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Description Features

This reference design is a sensorless BLDC motor ¢ 12-V Operational VBAT With up to 45-V Load
sinusoidal drive using the DRV10983-Q1 motor driver Dump Support 3-Phase Brushless DC (BLDC)
and MSP430G2553 microcontroller (MCU). The MCU Motor Drive Solution Enabled by DRV10983-Q1
is only used for speed control while the DRV deviceis  « Single-Layer Design Reduces Manufacturing Cost
the main motor driver with integrated FETS which . DRV10983-Q1 Uses Proprietary Sensorless

?nmf[ef me dmlotor. Trr,:i's ?eﬁlgp ﬁpe.?_';:'icagy tiarr?etl? 3vmall Control Scheme to Provide Continuous Sinusoidal
otor modules, particularly fans. This design allows Drive, Significantly Reducing Pure Tone Acoustics

access to proprietary sensorless control and the ability

to tune motor parameters to optimize performance for ~ * MSP430G2553 MCU Processes Speed Input,

the end application. Control Loop, and Programs Motor Parameters
¢ Uses DRV10983-Q1 Three-Phase Sensorless
Resources Motor Driver With Integrated Power MOSFETS to
_ Provide Continuous Drive Currentup to 2 A
TIDA-01496 Design Folder (3-A Peak)
DRV10983-Q1 Product Folder « Output Slew Rate and Frequency Configurability
MSP430G2553-Q1 Product Folder Offered From DRV10983-Q1 Adds Flexibility to
DRV10xx Software Software Download Tune for EMC Performance
* Integrated Buck Regulator Efficiently Steps Down
n Supply Voltage to Either 5.0 V or 3.3 V to Power
'I:I.EZE“'I : ASK Our E2E™ Experts Both Internal and External Circuits
Community
Applications

* Full Featured Seats
+ Heated / Cooled Seats
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System Description

This reference design is a cost-effective, small-form-factor (SFF), single-layer, three-phase sinusoidal
motor drive for brushless DC (BLDC) motors. The board accepts 12 V at input and provides the three
motor phase outputs to drive the BLDC motor sinusoidally. The board consists of the DRV10983-Q1 motor
driver and MSP430G2553 MCU. The DRV10983-Q1 delivers 3.3 V to the MCU through its V3P3 LDO
regulator.

The board also has a speed pin input, which is connected to the ADC10 of the MSP430™ MCU. The
ADC10 takes an input voltage from 0 to 3.3 V and converts it to a digital 10-bit value. This value controls
the percentage duty cycle for the output PWM signal. The MSP430 MCU creates a pulse width modulation
(PWM) signal output, which connects to the DRV10983-Q1 SPEED input pin. The DRV10983-Q1 then
uses this input to control the speed of the motor.

The SPEED pin in the DRV10983-Q1 accepts either an analog or PWM input. The DRV10983-Q1 device
provides motor speed measurement information on the frequency generator (FG) output or 1°C, which can
be used to implement the speed control loop. The I?C interface is also available as a header where an
external graphical user interface (GUI) can be used for programming the DRV10983-Q1 device. For this
reference design, the GUI can be used to configure and tune the motor parameters.

The MSP430G2553 MCU uses the speed measurement feedback to implement a speed control loop. The
MSP430G2553 also programs the motor parameter registers into the DRV10983-Q1 without the need of a
GUI. The DRV10983-Q1 device is specifically designed for cost-sensitive, low-noise, low-external-
component count, small-motor applications. This reference design shows the application of an automotive
seat blower fan. The DRV10983-Q1 device uses a proprietary sensorless control scheme to provide
continuous sinusoidal drive, which significantly reduces the pure tone acoustics that typically occur as a
result of commutation.

Key System Specifications

Table 1. Key System Specifications

PARAMETER SPECIFICATIONS
DC input voltage 8t0 16V
Current 1.0 A continuous
Power level Thermal design for 8- to 16-W operation
Control method Integrated 180° sinusoidal control
Analog speed input 0to 3.3V
Protection circuits Overcurrent, lock detection, voltage surge protection, UVLO protection, thermal shutdown
Operating ambient —40°C to +125°C
2 Single-Layer, 12-V, Programmable, 3-Phase BLDC Motor Driver With Speed TIDUDD8-April 2018
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2 System Overview

2.1 Block Diagram

Figure 1 shows the system block diagram for this reference design. The system is supplied with a motor
supply voltage of 12 V, which goes to the DRV10983-Q1 device. The DRV10983-Q1 driver's P3V3 LDO
regulator supplies 3.3 V to power the MSP430 MCU. Speed control voltage ranging from 0 to 3.3 V is
input to the MSP430 MCU, which drives the PWM duty cycle into the DRV10983-Q1, which drives the
speed of the motor. I°C connections are used to program the registers onto the DRV10983-Q1 as well as
provide speed feedback data for the speed control loop.
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Figure 1. System Block Diagram

The DRV10983 driver can be configured through 1°C using the external GUI with the header available
onboard. The user can also implement the MSP430 MCU using a JTAG interface if additional features

such as speed loop are required.
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2.2.2

Highlighted Products

DRV10983-Q1

The DRV10983-Q1 device is a three-phase sensorless motor driver with integrated power MOSFETS,
which can provide continuous drive current up to 2 A. The device is specifically designed for cost-
sensitive, low-noise, low-external-component-count fan and pump applications.

