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INIT #0 VAL1 #7REEE |, £ PWM IHEESEREIEEERIZTT. LI 180 EILRAIKRER | 52 PWMO IH34E8AZ VALO AT ,

ERiE PWM1 ik — EXT_SYNC (4NSRRIE ) 185 | LARDIAML PWM1 BYTHERER.

%f

/
—
7

TEUNERAIFMTICH , SEEHEY PWM ZE45 180 ERVIBALEE , ADC fEthfEIt Bt {5 eFlexPWM ffit A SE SR SCIIS I EEA]
IS SHID AT,
6 7~ 7 ADC ] PWMs Z[EfYREIZ1ER.

5. IEBHLEY PWM ZIEHES

EF LPC553x/LPC55S3x HITTAREBHNET , B 1 kR, 20225826 H
FIF%EC 7122




BEBESH

KBIMREE
—B eFlexPWMO iH#1E81AZ PWMOSM1VAL4 |, Fifii& ADC SJEEH 1 AUEHMSSHITREE. £ ADCEBiEERZE |, tA
ADCO ##a52 Al , FHFHAN ADcO TRoHandler , LUSITEEN] 1 BUISHIEDE,

—B eFlexPWM1 i1£§281A% PWM1SMOVAL4 |, Fifit&Z ADC XTEEH 2 RIS SHITRAE, 7E ADC 5SS |, fi& ADC1
EEMASERRTRNT |, N\ ADC1 TROHandler , LUBATEEN 2 HOISHIELE,

eFlexPWMO counter

SM1_VAL4 SM1_VAL4
/ %

eFlexPMW1 counter 1
SMO_VAL4 :

o
(3.5

: i

P . i

Top i d i
; : i

' i

Motor 1 [} ' -
i i ;
Bottom ' ; i I ;
1] . 1
i : :
X i i
X i !
Top I [ i I !
P . i
i : i
Motor 2 ; ! i
i ! i
Bottom ! i !
H : i
i ; i
? M1 current ! M2 current M1 current
ADC Conversion and voltage n.l; and voltage 1% and voltage ™
ADCO Conversion Done ADC1 Conversion Dene ADCO Conversion Done
Control algorithm in
interrupt routine
.""
4 =2 1
/ e |
M1ISR — ] M2 ISR

6. ADC 1 PWMs Z[@RELER

3.4 tnHETERER/iTRIEE ( CTIMER)

CTimer &R NFHER : CTIMERO , CTIMERL , CTIMER2 , CTIMER3 , CTIMER4,

BNFREREE— 32 (IAGTHEERFIRTRiERT 4= , ERLALL CTIMER BI$HE/NBIRILAIRI S0 BB TIHEL , FHATLURIE 4
MBS RN B Bt PR E BRI AR B TR R,
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{EF ENC #&1R , RJLARMASCIRAMT AR B a0 , NTISEIEMAERNE. BAREEESN LPC55S3xRM fY ENC &5,
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FERNETIRPEELNEFRIFTIEE | LMEERES RS , BBYRES RATXE PWM i |, (RIFIReE. LPC553x/LPC5583x
B 3/ HSCMP #1 3 4 DAC &R A BT R,
FEXNERTF |, FAIER HSCMPO 1 HSCMP1 LYREE IR , AEETRAERTEHISEES , DACO 7 DACT fRIHFAEE
NEEHBE,

« HSCMPO N fRiRE paco_out , HIAIEmE HCCMPO N3,

+ HSCMP1HINfRIRE pacl ouT , BIAIEIRE HeoMPl IN3,

* [5F HSCMP SIIR/SEERR,

+ DAC {#f VDDA BBR{FASEHE,
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3.8 FreeMASTER j&({S - FlexcommO0
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* FlexcommO BZEIFEF UART,
« BRI E Y 115200 bit/s,
« BWERTIRSIRRENS A,
« Hitig BRI EHEA,
* TE freemaster_cfg.h M , HINEEARRIRTREERFISFZSA0E ML , FI40 UARTO,

4 WRIE

ATETURBRFEEAAVERLE.

