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| STM32 Nucleofu [t %4 52 4

® The P-NUCLEO-IHMO002 pack is composed of four main blocks (see Figure 2).
@ Control block: NUCLEO-F302R8 MCU board

® Power block: X-NUCLEO-IHMO7M!1 | —
® PMSM motor: Bull-Running BR2804-1700 kV
® Power supply unit (12 V, 2 A)
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] NUCLEO-F302R8

NUCLEOHRF& _LEE—1ST-Link,
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] NUCLEO-F302R8 1047 I 1 2 1y fi i £

(1)STM32F302R8T6 {417 ] 4% .

(2)>#FArduino UNO R3 Shieldy itk , sz il 25 Fr A 10 11 5] it HEE T e 5] H .
(3)ST-LINK/NV2-1 ik 2.

(4)31°LED: - AUSBIliiflLED. /AN ILJHLED. 411" LED.

(5)2/ Mm% : EA7RESET. H/FUSER B1.

(6)USBHE L I3/ A[F Lhfg: MEMA . BEAFAE. .

(T)3FIAS L 772G mini USB4E I 104 ] v idi ik Arduino UNO R3 Shield 2 1 1{ILiH1.
(8):.fiKeil. IAR. embed{1Z&IDE1 Vil 1.1,
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] X-NUCLEO-IHMO7M 13" BiR

X-NUCLEO-IHMO7M1ESTAEIE 13
STM32 Nucleo#z/MrigIHHIETFL62303K
e = ELRIERE I B,
EERM—F7ESTM32 Nucleo TFEHAYE
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| X-NUCLEO-IHMO7M1# JE#R EESH T -

(a) Tl EL Vit L BT 7K B[R] 25 B AL B = AH B Zh AR
(b)id & Y TAF H V0 [ 7E8-48V ELiiL
(C)2.8AH i Hi g AH FL I (1.4A% TR FL)

() F 4312 7% 100KHz

(e)AEFREHT I fa il Al AR 4
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AN

(h) 76 2 3 A A8 RS I AL RS S =X

(1) 9 FELIATL FEL JAUAS I P D3 P L v LA ) g R 2
()P AL EE 7R /4 2 T2 2C Y F AT [ 422 T A P i
(k)$ZtDAC. GPIOZs 11 it F2:

()R HL AV 28 11 ml s | FE AL i

(m) BA5 LR A e

(n)FEZESTM32 NucleotZ 0otle, HC£EST morphofi [
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| L6230 R B insIEAr
FLABURF KON
a) LAF & v8%:52 V
b)2.8 Afir V& {E FHL(1.4 A RMS)
¢)RDS(ON)0.73Q( it 1F).
d)&E PRI 22 R
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IN3
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] PMSM Motor

P-NUCLEO-IHMOOTEH#EE T HFAEIHIBR2804-1700Kv- 1B =18 R B
l, ATARTFAVRER, +73/)M 05,

AN

Motor | \ 1 o0ad|NoLoad| Load | Load
KV Volate | Weight
Model Current| Speed |Current| Speed Prop Puli(g) G/A
(rpm/v) - (V) @ 1) | pm) | (a) | (rpm)
AppROX
2804-
2300 | 2390 11.1 20 0.8 24830 | 10.8 | 14970 | 7035 380 35
2804-
1700 1700 11.1 23 0.6 18000 5.6 12540 7035 257 46
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| MotorControl Workbench /42 % /) =2

MotorControl Workbench# 1|-:
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NUCLEO-F302(:F303)Ji i
IXZNAR -

IHMO7M1 3Sh({ILJE3A)K, )

