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3.2.1 Code Composer Studio ATTOZcIrZH<
BRGE 715
1. CCS#ALAN—/LLET
2. C2000WARE-DIGITALPOWER-SDK Software development kit (SDK) | Tl.com 7% C2000Ware DigitalPower
SDK ZA> A—/LLET
Open CCS
Project > New CCS Project ® T (I £
Import Wizard 271>/ L%
C2000 DigitalPower SDK 7 4/ & |28 L £
Solutions 74/ ¥ #[&E 9

tidm_02022 7 /L ¥ # &R L F 7
[Finish (58 T)] #2V>y27LE3
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EET L 7T,
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ZDVT 7LV A THAL DY TRT 2T 1L, 2 DOTR THERSNTOVET, AIOTRIEHAL—TIMET, 2 ZEHOTR
WP — 7 EEE— NI, ¥ 3-1 [T LI, i 7O ZRI% brick_dede.h i(ZHVE T,

brick_dcdc_main.c

brick_dcde.h

brick_dedc.c

Device_init()
Devive_initGPIO()

brick_dcdc_initUserVariables():
breik_dedc_initProgramVariables()
brick_dedc_setupDel()
brick_dcdc_setupSfra()
brick_dcdc_setupSfraGui()

l

Background Loop
A1 -> update dutyTarget and VoutTarget
A2-> SFRA GUI background tasks
G1-> Update overcurrent Status
C2 -> Update Overcurrent limit,
Update Controller Coefficients
C3 -> Update Vout Log

declaration of all
global variables for
solution module

!

brick_dcdc_get_measuremetns
brick_dcdc_updateSyncBuckDuty
brick_update_overcurrentlimit
brick_dcdc_readOverCurrent_TripFlag
brick_dcdc_clearOverCurrentTripFlag

definition of all global
variables for solution
module

v

global variables initialization

updateDutyTarget
UpdateDutyslewed
updateVoutTarget
updateVoutSlewed
setOverCurrentTripLimit
updateOverCurrentStatus
updateVoutLog
Trip all ePWM

ISR1

[ brick_dcdc_get_measurements ]

run corresponding Lab
brick_dcdc_lab1() for open loop

brick_dedc_lab2() for closed loop
VMC

Lab2:
Lab1: Update desired Vout
Update duty set value Update error
Update buck duty Calculate control
Collect SFRA data effort
Update buck duty

return

3.2.4 SIRDEELFH

3-1.YIkoz7 J0—H

3-2 1. IR 1 OFN—TEEE—FHlEAZRLTOET, X 3-3 1%, IR 2 OFALV—7FEEE—Fl#lZRLT
WET

FEBTUA 2 L[N T5 2kW 4 FHA> K — ) — T JEET N =B DY 7 7L X
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Lab Mode: Open-Loop VMC
Manual duty cycle control with measurement feedback
Function: brick_dcdc_lab1() @ fsw = 200kHz

ISR Trigger
ADC_B EOC3 @ 200kHz

v

ADC Module Software Processing (ISR) CMPSS 1-4
(Overcurrent Protection)
Inputs:
« Iph1-4 (analog signals) 1. brick_dcdc_get_measurements() Inputs:
* Vin (analog) > « brick_dcdc_lph1/2/3/4_pu = ADC_readResult(ADCA_SOCO-3) x ADC_SCALE Iph1-4 (analog currents)
+ Vout (analog) « brick_dede_Vin_pu = ADC_readResult(ADCB_SOC1) x ADC_SCALE Trip Level: 82.9A
Outputs: « brick_dede_Vout_pu = ADC_readResult(ADCB_SOC3) x ADC_SCALE Outputs:
ADCA_SOC0-3, ADCB_SOC1,3 TZ CBC Trip Signal
(Digital counts) 2. Manual Duty Cycle Setting » Force PWM Low
brick_dedc_dutySet_pu = BRICK_DCDC_SFRA_INJECT(brick_dcdc_dutySlewed_pu)

User sets brick_dedc_dutySetRef_pu

3. SFRA Data Collection
BRICK_DCDC_SFRA_COLLECT(&brick_dcdc_dutySet_pu, &brick_dcdc_Vout_pu)

4. brick_dcdc_updateSyncBuckDuty(brick_dcdc_dutySet_pu)
Calculate CMPA values for 4 phases:
CMPA = brick_dcdc_dutySet_pu x brick_dcdc_EPWM_TBPRD
Write to PWM_Iph1/2/3/4 CMPA registers

v

ePWM Modules (PWM_Iph1/2/3/4)

Inputs:

CMPA values (dutySet_pu x TBPRD)
TBPRD = 748 counts
Outputs:

PWM signals to 4 phases
Phase shifts: 0°, 90°, 180°, 270°
fsw = 200kHz

Trip

Background Tasks (main() loop - State Machine)

Alpha State A (1kHz)

« brick_dcdc_updateDutySlewed()
+ BRICK_DCDC_SFRA_RUN_BACKGROUND(&BRICK_DCDC_sfra)

Alpha State B (100Hz)
« TCM data logging (if enabled)

Alpha State C (10Hz)
+ brick_dcdc_updateOverCurrentLimit()
brick_dcdc_updateOverCurrentStatus()
brick_dedc_updateControllerCoefficients()

