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Design Overview Design Features
The TIDA-00872 reference design is a 15 to 60 V e 15to 60 Vinput voltage range
stepper motor controller for unipolar stepper 3.5 ARMS, 5 A peak output current
applications. It uses the Texas Instrument’s capability
DRV8711 Bipolar Stepper Motor Controller gate e Designed to use Launchpad and Boost-
driver, CSD19534Q5A 100V, N-Channel NexFET DRV8711 software
Power MOSFET s, CSD17483F4 30V, N-Channel e Boardsizeis 2.3 inches by 2.25 inches
FemtoFET™ MOSFET, MSP430G2553 MCU, and e Onboard 12V, 0.15 A buck converter
LM5009 12 V buck converter. This design is focused e Wide array of system protection features
on demonstrating a unique configuration of the including MOSFET Vps overcurrent and
DRV8711. supply undervoltage protection
Design Resources Featured Applications
TIDA-00872 Design Folder e Cash and Currency Machines
DRV8711 Product Folder .

e Industrial Steppers
MSP430G2553 Product Folder
LM5009 Product Folder Board Image
CSD19534Q5A Product Folder b3
CSD17483F4 Product Folder
MSP430 LaunchPad Value Line Tool Folder
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1 System Description

TIDA-00872 configures the DRV8711 to control a unipolar stepper motor. This is possible using slow
decay, and using the high side gate control to control the low side FETs. This type of motor control
can be used for currency counter and cash machines, where a unipolar stepper motor application is
desired.

The motor controller is composed of two main components. The first component is the MCU, which
decodes the commands from the GUI, and sends the appropriate signals to the DRV8711 controller.
The second component is the power stage which consists of the DRV8711 gate driver and power
MOSFETs. The power stage amplifies the control signals from the MCU to the motor, and regulates
the current in the windings using slow decay.

Power is supplied to the power MOSFETs from the main power input. Power to the DRV8711 is
supplied through a switching buck converter.

1.1 DRV8711 Stepper Motor Controller

The DRV8711 stepper motor controller controls the external N-channel power MOSFETs. The
MOSFETSs are connected in a unique arrangement to allow the DRV8711 to control a unipolar stepper.
The configuration requires some of the protection features to be disabled.

Each output of the DRV8711 controls a CSD17438F4 FemtoFET. These FETs are configured to provide
the proper Vgs to the CSD19543Q5A FETs when the high side is enabled, and to provide the proper
voltage at the xOUT pins for correct operation.

The stall detection feature is also disabled for this application. Stalls will be indicated, but the
information is not valid.

1.2 MSP430G2553 Microcontroller

The MSP430G2553 is the brain of the system. It provides the signals required to enable the DRV8711,
select the settings required via the SPI interface, and to control the current and direction. Once the
DRV8711 registers have been initialized, the MSP430G2553 sends the command to move the stepper.

The MCU430G255, a value line microcontroller, has a SPI interface to configure the DRV8711 and an
internal timer used to provide the step input. The step input begins at a low step per second rate and
accelerates to the final speed using an acceleration profile set by the GUI.

LM5009MM/NOPB Step-Down Buck Converter

The LM5009MM/NOPB provides an efficient, regulated 12 V power supply from the higher VM
voltage. This 12V is used to power the DRV8711, and to provide the proper gate voltages to the
CSD19534Q5A NexFET™ N-Channel Power MOSFET.

A minimum load of approximately 4mA is used to minimize discontinuous conduction mode. This
prevents the 12V required by the DRV8711 from dropping when an increase of current is required.

1.3 CSD19534Q5A NexFET™ N-Channel Power MOSFET

TIDUBB3 — December 2015 2

Copyright © 2015, Texas Instruments Incorporated



13 TEXAS

INSTRUMENTS
www.ti.com

The motor controller uses four CSD19534Q5A to control the current of the unipolar stepper motor.
This power MOSFET is an ultra-low Rpson) device designed to minimize losses in power conversion,

switching applications. It comes in a compact, 8 pin SON 5 x 6 mm package with an Rpg(on 0f 12.6 mQ
at a Vgs of 10 V to minimize board space required and limit thermal dissipation.