HHE PRI
1)STM32 PMSM FOC Software
Development Kit - MC library
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2)STM32CubeMX 4.26 % LA | A,
3) KEIL MDK 5.0 }% LA FRRA
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Motor Profiler. S
Mhoicn Cone 5 ’
Filename Type  SDK MCUs control board power board motar
Monamel02 stmcx SINGLE 420 STM3IZF103 High Density Custam Cusiom Custom
Figrameld? stmcx SINGLE 420 STM3IZF103 High Density Custam Cusiom Custom
two meior focd hal simcx DuAL 420 STM32F 103 High Density STEVAL-HMOISVT MB4ES Shingno Megtor
bwo metor focd hal simex ouAL 420 STMIZF 103 High Denasdy STEVAL-HMOISVT MBS Shunane Webor
Honameld3 simcx SNGLE 420 STM32F 103 High Densiy Cusiom Cusicm Cusiom
fwo moior focd hal simex DuUAL 420 STMIZF103 High Density STEVAL-HMOISVT MB45S Shinanc Megbor
P " »
Evample Projects
Filename Type#  SDK MCLY control board power board molor -
I g . g . STM3OF301xE/8 . P.MUCLEOHMOO1 358 . P-HUCLED-HU 35h . b
P-NUCLEQ-HU0O1 BullRunning i, 3-Shunl Sensoness SNGLE 510 STUIZFITEE board HUCLEO-FI0ZRS board X-NUCLEQ-HEOTM1 Bull Runaing E
MUCLED-FI0IRE + HMOTM1 + Bulurning motor SINGLE 510 STUIZFI0IE NUCLED-FIQ3IRE X-NUCLEQ-HUOTMT Bl Runaing E
MUCLED- IRE + HMOSM 1 + Fhinand molor SINGLE 510 STMIZFI0IE NUCLED-FIQ3IRE X-NUCLEO-HUGSU T Shinans LAQS
STEVAL-HMO4ZV invarar « 2 Shinano molors DAL 530 STUIZFIQICC STEVAL-HMO4ZVT STEVAL-HEQEZV 1 Shinans LAQS
. i Y o STMIZFI0NRES - P-HUCLEC-HMOD1 358 - P-NUCLEQ-HM001 3Sh B
Speed ramp with Potenbicemeter on P-NUCLED-HMOD1 kX SNGLE 510 STUAZF IS poard NUCLEO-FI02R5 BoarE X-HUCLEC-HMOTM Bull Running E
Speed ramp wih Potentiometer on P-HUCLEQ-HMO01 kit — 4 STMIF30126% - P-MUCLEQ-HMO01 350 - P-NUCLEQ-HM001 350 - - -
S SMOLE 512 swwrenss board: NUCLEO-F302RS bosrd X-NUCLEQ-HMg7uy  DUd Funaing B
Gimal matar SWGLE 510  STHIZFIOME NUCLED-F303RE X-NUCLEO-HM1BMT S m—
GEMZE04H-1L
AW Tooth Speed raTp SNGLE 510 STWIZFI0IE NUCLED-FI03RE XANUCLEQ-HUOTMT Bl Aunaing £
Speed ramg and CCMBAM SNGLE 510 STWIZFI0IE NUCLED-FI03RE X-NUCLEQ-HUQTMT Bl Aunning £
Dl Drive ang CCMRAM CuUAL 219 STWIZFI0IE STMIZI0IE-EVAL SFTEWAL-HUQ45V1 Sharane LAQS
Free ATOS on P-NUCLEO-HAOO1 kit SNGLE 520 SRR L NUCLED-FI02RS X-NUCLEO-HMOTMT BulRunring
T TOS on P-NUCLED-HUD GLE 520 STuIZF TN NUCL 3 CLEQ-HMOTM g
Al By
Power Facior Comecion SINGLE 510 STMIZF 103 High Densiy STEVAL-HMI3VZ STEVAL-HUQINZ T:TZE;EFLHJ'
STUYNINAY hamed Snnke Shaint cnnfossahon rinn Ma1 Swiu E £ ETUAANA B Fual ETEWAL BN el

STUIMNSIRA
i
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JEIUIRE & S S RS
W B (Ke) =9

P 0l B A VppA33.2V, EFHTO042Hz, MK A4, R: R L3 HKe=90.73
33.2
2=1.732+60=7.042
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] MC SDK5.3/1 155015

AN

Fle Tools Help Documentation

ﬁ New Project

Motor ProfilerS&

Motion Control Suie " 1/

B | 0ad Project @ About

Recent Projects

Filename Type SDK MCUs control board power board motor
Noname003.stmex SINGLE 4.2.0 STM32F103 High Densiy Custom Custom Custom
Noname003 stmex SINGLE 420 STM32F103 High Density Custom Custom Custom
two motor focs hall.stmex DUAL 420 STM32F103 High Densiy STEVAL-HMO35V1 MB45% Shinanc Motor
two motor focd hall stmex DUAL 420 STM32F103 High Density STEVAL-HMD38V1 MB459 Shinano Motar
Honame003.stmex SINGLE 4.2.0 STM32F 103 High Density Custom Custom Custom
two motor foc4 hall.stmex ouAaL 420 STM32F 103 High Density STEVAL-HMO39V1 MB45% Shinano Motor

i

Example Projecis

Filename Type
P-NUCLEO-HMOO01 BullRunning kit, 3-Shunt, Sensoriess SINGLE
NUCLEOQ-F303RE + HMOTM1 + BulRunning motor SINGLE
NUCLEQ-F303RE = IHMOBM1 + Shinano motor SINGLE
STEVAL-HM042V1 inverter + 2 Shinano motors DUAL

Speed ramp with Potentiometer on P-NUCLEQ-IHMO01 kit SINGLE

Arrow proprietary information — Selective Disclosure only

SDK

5.1.0

5.1.0
5.1.0
5.3.0

5.1.0

MCUs

STM3I2F301x818 -
STM3I2F302x5/8

STM32F303xE
STM32F303xE
STM32F303CC

STM3I2F301x648 -
STM3I2F302x5/8

control board

P-MUCLEQ-HMO01 35h -
board: NUCLEO-F302R8

NUCLEQ-F303RE
NUCLEQ-F303RE

STEVAL-HM042V1

P-NUCLEO-HMO01 35h -
board: NUCLEO-F302R8

power board

P-MUCLEQ-IHMOO01 35h -
board: X-MUCLEQ-IHMO7M1

X-NUCLEOQ-HMOTM1
X-NUCLEO-HMO8M1
STEVAL-HMD42V1

P-NUCLEO-IHMOO01 35h -
board: X-NUCLEOQ-IHMO7M1

motor -
Bull Running E

Bull Running E
Shinano LADS
Shinano LADS

Bull Running E
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I Motor Profiler

AN

E7 ST Motor Profiler

‘y’ augmented

Motor Profi Ie'[,&
Mation Confral Suile i
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G666 —

Electrical Model
oA

VR

O

Pole Pairs: D = how to detect.

