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Introduction

With rising energy costs and increasing government regulations, energy-efficient
systems are the need of the hour. Electric motors account for 40 to 50 percent of global
energy consumption and the industry is focused on improving the overall productivity
of the motors. Constant-speed drives are inherently inefficient; these are being actively
replaced with adaptable-speed drives controlled by processors. This new connected
motor control technology is predicted to reduce energy consumption by nearly 30
percent. With this transformation in drive solution and convergence of inverter and AC
drives, it is especially important that the systems continue to be reliable while being
more effective.

Continuing this trend of connected drive solutions, intelligent industrial systems are
adopting digital motor feedback systems. This digitization of motor control feedback
coupled with industrial Ethernet for communication provides for higher efficiency

in factory and energy sectors. Connected drives have a variety of communication
interfaces depending on the automation system used in the field. Commissioning the
communication protocol in the field provides significant cost saving in product design
and product completion.

The drives industry is adopting processor-based solutions which offer higher precision
to connect, control and communicate. This white paper discusses the overall drive
architecture with emphasis on the highly integrated industrial drive solution by Texas
Instruments.
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Figure 1: Industrial drive architecture overview

A highly integrated industrial drive includes
motor control, industrial communication and the
application to manage control and communication

functions on a single-chip solution. (See Figure 1.)

e The communications interface provides the
real-time communications link and synchronized
system timing with the field network. The
communications interface is connected to a
PLC or motion controller.

e The application provides the high-level
control of the drive managing the overall drive
communications and control functions. This
can include configuration, startup/shutdown,
status, operation, motion control and other

Field
Bus

management functions.

e The control portion includes the
Field Of Control (FOC) algorithm,
the motor PWM controller
and the current and position
feedback system components
which provide quiet operation
and long life.

These three components of the
industrial drive architecture can
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further be implemented in a variety of configurations.
At a high level, there are three primary processor
drive configurations in the industrial environment:
e Inverter
e Servo drive (single axis, motor integrated option)
e AC premium drive (multi axis, wide selection of
power stage)

Inverter

Inverters are increasingly connected to a high layer
control system and therefore the integration of
industrial communication is moving from what was
traditionally optional to being a standard feature.
(See Figure 2.)
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Figure 3: Servo drive with real-time Ethernet

For hot side primary drive configurations, a single
chip with an integrated FOC can provide a low-cost
one-axis drive. In this configuration, the isolation
between the hot and cold domains is performed in

the field bus interface.

Servo drive

The next increment is a cold side one-axis single-
chip drive with a multi-protocol real-time Ethernet,
multi-protocol encoder feedback and sigma-delta
decimation filters. In this configuration, the isolation
between the hot and cold domains is performed
at the drive, current feedback and position
feedback interface. The sigma-delta interface for
current measurement provides a powerful solution
when high isolation and high-precision current

measurement performance are required. (See Figure

3 above.)
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Figure 4: Multi-axis drive with real-time Ethernet

AC premium drive

The third architecture is a two-chip solution which
provides a multi-axis drive with multiprotocol field
bus and real-time Ethernet, advanced application
algorithms, advanced control performance,
increased hardware acceleration and high

performance analog integration. (See Figure 4.)

Integration of
communication
function in drives

Communication is the backbone of all the industrial
components for competent automation production
systems. Traditional serial-based systems are
moving to faster and more deterministic Ethernet-
based real-time communication systems. Industrial

Either configuration

Control

High
Speed
Link

Torque

Incremental
BiSS, EnDat
HiperFace
d
Resolver H

Speed / Posn




Ethernet offers higher speeds, increased connection
distance and enables connection of more nodes
than ever before. There are many different industrial
Ethernet protocols driven by various industrial
equipment manufacturers that help connect
industrial systems, including motor drives. These
protocols include EtherCAT®, PROFINET®,
EtherNet/IP™, Sercos® IlI, among others. For more

information on various industrial communication

Ethernet and Fieldbus Protocols  Key Sponsors
EtherCAT® Beckhoff
o
POWERLINK B&R Automation
PROFIBUS® Siemens
PROFINET® RT & IRT Siemens

Rexroth Bosch group

®
Sage Schneider Electric

Table 1: Some of the multiple industrial
communications protocols and their key sponsors

A connected industrial
drive solution

Tl platform architecture includes a single
consolidated processor that can perform motor/
motion control, real-time industrial Ethernet

Host
Interface One or more
ASIC/FPGA for — |

- Ind Comm 1
(MAC layer)
- Feedback Interface

I MCU or MPU

(Protocol Stack)

Communication and feedback
protocols but not limited to

communications and data acquisition. The
connected industrial drive is composed of an
ARM® Cortex® processor plus a powerful set of
programmable and fixed-function peripherals for
industrial communications, measurement and

control.