4.1 RENXHEE
B AHRIESE (*.c ) FOSKSZH (*.h) ROREECK | BIEAS RXSKEAIIN B S TR | ERIES EFH TR,
FRENXHIERID A ENER

* \ boards \ dual_servo — S &R EARAVIIRCBCE S,
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+ \ boards \ dual_servo \ parameter — & &S #EL S NECESI44,

* \ CMSIS — Cortex faizhlas ik fHHZ O,

« \ devices \ LPC553x/LPC55S3x — LPC553x/LPC55S3x {4 FF A T EE.

» \FM_ControlPage — FreeMASTER #=#ITRS 14,
« \ middleware \ freemaster — FreeMASTER #3344,

+ \middleware \ CM33_RTCESL_4.6.2_IAR — SCAHS#IER N TVERAEE A das RO B R AL e,
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* M1_statemachine.c f]M1_statemachine.h BJEHNAREFATREINSESR SR HITIIIIGER.
* state_machine.c f] state_machine.nh BZMNARTHIETEN , FEENBRSHN RS Z BRI,

HETRE

* Motor_structure.c flmotor_structure.h AIREMENIIE JATFHUTEIUEHIEE ( REEHEE, (LEMREMGLT

B, RERDIRE ) NFER.
¢ Motor_ def.nh BETIEMBIREEE N,
4.2 BISH

HAVERREBNZERTRIRIREN. 3R 2 R4t TEBEHIIHRER.
2 2. (AIRER NS

HIER TR YR EBERAE] T FERRE/ERE 0.58
e 42JSF630AS TEFERLERR d-4i/uH 308
BEEE/rpm 3000 TEFEeLER Rk g-4/uH 330
TWEDEBEV 24 SONESt 4
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« Micro USB &gzt
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FENARTDRRATFEIR. T RX MIREZ AT , IRRIERCRRAIFRIREE XA,
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0.

2. $5B 24 ViEECSE |, 44 FRDM-MC-LVPMSM EEEEHR{HE
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4. FTFHRAEAE FM Dualservo.pmp ( FREEMATER BRAMAARNETF 3.1.2)
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7. RE TR R EES
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1. FIFFLS M1 _Params.h B M2_Params.h , FEEHARIEARSHIRMANRIERAIGIE,

/* Motor basic parameters */

s

#define M1_STATOR_R 0.58

#define M1_LD_INDUCTANCE 0.00032 /
#define MI_LQ INDUCTANCE 0.00032 /
#define M1_POLE_PAIRS 14

/* Based value */

/* [ohm] */

* [Henry] */
* [Henry] */
/* [pairs] */

12. BSETE

/7

#define MI_U_DCB_MAX 60.8 /* vl %/

#define MI_U_FOC_MAX (M1_U_DCB_MAX/1.732) /* vt/

#define M1_U DCB_OVERVOLTAGE 30 /* vl */

#define M1_U DCB_UNDERVOLTAGE 18 /vl o/

#define MI_I MAX 8.25 /* (Al */

#define M1_E_MAX 12 /vl o/

#define MI_N MAX 3000 /* [RPM] */

#define MI_OVERVOLT_LIMIT  FRAC16(1.0*Ml_U_DCB_OVERVOLTAGE/M1_U_DCB_MAX)

#define M1_UNDERVOLT LIMIT FRACL6(L.0*Ml_U_DCB_UNDERVOLTAGE/M1_U_DCB_MAX)

#define MI_DUTY CYCLE LIMIT 0.9 VAl B 4

/* Time scaling */

/7

#define Ml_MC_PWM_CLK_FREQ 150000000 /* [Hz], PWM clock freguency */
#define M1_CONTROL_FREQ 16000 /* [Hz], PWM frequency */
#define Ml_MC_SLOW_CONTROL_LOOP_FREQ 2000 /* [Hz], slow loop control freguency */
#define M1_SPEED_LOOP_CNTR (M1_CONTROL_FREQ/M1_MC_SLOW_CONTROL_LOOP_FREQ)

2. TEAENAYRRAEAES. RS, (LB, RKSRFPESHETE

8 | AR TR D ECAATaREE .

3. WE 13 FiR , RERISAI BRI SERFEAN | FEXE PR, MRERMSEE T
FILABGIAERAEMNAY Pl 625, WNE 14 s, XTER IR ISiKRINEREBE |, fTLAF
SN ERRIB SRR TR | Q0E 15 Fis. BRRUIEHERlISIREE SIS BE AT R | FOECLATEXAIEH |

BYRERBFIH RN |

LAEERE B  TRIAT.