Speed and Current iimits

Max Speed:

Max Current: | | Apk 0.1 - 30 Apk

VBus: ._\u' 7-400 W

Magnetic: (=) SM-PMSM I-PIASM

\/  FiveYears Out
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AN

..,J ST Motor Profiler

G Hide obsolete boards

Hide boards with warning

NUCLEO-F302ZR8

@ Active

Modor Condrol oonneotor
ST-LINKAVZ Embedded

& Product Web Page

NUCLED-F302ZR8

B Active

Ore Motor Contrel connecior
ST-LINKA2 Embedded

& Product Web Page

STEVAL-IPMOSF 35h

Bus voltage 124 . 400 Voo
DT Input veliage 125 - 400 Vide
Ohput peak current - 08 -B A

& Product Web Page

STEWQL-—IPMﬁB 35h

TGIE SCHE

B Active
Bus unlugp 125 - 400 Ve
D Ingput vl 125 - 400 Vo

Oustput p-oﬂ. .:urram 2-20A

& Product Web Page

TSelectBoards iz £ AH M It 1,

NUCLEO FSDZRE

##: NUCLEO-
F302R8 (5303) +X-NUCLEO-IHM07M1 3Sh

STEVAL-IPM10B 35h
5TGIB10CHS0T 5-L

B Active

Ome Motne Condrol connector

ST-LINKAVE Embedded
& Product Web Page

NUCLEO-F302RE

B Active

Mol Condrol connectar

O
ST-LINKA2 Embedded

& Product Web Page

Arrow proprietary information — Selective Disclosure only

B Active
Bus voitage 12% - 400 Voo
D Input veliage 125 - 400 Ve

Ouiput peak current : 1.5- 134

& Product Web Page

KX-NUCLEQ-HMO7M1 35h

o e
O Input voltage: & - 48 Vido
Outpidt poak current © 0.28 - 2 5

& Product Web Page
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T EWMTHE, iE%EEConnectyiEf: (&AL
Y AT PR A A H D

Motor Profiler S,

Motion Control Suite i, &+ 5 |

@ NUCLEO-F302R8 @ X-NUCLEO-IHM0O7M1 3Sh Pole Pairs: |:| & how to detect..
STN2Z2F302RAETE LEZ2Z0PD
Speed and Current limils

Max Speed: |:| RPM
Max Current: I Apk 0.28- 2.8 Apk

VBus: | W 8-48V

e Ll -
Cne Motor Control connector Bus Vaoltage: 8 - 48 Vde
STLINKVZ Embedded Cutput peak current: 0.28 -2 8 A Maanetic: (= SM-PMSM -PMSM
£ Product Web Page & Product Web Page
G Remember to properly configure the boards in Motor Control mode
al Mod

D Connect...

ANOW \/ FiveYears Out
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SM-PMSMZ§7~/7
Pole Pairs: = how to detect... RIS (L9)
Speed and Current limits
Max Speed: RPM EBALESAELIEE (R]1%)
Max Current: 5| Apk 0.28 - 2.8 Apke— EBH I FAYERAERIA (0]1%)
VBus: V 8- 48 v +— EREREEB[E (n)ik)
Magnetic: « SM-PMSM = |-PMSM AR EZER (WIR)
ANV \/ FiveYears Out
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s A LS B SSRGS R (AT )

Motor Profile';%
Motion Control Suite Jf, = 5 |

NUCLEO-F302R

s]

3

} X-NUCLEO-IHMO7M1 3Sh Pole Pairs: 7

Max Speed: RPM
- jpﬁ ¥ Max Current: Apk
VBus:
One hMato _C':"l':l connector
STLINKNAIZ Embedded Magnetic: SM-PMSM I-PISM
@© Disconnect © Electrical Model 44% Mechanical Model Faults ©&
Rs024 0 Ls 0.02'mH ¥ Ower voltage
B Stop Profile Q—MA—.I' = Under voltage
Vi - . g A Ouerl_"leat
1M o4v A \ iy 2300 RPM Startup failure
; - - Speed feedback
o Ke Maapeac Over current
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MR SERJE I
),

I AL
Motor Profilerss,

@& NUCLEO-F302R8

TM3IZFI0Z2RETE

~%

One Motor Control connector
ST-LINKWZ Embedded

[ Product Web Page
€ Remember to proper

€O Disconnect
P Start Profile
B Save...

a5 Play

AN

i Electrical Model

X

iz GO AS e D) R 1l 5 E

HLH

MR DhikiESave fPlayi 4l ThEe G 2, il se

KA EER, BHENAK

@ X-NUCLEO-IHMO7MA1 35h
LE230PD

and Current limits

Max Speed |:| RPM

Pole Pairs: = how to detect...