The DRV10983-Q1 device preserves register setting down to 4.5 V and delivers current to the motor with
supply voltage as low as 6.2 V. If the power supply voltage is higher than 28 V, the device stops driving
the motor and protects the DRV10983-Q1 circuitry. This function is able to handle a load dump condition
upto 45 V.

Table 2 highlights the different versions of the DRV10983-Q1.: sleep version and standby version. The
DRV10983-Q1 enters either sleep or standby to conserve energy. For more information, see DRV10983-
Q1 Automotive, Three-Phase, Sensorless BLDC Motor Driver.

Table 2. Device Options for DRV10983-Q1

DEVICE OPTION

DESCRIPTION

PACKAGE

BODY SIZE (NOM)

DRV10983Q

Sleep version

HTSSOP (24)

7.80 x 6.40 mm

DRV10983SQ

Standby version

HTSSOP (24)

7.80 x 6.40 mm

The DRV10983-Q1 device uses a proprietary sensorless control scheme to provide continuous sinusoidal
drive, which significantly reduces the pure tone acoustics that typically occur as a result of commutation.
The interface to the device is designed to be simple and flexible. The motor can be controlled directly
through PWM, analog, or I2C inputs. Motor speed feedback is available through both the FG pin and the
I>C interface simultaneously.

The DRV10983-Q1 device features an integrated buck regulator to step down the supply voltage efficiently
to 5 V for powering both internal and external circuits. The 3.3-V LDO also may be used to provide power
for external circuits. The device is available in either a sleep mode or a standby mode version to conserve
power when the motor is not running. The standby mode (8.5 mA) version (DRV10983SQ) leaves the
regulator running and the sleep mode (48 pA) version (DRV10983Q) shuts off the regulator. Use the
standby mode version in applications where the regulator is used to power an external microcontroller.
Throughout this datasheet, the DRV10983-Q1 is used for both devices [DRV10983Q (sleep version) and
DRV10983SQ (standby version)], except for specific discussions of sleep versus standby functionality.

An I2C interface allows the user to reprogram specific motor parameters in registers and to program the
EEPROM to help optimize the performance for a given application. The DRV10983-Q1 device is available
in a thermally-efficient HTSSOP, 24-pin package with an exposed thermal pad. The operating ambient
temperature is specified from —40°C to +125°C.

MSP430G2553

The Texas Instruments MSP430 family of ultra-low-power microcontrollers consists of several devices
featuring different sets of peripherals targeted for various applications. The architecture, combined with
five low-power modes, is optimized to achieve extended battery life in portable measurement applications.
The device features a powerful 16-bit RISC CPU, 16-bit registers, and constant generators that contribute
to maximum code efficiency. The digitally controlled oscillator (DCO) allows wake-up from low-power
modes to active mode in less than 1 ps.

The MSP430G2x13 and MSP430G2x53 series are ultra-low-power mixed signal microcontrollers with
built-in 16-bit timers, up to 24 1/O capacitive-touch enabled pins, a versatile analog comparator, and built-
in communication capability using the universal serial communication interface. In addition, the
MSP430G2x53 family members have a 10-bit analog-to-digital (A/D) converter.

Typical applications include low-cost sensor systems that capture analog signals, convert them to digital
values, and then process the data for display or for transmission to a host system.

Single-Layer, 12-V, Programmable, 3-Phase BLDC Motor Driver With Speed

TIDUDD8-April 2018
Regulation Reference Design

Submit Documentation Feedback
Copyright © 2018, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDUDD8
http://www.ti.com/lit/pdf/SLVSD14
http://www.ti.com/lit/pdf/SLVSD14

13 TEXAS
INSTRUMENTS

www.ti.com

System Overview

2.3 Design Considerations

Table 3 shows the recommended components for the DRV10983-Q1 device to function. In addition to

these components, a Schottky diode is added at VCC for reverse voltage protection as well as an addition

capacitor in parallel with Cyc. JTAG pin headers are used for MSP430 programming and I°C headers are

used for GUI connection and EEPROM register programming. For compact board layouts, it is sufficient to

use a smaller inductor for the buck regulator to minimize board footprint. Additional layout guidelines are

found in DRV10983-Q1 Automotive, Three-Phase, Sensorless BLDC Motor Driver.

