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Abstract

This application note describes how to use internal OPAM of LPC55S36/
LPC5536 microcontroller on LPCxpresso55s36 development board.
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1 LPCxpresso55s36 dual-motor-control demo

This document describes how to run the dual-motor-control demo using the
LPCxpresso55s36 EVK. It also provides a guideline on how to modify the FRDM-MC-
LVPMSM board to utilize LPC55S36’s internal op amps for 3-phase current sensing.

2 References

* "AN13731SW.zip" - package containing MCUXpresso dual-motor-control demo project
patch files

e MCUXpresso SDK Field-Oriented Control (FOC) of 3-Phase PMSM and BLDC motors
(document PMSMLPC55S36EVK)

3 Prerequisites

¢ MCUXpresso IDE v11.6.0
* LPCXpresso55S36 SDK v2.10.2
—mc_pmsm_dual demo app

Examples 2| M % | B

‘ type to filter ‘

Name Description Version o
£ cmsis_driver_examples
£ css_pke_examples

~ (W] £ demo_apps

hello_world The HelloWorld demo prints the "Hello World™ string to the terminal .
P! g
hello_world_swo The Hello World SWO demo prints the "SWO: Hello World” string to t...
P! 9
hello_world_virtual_com Hello World Virtual Com demonstrates the use of virtual com to print ...
P!
[ = led_blinky The LED Blinky demo application provides a sanity check for the new ...
[ = mc_pmsm This example demanstrates the control of the PMSM.
mec_pmsm_dual This example demonstrates the dual control of the PMSM.
— . - . . .. .

Figure 1. mc_pmsm_dual demo app
* LPCxpresso55S36 EVK board (rev. C)
¢ 2x FRDM-MC-LVPMSM board
e 2x 24V capable power supply
e 2x PMSM motor (Linix or Teknic)

4 FRDM-MC-LVPMSM board modifications

This chapter describes the modifications of the FRDM-MC-LVPMSM board required to
utilize LPC55S36’s internal opamps for 3-phase current sensing.

5 LPCxpresso55s36 development board connectors

LPC55S36’s internal op amp inputs are routed via the connector J13 (corresponding
connector on the FRDM board — J4):
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Figure 2. LPCxpresso55S36 internal op amp connections

6 FRDM-MC-LVPMSM board modifications

To measure the voltages on the FRDM onboard shunt resistors, it is necessary to route
the shunt voltage signals to the J4 connector as shown in Figure 3.
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J4.3 14.7 J4.11

J4.1 J4.5 Ja.o

ADC_MID

Gain =170020" 10K/ k=02 VA
FS Current = 1,65V /0.2V1A = +16.254
F= 112" Pi 10K * 150pF = 100Kz

8

Phase and DCB Current Sense

Figure 3. FRDM-MC-LVPMSM modification schematics

Resistors R23 — R28 must be depopulated to decouple the onboard op amp input
resistance from the rest of the circuit.

7 FRDM-MC-LVPMSM board modification demonstration
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7.1 Original board

Figure 4. Original (unmodified) FRDM-MC-LVPMSM board

7.2 Modified board

R25, R28

IREREDED | L j L
IR

R23, R24,
R27, R29

Shunt

signals

Figure 5. Modified FRDM-MC-LVPMSM board (top)
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Figure 6. Modified FRDM-MC-LVPMSM board (bottom)

8 Dual motor control demo setup

The following figure shows the full dual motor control demo setup.
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2x 24V power supply

2x FRDM-MC-
LVPMSM

(One on the
bottom side)

Motor 2
(Linix)

Motor 1
(Linix)

’ \ LPCXpresso55S36

EVK
PC USB

interface

Figure 7. Dual motor control demo setup

9 Configuration

The following files (distributed in the package provided with this application note) are
modified when compared to the default SDK dual-motor-control demo:

* m1_pmsm_appconfig.h
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* m2_pmsm_appconfig.h

* mc_periph_init.h

LPCxpresso55s36 Dual-Motor-Control Demo

These files can be found and replaced in the "${ProjName}/source" folder of the demo
project. This modified demo provides the following #defines, allowing the user to select
the proper motor type for both motor connectors (1 and 2) and choose between internal
(LPC55S36) and external (FRDM-MC-LVPMSM) opamps for shunt voltage signal

processing:

Table 1. Dual-motor-control demo configuration #defines

#define
M1_MOTOR_LINIX

Description

Set to “1”

to use the
LINIX motor
on Motor
Connector 1.

File

m1_pmsm_appconfi
g.h

M1_MOTOR_TEKNIC

Set to “1”

to use the
TEKNIC motor
on Motor
Connector 1.

m1_pmsm_appconfi
g.h

M1_USE_INTERNAL

OPAMPS

M2_MOTOR_LINIX

Set to “1”

to use the
LPC55S836’s
internal op
amp. Set to
“0” to use
FRDM-MC-
LVPMSM
onboard
opamps.

