Soft Starting to Reduce Current Spike at Zero Crossing

K] 13 shows the switching sequence when the AC wave goes from negative to positive. During the
negative half Q1 is ON, Q3 is the active FET, and Q4 is the sync FET. During this time the voltage across
Q2 is the DC bus voltage. When the AC cycle changes, Q2 must be on 100% or close to 100%. If Q2 is
turned ON immediately, a huge positive spike results. Therefore, a soft-start sequence is used to turn Q4
ON as shown in & 13. The tuning of this soft start depends on the inductance value and other power
stage parameters such as device Coss.

Another reason for a negative current spike around zero crossing is the relatively low AC voltage around
the zero crossing. When Q3 is turned ON, though the duty cycle is low, a high-voltage difference is
applied and can result in a high negative current spike. Therefore, a sufficient delay is applied before Q3
starts switching back again.

Similarly, Q2 is turned on after some delay after the soft start has started.
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3 Hardware, Software, Testing Requirements, and Test Results
3.1 Required Hardware and Software

3.1.1 Hardware

This section details the hardware and the different sections on the board. If only using the firmware of the
design through powerSUITE, this section may not be valid.

3.1.1.1 Base Board Settings

The design follows a HSEC control card concept, and any device for which HSEC control card is available

from the C2000 MCU product family can be potentially used on this design. The key resources used for

controlling the power stage on the MCU are listed in 3% 2 . & 14 shows the key power stage and

connectors on the design board. 3 3 lists the key connectors and their functions. To get started:

1. Make sure no power source is connected to the design.

2. Insert the control card in the J600 slot.

3. Connect a 12-V, 1-A DC power supply at TP604. For the ground terminal, use TP606 . Do not power
up the supply.

4. Connect a 5-V, 1-A DC power supply at TP608. For the ground terminal, use TP609. Do not power up
the supply.

5. Turn both the 12-V and 5-V power supply ON. The LED on the control card lights up and indicates the
device is powered.

VE: The bias for the MCU is separated from the power stage, which enables safe bring up of the
system in this set of instructions.

6. To connect JTAG, use a USB cable from the control card and connect it into a host computer.

7. A single phase AC power supply can be connected to the input J100. Optionally in some incremental
builds a DC source may be required to test out the system safely.

8. A resistive load of approximately 500 © and 400 W should be connected to the output at J104.
9. Current and voltage probes can be connected to observe the input current, input voltage, and output
voltages, as shown in & 14.

J600
X Inrush Circuit €200 MCU
AC Input Filter and Relay Control Card

w i
J100 -
AC Input -
. Bias Power
F Supply
Fan A
Wﬂ
: Low Frequency J104
Hgg,\f g}r(?::gscy Switches and DC Input
Diode Bridge
K| 14. Board Overview
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# 2. Key Controller Peripherals Used for Control of Power Stage on Board

SIGNAL NAME HSEC PIN NUMBER FUNCTION
PWM-1A 49 PWM: low-frequency MOSFET leg, high-side switch
PWM-1B 51 PWM: low-frequency MOSFET leg, low-side switch
PWM-2A 53 PWM: high frequency GaN leg, high side switch, phase one
PWM-2B 55 PWM: high-frequency GaN leg, low-side switch, phase one
PWM-3A 50 PWM: high-frequency GaN leg, high-side switch, phase two
PWM-3B 52 PWM: high-frequency GaN leg, low-side switch, phase two
PWM-4A 54 PWM: high-frequency GaN leg, high-side switch, phase three
PWM-4B 56 PWM: high-frequency GaN leg, low-side switch, phase three
lac 18 ADC with CMPSS: AC return current measurement
IL1 15 ADC with CMPSS : inductor current measurement Phl
IL2 21 ADC with CMPSS : inductor current measurement Ph2
IL3 25 ADC with CMPSS : inductor current measurement Ph3
VL 20 ADC: AC voltage line
VN 17 ADC: AC voltage neutral
Vbus 24 ADC: bus voltage
In Rush Relay 57 GPIO: used to control the inrush relay
GaN Fault 1 58 GPIO: GaN fault signal phase one
GaN Fault 2 60 GPIO: GaN fault signal phase two
GaN Fault 3 62 GPIO: GaN fault signal phase three
AC Currgﬂt Sense Gain 63 GPIO: controls the gain stage
ange

% 3. Key Connectors and Function

CONNECTOR NAME FUNCTION
J100 Input AC voltage
J104 Output DC bus voltage
TP604 Input bias supply, 12-VDC, 1 A
TP608 Input bias supply, 5-VDC, 1 A
TP606/TP609 GND
J600 HSEC control card connector slot

Current Probe

AC Power Supply

Or
DC Power Supply (200 V, 5 A)

(230V rms / 120 Vrms, 15 Amps, 50-60 Hz)

Differential Voltage

I_input
- Probe
VL ]
A A ~ Load
1 104
Vac VN oo e Vbus (500 Q Power
v TIDM-1007 y S Resistors)
TP612 TP608
Fan 12V DC, 1 5V DC,
Amps Power 1 Amps Power
Supply Supply

Copyright © 2017, Texas Instruments Incorporated

15. Hardware Setup to Run Software
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3.1.1.2

3.1.2

3.1.21

Control Card Settings

Certain settings on the device control card are required to communicate over JTAG and use the isolated
UART port. The user must also provide a correct ADC reference voltage. The following are the required
settings for revision A of the F280049M control card. One can also refer to the info sheet located inside
C2000Ware at <install_path>\c2000ware\boards\controlcards\TMDSCNCD280049M or alternatively get it
from the document http://www.ti.com/lit/ug/spruic4/spruic4.pdf.

1. S1:A on the control card must be set on both ends to “ON (up) " position to enable JTAG connection to
the device and UART connection for SFRA GUI. If this switch is “OFF (down)” one cannot use the
isolated JTAG built in on the control card nor can SFRA GUI communicate to the device.

2. J1:A is the connector for the USB cable that is used to communicate to the device from a host PC on
which Code Composer Studio ™ (CCS) runs.

3. A 3.3-V reference is desired for the control loop tuning on this design. Internal reference of the
F28004x is used and for this S8 switch must be moved to the left i.e. pointing to VREFHI

4. A capacitor is connected between the isolated grounds on the control card, C26:A. It is advised to
remove this capacitor for the best performance of this reference design.

Software

The software of this design is available inside C2000Ware Digital Power SDK and is supported inside the
powerSUITE framework.

Opening Project Inside CCS

To start:

1. Install CCS from the Code Composer Studio (CCS) Integrated Development Environment (IDE) tools
folder, version 7.4 or above is recommended.

2. Open CCS. Go to View — CCS App Center. Under Code Composer Studio Add-ons, make sure GUI
Composer Runtime v1.0 is installed. If not installed, install GUI Composer Runtime v1.0.

3. Install C2000Ware DigitalPower SDK at the C2000Ware Digital Power SDK tools folder.
* Note: powerSUITE is installed with the SDK in the default install.

4. Close CCS, and open a new workspace. CCS automatically detects powerSUITE. A restart of CCS
may be required for the change to be effective.

5. Go to View — Resource Explorer. Under the Tl Resource Explorer, go to C2000Ware DigitalPower
SDK .

To open the reference design software as it is (opens firmware as it was run on this design and hardware,
requires the board to be exactly the same as this reference design, and does not allow modification
through the powerSUITE GUI inside the project).

1. Under C2000Ware DigitalPower SDK, select Development Kits — CCM Totem Pole PFC TIDM-1007,
and click on Run <device> Project.

2. These steps import the project, and the development kit or designs page show up. This page can be
used to browse all the information on the design including this user guide, test reports, hardware
design files, and so forth.

3. Click Run <device_name> Project.

4. This action imports the project into the workspace environment, and a cfg page with a GUI similar to &
16shows up.

* Note: As this project is imported from the development kit and reference design page,
modifications to the power stage parameters through the GUI are not allowed.

5. If this GUI page does not appear, refer to the FAQ section under powerSUITE in the C2000Ware
Digital Power SDK resource explorer.