Table 3. External Components

COMPONENT PIN 1 PIN 2 RECOMMENDED
Ci1 VCC GND 10-pF ceramic capacitor rated for VCC
c2 VCP VCC 0.1-puF ceramic capacitor rated for 10 V
C3 CPP CPN 10-nF ceramic capacitor rated for VCC x 2
C4 VREG GND 10-pF ceramic capacitor rated for 10 V
C5 V3P3 GND 1-uF ceramic capacitor rated for 5 V
C6 V1P8 GND 1-uF ceramic capacitor rated for 5 V
Cc7 DvCC GND 0.1-uF ceramic capacitor
c8 RST GND 2200-pF ceramic capacitor
C10 VCC GND (DNP) 10-uF ceramic capacitor rated for VCC
Cl1 P1.1 GND 470-pF ceramic capacitor
Cc9 VCC GND 0.1-puF ceramic capacitor rated for VCC
D1 VSource VCC Schottky diode rated for 30 V, 2 A
L1 SW VREG 47-pH ferrite rated for 1.15 A (inductive mode)
R1 FG V3P3 4.75-kQ pullup to V3P3
R2 SDA V3P3 4.75-kQ pullup to V3P3
R3 SCL V3P3 4.75-kQ pullup to V3P3
R4 SPEED GND 4.75-kQ pulldown
R5 DIR GND 4.75-kQ pulldown
R6 DvCC RST 47 kQ
R10 FG FG Jumper
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System Design Theory

Pl Speed Loop Implementation
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Figure 2. High-Level System Block Diagram With Speed Loop

The system design includes two main device components, the MSP430G2553 and DRV10983-Q1. The
MSP430 MCU takes in a voltage input through its ADC10 and converts it to a 10-bit number. This number
determines the percentage duty cycle of the PWM output to the DRV10983-Q1. The MSP430G2553 also
programs the motor parameters into the DRV10983-Q1 EEPROM registers through 1°C. The DRV10983-
Q1 drives the motor and at the same time send motor speed feedback information through 1°C or FG pin.

This feedback goes back to the MSP430 MCU, which processes the proportional integrator (PI) speed
control loop.

Proportional
Kp x error
) Adjusted
Dsiselreedd error Output Motor
Integral
K x jerror

Speed Feedback

Figure 3. Pl Loop Implementation

A PI controller is made up of two separate controller terms, the proportional term and the integral term.
The system takes in the desired input and compares it to the current feedback from the output system.
The difference between these two values is the error term. This calculated error term is the input to the
controller. The proportional term is calculated by taking the proportion gain, Ky, and multiplying it by the
magnitude of the error term. The integral of the error is also calculated and multiplied by the integral gain,
K. These two values are then added to each other and output the new speed command to the motor. The
motor takes this command and turn while at the same time providing feedback to the PI controller. The
gains of the proportional and integral terms determine the overshoot and settling time.
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3.1

3.11

Hardware, Software, Testing Requirements, and Test Results
Required Hardware and Software

Hardware

This reference design is powered through the Vg,; input and controlled using the Vg, input. Specifically,
Ve refers to the analog voltage used by the MCU that generates the PWM signals necessary to control
the speed of the motor. The vias marked U, V, and W refer to the phase winding inputs of a three-phase
BLDC motor. J1 is used for I>°C communication with the motor driver and MCU while J2 is used for the
JTAG interface with the MCU. While the DRV10983-Q1 can drive the motor without the use of an MCU,
the design uses the MCU for implementing the speed loop functionality and providing the PWM speed
signal for motor drive.

To set up the system, connect a power supply capable of providing 12 to 28 V and 3 A using Vg,r. Note to
turn on the power supply only when all connections are finalized. Then, connect another voltage source
capable of providing 3.3 V using V. It is recommended to use a USB2ANY and the DRV10x Software
GUI when communicating with the DRV10983-Q1 using I°C. For pins 1 through 3 of the J1, see the SDA,
SCL, and GND connections needed for I?°C communication. See Figure 4 for more information when
connecting to the system through I°C.
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Figure 4. Hardware Setup for I’°C Communication
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It is also recommended to use a JTAG emulator like the one found through the MSP430 LaunchPad™
Value Line Development Kit (MSP-EXP430G2) to interact with the MSP430G2553. See Figure 5 for more
information when connecting to the system using the JTAG interface. For pins 1 through 4 of J2, see the
GND, RESET, TEST, and V3P3 required for the JTAG interface. For more information about I°C and the
JTAG interface, see Section 3.1.2.

—_Ubat GND Usp
.__,lr_,l_,li D1

Cio c1 Cs

Figure 5. Hardware Setup for JTAG Interface and Communication With MSP430 MCU

Once the MCU has been programmed and the DRV10983-Q1's EEPROM settings have been tuned, the
user only needs to power on the system and control the speed voltage to operate the design.

8
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3.1.2 Software

The firmware is written for the onboard MSP430 controller. The existing firmware serves two major

functionalities:

The firmware can configure the DRV10983-Q1 device. This firmware is usually a one-time

configuration unless the user wants to modify parameters runtime of the configuration.