Product Summary

Ta =25°C TYPICAL VALUE UNIT
Vps Drain-to-Source Voltage 100 \'
Qq Gate Charge Total (10 V) 17 nC
Qqq Gate Charge Gate to Drain 3.2 nC
_ _ Vgs =6V 14.1 mQ
Rps(n) | Drain-to-Source On Resistance
Vgs =10V 126 | mQ
Vasiny | Threshold Voltage 2.8 \'

Figure 1: CSD19534Q5A Summary

2 Block Diagram

Shown below is the block diagram of the system.

15-60V
PN

LM5009

12V Buck
Converter 15 - 60V

Gale Dnve .
MSP-EXP430G2 CSD19534Q5A
LaunchPad |
BOOST- includi Power MOSFET

DRVS711 MSP430G2553

GuUl

Figure 2: TIDA-00872 Block Diagram

2.1 Highlighted Products

Unipolar

Stepper
Motor
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The critical devices to this design are outlined below.

e DRV8711: Stepper Motor Controller IC
e MSP430G2553: Mixed Signal Microcontroller

2.1.1 DRV8711

The DRV8711 device is a stepper motor controller that uses external N-channel MOSFETs to drive a
bipolar stepper motor or two brushed DC motors. A microstepping indexer is integrated, which is
capable of step modes from full step to 1/256-step.

An ultra-smooth motion profile can be achieved using adaptive blanking time and various current
decay modes, including an auto-mixed decay mode. Motor stall is reported with an optional back-
EMF output.

A simple step/direction or PWM interface allows easy interfacing to controller circuits. A SPI serial
interface is used to program the device operation. Output current (torque), step mode, decay mode,
and stall detection functions are all programmable through a SPI serial interface.

Internal shutdown functions are provided for overcurrent protection, short-circuit protection,
undervoltage lockout, and overtemperature. Fault conditions are indicated through a FAULTn pin,
and each fault condition is reported through a dedicated bit through SPI.
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A block diagram for the DRV8711 is shown below.
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Figure 3: DRV8711 Block Diagram

2.1.2 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 1/0O 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.
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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.
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- >
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Figure 4: MSP430G2553 Block Diagram

3 System Design Theory

The 15 to 60V, 3 A, Unipolar Stepper Controller Reference Design demonstrates operation of a
bipolar stepper control in a unipolar environment. To achieve this operation, some of the protection
features have been disabled.

Overcurrent protection (OCP) and predriver fault are monitoring the translation femtoFETs instead of
the low side FET.

Thermal shutdown (TSD) protection works as designed. Undervoltage lockout (UVLO) is now
monitoring the 12V buck instead of VM

The DRV8711 stepper motor controller receives control and speed commands from the BOOST-
DRV8711 GUI via a MSP430G2 LaunchPad. The commands are received via USB and converted into
DRV8711 settings.

Section 3.1 describes the hardware design theory and section 3.2 will describe the software theory of
the reference design.
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3.1 Hardware System Design Theory

The MSP430G2 LaunchPad, containing a MSP430G2553, has been configured to act as the interface
between the BOOST-DRV8711 GUI and the DRV8711. The 3.3 V power supply is supplied from the
computer via the USB connector.

DRV8711
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Figure 5: DRV8711 Block

The DRV8711 is a stepper motor controller that uses external N-channel MOSFETSs to drive a bipolar
stepper motor or two brushed DC motors. A microstepping indexer is integrated, which is capable of
step modes from full step to 1/256-step.

The internal current shunt amplifiers are referenced to the internal reference voltage, and adjusted
using the TORQUE setting, gain, and indexer table. The OUTx pins then control the low side power
FETs to regulate the current. The STEP and DIR pins control the indexer table. As the STEP pin
transitions from a logic low to high, the indexer changes to the next state. The nSLEEP pin is used to
wake the device from its low power sleep mode.

The DRV8711 provides configurations for managing the MOSFET slew rate and switching performance
along with protection features such as automatic switching handshaking, overcurrent, undervoltage,
and overtemperature protection.
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Figure 6: Power FETs Block
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Four CSD19534Q5A N-channel power MOSFETSs are used to control the current of unipolar stepper.
The DRV8711 controls the low side FETs using two CSD17483 femtoFETs. When driving current into
the low side FETs, the HS output controls the low side FET and provide the proper voltage to the
xOUTn pin.

The DRV8711 is set for slow decay for this application. Slow decay uses the high side output and
opposite low side output to drive current into the motor winding. When the desired current level is

reached, both high side outputs are turned off and both low side outputs are turned on. This turns off
both low side power FETs.
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When entering current regulation mode, the power FETs avalanche for a brief period (~1us) as the
current decreases. The power FETs block allows the driver to control the current in each of the

stepper motor windings.