Max Current: Apk 0.28-28 Apk
: VBus: W B-42V
Bus Woltsge: 8 - 48 Vd:ﬂ
Output pesk cument: §.25 - 2.8 A Magnetic: (=) SM-PMSM () I-PMSM

[ Product Web Page

v configure the boards in Motor Cont

Mechanical Model

Rs0.34 0 Ls 0.02 mH o
AAA GG Friction 274.74 nN-m's
Ves
10.97 vV Iz ! =
0.28 Apk <4— i .
(o] = Ke ok Max Speed
0.6 Vims/&RP 256.6 nl-m-s* 14430 RPM

eYears Out



I = LJP'&Y}E: BT
LT 4, riStopiiilis
Can pLAE R B E 5% 3D
Af g A A HOgTE Sk

TStartB[l o]

LA ), iR A TR
L%, ADonefi 4 <A A
, ST R R E AN R
HH A g F L, e BERT H b

LESL 37 A BUK Oy E 2

Play with Motor

B Stop

Maximum Acceleration

-14430
Speed [RPM]

Connected

AN

Arrow proprietary information — Sele:

[ 3000]RPH0s

Nk

Faults &

Ower voltage
Under voltage
Owverheat

0 Jutie Startup failure
Speed feedback

Owver current

7210 RPM
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&P HL IR HE LI K ] 2 Workbench 3= S 1fi, - st iliNew Projectir

New Project

Application type
Custom

Motor Contral Kit

Select Boards: Inwvarter @ MC Rit

System

@ Single Motor! | Dual Motors

Fowar & Comtrol

|P-HU'CLEHJ-IHIEIJJ. f002 3sh

w | STH3Z Wucleo Fack FOC and B-step control for Low
oltags 3-ph motors

Contrsl: HUCLEO-F30ZRA

bazed on
STM32F302RE

FPower: X=WUCLEO-THMOTN1 35h
based on

L6230PD

Maotor

Full Runnrng FRIBOG-1 700

Extwrnal rotor typa - 7 poles pairs
brushlazs — OC motor

AN

ST-LINK/VZ Embedded L

171
@ Active
DC Input vo! itage 8- 48Vd
Outpu 284
Nominal Pow 0 WY
@ Active
Maanetic structure Surface Mounte d
Pole Pairs T

Nominal Speed 15000 rom
Hominal Voltage 12V
Hominal Current 2

Arrow proprietary information — Selective Disclosure only

T, EMC Kit)FiE FErH R b ATRCE R L2 80 (ln] B SO

oV
NUCLEO-F302(5kF303)
JIRH 5

UX AR -

IHMO7M1 3Sh(fik. £ 3A)
o IHMO8M1 3Sh(fik /.

33A)uIPMOS5SF 3Sh(1
J£10A)
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FALLY

iy OKEk 21~

CFERE G AL

B IRERINS 2L

File Tools Help Documentation

‘BEEHX®s OO

AN

Motor, Bulf Runming BR2804-1700kv

Ay

AC Input Info

- -

o -
wl.‘
]

[

€5 control unit —

Drive Manoagement

MCU and )™ -
Clock Freq.
| 4

H
e

i

Arrow proprietary information — Selective Disclosure only

I

[if]

Rated Buz Voltage
12vE5-38)V

Control Board: P-NUCLEC-HMO0T/002 3Sh - board: NUCLEO-F302R8

, WK, wrE

Power Board: P-NUCLEOIHMOOT/002 35h - be

Bus Voltage ¥

£<c
12
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Imﬁ%ﬁﬁﬁmmﬁxxﬁﬁ P e AR R AR B
TR (i Rk

+ 000
Z00kv - Control Board: PNUCLEC-IHMOOT/002 3Sh - board: NUCLEO-F302RE -

— A
AC Input Info -3 —
i ; _|. Rated Bus Voltage

o i 12V (5-36) ¥

"'-..I

=
9 ! Drivers l - -

Control Unit Phase U SEEENG RN 8
M_ -::

Drive Management
B 3
User E
MCU and i

ANOW \/ FiveYears Out
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| HALL sizmiasiim (s> o Jomksi kit

—lw

AN

Motor - Parameters -

Motor | Sensors

Magnetic structure

Surface Mounted FMSM -

Electrical paramsters

Pole Pairs 4 & [

Orive Managerert - Specd podion FRRABSEE MSRSGR e

Bain zenzor llulhary um.+r

Senzor seleclion iji.].l TERTOrE vl

Sensor-less DbservertPLL)
Nax meazurement errors mumber o oo 5 OlEsrviFCor dic)
Senser-less (FIt0bserver)
Hall Sensers Quadrature encoeder

Average speed FIFD depth

Input Capture filter duratiom 1.3 S uzsc
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Motor - Parameters .