The firmware processes the input speed using the ADC10 of the MSP430 MCU and implements a Pl

speed control system using feedback from the DRV10983-Q1 from either I°C or FG.
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Figure 6. Software System Block Diagram
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3.1.2.1 Using Software to Configure DRV10983-Q1

(6]

Configuring the DRV10983-Q1 refers to programming the tuning parameters, which are written to the
EEPROM. These settings contain intrinsic motor parameters unique to the motor, such as Kt and Phase
Resistance, and tuning parameters just as the acceleration coefficients and open to closed loop threshold.
Consult the DRV10983-Q1 Tuning Guide for more information.

Ideally, the motor parameters can be obtained by using I°C to communicate with the motor driver.
Download the DRV10xx Software GUI. @ to easily implement EEPROM settings and monitor motor faults
during operation. A guide for installing the GUI software is found in "Appendix A GUI Installation and
Overview" of the DRV10983-Q1 Evaluation Module User's Guide.

When interfacing with the MSP430G2553, download the latest version of Code Composer Studio™ (CCS)
to easily implement the provided code. By simply importing the project or copying and pasting the code,
the MCU can be programmed to implement EEPROM settings, the speed loop, and the PWM signals.

It is highly recommended to make all the connections first before turning on the voltage supply. Once the
connections are made, the voltage supply can be turned on. A common error can occur during
programming: "MSP430: Error initializing emulator: Could not find MSP-FET430UIF on specified COM
port". Usually this error can be remedied by turning off the power supply, disconnecting the LaunchPad
from the computer, reconnecting the LaunchPad first, and then turning on the power supply again.
Follow these instructions to program the MSP430 MCU:

1. Import the "TIDA-01496-ExampleSoftware" project using TI's CCS software.

2. Connect the LaunchPad programmer to the TIDA-01496 board, as shown in Figure 5.

3. Build the project by clicking the Build button (hammer icon), which if run successfully, appears as
shown in Figure 7.

4. Click the Debug button (bug icon) as Figure 7 shows.

5]
&

o[z
J Projoct Eaplorer 5% 7
5 TIDA 01496 RevA [Active - Debug]

easch @ advce B Console A ARl

T,
MSPa3a: Flash/FRAM usage is 1808 bytes. RAH usage is 206 bytes

Figure 7. Building and Debugging Project in CCS

This requires a Tl.com login
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Follow these instructions to program the motor parameter registers into the MSP430 software:

1. Find the optimum motor parameter settings using the GUI. For help tuning the motor, see the
DRV10983-Q1 Tuning Guide.

2. Save the motor configurations using the GUI. This action saves the seven CONFIG registers as a .csv
file as shown in Figure 8.

@)|_eeRretiesh |ED
EEPROMKey » CODE (@D ecWrte @D

Motar Configuration

Figure 8. How to Save a Motor Configuration File in DRV10x GUI

3. Open the .csv file with Notepad. These registers are now implemented in the reference design CCS as
shown in Figure 9.

File Edit Format View Help

DRV10983Q1 0x90 Ox25B
DRV109830Q1 ox91 0x393C
DRV10983Q1 ox92 ox40
DRV10983Q1 0x93 Ox2397
DRV109830Q1 ox9%4 Ox3F59
DRV10983Q1 0x95 oxBCe3
DRV10983Q1 ax96 Ox965

Figure 9. Example Motor Configuration File in .csv Format
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4. Open the RegisterValues.h header file and place the CONFIG values in their corresponding registers
as shown in Figure 10.

File Edit View Navigate Project Run Scripts Window Heip
e L RTi@idE e

Koy

Quick Access

% | [B ccs Edit |% CCS Debug
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Bs =18

4+ (% TIDA-01496-SeatBlower [Active - Deby 2 #ifndef TIDA 01496 SEATBLOWER REGISTERVALUES H

> Binari I#define TIDA 01496 SEATBLOWER REGISTERVALUES H_
b 3w inaries 4
" e 5 #include <stdint.hs
hEtemg G #include <mspd30.h>
b (& targetConfigs 7#include "msp430G2553.h"
v [& DRV10983Q1.c 2
© [H DRV10983QLh 8
+ B GPIOC 10 #define REG_50_DATA_1 0x0000
. B cman 11#define REG_50_DATA 2 0x0000
i 12 #define REG 51_DATA 1 0x0000
b B 13 #define REG_51_DATA 2 2x0000
v lu 12Ch 14 #define REG_62_DATA 0x0000
v L& Ink_msp430g2553.cmd 15
v [ main.c 16 =
1 [§ PROGRAM.c 17 #define REG_30_DATA 0x@009 //Resets digital speed input command
¢ RPN j\t;qm fine REG_9@ DATA 0x002B

v 19 #define 9@ _| I
i E REGISTERS'C 20 #define REG 91 _DATA 0x363C
L REGISTERS.H 71 #define REG 92 DATA 00040