Any combination of fast or mixed decay cannot be used in this configuration. When fast or mixed
decay is activated, the opposite low side FET turns on, eventually causing the current direction to

change.

To improve the efficiency the design, the MOSFET are driven with the configurable DRV8711 gate
drivers. This allows for minimal conduction and switching losses. To understand more about motor

gate drivers and MOSFETSs see this app note.

<
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——C4 ——C5 R4 ‘ —C6
1pF 0.1uF 154k DFLS1100-7 — 1200pF
GND
—C8 A minimum current of approximately 4mA is
0.47ypF recommended to avoid discontinous mode

—C7
4.7pF

.|||_4.

Z
]

Figure 7: 12 V Regulator Block

The LM5009 is used to create a 12V supply. It is a regulated buck converter that takes the VM input
voltage and steps it down to 12 V to provide power to the DRV8711. The DRV8711 is set to operate at

12V; providing 12V gate to source voltage (Vgs) on the low side FETs.

TIDUBB3 — December 2015
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Figure 8: Power Input Block

The power supply is connected directly to the board and filtered with a 100 uF bulk electrolytic
capacitor.

3.2 Software System Design Theory

The motor controller uses the BOOST-DRV8711 GUI and firmware. This code can be loaded and
control the stepper when configured as shown in the document.

Refer to the BOOOST-DRV8711 User’s Guide for instructions on loading the firmware into the
LaunchPad. Once loaded, refer to the user guide for instructions on how to install and open the GUI.

After the GUI is open, use the instructions below to control the stepper. The GUI will set the decay
mode, max current, gate drive timing, microstep mode, and other key parameters to operate the
stepper motor.

4 Getting Started Hardware

4.1 Connections

The TIDA-00872 reference design can be powered from a 15V to 60V power supply. The supply is
connected to the PCB through the VM and GND connections on the J4 connector. The motor is
connected to the PCB through the J3 connector. The PCB is connected to the LaunchPad via
connectors J1 and J2.

The speed, microstep mode, chopping current, and other key parameters are controlled by the GUI.

1
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For this design, a Moons Stepper motor with the following parameters was used.

Voltage 36V nominal
Current 2.9A

Resistance 3.0 Ohms
Inductance 1.5 mH @ 10kHz

The PCB is configured to use the avalanche of the CSD19534Q5A NexFETs.
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4.2 Procedure

Refer to the steps below to get started with the reference design hardware.

Connect the power supply to the design through the J4 connector.
Connect the motor to the design through the J3 connector.
Program the LaunchPad with the BOOST-DRV8711 firmware.
Attach the LaunchPad, enable the power supply, and open the GUI.
Set the GUI controls as shown below.

ukhwnN R

Device Mode

nSLEEP

RESET

Stepper Motion Profile

Target Speed Stopping

H-Bridge Control
B Bvpass Indexer

Start/Stop Speed
Target Speed

STEP/AIN1
DIR/AIN2

*Valid values = 22-65525 (Start/Stop == Target)

ppses

*Valid values = 64-32768 (Incr of 64)

Start/Stop Speed Profile

*Ramps to target speed

Accel Rate

# of Steps

*Valid values = 1-65535

Start/Stop Step # Profile

*Executes set # of steps

Status Outputs

nFAULT

nSTALL Current Speed i

*Red=Low, Green=High Motor State

Common Settings

Step Mode

Half Step [l

*Degree of Microstapping
Decay Mode

Slow Decay | =

*Current Regulation Methaod

TORQUE

*Output Current Sca

ISGAIN

*Sense Amplifier Ga

*Full-Scale {1
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Controls Registers

[ s | 7 | &1 5 [ [isrilimmanliiinl [ S

ISGAIN EXSTALL MODE RSTEP  RDIR EMBL

Half Step

TORQUE
OFF

BLANK

DECAY

STALL

IDRIVEN IDRIVER

STATUS

Manual SPI Read/Write
ADDR DATA

(9o o [ write
Uxu Dx

6. Start the motor as described in the BOOST-DRV8711 User Guide.
7. Experiment with the settings if desired.

5 Getting Started Firmware

TIDA-00872 uses the BOOST-DRV8711 GUI to control the unipolar stepper motor. The firmware and
GUI, along with installation instructions is located in the BOOST-DRV8711 tool folder.

e ——
13
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6 Test Setup

Equipment Name
DC Power Supply Chroma 620012P-100-50
Multimeter Tektronix DMM 4040

Oscilloscope Tektronix DPO 7054

Figure 10: Test Setup

e —
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7 Test Data

7.1 Functional Tests

7.1.1 Winding Current

The current in the stepper motor was captured when running at 1150 steps per second in half step
mode. VM voltage was 36V, and the current was capture at 1A, 2A, and 3A.