Sensors

Z Hall sensors

Sensors displacement
Placement electrical angle 300

[7] fmadrature encoder

Fulses per mechanical 400

deg
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AN
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<&'ST Motor Control Workbench - S3V8 as =
(U )" [& « STMicroelectronics » MC_SDK5.32 » v |4 || 2= Mmc sDK 532 p
|m - FEEE = @
= B i IR ER i
8] | _htmresc 2019/1/3 10:11 =
Dﬂ" AETE | Documentation 2019/1/3 10:11 b4
@ BF , Middlewares 2019/1/3 10:10 =
i i | Projects 2019/1/3 10:11 3
« =8 B | Utilities 2019/1/3 10:10
. HE |
&, FEEEE (C)
ca SHEELE (D)
Ca SHEELER (E3) v [ m »
TEE(N): Noname.stmex -
-]

EEEEE(T): | ST Workbench (*.stmcx)

- BT
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R I T BN, AT A B 5K B AR A
(MDK&LIAR)

AN

@ ' Project generation — [
Settings Generation|
SIM32CubeMx
5.0.1 -
Target Toolchain
Keil MDK-ARM VS -
Driver Iype
@ HAL - Hardware Abstraction Layer
"JLIL = Low Level
Firmware Package Version
SIM32 FW V1.10.0 (Recommended, not installed) -
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Settiﬂgi{E:;;;;;;;;w

T b e T W e T i

ARGE R NE N, 2 isCompleted

% Project generation

L

\Inc

\Inc

e ASTO

Completed

\Inc’
\Inc®
. \Sre
\Inc'
\Src'
: \8Sxc!

\pmsm_motor_parameters. h
\power_stage parameters.h
\stm32£30x_mec_it. ¢
\mc_parameters. h
\mC_parameters. c
ywui_task. c

“ui_task.h
\Sreiuser_interface.c
‘user_interface.h
\stm32f3xx_it.c
\stm32£3xx_it.h
\stm32f3xx_hal msp.c
\stm32f3xx_hal_conf. h
\main.h

\main. ¢
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a1 [ . », » — _ » - —_— ':[
IS P ' Y, : -MDK
- — 1 . —_— , ) —_— ,
ﬁ A ﬁ[f T~
I] &) 7N
File Edit View Project Flash Debug Peripherals Tools 5VCS  Window Help
== -l @ | | 4= v | | i e o | @ stam Flae @l e o &
& (5 Y @ |§1|N¢mth3 [—]a&I&‘—O?ﬂ
roject LR _] maine ] mec_apic
A5 Project: Nonamef3 - T & @attention
] ¥ 3 :
@2 NonamaeF3 9 * <h2><{center>bcopy. Copyright (c) 2018 STMicroelectronics.
# [ Application/MDK-ARM 10 * All rights reserved. </center></h2>
" 11 .
= Application/User 12 # Thiz software component iz licensed by 5T under Ultimate Liberty licen:
8] maine 13 « SLADO44, the "License” . You may not use this file except in compliance
n 14 # the Licenze. You may obtain a copy of the Licensze at:
B j motescontrobe :3 " www. st. con/SLADDAY
%l mMc_api.c .
> _I mﬂln?lcﬂmfﬂt platecol( 'I.l- AR LA E R R R R R R R R R
o = = o 18 wf
# ) me_config.c 19
0 mc-lnk:g( 20 “me_interface, h”
% B . 21 “me_api. h"
8] regular_conversion_manage g%’ uce ”“_ﬂ”;l'ldﬂﬁ'.-ﬂPl-h
me_config.
7 ) stn3230x_me_it.c 24 - b
1 ) mie_parameters.c gg ET-],.'-: ET!d:ngmup MCSDE
L ]
# ) wi_task.e 217 w/
. 28 -
14 j "'“’3—;;""‘_“" l 29 E1/ws @defgroup MCIAPT Motor Control API
] stn32fhoc_it.c 30 .
H _I stm32f3c_hal_msp.c | 3{* : Bbrief High level Programming Interface of the Moter Contrel SDK
D Drivers/STM32F 3o _HAL_Driver l gz # Thisz interface allows for performing basic operationz on the motor(s)
= Motor Control SDK bazed application. With it, motorsz can be sztarted am
a0 stm3 23 _hal_ade.c f as « torgque ramps can be programmed and executed and information on the sta
# ] stm3ihec_hal_ade_exc 36 ¢ he retrieved, among others.
T "
] stm323nc_hal_dac.c a8 # This interface consists in functions that target a specific motor, im
8 ] stm32iho_hal_dac_exc 39 * These functions aimns at being the main interface used by an Applicatio
I . 40 "
4| #1 aradfe ""'l""‘*’ ’|> g.l? . Jg'he current Motor Comtrol API can cope with up to 2 motors.
-
=] Project Iﬁ-.uo-, {} Funictiec) [l Tempia “ m

ulld Cutput

AN
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b toih st E R (BIAME, FOC,

FEF

AN

main.c

motorcontrol.c

mc_api.c
motor_control_protocol.c
mc_config.c

m_tasks.c

stm32f30x_mc_it.c
mec_parameters.c
ui_task.c
user_interface.c
strm32f 3 it.c
strn32f3x¢_hal_msp.c
vers/STM32F3x_HAL_Driver
| stm32f3xx¢_hal_adc.c
| stm32f3xc_hal_adc_ex.c
| strn32f3xc_hal_dac.c
I
|

|
I
I
I
I
I
| regular_conversion_manage
|
I
I
I
I
I

stm32f3xx_hal_dac_ex.c
stm3IA e hal tim.e

| a4

soks | {} Fundtio..