14

SR C2000™ MCU f952 42 CCM K #: L HF PFC 2%t ZHCU364B-November 2017 —Revised May 2018

TIDUD61 — http://www-s.ti.com/sc/techlit/TIDUD61
IR © 2017-2018, Texas Instruments Incorporated



http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUD61.pdf
http://www.ti.com/tool/ccstudio
http://www.ti.com/tool/controlsuite

13 TEXAS
INSTRUMENTS

www.ti.com.cn Hardware, Software, Testing Requirements, and Test Results

Open reference design software for adaptation. The user can modify power stage parameters, which are
then used to create the model of the power stage in Compensation Designer and can also modify scaling
values for voltages and currents for a custom design.

UnderC2000Ware Digital Power SDKclick on powerSUITE —Solution Adapter Tool ( L=
Select Single Phase CCM Totem Pole PFC from the list of solutions presented.
Select the device this solution must run on the next page.

Once the icon is clicked, a pop-up window shows up asking for a location to create the project. One
can also save the project inside the workspace itself. Once the location is specified, a project is
created, and a GUI page appears with modifiable options for the solution (& 16).

5. This GUI can be used to change the parameters for an adapted solution, like power rating, inductance,
capacitance, sensing circuit parameters, and so forth.

6. If this GUI page does not appear, refer to the FAQ section under powerSUITE in the C2000Ware
DigitalPower SDK resource explorer.

pwDn PR
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& maincfg &

Home

Totem Pole Interleaved CCM PFC using F28004x

et [
r—-r—‘l‘
»--‘MW

. Ctr
AC_CUR o ’
-
o} wfaF N
single L 7l -
Phase
L=
H%} oo}
AC L an | | sir || e
ACN
I

RELAY

Project Options

INCR_BUILD |3: closed voltage & Current Loop Sensing |ac | Control Running on |czsx
' —-»>
Adaptive Dead Time | Disabled Phase Shedding | pisabled Non-linear loop enabled
Cortrol Loop Design
Tuning Comp Number Comp Style i
Voltage Loop / GV 3 DCL_PI_C3 L f

o “htsanen B —»

SFRA Current Loop Frequency Voltage Loop Frequency
Voltage Current Loop ISR runs at Fsw/2 Voltage Loop runs at 10KHz
Power Stage Parameters
PWM : Switching Freq (Fsw in kHz) 200
Min Deadband (uS) |01 Max Deadband (uS) | 0.1
Nominal Voltage : Output Vbus (V) 385.0 Input VL-L(Vrms) | 120.0 —»
Power : Rated (W) 2400.0 Operating (W) 768.0
Inductor (Li): Inductance (mH) 0.481 DCR (Ohm) | o057
Qutput Cap (Co): Capacitance (uF) 880.0 ESR (Ohm) 0.365
Voltage And Current Sensing Parameters
Refer to calculations.xsx file located in the install package for more detials
Voltage Sense : Max Vbus (V) |ss2.66 Max Vin (+-V) 454.0
Current Sense : Max (+-Amp) | 22.778 Trip Set (+-Amp) 240
—>

Sense Filter:

LOW FREQ PWM HIGH FREQ PWM1/2/3 BOARD PROTECTION GAN F1/2/3

Rfltr (Ohm) 47.0 Cfltr (uF) 0.047

Cut-off Freq (kHz) 72.085

customize
solution

Power Stage Diagram

Project Options
1. Incremental Build Selection
2. Core Selection

Control Loop Design

1. Launch SFRA and Compensation Designer
2. Adjust ISR rate for current and voltage loops

Power Stage Params

1. Enter Switching Frequency

2. Specify Inductance and Capacitance value
3. Specify power rating and operating power
And nominal operating conditions

4. Set trip level for PWM

Sensing Params

1. Specify resistor divider and current sensor
values, used to compute max sensed voltage and
current which is used in the plant model.

i 16. powerSUITE Page for CCM TTPL PFC Solution

16
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3.1.2.2  Project Structure

Once the project is imported, the project explorer appears inside CCS as shown in ¥ 17.

Project Name

[Buil d Con ﬁguration] 5 > pfclph3ilttpl [Active - RELEASE] [tidm_1007 master]

> ) Includes

Include File paths for & CG
different components in 3 devicee}= Device Support Files, Driverlib
» (= RELEASE

(= SFRAData
(% targetConfigs === Target Configuration for debugger connection
» [% CLAmathh
+ [% DCL_DF22_Clasm
- [$ DCL_PLCl.asm

[$ DCL_PI_C4.asm

L3 f28004x_flash_Ink.cmd

[& pfclph3ilttpl_board.c

the project

Solution Specific Files with [& pfclph3ilttpl_board.h
Board Drivers for the solution [#) pfclph3ilttpl_clatask.cla
B > pfclph3ilttpl_settingsh mep- Settings File generated by powerSUITE page
& pfclph3ilttpl.c (Do Not Modify, except under USER SECTION)

& pfclph3ilttpl.h

1% scicommsgui_32bit.c

B typesh Graphprop file to populate graphs in CCS
& graphl.graphProp
& > Kitxml
£ main.clg [Powersuie

- [& setupdebugenv_build1,s

- [& setupdebugenv_build2_acjs

XML Files generated by powerSUITE page
(Do Not Modify)

powerSUITE GUI Page

javaScript for populating the . [& setupdebugenv_build2_dcjs
expressions window for . [& setupdebugenv_build3js
different build levels . [& setupdebugenv_demojs

[ SOIUtION]S et 1 filo used by powerSUITE (Do not Modify)

K 17. Project Explorer View of Solution Project
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The general structure of the project is shown in & 18.

powerSUITE generated file specific to the
solution and the device

“<solution>_settings.h”

Solution specific file Device specific files

18. Project Structure Overview

VE: & 18 shows the project for F28004x; however, if a different device is chosen from the
powerSUITE page, the structure is similar.

Solution specific and device independent files are <solution>.c/h. This file consist of the main.c file of the
project and is responsible for the control structure of the solution.

For this design <solution> is pfc1ph3ilttpl.

Board-specific and device-specific files are <solution>_board.c/h. This file consists of device specific
drivers to run the solution.

The powerSUITE page can be opened by clicking on the main.cfg file, listed under the project explorer.
The powerSUITE page generates the <solution>_settings.h file. This file is the only file used in the
compile of the project that is generated by the powerSUITE page. The user must not modify this file
manually except under user section area, as the changes are overwritten by powerSUITE every time the
project is saved.

The Kit.xml and solution.js files are used internally by the powerSUITE and must also not be modified by
the user. Any changes to these files results in project not functioning properly.

The setupdebugenv_build.js are provided to autopoulate the watch window variables for different builds
The *.graphProp files is provided to auto populate settings for the data logger graph

The project consists of an interrupt service routine, which is called every PWM cycle, and a current
controller is run inside this ISR. In addition to this, there is a slower ISR of approximately 10 kHz that is
called for running the voltage loop and the instrumentation ISR. A few background tasks (A0-A4 and BO-
B4) are called in a polling fashion and can be used to run slow tasks for which absolute timing accuracy is
not required, such as SFRA background and so on.

18 SRH C2000™ MCU 354420 CCM K+ TEHF PFC 2% i ZHCU364B-November 2017 —Revised May 2018

TIDUD61 — http://www-s.ti.com/sc/techlit/TIDUD61
IR © 2017-2018, Texas Instruments Incorporated



http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUD61.pdf

13 TEXAS
INSTRUMENTS

www.ti.com.cn Hardware, Software, Testing Requirements, and Test Results

19 shows the software flow diagram of the firmware

Current Loop ISR (100 Khz)

Main Loop
Save context and clear interrupt flags
( m )
| Read ADC Result |
Setup device I
Setup PWM Run Current Loop Compensator Gi
Setup ADC I
| | Run PWM Modulator |
| Global Variables Initialization | |
| Run SPLL and
- calculate current reference
I Setup Board Protection I |
< I Current Loop ISR u | Run Adaptive IIDeadtime Calc. |
Setup Interrupts Rysm— I ( Restore Context )
| oltage Loop plus
Instrumentation ISR \_ Return )
Voltage Loop plus Instrumentation Code
BackGround Loop (10 Khz)
State Machine
SFRA Background Function 4 )
C-ISR
\_ J (Boost Control)

Save contexts and clear int flags
Enable Interrupt EINT

Run notch filter on measured bus
voltage

Run Voltage Loop Compensator Gv

Run power measurement

Run Data Logger

I
Restore Context
Return
o J
K 19. Project Structure Image

To simplify the system bring up and design the software of this reference design is organized in four
incremental builds (INCR_BUILD):

* INCR_BUILD 1: Open Loop Check, DC
e INCR_BUILD 2: Closed Current Loop : DC
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* INCR_BUILD 2: Closed Current Loop : AC
» INCR_BUILD 3: Closed Voltage and Current Loop

These build levels are detailed in 75 3.1.2.4. If using the reference design hardware, make sure the
hardware setup is completed as outlined in 77 3.1.1.