BAIEMMSE. BIRREHIRRIRNsSEusET

—izslRS
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Loop */
M1 _Spd Ramp 20000
#define M1 _Spd Ctrl AW Limit 1
¢define M1_SPEED_PI_PROP_GAIN
§define MI_SPEED PT INTEG GAIN
L e e L
#define M1_RAMP INC_SPD CL FRAC32(l.0F"M1_Spd_Ramp/Ml_MC_SLOW_CONTROL_LOOP_FREQ/MI_N_MAX)
#define M1_SPEED LOOP UPPER LIMIT FRAC16(MI Spd Ctrl AW Limit/M1 I MAX)

#define M1_SPEED LOOP LOWER LIMIT -FRACL&{MI Spd Ctrl AW Limit/MI I MAX)

gain

rtional
gral gain */

/* Pos Loop */

#define M1 Pos Speed Limit Up
#define M1_Pos_Speed Limit Down
#define M1 _Pos_Ctrl AW Limit
f#define M1 Pos Ctrl PropGain
$define M1 POS CTRL PROP GAIN SHIFT

/* [REM/g], posi
/* [REM/s], po
/* [REM], me

f* pr rtd

rate for a p
ramping rate for a p
cal speed - position con

7

#define M1 _POS BASE 180

$define M1 POS RAMP UP FRAC32 (M1_Pos_Speed Limit Up/€0.0/M1_MC_SLOW_CONTROL LOOF FREQ)
#define M1_POS_RAMP_DOWN FRAC32(M1_Pos_Speed_Limit_Down/60.0/Ml_MC_SLOW_CONTROL_LOOP_FREQ)
#define M1 POS_CTRL PROP_GAIN BASE 100

#define M1 POS CTRL PROP GAIN FRAC32 (M1 _Pos_Ctrl PropGain)

#define M1_POS_CTRL UPPER_LIMIT FRAC32(l
#define M1_POS_CTRL LOWER LIMIT FRAC32(-

0*M1_Pos_Ctrl_ AW Limit/M1_N_MAX)
.0*M1_Pos_ctrl AW Limit/MI N MAX)

13. (U EFRERIRSE

/*ACE parameter*/

#define M1_CLOOP ATT (0.85F) /* Attenuation */

#define M1 _CLOOP_ FREQ (1000.0F) /* [Hz], Current loop bandwidth frequency */
#define M1 _CLOOP_LIMIT (0.5F) /* Voltage output limitation, based on real tim
£ e R e e -
/*Damping Coefficient D&Q ACR= 0.85 */

/*bandWidth= 1000 [Hz]*/

#define M1_D_KP_GAIN_A32 ACC32((2.0*M1_CLOOP_ATT*2*PI*M1_CLOOP_FREQ*M1_LD_INDUCTANCE —
#define M1 D KI_GAIN A32 ACC32 (2*PI*M1_CLOOP_FREQ*2*PI*M1 CLOOP_FREQ*MI LD INDUCTANCE/
#define M1 D POS LIMIT FRAC16 (M1_CLOOP_LIMIT)

#define M1 D NEG LIMIT -FRAC16 (M1_CLOOP_LIMIT)

#define M1_Q KP_GAIN A32  ACC32((2.0*Ml_CLOOP_ATT*2*PI*Ml_CLOOP_FREQ*M1_LQ INDUCTANCE -
#define M1 Q KI GAIN A32  ACC32(2*PI*M1 CLOOP FREQ*2*PI*Ml CLOOP FREQ*M1 LQ INDUCTANCE/
#define M1_Q_POS_LIMIT FRAC16 (M1_CLOOP_LIMIT)

#define M1 _Q NEG LIMIT -FRAC16(M1_CLOOP_LIMIT)

14. BERESHTE

=

// Ude bus IIR, cutoff freg = 100 [Hz] Ts = 0.0000625 [s]

#define M1_FILTER UDCBUS_B1 WARP (M1_UDCBUS_FILTER_CUTOFF_FREQ, M1_CONTROL_FREQ) / (
#define M1_FILTER_UDCBUS_B2 WARP(M1_UDCBUS_FILTER_CUTOFF_FREQ, M1 CONTROL_ FREQ)/(
#define M1_FILTER_UDCBUS_A2 (M1_FILTER_UDCBUS_ Bl + M1_FILTER UDCBUS B2 - 1.0F)

15. BB ESRRSHITE

4.5 SCISTHEEER
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Legal information

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.