[].,*-':m;?!a.. |

AP AR, WP T AR

T IB T IR

Device I Target I Output I Listingl Uszer C/CH Il\sm ] Linker ] Debug | Utilities
— Preprocessor Symbols —
Define: IAFIM_MATH_CM4,USE_HAL_DFIIVEH,STM32F3D2:(3

Undefine: |

— Language / Code Generation — -
™ Bxscute-only Code [ Strict ANSIC sl
Optimization: ||_e\,e| 3{03) vI [ Enum Container always int I"IJ"i Wamings A:I
¥ Optimize for Time I~ Plain Char is Signed [T Thumb Made
[~ Split Load and Store Multiple [~ Read-Only Posttion Independent [T Mo Auto Includes

[~ Read-Wrte Postion Independent ¥ C99 Mode

¥ One ELF Section per Function

Include
Paths

I..fIrn:; ../ Drivers/STM32F 3oc_HAL_Driver/Inc; ../Drivers/STM32F 2x_HAL_Driver/Inc/Legacy; ../ J

Misc |
Controls

Compiler
control
string

—55 ¢ —cpu Cortex-M4 fp -D__MICROLIE g O3 Otime —apcs=interwork —split_sections -l ../Inc4  »
../Drivers/STM32F 30c_HAL_Driver/Inc -l ../Drivers/STM32F3o_HAL_Driver/Inc/Legacy -

-

o

Arrow proprietary information — Selective Disclosure only

Tl £ manT 4 =

Hal-

\/  FiveYears Out



A — 2251 pR B SEIELXT H,

| 7:mc_api.cr
A

mc_api.ckt

Functions o ﬂ
B[] me_apic -
& MC_AcknowledgeFaultMotorl (

Er

GE'-(,-,;

R R IR B AR O AR O O OE AR O B K O AR O K O R

MC_Clear_IqdrefMotorl (void)
MC_GetCommandStateMotorl

MC_GetControlModeMotorl (v
MC_GetCurrentFaultsMotorl (ve

MC_GetElAngledppMotorl (vois
MC_GetlabMotorl (void)
MC_GetlalphabetaMotorl (void
MC_GetlmposedDirectionMotos
MC_GetlgdMotorl (vaid)
MC_GetlgdrefMotorl (void)
MC_GetLastRampFinalSpeedMc
MC_GetMecSpeedAverageMott
MC_GetMecSpeedReferenceMe
MC_GetOccurredFaultsMotorl |
MC_GetPhaseCurrentAmplitudel
MC_GetPhaseVoltageAmplitude
MC_GetSpeedSensorReliabilityh
MC_GetSTMStateMotorl (void)
MC_GetTerefMotorl (void)

MC_GetValphabetaMotorl (voit A

BAm e e ims s P

mn { b

(), Templa

{} Functio..

Ranilel it

AN

[P
|
H

125 5 4

_] mcapic ] mainc
7 * @brietf returns Vq and Vd voltage values for Motor 1 in Wolt_Co
348 w/
349 i;alt_Canpanants MC_GetVgdMator | (void)
360 &
351 return NCI_GetVqd{ pMCI[ML] ).
3B2 |}
363
364 1/ wn
355 » @brief returns Valpha and Vbeta voltage values for Motor | in
366 *
ggg i{folt_Connomms MC_GetValphabet aMotorl (void)
=]

369 return NCI_GetValphabeta( pMCI[MI] ).
360
361
362 [/ »n
363 # @brief returnz the electrical angle of the rotor of Motor I, 1
364 & u/
365 :';nt!&g NC_GetElAngledppMotor ] (void)
366 &
367 return NCI_GetElAngledpp{ pMCI[M1] ).
368 | ]
3689
3710 B/ wx
g'” * @brief returns the electrical torque reference for Motor |

T2 w/
g;ﬂ :'imls_t HC_GetTerefMotorl (void)

4 B
376 return NCI_GetTeref ( pMCI[MI] ).
316 | ¥
3T
3718 1/ ww
are # @brief Setz Id reference valus for Motor 2
380 »
381 # When the current reference drive is internal (the FOCWars_t.bD
a2 » Idref iz normally managed by the FOC CaleCurrRef () function. N

4 [
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) mc_api.cH

MC _ StartMotor1

MC StopMotor1
MC_ProgramSpeedRampMotor1

MC _ProgramTorqueRampMotor1
MC _GetMecSpeedReferenceMotor
MC_GetMecSpeedAverageMotor1
MC_ GetSTMStateMotor1
MC_GetOccurredFaultsMotor1

MC _AcknowledgeFaultMotor1
MC_GetlmposedDirectionMotor1

ANnOW \/  FiveYears Out
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MC_StartMotor1(); ITFEALIE B

anZ&Motor1 AIDLEARE, 1Zan & SLRIFAT B3 HEHL, R [E{Etrue, &RZiR[E
fir &L il [n| false .

bool MC_StartMotor1(void)

{

}

return MCI|_StartMotor( pMCI[M1] );

MC_StopMotor1();  //AHLIFIE
gk Motor1 ARUNELSTARTARES ,  iZan & SLRIRATIF LML, "2 #HEFF -
bool MC_StopMotor1(void)

{
return MCI|_StopMotor( pMCI[M1] );

}

ANnOW \/  FiveYears Out
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MC_ProgramSpeedRampMotor1(3000/6,2000); /X B NiEEHER, & B#HEES
i FH It e 20 hDurationms iz & 15 8] P4 24 /173 15 224k 2ilhFinalSpeedix B 1) H Frid
J&

void MC_ProgramSpeedRampMotor1( int16 t hFinalSpeed, uint16 t
hDurationms )