3.1.2.3  Using CLA on C2000 MCU to Alleviate CPU Burden

The control law accelerator (CLA) is a co-processor available on the C2000 MCU family of devices.
This co-processor enables offloading the control-ISR functions from the main C28x CPU core.

To run the control ISR on the CLA for solutions supported in powerSUITE, selection is achieved
through a drop-down menu on the powerSUITE CFG page. The software structure of the powerSUITE
solution is designed such that offloading the task to the CLA is simply a drop-down menu selection.
The code is not duplicated and a single source for the solution algorithm is maintained even when
code is run on the CLA or the C28x. This configuration enables flexible debugging of the solution.

The CLA features of each device varies slightly. For example, on the F2837xD, F2837xS, and F2807x,
the CLA can support only one task at a given time, and there is no nesting capability. This
configuration means that the task is not interruptible. Only one ISR can be offloaded to the CLA. On
the F28004x, the CLA supports a background task from which a regular CLA task can nest. This
configuration enables offloading two ISRs on the CLA.

The CLA supports a background task from which it can nest into a CLA task. This configuration allows
offloading two ISR functions to the CLA. For the F28004x, both the control ISR (100 kHz) for the
current loop and the voltage loop and instrumentation ISR (10 kHz) are offloaded to the CLA. On the
F28004x, the CPU use is approximately 42% for the 100 kHz loop (not including advanced options
such as phase shedding, adaptive dead time, SFRA running, and so forth) and 11% for the 10 kHz
loop that runs the voltage loop and instrumentation functions. Thus, the total CPU use is approximately
53%. With the CLA option, the CPU burden is reduced to 0% when both ISRs are offloaded to the
CLA.

For more information on the CLA, visit the CLA Hands-On Workshop and the respective device
technical reference manuals.

3.1.2.4  Running the Project

3.1.2.4.1 INCR_BUILD 1: Open Loop, DC

In this build the board is excited in open loop fashion with a fixed duty cycle. The duty cycle is controlled
with dutyPU_DC variable. This build verifies the sensing of feedback values from the power stage and
also operation of the PWM gate driver and ensures there are no hardware issues. Additionally calibration
of input and output voltage sensing can be performed in this build. The software structure for this build is
shown in [&| 20. There are two ISR in the system: fast ISR for the current loop and a slower ISR to run the
voltage loop and instrumentation functions. Modules that are run in each ISR are shown in [¥] 20.
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DCL_DF22

DCL_DF22
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—b| VvBus_sensedFilteredNotch2

4" Order Notch Filter

10Khz, Voltage Loop and Instrumentation ISR
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20. Build Level 1 Control Software Diagram:

Copyright © 2017, Texas Instruments Incorporated
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Hardware setup is assumed to be similar to what was outline in the previous section. & 21 recaps the
hardware setup for build level 1 test.

Current Probe

I_input Differential Voltage

Probe
VL l |
A A ~ Load
DC Power Supply vae | J100 041 Tvbus (500 Q Power
(200, 5 Amps) v TIDM-1007 \ 4 Resistors)
S
: TP612 TP608
Fan 12V DC, 1 5V DC,
Amps Power 1 Amps Power
Supply Supply

Copyright © 2017, Texas Instruments Incorporated

21. HW Setup for Build Level 1

3.1.2.4.1.1 Setting Software Options for BUILD 1
1. powerSUITE Settings : On the powerSUITE page select under Project Options section;
e Select Open Loop for the build level under INCR_BUILD option.
e Select input to be DC under INPUT options

« Also disable the other options such as Non Linear Voltage Loop, Adaptive Deadtime and Phase
shedding

2. If this is an adapted solution, edit the setting under Voltage and Current Sensing Parameters . One can
refer to the calculations.xlIsx file which is available under the C2000Ware DigitalPower SDK Install
directory at <install_location>\solutions\tidm_1007\hardware for details on sensing circuit and how max
range is computed for the powerSUITE page

3. Under Power Stage Parameters specify the switching frequency, the dead band, and the power rating.
Save the page.

3.1.2.4.1.2 Building and Loading Project
1. Right click on the project name, and click Rebuild Project.
2. The project builds successfully.

3. In the Project Explorer make sure the correct target configuration file is set as Active under
tragetconfigs (K 17).

4. Then click Run — Debug. This action launches a debugging session. In the case of dual CPU devices,
a window may appear to select the CPU that the debug must be performed. In this case, select CPUL.

5. The project then loads on the device, and CCS debug view becomes active. The code halts at the start
of the main routine.
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3.1.2.4.1.3 Setup Debug Environment Windows

1. To add the variables in the watch and expressions window, click View — Scripting Console to open the
scripting console dialog box. On the upper-right corner of this console, click on open then browse to
the setupdebugenv_buildl.js script file located inside the project folder. This script file populates the
watch window with appropriate variables required to debug the system. Click on the Continuous
Refresh button on the watch window to enable continuous update of values from the controller. The
watch window appears as shown in & 22.

)= Variables €< Expressions I i Registers % Breakpoints 58| d X% et Y= O
Expression Type Value Address
©9= buildInfo enum enum_BuildLevel BuildLevell_OpenLoop_DC 0x0000A817@Data
= guiVbus float -0.000226858858 0x0000A87E@Data
)= guiVin float -0.714660585 0x0000A876@Data
&= guili float 0.0891165435 0x0000A874@Data
0= ac_cur_sensed float 0.00343942642 0x0000A8A4@Data
o= clearTrip int 0 0x0000A827@Data
> (2 EPwm1Regs.TZFLG Register (0x0000
> (% EPwm2Regs.TZFLG Register 0x0000
6= dutyPU float 0.5 0x0000A858@Data
= dutyPU_DC float 0.5 0x0000A85E@Data
= vBus_sensed float 0.0 0x0000A8C0@Data
®= iL1_sensed float -0.00341796875 0x0000A8C4@Data
= [L2_sensed float -0.00830078125 0x0000A8C6@Data
0= iL3_sensed float -0.00732421875 0x0000A8AA@Data

o Add new expression
22. Build Level 1 Expressions View

2. Run the project by clicking on Lo

3. Now Halt the processor by using the Halt button on the toolbar ( -~

3.1.2.4.1.4 Using Real-Time Emulation

Real-time emulation is a special emulation feature that allows windows within CCS to be updated while
the MCU is running. This feature allows graphs and watch views to update but also allows the user to
change values in watch or memory windows and see the effect of these changes in the system without
halting the processor.

1. Enable real-time mode by hovering the mouse on the buttons on the horizontal toolbar and clicking the

b %
1 button.

Enable Silicon Real-time Mode (service critical interrupts when halted, allow
debugger accesses while running)

2. A message box may appear. If so, select YES to enable debug events. This action sets bit 1 (DGBM
bit) of status register 1 (ST1) to a 0. The DGBM is the debug enable mask bit. When the DGBM bit is
set to 0, memory and register values can be passed to the host processor for updating the debugger
windows.
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3.1.2.4.1.5 Running Code

1. Now run the project again by clicking on i .

2. In a few seconds the inrush relay clicks, the software is programmed to do so in the build level with
DC. The trip clears, and a duty cycle of 0.5 is applied.

3. In the watch view, check if the guiVin, guiVbus, guili, variables are updating, periodically.
* Note: As no power is applied right now, this value is close to zero.

4. Now slowly increase the input DC voltage from zero to 120 V. The output voltage shows a boosted
voltage as a steady duty cycle of 0.5 PU is applied as default setting. If a high current is drawn, verify if
the voltage terminals are swapped. If true, reduce the voltage to zero first and correct the issue before
resuming the test

5. Verifying the voltage sensing: Make sure guiVin and guiVbus display the correct values, for 120-V DC
input, guiVbus is close to 240V. This verifies the voltage sensing of the board in some manner.