Current at 1A in Al and A2:

Edit

Mazk

Math | MyScope

Lttilities:

File Cursors | Measure

“ertical | HoriziAcy | Trig | Display Analyze Help

(] o (=)

e 1l
P! CURRENT i

@ 1.0Adiv 1MQ By:20.0M A "\ 900mA 1.0msldiv 5.0MS/s 200ns/pt
@ 1.0Avdiv 1MQ By:20.0M Stopped Single Seq 1
1acqs RL:50.0k

Auto  MNovember 21, 2015 13:48:59

|
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Current at 1A in Al and B1:

File | Ecit | Vertical | Horiziteq | Trig | Display

Cursors

Msasure | Mask Analyze | Utitiss | Help

Math | MyScope

[

T (=]

—r r T rrYr [ r 7T

L\) EER] ]FI

s e = | —— =B

MO By:20.0M
1MQ By:20.0M

- 1.0A/div
@i 1.0Aiv

Current at 2A in Al and A2.

E-'\_uumn

File: | Edit | Wertical | Horiziac ‘ Trig ‘ Displary | Cursors ‘ Measure | Mask | Math | hyScope | Analyze ‘ Litilitie = ‘ Help ‘B

1.0ms/div 5.0MS/s
Stopped
1acgs
Auto  MNovember 21,

Single Seq l

200ns/pt

RL:50.0k
2015 13:57:16

Tak 9 .

LI N S B S B B B B

"--|‘ ‘ ' ‘
L R |

g

I | ‘___ LR
) |

i
|
g
| I'H 'U “ “
|
|

1MQ §y:20.0M

@ 1-0A/div
@ 1-0A/div

MO By:20.0M ]

A" "\ 900mA 1.0ms/div 5.0MS/s

200ns/pt
Stopped Single Seq
1 acqs RL:50.0k

Aute November 21,

2015 13:50:13
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Current at 2A in Al and B1.

Exiit Lttities:

Math ‘ MyScope

File

“ertical

Mask Taik 9

1t ¥l rTrrrrrrrrrrrr T LI LA N

Horizitey | Trig | Display | Cursors | Messure Analyze Help

|

iR

I 1 ‘ |

| ‘ LAl T |
|

i
LI LRI

g’V

E 14| 0 Lo i

& 1. 0Adiv 1MQ By:20.0M E-'\alumn 1.0ms/div 5.0MS/s 200ns/pt

@i 1.0A1div 1M B,:20.0M Stopped Single Seq l
1 acqgs RL:50.0k
Auto November 21, 2015 13:57:48

Current at 3A in Al and A2.

File | Edit | “ertical Cursors | Measure | Mask Lttiltties

Math | MyScope

(] Tk (=)

LIS B S B S B B B B B O ES B Sy B S S N B B S B B B S B R LI B

Horiziey | Trig | Display Analyze Help

@ 2.0Adiv 1MQ By:20.0M A7 g "\ 8B0mA 1.0ms/div 5.0MS/s 200ns/pt

@i 2.0A/div im0 By:20.0m Stopped Single Seq l
1acgs RL:50.0k
Auto  November 21, 2015  13:50:49
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Current at 3Ain Al and B1.
File | Edit | Wertical | Horizitcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utities | Help

] . .T=,k.‘.—tl‘

B1 CURRENT

L3 2.0A/div 1MQ By:20.0M A -'\_Esﬂlmh 1.0ms/div 5.0MS/s 200ns/pt
2.0A/div 1MQ By:20.0M Stopped Single Seq
-
1acgs RL:50.0k

Auto  November 21, 2015 13:58:26

7.1.2 Board Temperature

Thermal images of the PCB were captured with currents of 1A, 2A, and 3A in the windings. The
maximum temperature is highlighted.