This permits a single device to replace multiple
devices with a single easy-to-use, compact,
flexible and high-performance solution. The single-
chip, high-performance ARM Cortex processor
includes floating-point acceleration to maximize the
performance of the control loop and maotion-control
algorithms. (See Figure 5.)

Tl processor architecture offers a quad-core
programmable real-time unit (PRU) industrial
communication subsystem (ICSS). This enables
the Sitara™ single-chip drive family to provide
concurrent industrial Ethernet, feedback protocol
and control functions. The ICSS system supports
PROFINET, EtherCAT, PROFIBUS, EtherNet/IP,
POWERLINK, SERCOS 3 protocols, among others.
See Figure 6 on the following page.

Motor drives are used in a very diverse range of
industrial applications and come with wide range of
voltage and power levels. Industrial drives include,
but are not limited to, AC and DC drives as well as
servo drives that use a motor feedback system to
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Figure 5: Texas Instruments highly integrated connected industrial drive solution
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Figure 6: Integrated connected industrial drive building blocks

control and adjust the behavior and performance of The Sitara single-chip drive solution also includes
servomechanisms. a number of integrated subsystems to support

The motor control functions include a motor Field industrial applications including a real-time clock,

Oriented Control (FOC), a multi-channel EnDat2.2 Quadrature Encoder Pulse (QEP) drivers, analog-

master per PRU, and multi-channel Sigma Delta to-digital converters (ADC), a dual camera interface,

Sinc3 Filter per PRU, plus multiple Pulse Width dual CANs, dual Gigabit Ethernet interfaces and
Modulators. other peripheral interfaces (see Figure 7).
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Figure 7: Connected industrial drive processor



The Sitara single-chip drive supports multiple
absolute digital position encoder interfaces for
absolute position/angle and speed feedback to
support sensored FOC operation (see Table 2).

Hiperface
Protocol EnDAT 2.2 DSL BiSS C
Sponsor Heidenhain Sick Stegman iC Haus
Phy interface RS-485 RS-485 RS-422/485
Speed 100 kbit — 9.375 Mbit 1/2/5/10 Mbit
8/16 Mbit
Reach 100 meter, 100 meter 100 meter
300m at lower
speed.
Cable 4 wire 2 wire, motor 4 wire
integrated
Max frame ~ 31+116 bit Continuous 64 bit / frame
length frame 117 bit
Delay Yes Yes Yes
compensation
Oversampling Yes Yes Yes
Overhead Two additional 8V frames 1 bit per frame
channels
Synchronization  Start pulse — bit ~ Async pulse Start pulse —
time bit time

Table 2. Multiple position encoder interfaces
Ssupported

Industrial Ethernet

Connected drive
attributes of industrial
drive software

The Sitara single-chip drive uses a modular
software architecture which provides compact

and deterministic interfaces between the real-

time communication, application and control
functions. The single-chip drive software is based
upon the low-footprint TI RTOS Real-time kernel
and the Industrial Software Development Kit. The
SDK is optimized to support real-time industrial
communications protocols such as EtherCAT,
PROFIBUS, EtherNet/IP, PROFINET and others.

In addition to real-time industrial communications,
the SDK supports motor feedback protocols such
as EnDAT and the Sigma-Delta Decimation filter for
higher precision current sensing (see Figure 9 on the
following page).
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Figure 8: Sitara AM437x processor could also function as a multi-axis drive controller
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Figure 9: Industrial drive software

Single-chip drive -
control cycle

Figure 10 (on the following page) shows typical
industrial communications operations. EtherCAT
communication consists of cyclic and acyclic
communications. The cyclic communications
contain the normal process information. These
communications are initiated by the PLC master
or motion controller at a periodic interval (every 50
to 500 ps) to exchange information with the Sitara
single-chip drive. The information that is transmitted
to the PLC or motion controller by the Sitara
single-chip drive can include measurements and
status information. The received information from
the motion controller or PLC can include position
sequences and other control information. The
real-time portion of the industrial communications
operations are performed by the PRU-ICSS
exchanging output and input information with the

Tl Example - Customer Developed

Third Party or Customer

Tl

communications stacks managed by the ARM. The
received cyclic position sequences are translated
by an ARM motion-control application into three
motion-control sequences each communications
cycle. The motion-control sequences provide the
velocity / position input to a field-oriented control
algorithm that generates 3-phase PWM motor
control commands. The field-oriented control
algorithm uses position and current feedback inputs
from an EnDAT 2.2 encoder and a Delta Sigma
modulator to provide closed-loop control. Status
and error information from these operations are
returned to the motion controller or PLC during the

next communications cycle.