6. Verifying the current sensing: Notice the guilli for the given test condition; this value is close to 1 A.

= Variables €< Expressions &2 1} Registers e Breakpoints s8¢ X R@E e Y=o
Expression Type Value Address
0= buildInfo enum enum_BuildLevel BuildLevell OpenLoop_DC 0x0000A817@Data
= guiVbus float 236679321 0x0000A87E@Data
)= guiVin float 117730934 0x0000A876@Data
9= guili float 1.01184416 0x0000A874@Data
9= ac_cur_sensed float 0.0393730402 0x0000A8A4@Data
©0= clearTrip int 0 0x0000A827@Data
: (2 EPwml1Regs. TZFLG Register 0x0000
> (2 EPwm2Regs.TZFLG Register 0x0000
9= dutyPU float 05 0x0000A858@Data
= dutyPU_DC float 05 0x0000AB5E@Data
)= vBus_sensed float 0.511474609 0x0000ABCO®@Data
= iL1_sensed float 0.0161132813 0x0000A8C4@Data
= [L2_sensed float 0.01171875 0x0000A8CE®@Data
= iL3_sensed float 0.0141601563 0x0000ABAA@Data

o Add new expression

K 23. Build Level 1: Watch Expression Showing Measured Voltage and Currents

7. This verifies at a basic level the PWM driver and connection of hardware, user can change the
dutyPU_DC variable to see operation under various boost conditions.

8. Once finished, reduce the input voltage to zero and watch for the bus voltages to reduce down to zero.

9. This completes the check for this build, the following items are verified on successful completion of this
build:

* Sensing of voltages and currents and scaling to be correct

« Interrupt generation and execution of the BUILD 1 code in the current loop ISR and Voltage Loop
Instrumentation ISR

* PWM driver and switching
If any issue is observed a careful inspection of the hardware may be required to eliminate any build
issues and so forth.

10. The controller can now be halted, and the debug connection terminated.

11. Fully halting the MCU when in real-time mode is a two-step process. First halt the processor by using

the Halt button on the toolbar ( ““ ) or by using Target — Halt. Then take the MCU out of real-time
. ® _ . >
mode by clicking on . Finally, reset the MCU by clicking on

12. Close CCS debug session by clicking on Terminate Debug Session (Target — Terminate all).
M
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3.1.2.4.2

In this build, BUILD 2, the inner current loop is closed that is the inductor current is controlled using a
current compensator Gi. Both DC bus and output voltage feed forward are applied to the output of this

INCR_BUILD 2: Closed Current Loop DC

current compensator to generate the duty cycle of the inverter, Az 7. This makes the plant for the current

compensator simple and a proportional (P) controller can be used to tune the loop of the inner current.

The model for the current loop was derived in section 77 2.4.2. Complete software diagram for this build is
illustrated in & 24.

duty1PU =

(ac_cur_meas—ac_cur_ref _inst)x Gi+ac_vol_sensed

vBus _sensed )
Complete software diagram for this build as illustrated in ¥ 24.
1
| |
|
: DCL DF22 DCL DF22 10Khz, Voltage Loop and Instrumentation ISR 1
= = |
i i
| |
| |
: —» —b| vBus_sensedFilteredNotch2 :
|
i i
| |
| |
| |
| |
: 4" Order Notch Filter :
| |
| |
| |
| |
: Compute Average DLOG_4CH :
| |
| |
| input_ptrl output_ptrl DBUFF1 :
|
|
: input_ptr2 SIZS) output_ptr2 DBUFF2 |
: L trig_value :
H ac_cur_ref put_p! pre_scalar output_ptr3 DBUFF3 :
: input_ptr4 output_ptr4 DBUFF4 |
|
! |
| |
1T T[T T oo oooo—oooo-ooo---o-- a
| 100 Khz, :
: Current Loop ISR 1
|
|
i v DCL_PI H
| * Bus Voltage Feedforward |
: ac_cur_ref_inst l—} — + AC Voltage Feedforward |
\ Gi « Boost Voltage Drop Feedforward !
| > H
- i
! 1
! 1
! 1
! |
H PWM dutyPU |« 1
|
1 |
| [ttt ettt bt ittt 4
| |
| |
| |
1 1 '
| |
| | ° ° °
| | o
| 1
| A |
: iL1/2/3_sensed : [ [ -_|
1 H ._| t Single Phase '_‘ '_'
| |
! ! N L +
: Read ADC H P b~ f—
I Scale [ q
1 to PU H - ~
' ] c '
1 ! »— = =
| | 4 | B« A B
| |
|
| |
| 1 A4 A4 \ 4 O
| |
| t
| |
b e e 4
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3.1.2.4.2.1 Setting Software Options for BUILD 2

1. Make sure the hardware is setup as outlined in [¥] 21 . Do not supply any high voltage (HV) power to
the board yet.

2. powerSUITE Settings : On the powerSUITE page select under Project Options section:
e Select Closed Current Loop for the build level under INCR_BUILD option.
e Select input to be DC under INPUT options

« Also disable the other options such as Non Linear Voltage Loop, Adaptive Deadtime and Phase
shedding

3. Assuming all other options are same as specified earlier in 75 3.1.2.4.1.1
4. Under Control Loop Design, options for the current loop tuning automatically be selected (Tuning —

v

Current Loop —» COMP1 — DCL_PI_C1). Now click on the Compensation Designer icon ( =

3.1.2.4.2.2 Designing Current Loop Compensator

1. Compensation Designer launches with the model of the current loop plant with parameters specified on
the powerSUITE page. Pl-based controller can be tuned from a pole zero perspective to ensure stable
closed loop operation. Stability of the system when using the designed compensator can be verified by
observing the gain and phase margins on the open loop transfer function plot in the Compensation
Designer, as shown in & 25.

J!! C2000 Compensation Designer GUL: TTPL CCM PFC Current Loop =Bl Py
Comp Number and Style Pole Zero Format K 035035 | Comp Coeff
= ———— fz0 00318 DCL_PI_C1/C2/L1 Coeff
| savecomp | £ [0
T pO Kp= 0.3500000
Plant Option ‘.W] Enter Zero Location in kHz Ki= 0.0020001
| Browse SFRA Data | Control Freq | 100 kHz
Show Graphs for : === Plant = 0L === Comp (Note X Axis is Frequency in Hz)

—
=
(=]

! I
|
|

\ i

|
|
© |
= |
£ 60 |
o
i |
£ 20 "-ﬁ-.________ I
£
g L e e ] —— ===
]
= -20 |
________________________________ -5l f
-60 =} : == g SE==
1 10 100 1000 10000 100000
. R e — . B .- L L. R
150 |
“w |
100
g |
g‘ 50
g0
2 50 !
£ |
a -100 I
-150 | K |
et b et ot et sl St oo i 1N ——

1 10 100 1000 10000 100000

Stable Loop Bandwidth 63722 kHz Gain Margin 8.81 dB Phase Margin 56.15 Degrees J{ﬂmwm

i 25. Current Loop Design Using Compensation Designer

2. Once satisfied with the open loop gain, click on Save COMP. This action saves the compensator
values into the project.
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« Note: If the project was not selected from the solution adapter, changes to the compensator are
not allowed. Select the solution through the solution adapter.

3. Close the Compensation Designer, and return to the powerSUITE page.

3.1.2.4.2.3 Building and Loading Project and Setting up Debug

1. Right click on the project name, and click Rebuild Project. The project builds successfully. Click Run —
Debug, which launches a debugging session. In the case of dual CPU devices, a window may appear
to select the CPU the debug must be performed. In this case, select CPU1. The project then loads on
the device, and CCS debug view becomes active. The code halts at the start of the main routine.

2. To add the variables in the watch and expressions window click View — Scripting Console to open the
scripting console dialog box. On the upper right corner of this console, click on Open to browse to the
setupdebugenv_build2_dc.js script file, which is located inside the project folder. This file populates the
watch window with appropriate variables required to debug the system. Click on Continuous Refresh

button ( ) on the watch window to enable continuous update of values from the controller. The
watch window appears as | 26.