VM is 36V. The motor is spinning at 1150 steps per second at % microstep. The DRV8711 setting are
those shown in the GUI images.

Thermal image at 1A:
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Thermal image at 2A:

Thermal image at 3A:
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8 Design Files
The complete design files can be downloaded at the reference design home page at TIDA-00872.

9 Software Files

The BOOST-DRV8711 software files were used for this reference design. The files can be downloaded at
TIDA-00872.

10 References

http://www.ti.com/Isds/ti/analog/motordrivers/overview.page

Texas Instruments E2E Community, http://e2e.ti.com/

Texas Instruments MSP430G2553 MCU, http://www.ti.com/product/msp430g2553

Texas Instruments DRV8711 Stepper Motor Gate Driver, http://www.ti.com/product/drv8711

Texas Instruments 9.5-95V Wide Vin, 150mA Constant On-Time Non-Synchronous Buck Regulator

http://www.ti.com/product/Im5009

6. Texas Instruments CSD19534Q5A 100V, N-Channel NexFET Power MOSFET,
http://www.ti.com/product/CSD19534Q5A

7. Texas Instruments CSD17483F4 30V, N-Channel FemtoFET™MOSFET,
http://www.ti.com/product/CSD17483F4

8. Texas Instruments Code Composer Studio Integrated Development Environment,
http://www.ti.com/tool/ccstudio

9. MSP430 LaunchPad Value Line Development Kit, http://www.ti.com/tool/msp-exp430g2

10. BOOST-DRV8711, http://www.ti.com/tool/boost-drv8711

ik wn R
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated ("TI") reference designs are solely intended to assist designers (“Buyers”) who are developing systems that
incorporate Tl semiconductor products (also referred to herein as “components”). Buyer understands and agrees that Buyer remains
responsible for using its independent analysis, evaluation and judgment in designing Buyer’s systems and products.

Tl reference designs have been created using standard laboratory conditions and engineering practices. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular reference design. Tl may make
corrections, enhancements, improvements and other changes to its reference designs.

Buyers are authorized to use Tl reference designs with the Tl component(s) identified in each particular reference design and to modify the
reference design in the development of their end products. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL
OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY THIRD PARTY TECHNOLOGY
OR INTELLECTUAL PROPERTY RIGHT, IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right,
or other intellectual property right relating to any combination, machine, or process in which TI components or services are used.
Information published by TI regarding third-party products or services does not constitute a license to use such products or services, or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

TI REFERENCE DESIGNS ARE PROVIDED "AS IS". TI MAKES NO WARRANTIES OR REPRESENTATIONS WITH REGARD TO THE
REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING ACCURACY OR
COMPLETENESS. TI DISCLAIMS ANY WARRANTY OF TITLE AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, QUIET ENJOYMENT, QUIET POSSESSION, AND NON-INFRINGEMENT OF ANY THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS WITH REGARD TO TI REFERENCE DESIGNS OR USE THEREOF. TI SHALL NOT BE LIABLE
FOR AND SHALL NOT DEFEND OR INDEMNIFY BUYERS AGAINST ANY THIRD PARTY INFRINGEMENT CLAIM THAT RELATES TO
OR IS BASED ON A COMBINATION OF COMPONENTS PROVIDED IN A TI REFERENCE DESIGN. IN NO EVENT SHALL TI BE
LIABLE FOR ANY ACTUAL, SPECIAL, INCIDENTAL, CONSEQUENTIAL OR INDIRECT DAMAGES, HOWEVER CAUSED, ON ANY
THEORY OF LIABILITY AND WHETHER OR NOT TI HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, ARISING IN
ANY WAY OUT OF TI REFERENCE DESIGNS OR BUYER’S USE OF TI REFERENCE DESIGNS.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its semiconductor products and services per
JESDA46, latest issue, and to discontinue any product or service per JESD48, latest issue. Buyers should obtain the latest relevant
information before placing orders and should verify that such information is current and complete. All semiconductor products are sold
subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques for TI components are used to the extent Tl
deems necessary to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not
necessarily performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Reproduction of significant portions of Tl information in Tl data books, data sheets or reference designs is permissible only if reproduction is
without alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for
such altered documentation. Information of third parties may be subject to additional restrictions.

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

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

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

Only those Tl components that Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components that
have not been so designated is solely at Buyer's risk, and Buyer is solely responsible for compliance with all legal and regulatory
requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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