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
toresultin 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.

Legal information

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.

Terms and conditions of commercial sale — NXP Semiconductors products
are sold subject to the general terms and conditions of commercial sale,

as published at http://www.nxp.com/profile/terms, unless otherwise agreed
in a valid written individual agreement. In case an individual agreement

is concluded only the terms and conditions of the respective agreement
shall apply. NXP Semiconductors hereby expressly objects to applying the
customer’s general terms and conditions with regard to the purchase of NXP

Semiconductors products by customer.

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.

Suitability for use in non-automotive qualified products — Unless this

data sheet expressly states that this specific NXP Semiconductors product
is automotive qualified, the product is not suitable for automotive use.

Itis neither qualified nor tested in accordance with automotive testing

or application requirements. NXP Semiconductors accepts no liability for
inclusion and/or use of non-automotive qualified products in automotive

equipment or applications.

Inthe eventthat customer uses the product for design-in and use in automotive
applications to automotive specifications and standards, customer (a) shall use
the product without NXP Semiconductors’ warranty of the product for such
automotive applications, use and specifications, and (b) whenever customer
uses the product for automotive applications beyond NXP Semiconductors’
specifications such use shall be solely at customer’s ownrisk, and (c) customer
fully indemnifies NXP Semiconductors for any liability, damages or failed
product claims resulting from customer design and use of the product for
automotive applications beyond NXP Semiconductors’ standard warranty and
NXP Semiconductors’ product specifications.
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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.

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.

AMBA, Arm, Arm7, Arm7TDMI, Arm9, Arm11, Artisan, big.LITTLE, Cordio,
CoreLink, CoreSight, Cortex, DesignStart, DynamIQ, Jazelle, Keil, Mali,
Mbed, Mbed Enabled, NEON, POP, RealView, SecurCore, Socrates, Thumb,
TrustZone, ULINK, ULINK2, ULINK-ME, ULINK-PLUS, ULINKpro, pVision,
Versatile — are trademarks or registered trademarks of Arm Limited (or its
subsidiaries) in the US and/or elsewhere. The related technology may be
protected by any or all of patents, copyrights, designs and trade secrets. All

rights reserved.

Airfast — is a trademark of NXP B.V.

Bluetooth — the Bluetooth wordmark and logos are registered trademarks
owned by Bluetooth SIG, Inc. and any use of such marks by NXP
Semiconductors is under license.

Cadence — the Cadence logo, and the other Cadence marks found at
www.cadence.com/go/trademarks are trademarks or registered trademarks of

Cadence Design Systems, Inc. All rights reserved worldwide.

CodeWarrior — is a trademark of NXP B.V.
ColdFire — is a trademark of NXP B.V.
ColdFiret+ — is a trademark of NXP B.V.
EdgelLock — is a trademark of NXP B.V.
EdgeScale — is a trademark of NXP B.V.

EdgeVerse — is a trademark of NXP B.V.
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elQ — is a trademark of NXP B.V.

FeliCa — is a trademark of Sony Corporation.
Freescale — is a trademark of NXP B.V.
HITAG — is a trademark of NXP B.V.

ICODE and I-CODE — are trademarks of NXP B.V.
Immersiv3D — is a trademark of NXP B.V.
12C-bus — logo is a trademark of NXP B.V.
Kinetis — is a trademark of NXP B.V.
Layerscape — is a trademark of NXP B.V.
Mantis — is a trademark of NXP B.V.

MIFARE — is a trademark of NXP B.V.
MOBILEGT — is a trademark of NXP B.V.
NTAG — is a trademark of NXP B.V.

Processor Expert — is a trademark of NXP B.V.
QorlQ — is a trademark of NXP B.V.
SafeAssure — is a trademark of NXP B.V.
SafeAssure — logo is a trademark of NXP B.V.

StarCore — is a trademark of NXP B.V.

Synopsys — Portions Copyright ©2021 Synopsys, Inc. Used with permission.
All rights reserved.
Tower — is a trademark of NXP B.V.

UCODE — is a trademark of NXP B.V.

VortiQa — is a trademark of NXP B.V.
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Please be aware that important notices concerning this document and the product(s) described
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