= Variables €% Expressions 32 1 Registers ®e Breakpoints B %@ it e v = O
Expression Type Value Address
&= buildInfo enum enum_BuildLevel BuildLevel2_CurrentLoop_DC 0x0000A80C®@Data
)= boardStatus enum enum_boardStatus boardStatus_Idle 0x0000A804@ Data
= clearTrip int 0 0x0000A824@Data
9= closeGiLloop int 0 0x0000A819@Data
6= ac_cur_ref float 0.0299999993 0x0000A838@Data
6= ac_cur_sensed float 0.0118730068 0x0000A8A4@Data
¢ guiVbus float 0.347434014 0x0000A846@Data
3= guiVin float -0.678055584 0x0000A86C@Data
6= guili float 0.274688691 0x0000A86A@Data
> 2 EPwm1Regs.TZFLG Register 0x0004
> (2 EPwm2Regs.TZFLG Register 0x0004
e9= dutyPU float 0.00999999978 0x0000AB4E@Data
6= dutyPU_DC float 0.5 0x0000A84C@Data
¢ iL1_sensed float -0.00537109375 Ox0000ASAE@Data
¢ iL2_sensed float -0.00537109375 O0x0000ABAC®@Data
3 iL3_sensed float -0.00634765625 0x0000ABAA@Data
&= gutoStartSlew unsigned long 14 0x0000A87C@Data

57 Add new expression

K 26. Build Level 2: Closed Current Loop Expressions View

3. Enable real-time mode by hovering the mouse on the buttons on the horizontal toolbar, and clicking the
< button.

4. Run the project by clicking on L~

5. Now Halt the processor by using the Halt button on the toolbar ( =~

3.1.2.4.2.4 Running Code

1. The project is programmed to drive the inrush relay and clear the trip after a set amount of time, that
is, autoStartSlew==100. The software is programmed to do so in the build level with DC. An input
voltage must be applied after hitting run and before this autoslew counter reaches 100. If the counter
reaches 100, before voltage is applied at the input, the code must be reset. For which the controller
must be brought out of real time mode, a reset performed and restarted. Repeat steps from

2. Now run the project by clicking Lo~
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= Variables %7 Expressions &

3. Apply an input voltage of approximately 50 V before the autoStartSlew reaches 100. As soon
autoStartSlew reaches 100, the inrush relay is triggered, and PWM trip is cleared along with closing
the current loop flag.

Expression

0=
0=
0=
0=
9=
9=

EEZ

&

buildInfo
boardStatus
clearTrip
closeGiLoop
ac_cur_ref
ac_cur_sensed

= guiVbus
= guiVin
= guili

EPwm1Regs. TZFLG
EPwm2Regs.TZFLG

= dutyPU

- dutyPU_DC

- iL1_sensed

- iL2_sensed

- iL3_sensed

- autoStartSlew

Add new expression

5it! Registers ®e Breakpoints

Type

enum enum_BuildLevel
enum enum_boardStatus
int

int

float

float

float

float

float

Register

Register

float

float

float

float

float

unsigned long

Value

BuildLevel2_CurrentLoop_DC

boardStatus_Idle
1

1
0.0299999993
0.0300658941
127.377548
483203316
0.707000256
0x0000
0x0000
0.386497527
0.5
0.0107421875
0.0087890625
0.009765625
101

E:*l‘;.:

% @) 3
Address
0x0000A80C@Data
0x0000A804@Data
(0x0000A824@Data
0x0000A819@Data
0x0000A838@Data
0x0000A8A4@Data
0x0000AB46@Data
0x0000AB6C@Data
0x0000ABBA@Data

0x0000AB4E@Data
0x0000A84C@Data
0x0000ABAE@Data
0x0000ABAC®@Data
0x0000ABAA@Data
0x0000A87C@Data

#|ea v = o

27. Watch Expression, Build Level 2, DC After Closed Current Loop Operation Begins

4. The input current regulates around 0.7 A, and the output voltage boosts to approximately 128 V.
5. Now slowly increase ac_cur_ref to 0.1, that is, 2.5-A input.
6. Next slowly increase Vin = 120 V, and the output voltage will be greater than 350 V.

= Variables ¢ Expressions 2 i Registers ®e Breakpoints

Expression

=

)=
9=
)=
9=
9=

)=
)=
)=
9=

r =

)=
)=
9=
9=

)=
)=

]

buildInfo
boardStatus
clearTrip
closeGiLoop
ac_cur_ref
ac_cur_sensed
guiVbus

guiVin

guili

EPwm1Regs. TZFLG
EPwm2Regs. TZFLG
dutyPU

dutyPU_DC
iL1_sensed
iL2_sensed
iL3_sensed
autoStartSlew

Add new expression

Type

enum enum_BuildLevel
enum enum_boardStatus
int

int

float

float

float

float

float

Register

Register

float

float

float

float

float

unsigned long

Value

BuildLevel2_CurrentLoop_DC

boardStatus_Idle
1

1
0.100000001
0.0993705988
380.123596
117478661
246380639
0x0000
0x0000
0.308701962
0.5
0.0493164063
0.052734375
0.0458984375
101

Address

0x0000A80C@Data
0x0000A804@Data
0x0000A824@Data
0x0000A819@Data
0x0000A838@Data
0x0000A8A4@Data
0x0000A846@Data
0x0000A86C@Data
0x0000A86A@Data

0x0000AB4E@Data
0x0000A84C@Data
0x0000ABAE@Data
0x0000ABAC®@Data
0x0000ABAA@Data
0x0000A87C@Data

0= XRE| A =1

K 28. Watch Expression, Build Level 2, DC After Closed Current Loop Operation Begins at Full Voltage

7. SFRA is integrated in the software of this build to verify the designed compensator provides enough
gain and phase margin by measuring on hardware. To run the SFRA keep the project running, and
from the cfg page, click on the SFRA icon. SFRA GUI appears.

8. Select the options for the device on the SFRA GUI. For example, for F28004x select floating point.
Click on Setup Connection. On the pop-up window uncheck the boot on connect option, and select an
appropriate COM port. Ensure Boot on Connect is deselected. Click OK. Return to the SFRA GUI, and
click Connect.

28
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9. The SFRA GUI connects to the device. A SFRA sweep can now be started by clicking Start Sweep.
The complete SFRA sweep takes a few minutes to finish. Activity can be monitored by seeing the
progress bar on the SFRA GUI and also checking the flashing of blue LED on the back on the control

card that indicates UART activity. Once complete, a graph with the open loop plot appears. Comparing

this with the measured plots, there is good correlation between the modeled and measured as shown
in ¥ 29. This verifies that the designed compensator is indeed stable and the model accurate. Note:
the deviation at low frequency, less than 200 Hz, is expected and is a known phenomena, also the
measurement shown here was taken with a DC source, if an AC source is used to emulate a DC
source the output impedance of the AC source can result in deviations from the graph plotted below

60
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20

Magnitude (dB)

10

-90

-180

-270

Phase (Degrees)

-360

-450

Gi OL Gain Model vs Measured with DC input

Model

m \ Mﬂasurevd with Dc trput
=
\

10

103

Frequency (Hz)

10

29. SFRA Run vs Modeled Closed Current Loop, Open Loop Gain

The frequency response data is also saved in the project folder under an SFRA data folder and is time
stamped with the time of the SFRA run.
10. Optionally one can use the measured frequency response of the plant to design the current

compensator by clicking on the Compensation Designer again from the CFG page and choose SFRA

Data for plant option on the GUI. This uses the measured plant information to design the compensator.
This option can be used to fine tune the compensation. By default the compensation designer points to

the latest SFRA run. If a previous SFRA run plant information must be used the user can select the

SFRAData.csv file by browsing to it by clicking on Browse SFRA Data.
11. This action verifies the current compensator design.

12. To bring the system to a safe stop, bring the input DC voltage down to zero, observe the guiVbus
comes down to zero as well.

13. Fully halting the MCU when in real-time mode is a two-step process. First halt the processor by using

the Halt button on the toolbar ( == ) or by using Target — Halt. Then take the MCU out of real-time

< 4
mode by clicking on ¥ . Finally, reset the MCU ( » ).

14. Close the CCS debug session by clicking on Terminate Debug Session (Target — Terminate all).
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=

3.1.2.43 INCR_BUILD 2: Closed Current Loop, AC

In this build, BUILD 2, the inner current loop is closed, that is, the inductor current is controlled using a
current compensator Gi. Both DC bus and output voltage feedforward are applied to the output of this
current compensator to generate the duty cycle of the inverter along with soft start for PWM around the
zero crossing

Complete software diagram for this build as illustrated in ¥ 30.