Set to “1”

to use the
LINIX motor
on Motor
Connector 2.

m1_pmsm_appconfi
g.h

m2_pmsm_appconfi
g.h

M2_MOTOR_TEKNIC

Set to “1”

to use the
TEKNIX motor
on Motor
Connector 2.

m2_pmsm_appconfi
g.h

Notes

The M1_MOTOR_LINIX and
M1_MOTOR_TEKNIC defines
are mutually exclusive. Set
only one at a time.

The FRDM-MC-LVPMSM
board must be modified
according to Section 6.

The M2_MOTOR_LINIX and
M2_MOTOR_TEKNIC defines
are mutually exclusive. Set
only one at a time.

For more details, see MCUXpresso SDK Field-Oriented Control (FOC) of 3-Phase PMSM
and BLDC motors (document PMSMLPC55S36EVK).

10 Revision history

Table 2. Revision history

Revision history

Date

Substantive changes

0

14 September 2022

Initial release
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11.1 Definitions

Draft — A draft status on a document indicates that the content is still
under internal review and subject to formal approval, which may result
in modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included in a draft version of a document and shall have no
liability for the consequences of use of such information.

11.2 Disclaimers

Limited warranty and liability — Information in this document is believed
to be accurate and reliable. However, NXP Semiconductors does not give
any representations or warranties, expressed or implied, as to the accuracy
or completeness of such information and shall have no liability for the
consequences of use of such information. NXP Semiconductors takes no
responsibility for the content in this document if provided by an information
source outside of NXP Semiconductors.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation -
lost profits, lost savings, business interruption, costs related to the removal
or replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability
towards customer for the products described herein shall be limited in
accordance with the Terms and conditions of commercial sale of NXP
Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to

make changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors and its suppliers accept no liability for
inclusion and/or use of NXP Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at the customer’s own
risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Customers are responsible for the design and operation of their
applications and products using NXP Semiconductors products, and NXP
Semiconductors accepts no liability for any assistance with applications or
customer product design. It is customer’s sole responsibility to determine
whether the NXP Semiconductors product is suitable and fit for the
customer’s applications and products planned, as well as for the planned
application and use of customer’s third party customer(s). Customers should
provide appropriate design and operating safeguards to minimize the risks
associated with their applications and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default

in the customer’s applications or products, or the application or use by
customer’s third party customer(s). Customer is responsible for doing all
necessary testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications
and the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.
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All information provided in this document is subject to legal disclaimers.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Evaluation products — This product is provided on an “as is” and “with all
faults” basis for evaluation purposes only. NXP Semiconductors, its affiliates
and their suppliers expressly disclaim all warranties, whether express,
implied or statutory, including but not limited to the implied warranties of non-
infringement, merchantability and fitness for a particular purpose. The entire
risk as to the quality, or arising out of the use or performance, of this product
remains with customer.

In no event shall NXP Semiconductors, its affiliates or their suppliers

be liable to customer for any special, indirect, consequential, punitive

or incidental damages (including without limitation damages for loss of
business, business interruption, loss of use, loss of data or information, and
the like) arising out the use of or inability to use the product, whether or not
based on tort (including negligence), strict liability, breach of contract, breach
of warranty or any other theory, even if advised of the possibility of such
damages.

Notwithstanding any damages that customer might incur for any reason
whatsoever (including without limitation, all damages referenced above and
all direct or general damages), the entire liability of NXP Semiconductors,

its affiliates and their suppliers and customer’s exclusive remedy for all of
the foregoing shall be limited to actual damages incurred by customer based
on reasonable reliance up to the greater of the amount actually paid by
customer for the product or five dollars (US$5.00). The foregoing limitations,
exclusions and disclaimers shall apply to the maximum extent permitted by
applicable law, even if any remedy fails of its essential purpose.

Translations — A non-English (translated) version of a document, including
the legal information in that document, is for reference only. The English
version shall prevail in case of any discrepancy between the translated and
English versions.

Security — Customer understands that all NXP products may be subject to
unidentified vulnerabilities or may support established security standards or
specifications with known limitations. Customer is responsible for the design
and operation of its applications and products throughout their lifecycles

to reduce the effect of these vulnerabilities on customer’s applications

and products. Customer’s responsibility also extends to other open and/or
proprietary technologies supported by NXP products for use in customer’s
applications. NXP accepts no liability for any vulnerability. Customer should
regularly check security updates from NXP and follow up appropriately.
Customer shall select products with security features that best meet rules,
regulations, and standards of the intended application and make the
ultimate design decisions regarding its products and is solely responsible
for compliance with all legal, regulatory, and security related requirements
concerning its products, regardless of any information or support that may be
provided by NXP.

NXP has a Product Security Incident Response Team (PSIRT) (reachable
at PSIRT@nxp.com) that manages the investigation, reporting, and solution
release to security vulnerabilities of NXP products.

11.3 Trademarks

Notice: All referenced brands, product names, service names, and
trademarks are the property of their respective owners.

NXP — wordmark and logo are trademarks of NXP B.V.
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