Registerllues.n 22 #define REG_03_DATA 0x2397

b le SPEEDCONTROLC 22 #define REG_04_DATA Ox3F59
» [B SPEEDCONTROLH 24 #define REG_95_DATA OxBCO3
» [E TIDA 01496.c 25 #define REG_S6_DATA Q%0965
» [B TIDA_01496.h e

= &
b ELTIMERS 28#endif /* TIDA_01496_SEATBLOWER_REGISTERVALUES_H_ %/
» [ TIMERA 20

Figure 10. Adding Motor Configuration Settings into RegisterValues.h

5. Save the project and rebuild.
6. Optional: Program other registers the seven CONFIG registers if needed:
a. Define the new register value in the RegisterValues.h header file.
b. Define the number of total registers in the REGISTERS.h header file as shown in Figure 11.
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Figure 11. How to
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i ik Agcess

a5 | [ CCS Eait) % CCS Debug

O | & Registervaluesh & REGISTERSh i1 =90 |

AEL SCHNEIDER 20

7 1/ MICH

ctive - Debu| 2 " TE

7 #ifndef TIDA 81496 _SEATBLOWER_REGISTERS H_
S#dafine TIDA 81496 SEATBLOWER_REGISTERS H_

10 #include <stdint.h>
11#include <mspdl@, h>
#include "mspdiBG2553 h"

. —
| §edefine NUMCONFIGREGS [El |

aphores **
P gRegAddress [NUMCCNFIGREGS ] ;
ge_ConfigRegDataHUNCONFIGREGS];
t * ge ConfigReghddressStrings[NUMCONFIGREGS];

J3extern uint8_t ge Reg Write Data_Parsed[NUMCONFIGREGS][3];
‘4extern uint8_t ge_Reg Read Dota_Parsed[HUMCONFIGREGSI[2];

Z6extern uint8_t ~ge_regValueAsciif4];
*= Functions **%/

6 #endif /¥ TIDA |

Change Total Number of Registers Used in Project
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3.1.2.2
As

c. Define the register address in the REGISTERS.c source file in both corresponding arrays as
shown in Figure 12.

Figure 12. How to Change Array of Registers Used in Project

Flow for Using ADC10 of MSP430 to Implement Pl Speed Control System
shown in Figure 6, after initialization, the program stays in the while loop continually running the

SPEEDCONTROL function. The SPEEDCONTROL function flows by the following process:

1.
2.
3.

ADC samples voltage of MCU and translates into a bit value defined by ADC_Value.
Using this bit value, a speed level is assigned (that is, 0 to 5) defined by Speed_Level.

The speed level determines the target speed of the electrical cycle (Hz), defined by SPEED_INPUT,
and scale value, defined by Scale.

The current speed of the electrical cycle speed is read through 1°C from the DRV10983-Q1 defined by
SPEED_MEASURED.

The difference between the target speed and current speed is defined by Error.

The PI loop operation calculates the error and adjustments needed to reach the target speed defined
by OutPreSat.

An if statement is used to bound the error and adjustments if the error is too large defined by Out (Hz).
The error for the next cycle used by the PI loop is determined by SatError.
The PWM signal uses the error and adjustments. This is defined by CCR1 (Hz).
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3.1.2.3  Tuning Speed Levels

Each motor has its own specific speed curve and parameters. This requires tuning for the speed levels
and Pl loop. Any speed levels can be set for the device depending on the application of the system. The
easiest method is to run the firmware with one simple modification. In the SPEEDCONTROL.c file,
change:

CCR1 = NEW_SPEED; g CCR1 = ADC_Value;

This change is shown in Figure 13.

S |5 RegisterVaiuesh 2 DRVI0SBRQLC (@ maine | [@ SPEEDCONTROLE &

SPEED_MEASURED = 0;

Error - SPEED INPUT - SPEED_MEASURED;
A Up =
i

22 Ui
i if (OutPresat > 1060}
’ Out = 1858;
7 else 1 (outpresat < 0 )
b out = 8;
slse

Out = OutPreSat;

i Satrror = Out - OutPri
iF (Speed Level == @)
EcRi-e;

i

i NEW_SPEED = Out / Scale;
mming-tes 1. EERT = HE

void ADC_init(veid)

ADCIBCTLY = CONSEQ 2 + INCH 15
ADCIBCTLE = ADCIBSHT_2 + WSC + ADCIO0N = ADCIOIE;

\ Writsbie Smart Insert 159:1 Fill License

Figure 13. Example of Changing SPEEDCONTROL.c File for Testing

The ADC_Value is the value read by the ADC10 ranging from 0 to 1023. There needs to be a one-to-one
relationship between the ADC_Value and the PWM output, meaning an ADC_Value of 1023 is 100%
PWM and an ADC_Value of 511 is 50% PWM. Under ideal conditions, choose the required speed levels
and convert them to an ADC_Value. See Table 4 for an example:

Table 4. Translating Speed Levels, PWM Duty Cycles, and ADC_Value

SPEED LEVEL PWM DUTY ADC_Value (1023xDUTY)
0 0% 0
1 20% 205
2 40% 409
3 60% 614
4 80% 818
5 100% 1023

Now set the ADC_Value ranges in the SPEEDCOMMAND.c file to correspond with these specified levels:
if (ADC_Value <= 50) {Speed_Level = 0;}

else if (ADC_Value > 50 && ADC_Value <=205) {Speed_Level = 1;}
else if (ADC_Value >205 && ADC_Value <=409) {Speed_Level = 2;}
else if (ADC_Value >409 && ADC Value <=614) {Speed_Level = 3;}
else if (ADC_Value >614 && ADC_Value <=818) {Speed_Level = 4;}
else if (ADC_Value >818 && ADC_Value <=1023) {Speed_Level = 5;}
else {Speed_Level = 5;}
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3.1.2.4  Finding Appropriate Scale for Each Speed Level

Usually, the ADC_Value input, and by extension the SPEED_INPUT, will be compared to the

SPEED_ MEASURED and put through the PI loop. Setting the CCR1 value will manually determine the
PWM duty cycle and ignore the effects of the Pl loop. This is important because unique motor parameters
will cause different speeds at 100% duty cycle. Determining the max speed will determine the scale
between the PWM duty cycle and the SPEED_INPUT.

To determine the scale, observe the PWM duty cycle and SPEED MEASURED for each CCR1 value and
determine the scale value by dividing the CCR1 value by the SPEED_MEASURED. This is implemented
in Figure 14 and listed in Table 5.

To manually set CCR1, implement the following code:
CCR1 = 1060;

Each time a speed is set, run the motor and check the SPEED_MEASURED variable. To do this, run the
debugger and add SPEED MEASURED to the expressions table by right clicking the table and selecting
"add global variable". Pause the debugger while the motor is running in closed loop to observe the speed
value measured by the DRV10983-Q1 using I°C.

Table 5. Example of Tuning SPEED_INPUT® Using Scale Functionality

SPEED LEVEL EXAMPLE PWM EXAMPLE CCR1 EXAMPLE MEASURED EXAMPLE SCALE
DUTY Value (SPEED_MEASURED) (CCR1/SPEED_MEASURED)

0 0% 0 0 —

1 20% 205 31 6.61
2 40% 409 63 6.49
3 60% 614 94 6.53
4 80% 818 126 6.49
5 100% 1060 163 6.5

@ SPEED_INPUT is motor specific

fite Eait View Window Help

RriPitr fvlgin deo Quick Access | 13 | [ETCCS B % CCS

t Explarer 11 = O [ RegisterValuesh
B ar L

73 DAVI0933Q1.987 i o
1496-SeatBlower (A | 4 alre if

if (Prev_Speed

switeh (Speed_Level}{

ase 0
SPEED_TNPUT = 0

3
SPEED TNPUT = 781;
104 Scale = 1.2736;

: break;

e 4

: SPEED_THOUT = 832;

A Scale = 1.1271;
X breaak;

ase 5
SPEED THPUT = 1624
Scale = 1.001;
break;

default
break;

Prev_Speed_Level = Speed_Level;
3

SPEED_MEASURED = READ_SPEED();

Witabte Smart Insert 120:1

Full License

Figure 14. Example Implementation of Scaled SPEED_INPUT in CCS Project

These speed levels may or may not be linear. This case is for a non-linear relationship between the input
command and output speed due to the motor’s inherent load properties. For a more linear motor, a
constant scale can be set for any input without using speed levels and these calculations can be

simplified.
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3.1.2.5 Tuning the Pl Loop

Tuning the PI loop consists of simply modifying the proportional and integral constants in the
SPEEDCONTROL.c file.

The PI controller is implemented within a while loop, which runs continuously. First, the error is calculated
between the desired speed and the feedback speed. The error is multiplied by the proportional gain and
the output of the proportional term is stored in the U term. The integral output is calculated by adding
together the previous integral output, the product of the integral gain and proportional output, and the
product of the integral gain factor and the saturated error. The pre-saturated value is the sum of the
integral and proportional outputs, U; and U,. The saturated error is calculated between the output after
saturation and the pre-saturation output and applied to the integral output. A Pl loop is an essential
controller method when closing the speed loop within a motor. The loop allows motors to work across
different voltages and different loads while maintaining the same desired speed input. To learn more about
the Pl loop theory, see Section 2.4.1.

Tuning a Pl loop is required to make the system stable and responsive while minimizing overshoot. The
last two objectives often conflict with each other, and a compromise must be met to achieve the best
results. Tuning a Pl loop for a system with a fast response such as for this motor application must have a
low P-gain. Set the P-gain low and the I-gain to near zero and run the motor to see if oscillations occur.
Once oscillations occur, halve the P-gain value. Next, set a very small integral value. Slowly increase and
run the motor until oscillations occur more than half the integral value. Figure 15 demonstrates the effects
of increasing the proportional and integral terms on overshoot and setting time.