DCL_DF22 DCL_DF22 10Khz, Voltage Loop and Instrumentation ISR

\ ' — ‘ ' —b| vBus_sensedFilteredNotch2

4" Order Notch Filter

1 1
] ]
1 1
1 1
] ]
1 1
1 1
] ]
1 1
1 1
] ]
1 1
1 1
1 1
1 1
1 1
1 1
1 1
! POWER_MEAS_ !
1 1
1 1
1 1
1 1
1 1
1 1
1 1
] 1
1 1
1 1
] 1
1 1
1 1
] 1
] 1
1 1
] ]

Compute Average SINE_ANALYZER
P 9 DLOG_4CH
T=1/f Vrms
»| .Vin input_ptrl output_ptrl DBUFF1
- Irms input_ptr2 size output_ptr2 DBUFF2
trig_value
. ac_cur_ref input ptr3 =
p .lin Sigfreq I:I PP e scalar | CUtPULPIrS DBUFF3
SaTpIeGTed input_ptr4 output_ptr4 DBUFF4
Threshold Pwr
Htutuied sttt ===~~~ T T T T T T T e e e e e e e e e mmmm——— - ——————-- bl
| 100 Khz, 1
1
! SPLL_1ph_SOGI Current Loop ISR :
1
| DCL_PI H
| * Bus Voltage Feedforward |
: .sin(6) I * AC Voltage Feedforward |
| / N Gi « Boost Voltage Drop Feedforward :
i > " i’ '
| | Vin .cos(8) H
H 1
- |
I wn « Soft Start Around Zero Crossing
: P Gy « PWM modulation change for AC half cycle :
|
1
| e e et 4
| |
1 !
| 1
. ! %
1 !
| 1 ° ° °
| | O
1 1
| . 1
: iL1/2/3_sensed : s s -_|
1 ' ._| ﬁ Single Phase '_‘ iy
| 1
! ! ; ] ;
H Read ADC H r Y Y Y —
| ac_vol_sensed ac_N_sensed & | -1
: Scale : q
| to PU \ — Y]
! ac_L_sensed |.—| L3 < q
! 1 H H
1 1 L
! 1
1
: vBus_sensed : * * ® o
1 |
| t
| |
b e e e e e 4
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i 30. Build Level 2 Control Software Diagram: Closed Current Loop AC
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To run this build level make sure the hardware is setup as shown in & 31. Do not supply any HV power

yet to the board.

Current Probe
|_input Differential Voltage
- Probe
W S ||
AC Power Supply A A ~ Load
J100 J104
(230 Vrms /120 Vrms, Vac VN TIDM-1007 Vbus (500 Q Power
15 Amps, 50-60 Hz) h 4 i h 4 o Resistors)
TP612 TP608
Fan 12V DC, 1 5V DC,
Amps Power 1 Amps Power
Supply Supply

Copyright © 2017, Texas Instruments Incorporated

i 31. HW Setup for AC Input

3.1.2.4.3.1 Setting Software Options for BUILD 2

1. powerSUITE Settings: On the powerSUITE page assuming options were selected at outlined in under
Project Options section, select Closed Current Loop and AC input for the build level. Save the page.

2. Current compensator from the previous build is re-used in this build so no additional steps are required
for tuning the current loop in the build level.
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3.1.2.4.3.2 Building and Loading Project and Setting up Debug

1. Right click on the project name, and click Rebuild Project. The project builds successfully. Click Run —
Debug, which launches a debugging session. In the case of dual CPU devices, a window may appear
to select the CPU the debug must be performed. In this case, select CPUL1. The project then loads on
the device, and CCS debug view becomes active. The code halts at the start of the main routine.

2. To add the variables in the watch and expressions window click View — Scripting Console to open the
scripting console dialog box. On the upper right corner of this console, click on Open to browse to the
setupdebugenv_build2_ac.js script file, which is located inside the project folder. This file populates the
watch window with appropriate variables required to debug the system. Click on Continuous Refresh

button ( ) on the watch window to enable continuous update of values from the controller. The
watch window appears as .

= Variables €< Expressions I i Registers % Breakpoints s8¢ X %@ st ¥ = O
Expression Type Value Address
9= buildIinfo enum enum_BuildLevel BuildLevel2_CurrentLoop_AC 0x0000A806@Data
6= pwmSwState enum enum_pwm>Sw5tate pwmSwState_defaultState 0x0000A824@Data
9= boardStatus enum enum_boardStatus boardStatus_InputUnderVoltageTrip  Ox0000A814@Data
0= clearTrip int 0 0x0000A809@Data
9= closeGiLoop int 0 0x0000A807@Data
9= ac_cur_ref float 0.0299999993 0x0000A840@Data
)= ac_cur_sensed float 0.010755837 0x0000ABAB@Data
= guiVbus float 0.344914794 0x0000A874@Data
®)= guiVin float -0.563325524 0x0000A882@Data
0= guiVrms float 0.0 0x0000A872@Data
9= guilrms float 0.0 0x0000A878@Data
6= guiPrms float 0.0 0x0000A86E@Data
0= guiFregAvg float 0.0 0x0000A880@Data
9= guiPowerFactor float 0.0 0x0000A87C@Data
> (2 EPwm1Regs.TZFLG Register 0x0004
» (% EPwm2Regs.TZFLG Register 0x0004
9= dutyPU float 0.00999999978 0x0000A86C@Data
=)= dutyPU_DC float 0.5 0x0000A862@Data
= iL1_sensed float -0.00634765625 0x0000A8C4@Data
9= iL2_sensed float -0.00830078125 0x0000A8BE@Data
)= iL3_sensed float -0.0112304688 0x0000ABCO@Data
©0= autoStartSlew unsigned long 0 0x0000AB5E@Data

%= Add new expression

32. Build Level 2 AC: Closed Current Loop Expressions View

3. Enable real-time mode by hovering the mouse on the buttons on the horizontal toolbar, and clicking the

<" putton.

32
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3.1.2.4.3.3 Running Code

1. The project is programmed to wait for input voltage to exceed approximately 70Vrms to drive the in

rush relay, and clear the trip.

2. Run the project by clicking

3. Now apply an input voltage of approximately 120 V, the board comes out of the undervoltage condition
and inrush relay is driven. The trip clears, and a small amount of current of approximately 0.55-A RMS
is drawn. The watch window looks similar to & 33. The bus voltage is close to 180 V.

= Variables %7 Expressions 2 i Registers ®e Breakpoints

Expression

= buildInfo

= pwmSw5tate

= boardStatus
clearTrip
closeGiloop
9= ac_cur_ref
)= ac_cur_sensed
6= guiVbus

=

)=

6= guiVin

6= guiVrms
6= guilrms

0= guiPrms

0= guiFregAvg
[

=)= dutyPU

= dutyPU_DC
= iL1_sensed

9= iL2_sensed

9= iL3_sensed
autoStartSlew

)=

o Add new expression
33. Watch Expression, Build Level 2, AC After Closed Current Loop Operation Begins

4. Now slowly increase ac_cur_ref to 0.14, that is, 2.4-A input, and the bus voltage rises to 380 V. The

guiPowerFactor
» (2 EPwmlRegs.TZFLG
> (2 EPwm2Regs.TZFLG

U -

Type

enum enum_BuildLevel
enum enum_pwmSwState
enum enum_boardStatus

int

int

float
float
float
float
float
float
float
float
float
Register
Register
float
float
float
float
float
unsigned long

Value

BuildLevel2_CurrentLoop_AC
pwmSwstate_positiveHalf

boardStatus_NoF
1

1

0.0299999993
-0.00663924217
180.061981
-49.6501122
117.459831
0.551513135
64.2371902
59.8999023
0.978407621
0x0000

0x0000
-0.880984187
0.5
0.0180664063
-0.0048828125
-0.0283203125
5

voltage and current waveform are shown in & 34.

5. SFRA is integrated in the software of this build to verify the designed compensator provides enough
gain and phase margin by measuring on hardware. To run the SFRA keep the project running, and

1

o00%/ 2| B0Ov/ |3 100/

0.0s 5.0002/ Auto E

3,

M——

DC Bus Voltage

Steady State

300 W

ault

1 81.3%

Acquisition

T::*“;E

Vac 110 Vrms

Normal
10.0MSa/s

oc

Channels

[i[H
nC

1.00:1
1.00:1

Cursors

+1

7200000000003

+561.40mHz

f\~ Cur‘rem/\ A
\/ : AT

-1.250mY

Address

0x0000A806@Data
0x0000A824@Data
0x0000A814@Data
0x0000A809@Data
0x0000A807@Data
0x0000A840@Data
0x0000A8A8@Data
0x0000A874@Data
0x0000A882@Data
0x0000A872@Data
0x0000A878@Data
0x0000A86E@Data
0x0000A880@Data
0x0000A87C@Data

0x0000A86C@Data
0x0000A862@Data
0x0000A8C4@Data
0x0000A8BE@Data
0x0000A8C0@Data
0x0000AB5E@Data

34. Input AC input, Current and Output DC Voltage Waveform

from the cfg page, click on the SFRA icon. SFRA GUI appears.