3-2. iR 1 OVIrIz7HE - HL—F
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Lab Mode: Closed-Loop VMC with DCL DF22
Function: brick_dcdc_lab2() @ fsw = 200kHz

ISR Trigger
ADC_B EOC3 @ 200kHz

v

ADC Module

Software Processing (ISR)

CMPSS 1-4

+ Iph1-4 (analog signals)
« Vin (analog)
+ Vout (analog)

ADCA_SOCO0-3, ADCB_SOC1,3
(Digital counts)

(Overcurrent Protection)

1. brick_dcdc_get_measurements()
« brick_dedc_Iph1/2/3/4_pu = ADC_readResultADCA_SOC0-3) x ADC_SCALE
« brick_dede_Vin_pu = ADC_readResult(ADCB_SOC1) x ADC_SCALE
« brick_dcdc_Vout_pu = ADC_readResult{ADCB_SOC3) x ADC_SCALE (feedback)

Inputs:
Iph1-4 (analog currents)
Trip Level: 82.9A

Outputs:

2. Error Calculation

brick_dcdc_vOutSet_pu = BRICK_DCDC_SFRA_INJECT (brick_dcdc_vOutSlewed_pu)
brick_dcdc_ek_pu = brick_dedc_vOutSet_pu - brick_dedc_Vout_pu

TZ CBC Trip Signal
» Force PWM Low

3. DCL DF22 PI Controller Execution
brick_dede_uk_pu = BRICK_DCDC_DCL_RUN_IMMEDIATE(&brick_dcdc_ctrl, brick_dcdc_ek_pu)

Controller Type: 2nd-order IR (DF22)
H(z) = (b0 + b1xz™" + b2x2°%) / (a0 + a1xz™ + a2xz%)

Output: Control effort uk_pu (duty cycle command)

4. Output Clamping & Anti-Windup

brick_dcdc_dutySet_pu = CLAMP(brick_dcdc_uk_pu, BRICK_DCDC_UK_MIN, BRICK_DCDC_UK_MAX)
Range: 0% to 75% duty (safety margin)

5. SFRA Data Collection
BRICK_DCDC_SFRA_COLLECT(&brick_dcdc_dutySet_pu, &brick_dcdc_Vout_pu)

6. brick_dcdc_updateSyncBuckDuty(brick_dcdc_uk_pu)
Calculate CMPA values for 4 phases:
CMPA = brick_dcdc_uk_pu x brick_dcdc_EPWM_TBPRD
Write to PWM_Iph1/2/3/4 CMPA registers

v

ePWM Modules (PWM_lph1/2/3/4)

Inputs:
CMPA values (uk_pu x TBPRD)

Trip

TBPRD = 748 counts

Outputs:
PWM signals to 4 phases
Phase shifts: 0°, 90°, 180°, 270°
fsw = 200kHz

Background Tasks (main() loop - State Machine)

Alpha State A (1kHz)

« brick_dcdc_updateDutySlewed()

Alpha State B (100Hz)
« TCM data logging (if enabled)

Alpha State C (10Hz)
« brick_dcdc_updateOverCurrentLimit()
brick_dcdc_updateOverCurrentStatus()
brick_dcdc_updateControllerCoefficients()

H 3-3. 57K 2 @Y Ib9z7HE - AIN—TEEE—FFIHE

3.2.5 ADC O—Fr>2"
3 3-112.ADC e—F 4 7 %R LET,

% 3-1. ADC A—T AT DT7—XTOF %

ADC_A ADC_B
SOCo Iph1 75 A1

soct Iph2 75 A9

Soc2 Iph3 775 A5 VOUT - B14
soc3 Iphd 275 A7

soc4
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3.2.6 FZP—ALDIFDEILR, O—K, F/Vvo
Tl VRIS

1. Tuv=IMaEREIVy 7L ET
2. Rebuild Project %2V 7 LE T, 7 a7 MR IEFICE/VRSILET,

Ty = M7k

1. Project Explorer C. targetConfigs (*.coxml 7 7A/V) F Ciatl/ia & —47 v MERR T 7 AV NG BT a > TWNB I L%
B L Ed,
2. [Run] — [Debug] #27V>7 L CT w7 wyarZBlthLE7,

T 2T v CPU T HRARADE G T3y 7 & FEATT5H CPU & IRT 5V RURFKRSET, Z2TlE, CPUT %%

WUET, 7BV IR T A RIZr—REI, CCS Ty Ea—RNHNIRET, A —F L ORIARFZa—

Ri3fEILLET,

VAT LET N7 THINE R4 Ry TEBEERLET,

O RTNTIELWESE AN T35 051k

1. View — Scripting Console DIEIZZY 7 LT, AZVT s ay—)v ZATa) Ry 7 A% HEET,

2. ZoOaxY—1Lof ERET, Open 2270y /7L %Y

3. Iuvxzlh 7HVZNIZHD setupdebugenv_lab1.js F7-13 setupdebugenv_lab2.js A7V~ 7y AV E S5
BLET, ZNHEDAZYTMIEY, watch VA RUIZ P AT D& T /07 DD BB IR BN AN sk

T,
4. watch 71> F7C Continuous Refresh "% % RINL T, 2 a—IMnbDHEDEG EHZ=H N LET

3.2.7 RES

Ph1 current EPWM XBAR
sensor

CMPSS1 L

On-Chip DAC -

Ph2 current
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