This processing uses only a fraction of the

ARM’s processing capacity. This permits the

ARM to support other acyclic (non-periodic)
communications and processing functions such as
a web server to support other remote status, control

and programming operations.
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Figure 10: Connected industrial drive control cycle

Connected industrial
motor control
benchmark

EtherCAT
Communication

Cons oo B | Co |

SD [ I|I‘I||‘I|||I||‘I|I I |I|‘|II‘|II‘|II‘||| I |I|‘|II‘|II‘|II‘III
EnDAT |‘| |‘| I_,L

Single-Chip Drive for Industrial Communications

is a design report of a single-chip motor control
benchmark using a Sitara AM437x processor at
600 MHz under the TI-RTOS. The motor control
benchmark configuration is composed of a single
3-phase motor drive with current and EnDAT 2.2
position feedback. Operating concurrently with the
motor control is an EtherCAT slave communicating
with PLC master at a 100-us cycle time. The

EtherCAT EtherCAT
Communication Communication

ouT out
N l KN

SRS

ARM interrupts:

EnDAT receive

3 x SD receive

PWM

Motor control

Motion control

Coms input data

Coms output data
Coms cycle

e Application (web, diags)

EtherCAT distributed clocks are used to provide a
low-jitter distributed clock. (See Figure 11 on the
following page.)

This benchmark demonstrates that a single-axis
47-kHz control loop speed is easily achievable with
the 600-MHz AM437x processor with an ARM
Cortex-A9 while simultaneously performing a 100-ps
cycle time communication with a PLC master over
the industrial Ethernet communication. While this
benchmark is performed using TI-RTOS, more data
on OS-independent interrupt latencies and further
system-level optimization will be continued on this
highly integrated single-chip industrial drive platform.
(See Table 3 on the following page.)
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Available for other tasks

Next PWM cycle

Function Processing time
Level 4 Level 5
(closed (closed

speed loop)  position loop)
ADC sampling and conversion 1.33 s 1.33 s
SYS/BIOS interrupt latency 1.26 ps 1.26 ps
FOC close current/torque loop to 5.79 us 5.83 s
PWM update
Elapsed time — Sample to PWM 8.38 s 18.42 s
update
25% head room 2.1 s 211 ps
Elapsed time + 25% headroom 10.48 ps 10.53 ps
Maximum operational rate 47 kHz 47 kHz

Benchmark results
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I
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ADC * S/H iConvert (
IRQ
133ps 4
CPU Context ¥ Torque loop
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Figure 11: Single-chip drive motor control configuration and benchmark timing on AM437x processors

More industrial communications Tl Designs
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Table 3: Some of the multiple industrial
communications protocols and their key sponsors

Conclusion

The AM437x processor with integrated PRU-ICSS
provides the flexibility to enable multiple protocols
for position feedback on motor control and at

the same time also enable multiple protocols for
communication. This industry’s first and only
hybrid multi-multi protocol solution provides the
ability to commission protocols in the field, in-turn
providing significant cost saving in product design
and product completion. The principal advantage
of having a programmable solution architected for
time-critical applications is the flexibility to adopt the
ever-changing standards in industrial enablement
while significantly reducing the overall latency.

Among the communication protocols supported
by the PRU are PROFIBUS, EtherCAT, PROFINET,
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EtherNet/IP, SERCOS Ill, POWERLINK and others.

The quad-core PRU in the AM437x processor is
capable of supporting communication protocols
and a motor feedback control protocol such as
EnDat 2.2, BISS, HiperFace and others in parallel,
making it a compelling single-chip industrial drive
solution. The AM437x Industrial Development

Kit (IDK) provides a development platform for
customers to evaluate this highly differentiated

multi-multi protocol to connect, control and

communicate industrial drives using one single

[orocessor.

With the single-chip industrial drive solution, higher
integration can be achieved while improving the
overall product efficiency. With system integration
of functional blocks to connect, control and
communicate, Texas Instruments offers a solution
that equips customers to build compact and
differentiated products achieving better energy

savings.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, 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 (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI 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 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.

TI does not warrant or represent that any license, either express or implied, is granted under 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.

Reproduction of significant portions of Tl information in Tl data books or data sheets 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.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

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 which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in 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 Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which 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
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI 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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