6. Select the options for the device on the SFRA GUI. For example, for F28377D select floating point.

%@ it v =5

Click on Setup Connection. On the pop-up window uncheck the boot on connect option, and select an

appropriate COM port. Click OK. Return to the SFRA GUI, and click Connect.
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7. The SFRA GUI connects to the device. A SFRA sweep can now be started by clicking Start Sweep.
The complete SFRA sweep takes a few minutes to finish. Activity can be monitored by seeing the
progress bar on the SFRA GUI and also checking the flashing of blue LED on the back on the control
card that indicates UART activity. Once complete, a graph with the open loop plot appears, &l 35. This
is similar to the plot seen under DC conditions; however, some additional noise is visible due to AC
harmonic frequencies close to the measured frequencies. The BW, PM, and GM numbers are very
similar to the DC case. Note the graph shown in ¥ 35 was taken with direct grid AC input. When using
AC source interaction of the AC source output, impedance can be observed, which can affect the
control margins.

R SFRA GUI = P

Software Frequency Response Analy:

Open Loop Magnitude (Decibels) Vs. Frequency (Hertz)

Fixed Point
Floating Point

FRA Settings |

1,000 10,000

Open Loop/Plant Mode Selec
Open Loop - Open Loop Phase (Degrees) Vs. Frequency (Hertz)

Freauency Vector 100

Start Frequency 90-
200.0000 0 01§ .

D A
Steps PerDecade 30-A 8l Ji|

45 60 T \" "“-’V
- -90-
-120 -
i -1650-
Maximiim 70 KHz 180 ] -h\‘

Injection Amplitude 1,000 10,&)00
0100

Frequency: 427.83 Hz Magnitude: 23.65 dB Phase: -41.98 Deg

[] save SFRA Data as CSV*
* fUnchecked Data Exported toff Bandwidth: 5871.39 Hz Gain Margin: 19.61 dB Phase Margin: 44.30 De

i3 TEXAS [ Setup J IDisconnec I
B Connected INSTRUMENTS

K 35. SFRA Run, Closed Current Loop, Open Loop Gain

8. To bring the system to a safe stop, switch off the output from the AC power supply thus bring the input
AC voltage down to zero, observe the guiVbus comes down to zero as well.

9. Fully halting the MCU when in real-time mode is a two-step process. First halt the processor by using
the Halt button on the toolbar ( "~ ) or by using Target — Halt. Then take the MCU out of real-time

< 4
mode by clicking on ¥ . Finally, reset the MCU ( - ).

10. Close the CCS debug session by clicking on Terminate Debug Session (Target — Terminate all).
I
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3.1.2.4.4

INCR_BUILD 3: Closed Voltage and Current Loop

In this build the outer voltage loop is closed with the inner current loop closed. The model of the outer
voltage loop was derived in 15 2.4.3. A Pl-based compensator is used and tuned through the
compensation designer for the outer voltage loop.

36 shows the software diagram for this build.

DCL_DF22

vBusRefSlewed

10-kHz, Voltage Loop and Instrumentation

[} [}
[} [}
' DCL_DF22 ISR '
H DCL_PI H
[} [}
[} [}
) ‘ ’ ) ‘ ’ vBusAvg/ |
: —bl vBus_sensedFilteredNotch2 '—b &V VRmsAvg :
[} [}
i i
: Fourth-Order Notch Filter ac_cur_ref :
[} [}
[ POWER_MEAS_ !
' Compute SINE_ANALYZER :
1 Average DLOG_4CH |
: T=1/f .Vrms :
: P .Vin input_ptrl output_ptrl DBUFF1 :
: - JIrms input_ptr2 size output_ptr2 DBUFF2 :
[} trig_value [}
: P .lin .Sigfreq e pro_scalar | CUtPutpirS DBUFF3 :
! Samplehreq input_ptr4. output_ptr4 DBUEF4 !
: Threshold -Pwr :
[} [}
Lot bbb ki (et R A
: 100-kHz, :
: SPLL_1ph_SOGI Current Loop ISR :
1 DCL_PI 1
| + Bus Voltage Feedforward |
| .sin(6) | + AC Voltage Feedforward 1
: . Gi + Boost Voltage Drop Feedforward :
i vin [ .cos(8) i
[} [}
[} . i [}
: T P e o oy | |
! e
| |
: |
[}
! ! )
i | ' ’ 4 4 °
[}
| | A A
: : .—I ﬁ Single Phase '_‘ '_.
5 [ RE e
i Read ADC : ¢ N L e |:|+
\ ac_vol_sensed ac_N_sensed and ! —
: Scale 1 '_1 Nr‘,}!
to PU !
! -ac_L_sensed ! .—I | [ [
i : '_:}L e o> > =
i |
: ~I vBus_sensed |<— : ® ® ® vo)
| ;
| |
g S 1
K 36. Build Level 3 Control Diagram: Output Voltage Control With Inner Current Loop
3.1.2.4.4.1 Setting Software Options for BUILD 3
1. Make sure the hardware is setup as outlined in [¥| 31. Do not supply any HV power yet to the board.
2. powerSUITE Settings : On the powerSUITE page select under Project Options section:
« Select Closed Voltage & Current Loop for the build level under INCR_BUILD option.
e Select input to be AC under INPUT options
« Also disable the other options such as Non Linear Voltage Loop, Adaptive Deadtime and Phase
shedding
3. Assuming all other options are same as specified earlier in 75 3.1.2.4.1.1
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4,

Under Control Loop Design, select Tuning as Voltage Loop. Style presets to DCL PI. Save the page by

Ctrl + S, and click on the Compensation Designer button ( = ).

Make sure the load connected at the output of the board is correctly entered on the powerSUITE cfg
page because this load value is used in the design of the voltage compensator.

3.1.2.4.4.2 Designing Voltage Loop Compensator

1. Compensation designer then launches with the model of the voltage loop plant, as shown in [¥ 37. The
P1 compensator can be edited to get the desired gain and phase margin, keeping in mind the
bandwidth of the voltage loop has an inverse relationship with the THD achieved. Typically in a PFC
application, this bandwidth is kept at approximately 10 Hz.

® C2000 Compensation Designer GUL TTPL CCM PFC Voltage Loop = =] X
Comp Number and Style Pole Zero Format K 0.6005 Comp Coeff
2 DL LE)Z f,o 0.00265 DCL_PLC3/C4/L2 Coeff
| Ssavecomp | f [0
—_— po Kp= 0.6004500
Plant Option |Mode\|ed h | Enter Zero Location in kHz Ki= 0.0001000
|' Browse SFRA Data ‘ Control Freq 100 kHz
Show Graphs for : === Plant = 0L === Comp (Note X Axis is Frequency in Hz)
| I
") ! !
@ | |
z ’%‘ :
) T e e —— T —
w I
E 40 l :
QR == ———— > I
g | |
= -8 | S
| !
-120 4 : cpe
1 10 100 1000 10000 100000
0 o —_- T
150 |
|
g 100 I
g 50 |
Zo :
2 ——— |
£ -100 | —
-150 | L |
oNDYD—)————————— et ===
1 10 100 1000 10000 100000
Stable Loop Bandwidth 0.0063748 kHz Gain Margin NA dB Phase Margin 75.78 Degrees ‘{"TET';#SRUMENTS

37. Voltage Loop Pl Compensation Tuning Using Compensation Designer
Once satisfied with the compensator design, click on Save COMP. This action saves the compensator
values into the project.

* Note: If the project was not selected from the solution adapter, changes to the compensator are
not allowed. To design one's own, select the solution through the solution adapter.