{
}

MC_ProgramTorqueRampMotor1(2000,2000); /% ¥ v, & H R4
il F It R % hDurationms i3 & 15 [8] A =3 i #4822 6 21 hFinal Torque 1 & 1) H 1 %%
i

void MC_ProgramTorqueRampMotor1( int16_t hFinalTorque, uint16 _t
hDurationms )

{
}

ANnOW \/  FiveYears Out

Arrow proprietary information — Selective Disclosure only

MCI _ExecSpeedRamp( pMCI[M1], hFinalSpeed, hDurationms );

MCI_ExecTorqueRamp( pMCI[M1], hFinalTorque, hDurationms );



Motor1Speed=MC _ GetMeCSpeedReferenceI\/Iotor1 ();
/I35 Motor 1 Y JiT F5 2 A UL 38, 2071 140K 0.1HZ
int16_t MC_GetMecSpeedReferenceMotor1(void)

{
}

return MCl_GetMecSpeedRefO1Hz( pMCI[M1] );

Motor1SpeedAverage=MC_GetMecSpeedAverageMotor1();

/3R EXMotor1 Z Hif 45 % FI-F I AL, 1E, Ei+E11K3£0.1HZ
iINt16_t MC_GetMecSpeedAverageMotor1(void)

{
}

return MCIl_GetAvrgMecSpeed01Hz( pMCI[M1] );

AN
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Motor1State=MC GetSTMStateMotor1();

/155 Motor R A HLIT AL IR
State t MC_GetSTMStateMotor1(void)

{
return MC|_GetSTMState( pMCI[M1] );
} Frequently used state
State ~ Code Simple Description
IDLE 0 Idle
START 4 In start up process
START RUN 5 In start up process
RUN 6 Run normal
ANY STOP 7 Stop
STOP 8 Stop
STOP IDLE 9 Stop
FAULT NOW 10 |Fault
ANDWY FAULT OVER 1 Fault

\/  FiveYears Out



Motor1Faults=MC_GetOccurredFaultsMotor1();

/13 EXMotor1 K Ak 1Y i e AL

uint16_t MC_GetOccurredFaultsMotor1(void)

{

return MC| GetOccurredFaults( pMCI[M1] );

} Fault List
State Code Simple Description
MC NO ERROR 0x0000 No fault
MC NO FAULTS 0x0000 No fault
MC FOC DURATION 0x0001 FOC calculation time out
MC OVER VOLT 0x0002 Bus over voltage
MC UNDER VOLT 0x0004 Bus under voltage
MC OVER TEMP 0x0008 Over temperature
MC START UP 0x0010 Start up failure
MC SPEED FDBK 0x0020 Speed feedback is not reliable
MC BREAK IN 0x0040 Hardware break in
MC SW ERROR 0x0080 Software fault

AN
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MC_AcknowledgeFaultMotor1();//{i5 b FE AL i 4

i BRI, A R AL A ZE b . PR AL P AEFAULT _OVERR 25
R A . S, HTMfﬁﬁ&ﬂﬂﬂi,ﬁTEﬂmwi

RS
bool MC_AcknowledgeFaultMotor1( void )
{

}

Motor1Dir=MC_GetimposedDirectionMotor1();//ix |7l & J5 — 1~ 18 2 1%
BT ), e 2 R R A R R S O B GR [R]-1, 5 D R [E] 1
int16_t MC_ GetlmposedDirectionMotor1(void)

{

return MCI_FaultAcknowledged( pMCI[M1] );

return MCIl_GetlmposedMotorDirection( pMCI[M1] );

ﬂ.ﬂﬂﬂb\/ _ o \/  FiveYears Out
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I FT 7 FMotorControl Workbench#{ £ tH xS il F
1THIZE S Monitoriz W &2 LA S %

Q (& (7 0 Port COM21  ~ 115200 - . Closs Monltor b

Basic | Advanced [ Registers | Configaration Device not connected

%
(N

100.0 -
15.0 20.0 r

100.0
2.0 -
160 50.0 150.0 —
50.:’M3&0 "M E
o ':/:' & - -

oo f ¥ oo ff $ewo -

1]
Bus Voltage 0 Botor Fower (F) o Heatsink
0
: ) e s
=5000 S000
~10000 fgﬁ %‘\ 10000
< v 10000 10000

- \

=15000 15000

Beazured speed (rpa) 0 Final reap spesd (rpa)
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| riibconnectii s Se b AT iER:, WIEBA i FIRT -

;\'z' Eﬂ?ﬁ%ﬂ_ﬁx

H i B

i

ST 7

EREJE N

TEPR (A Uﬁé@JSDK 5.3/ A)

P ¥ (D) t)“ Port | COM21

< Mu\cd|n;

15.0 20.0
10.0

|I3 nfi garation

25.0
Mmu
5.0 4 .

AN
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S| & IR cosevonier (1)

Firmware: ST MC SDK Ver. 6.3.2

100, 0

Sy,

ﬁ \ 7"35.0 0.0 é}
\

otor Power (W)