A

/\\/\\/\\/A\ f\vh | A

Increasing Proportional Gain Value

Ve

Increasing Integral Gain Value

Figure 15. Effects of Tuning Pl Controller Gains
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3.2 Testing and Results

3.21 Test Setup

5

Figure 16. Example Bench Setup

Figure 17. Closeup of Connections
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3.2.2 Functional Test

The functional test refers to basic programming and start up using both the DRV10xx Software GUI
through 1°C and the MSP430 MCU using CCS and JTAG. The MSP430 MCU specifically is tested with a
low- and high-voltage start-up of 8 V and 16 V, respectively.

C1 shows Vg,r, C2 shows the Frequency Generate (FG) pin on the DRV10983-Q1, and C3 shows the
current of the U phase of the motor.

e o U

@ AVIVIRTR m

Measure PL.ms(C3 P2:freq(C1) PIncvcleiC1) P4 pkpk(CH PS--- PE--- P7--- Pg.--

312852117 Hz 101467 ms 1298 A
37838762532 Hz 13018826 ms 12786T A
30347172 Hz 101467 ms 38 mA
8488587 Hz 815741 ms I162A
126353971529 Hz 21897380 ms 209.95 mA
4 2

& a v

Figure 18. Startup Profile, GUI Control, 12 V, 50% Speed

WJ‘JL WJWN s

H A ARARA A
T VYV \JU.N

&
PAmnsiCH P2 frealC1) P3ncycleiCl) P4.pkpkiC4) P5--- PGi--- PT--- Pg---

498158215 Hz -189.95 us 3162A

46434925423 Hz £3.2615 us 178133 A

30347172 Hz 21002 s 42 mA

50.1660752 Hz 508802 ms 31624

8 792270194 Hz 5033450 us 129874 A

26 602 3

[ v v

Figure 19. Startup Profile, GUI Control, 12 V, 100% Speed
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i ENVAVIVITTHT \fU\'ﬁ\W\Wﬂ;

g gy

il

!

|

i

i

P1msiC3 P2 frea(C1} P3 neveleiC1) P4 pkokiC4) PS5i- -~ Pg--- PT--- Pg---
589V 3204126279 Hz 327 80ws 1282 A
22647V 435845766641 Hz 542942 us > 318.00 mA
206 mV 545.27005 mHz -126198 ms > 38 mA
BAV 212 05020257 Hz 7 56207 ms > 60224
44201V 15.0157122790 Hz 779.9031 us > 87386 mA
1 1.482e+3 989 120
& v

0
P2:frealC1) P3acvcleiCT) P4 pkpk(C4 P&--- PG P Pg---

49 40716749 Hz 417 13 us 4434 A

44 5304469691 Hz 21,0993 us 309.90 mA

545.27005 mHz 1.2619 ms >38
1924V 212.05020257 Hz 438061 ms 60224
44261V 146409969449 Hz 555 7812 u §72.03 mA
1 1404e+3 876 1
s s "

Figure 21. Startup Profile, MSP430 Control, 16 V, 100% Speed
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3.2.3 Speed Loop Regulation Test
Five motor specific speed levels are programmed. Each speed level is tested for voltage ranging from
8to 16 V in 2-V increments. Measurements are taken in Hz but converted to RPM. For more information,
see Table 6 and Figure 22.
Table 6. Output Speeds versus Input Speed Commands and Input Voltage Ranges
SPEED INPUT = | SPEED INPUT = SPEED INPUT = | SPEED INPUT = | SPEED INPUT =
VOLTAGE INPUT 1000 RPM 1692 RPM 2236 RPM 2636 RPM 2956 RPM
8V 1001 1691 2041 2210 2314
10V 1000 1691 2236 2559 2686
12V 1000 1691 2236 2636 2956
14V 1000 1691 2236 2640 2956
16 V 1001 1691 2236 2641 2956
Figure 22 compares the output speeds versus input speed commands and input voltage ranges.
3000
/
2750
S 2500
o
3 |
2 2250
£ | —
O 2000
°
(9}
2
n
i 1750
3
g
2 1500
—— Spd Cmd = 1000 RPM
1250 —— Spd Cmd = 1692 RPM
—— Spd Cmd = 2236 RPM
—— Spd Cmd = 2956 RPM
1000
8.0 8.5 9.0 9.5 10.0 10.5 11.0 115 12.0 12.5 13.0 135 14.0 14.5 15.0 155 16.0
Voltage Supply (V)
Figure 22. Speed Regulation: Speed (RPM) versus Voltage Input
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3.2.4 Load Dump

Test

The recommended operation voltage of the DRV10983-Q1 device is from 6.2 V to 28 V. The device is
able to drive the motor within this V. range. In the load dump condition, V.. can rise up to 45 V. Once the
DRV10983-Q1 device detects that V. is higher than VOV_R3 , it stops driving the motor and protects its
own circuitry. Find more information in Table 7.