Close the Compensation Designer, and return to the powerSUITE page. Save using Ctrl + S.
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3.1.2.4.4.3 Building and Loading Project and Setting up Debug

1. Right click on the project name, and click Rebuild Project. The project builds successfully. Click Run —
Debug, which launches a debugging session. In the case of dual CPU devices, a window may appear
to select the CPU the debug must be performed. In this case, select CPUL1. The project then loads on

the device, and CCS debug view becomes active. The code halts at the start of the main routine.

To add the variables in the watch and expressions window, click View — Scripting Console to open the
scripting console dialog box. On the upper-right corner of this console, click on Open to browse to the

setupdebugenv_build3.js script file located inside the project folder. This file populates the watch
window with appropriate variables required to debug the system. Click on the Continuous Refresh

button ( ) on the watch window to enable continuous update of values from the controller.

The watch window appears as shown in 5] 38.

9= Variables €% Expressions &2 1} Registers

Expression

9=
9=
9=
4=
9=
9=
4=
9=
9=
9=
9=
4=
9=
9=

EETEZEZ

T ZTEEEZ

E

buildinfo
pwmSwState
boardStatus
clearTrip
closeGvlLoop
vBusRef
vBus_sensed
closeGilLoop
ac_cur_senseOffset
guiVbus
guiVin
guiVrms
guilrms
guiPrms

- guiPowerFactor
= guiFregAvg

EPwm1Regs. TZFLG
EPwm2Regs.TZFLG

= dutyPU

= dutyPU_DC

= iL1_sensed

= iL2_sensed

- iL3_sensed

= autoStartSlew

7 Add new expression

=R

Type Value Address

enum enum_BuildLevel BuildLevel3_Voltageloop_AC 0x0000A811@Data
enum enum_pwmSwState pwmSwState_defaultState 0x0000A826@Data
enum enum_boardStatus boardStatus_InputUnderVoltageTrip  Ox0000A80F@Data
int ] Ox0000A81A@Data
int ] 0x0000A819@Data
float 0.821337461 0x0000A850@Data
float 0.000651041686 Ox0000A8CO@Data
int ] 0x0000A81C@Data
float 0.502499998 0x0000A888@Data
float 0353723764 Ox0000A858@Data
float 0.375192761 0x0000A82C@Data
float 0.0 0x0000A842@Data
float 0.0 Ox0000A832@Data
float 0.0 0x0000A834@Data
float 0.0 Ox0000A82E@Data
float 0.0 0x0000A844@Data
Register 0x0004

Register 0x0004

float 0.00999999978 0x0000A86E@Data
float 05 0x0000A86C@Data
float -0.00390625 Ox0000A884@Data
float -0.00634765625 0x0000A880@Data
float -0.00244140625 Ox0000A882@Data
unsigned long ] 0x0000A83E@Data

38. Build Level 3: Expressions View

%@ ricz|ep v = O

Enable real-time mode by hovering the mouse on the buttons on the horizontal toolbar and clicking the

< putton.

Run the project by clicking on

[ ~

Now Halt the processor by using the Halt button on the toolbar ( -~ ).
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3.1.2.4.4.4 Running Code

1. The project is programmed to wait for input voltage to excel at approximately 70 Vrms to drive the in
rush relay, and clear the trip.

2. Run the project by clicking

[ ~

3. Now apply an input voltage of approximately 120 V. The board comes out of the undervoltage
condition and inrush relay is driven. The trip clears, and the output rises to 380-V DC. A sinusoidal
current is drawn from the AC input. | 39 shows the watch window when the program is running at this

stage.

9= Variables ¢ Expressions 2 il Registers

Expression

=

9=

=

9=

=

9=

=

9=

=

9=

b=

9=

9=

(9=

=

(9=

=
> =2

'8

(9=

'8

(9=

'8

(9=

buildInfo
pwmSwState
boardStatus
clearTrip
closeGvLoop
vBusRef
vBus_sensed
closeGiLoop
ac_cur_senseOffset
guiVbus

guiVin

guivrms

guilrms

guiPrms
guiPowerFactor
guiFreghvg
EPwm1Regs TZFLG
EPwm2Regs TZFLG
dutyPU

dutyPU_DC
iL1_sensed
iL2_sensed
iL3_sensed
autoStartSlew

= Add new expression

Type

enum enum_BuildLevel
enum enum_pwmSwState
enum enum_boardStatus

Value
BuildLevel3_Voltageloop_AC
pwmSwState_negativeHalf
boardStatus_MNoFault

int 1

int 1

float 0.821337461
float 0.822998047
int 1

float 0.502499998
float 380.081421
float -152.073486
float 120.093376
float 240836215
float 277.007263
float 0.990778685
float 60.0219727
Register 0x0000
Register 0x0000

float -0.4262546
float 0.5

float 0.0561523438
float -0.0673828125
float -0.0434570313
unsigned long 5

T::—‘“\_F

% () 3
Address
0x0000A811@Data
0x0000A826@Data
0x0000AB0F@Data
0x0000AB1A@Data
0x0000A819@Data
0x0000A850@Data
0x0000ABCO@Data
0x0000AB1C@Data
0x0000A888@Data
0x0000A858@Data
0x0000A82C@Data
0x0000A842@Data
0x0000A832@Data
0x0000A834@Data
0x0000A82E@Data
0x0000A844@Data

0x0000AB6E@Data
0x0000AB6C@Data
0x0000A884@Data
0x0000A880@Data
0x0000A882@Data
0x0000A83E@Data

K 39. Build Level 3: Expressions View After AC Voltage is Applied

=;>|¢_{>& v e H

SFRA is integrated in the software of this build to verify the designed compensator provides enough
gain and phase margin by measuring on hardware. To run the SFRA, keep the project running, and
from the cfg page, click on the SFRA icon. SFRA GUI appears.

Select the options for the device on the SFRA GUI. For example, for F28004x, select floating point.
Click on Setup Connection, and on the pop-up window, uncheck the boot on connect option and select
an appropriate COM port. Click OK. Return to the SFRA GUI, and click Connect.

38
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6. The SFRA GUI connects to the device. A SFRA sweep can now be started by clicking Start Sweep.
The complete SFRA sweep takes a few minutes to finish. Activity can be monitored by seeing the
progress bar on the SFRA GUI and checking the flashing of blue LED on the back on the control card
that indicates UART activity. Once complete, a graph with the open loop plot appears, as seen in [

40. This action verifies that the designed compensator is indeed stable.

*3 SFRA GUI . : =" DX

Software Frequency Response Analy:

Open Loop Magnitude (Decibels) Vs. Frequency (Hertz)

Fixed Point \\\:

Floating Point

FRA Settings | 5 0

Open Loop/Plant Mode Selec

Open Loop - Open Loop Phase (Degrees) Vs. Frequency (Hertz)
Freauencv Vector 30

Start Frequency
2.0000

Steps Per Decade
30

Masxdamiim 0.02 KHz
Injection Amplitude 10 100
0050
Frequency: 2.00 Hz Magnitude: 8.97 dB Phase: -111.37 Deg
[] Save SFRADataas CSv* J§
* If Unchecked Data Exported to Bandwidth: 5.03 H=z Gain Margin: 30.39 dB Phase Margin: 75.11 De
i3 TEXAS [ Setup J _Disconnec]
INSTRUMENTS

B Connected

K 40. SFRA Run on Closed Voltage Loop

The frequency response data is also saved in the project folder under an SFRA data folder and is time
stamped with the time of the SFRA run.
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Note the measured gain and phase margin are close to the modeled values, as shown in & 12 .

7. Optionally. Click on the Compensation Designer again from the CFG page, and choose SFRA Data for
plant option on the GUI. This option uses the measured plant information to design the compensator,
and can be used to fine tune the compensation. By default the Compensation Designer points to the
latest SFRA run. If a previous SFRA run plant information must be used the user can select the
SFRAData.csv file by browsing to it by clicking on Browse SFRA Data. Close the Compensation
Designer to return to the cfg page once done.

8. This verifies the voltage compensator design.

9. To bring the system to a safe stop bring the input AC voltage down to zero, observe the guiVBus
comes down to zero as well.

10. Fully halting the MCU when in real-time mode is a two-step process. First halt the processor by using
the Halt button on the toolbar ( ““ ) or by using Target — Halt. Then take the MCU out of real-time

¥ »
mode by clicking on . Finally, reset the MCU ( ).

11. Close CCS debug session by clicking on Terminate Debug Session (Target — Terminate all).

@

3.1.25 Running Code on CLA

This solution is supported with an option to run the code on the CLA. Th