Load dump protection is effectively enabled by the device when the 45-V pulse is injected from the supply.
The device shuts down to protect its circuitry and then turns back on again.

C1 shows the voltage on the Frequency Generator (FG) pin of the DRV10983-Q1, C2 shows the voltage
on the U phase of the motor, C3 shows the current on the U phase of the motor, and C4 shows the

voltage of Vgar.

Table 7. Load Dump Protection Specifications

LOAD DUMP
PROTECTION DESCRIPTION MIN TYP MAX UNIT
Load dump protection mode entry on
Vou rising V¢ threshold 28.5 29.2 30 v
Load dump protection mode entry on
Vou_r falling V¢ threshold 211 282 288 v
Vov hys Load dump protection mode hysteresis 0.73 1 11 Y
s 3 I
Measure PlfreqiCll P2 pkpk(C3 P3:max(C4) P4:baselC4) PS:maxiC2)
value 48 3564 Hz 1870 A 457V 1MV 269V
mean 48 359388 Hz 232700 A 7490V 117648 V 27050V
men 47 8466 Hz 195 A 27V 1m2v Hav
max 81.0193 Hz 33%0A 458V 1200V w5V
:f: 12465337};: 613 SEml: 14 301 :‘ Iz m\;‘ J’BJS:
status i . v - v
ATl S e
232504 13.600V |00 kS SOkS/s Edge Negative
Figure 23. Load Dump Protection Waveforms After Injecting 45-V Pulses
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P1frealCt)
45,5354 Hz

mean 41925818 Hz

366353 Hz

455354 Hz
2.786242 Hz

P2 pkpk(CH PImax(C4)
3306 A 457V
330600 A 45680V
3306 A 457V
3306A BTV

Pd:base(C4) PS5 max(C2}
193V 269V
Mnasiv 26820V
1193V 269V

1193V %3V

1 1
P &

The load dump voltage signal is created using the sequence outlined in Table 8.

Table 8. Sequence for Creating Load Dump Signal

Figure 24. Load Dump Protection Zoomed Waveforms After Injecting 45-V Pulses

SEQUENCE DURATION (s) SLEW RATE (V/ms) VOLTAGE (V)
5.5 0.001 12
2 0.3 10 45
3 0.4 0.001 45
4 0.3 10 12
5 5.5 0.001 12
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3.25 Thermal Test

Thermal testing is conducted for a range of temperatures. The device operated and spun the motor at all
temperatures. The device operated on average 20°C higher than the ambient temperature, which
remained consistent in all the results.

NOTE: The numbers shown in the following images are in degrees Celsius.

753.8

Figure 26. Thermal Image After 15 Hours at 12 W, —40°C Ambient
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r97.0

Figure 27. Thermal Image After 15 Hours at 12 W, 70°C Ambient

T144 4
-138

132
-126
120
114
-108
-102

Figure 28. Thermal Image After 15 Hours at 12 W, 125°C Ambient
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4 Design Files
4.1 Schematics
To download the schematics, see the design files at TIDA-01496.
4.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-01496.
4.3 PCB Layout Recommendations
» Place the VCC, GND, U, V, and W pins with thick traces because high current passes through these
traces.
» Place the 10-uF capacitor between VCC and GND, and as close to the VCC and GND pins as
possible.
» Place the capacitor between CPP and CPN, and as close to the CPP and CPN pins as possible.
e Connect the GND, PGND, and SWGND under the thermal pad.
» Keep the thermal pad connection as large as possible, on both the bottom side and top sides. The
connection must be one piece of copper without any gaps.
» Single-layer boards often suffer in optimal thermal and GND loop designs. Layout can be
supplemented using 0-Q resistors to connect isolated GND planes.
43.1 Layout Prints
To download the layer plots, see the design files at TIDA-01496.
4.4  Altium Project
To download the Altium project files, see the design files at TIDA-01496.
4.5 Gerber Files
To download the Gerber files, see the design files at TIDA-01496.
4.6 Assembly Drawings
To download the assembly drawings, see the design files at TIDA-01496.
5 Software Files
To download the software files, see the design files at TIDA-01496.
NOTE: The software files of this reference design require a Tl login to access.
6 Related Documentation
1. Texas Instruments, DRV10983-Q1 Tuning Guide
2. Texas Instruments, DRV10983-Q1 Evaluation Module User's Guide
6.1 Trademarks
E2E, MSP430, LaunchPad, Code Composer Studio are trademarks of Texas Instruments.
All other trademarks are the property of their respective owners.
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7 Terminology
BLDC — Brushless DC motor
ESD— Electrostatic discharge
FETs, MOSETs— Metal-oxide-semiconductor field-effect transistor
IGBT— Insulated gate bipolar transistor
IPD— Initial position detection
OCP— Overcurrent protection
OTP— Overtemperature protection
PWM— Pulse width modulation
RPM— Revolutions per minute
RMS— Root mean square
UVLO— Undervoltage lockout
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