=-2142

"eao 0

100.0 —

=3000
Final remp zpesd (rpm)

ly
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sBasicHil, B LR B 7 — 2S48, Al POt s

BEATIE BN F1E. TEER IR SR

ﬁgH % @ ik _\.,:J g 0 Port cOM21  ~-|/115200

= . Fa b
\\V 4;}’ ll . Close Monitor ‘\J

Status Basic . Advancad 1 Eegistars | Configuration Fil"l‘l‘l‘u'-’are: ST MC SDK Ver 532 Generie
O Eun
100.0 =
Faults - Motor 1
B rmixvic 150.0 oo - Giatme ]
@ Over woltage \ 3 l Stop Moter 1
200.0 3 r .
@ Under woltage ‘ e E ——
@ Overheat
Fault Ack
Start-up
0 -— sg -
@ Speed feedbach Bus Voltage 1 Wotor Fower (¥) 0 Heatzink Encoder Align
@ Over current o All motors
@ Seftware error 0 =S000
=S000 000
FFC
FFC Enable

Monitor

29

Reasured speed (rpa)

AN

-10000 9¢ N 10000
b o

~15000 l

Measured speed (rpm)

‘.

(.

=10000

~15000

Final ranp speed (rpm)
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FFC Disable

FFC Fanlt Ack

\/  FiveYears Out



AN

s Advaced 7ilfi, 7] LAFE BIPID—L5 5 L\ K ook JiF mi i
MR, A DUMHR T RS 121b. 5 Rl A p
A e 4

'Q "' \-) 0 0 Port | COM21 =l 115200 -.\v .}'I - Close Monitor \._J

[Bazis, Advanced |Bagisters | Configuratisn) Firmware: STMC SDK Ver. 5.3.2

Configuration and debug Sensor—less

[ 1 ObservertFLL.
Contral mode lSP'Qd = Obserwver =1350
Fower Board Status DAC Se-t.l.ings Obserwer 3473
EUS Voltage 11 wvolt Chi -In v_' FIL Ep 1852
Heatsink t 3 °c chz | =]
ealsy emnp Ik | PIL Ei a“
Cwrent controller Speed controller Senzor—less
Ok +C
E::'current reference in =zpeed Speed ramp = Ub‘s:l:;:rr ordic 0
Torque ref (1. ase Target speed 3000 + rpm
= Obzerver L]
Flux ref (Id) o Daration 1000 = millise:
[ Ezee ranp ' Flux weakening tuning
: K ]
Beasured currents FID Gains E
Kp 3955 : -
Torque (Ig =79
Ei 1271 EUS Voltage allowed
1]
Fluwx (Id) L Ref 0%
Iq PID Gains Id FID Gains Meas o
Ep 954 kp 964
Ei 186 Ki 196
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riRegisters 71,

K

1..J

SYERE

AN

SRR

Bas1c lﬁ.dvanced Eegisters Cmflguratlon

1} ) 55

n] LU BIPID.

Firmware: STMC SDK Ver. 5.3.2

AR SRS H L

Id i Name
e
{151 fflags
02 |Status
03 | Control mode
004 | Speed reference
005 | Speed Ko
B06 | Speed K
007 | Speed Kd
008 | Torque reference ()
(009 | Torque Ko
00A | Torque K
008 | Torque Kd
0AC | Fuoxreference (d)
0D | FuxKp
MOE | Fuxk
OF | Pux Kd
10 |ObserverC1
Oc11 | ObserverC2
v
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Uit

RPM

Value

e

(=R = I O =R =]

Min

-15000

-32768
-32768

Anmea

Max¢

255
4294967 |
255

255

15000

65535

65535
65535
32767

65535

65535
65535
32767
(65535
(65535

65535

| 32767

32767

-

5 gl

o|lo|o|lo|o|o|o|o|o|e|o|a|o |

Period

58"

3

2

Type Mode  Enable
.F;VV ’

-R

.R

us
u3z

us
ua

532

u1e

u1e
u1e
516

uie
u1e
uie

|516

U1e
uie
u1e
S16
S16

RW

R
RW

RW

RW

RW
RW
RW
RW
RW
RW
RW
RW
RW
RW

e

FEREEEE

I

HEEEEEEE E S

Last read

never
-.éﬁ1ﬁﬂ14ﬂﬁ1dﬂ“.
20190106 141..
.2ﬁ154ﬂ14Dﬁ 14:0...
20190106 14:1...
.2915431495 14:0...
20190106 140...
IHEVEf
20190106 14:0...
.2ﬂ1EFﬂ14DB 14:0..
20130106 140.
never

lﬂever
20190106 140,
2019-01-06 140...

Never

| 2013-01-06 14.0...
2015-01-06 14:0...

m
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I ri.Configuration 7t 1i
PR A

®4 L) o port[comat+|[115200

[Basic | Mvanced | Begisters| Configmation |

Firmware: STMC SDK Ver. 5.3.2

AT AR — e B HGIE T &

Board Configuration Eevup Configuratiom

Mum | Final Speed fom) Fndl Torque  Duration fms) Last read Last wrke

Botor availsblSingle Mot »| | ) 1 o 12052 1000 | 2018-01-06 14:00:49.601 never
Beter. sr:mmy:mstor 2 3330 12032 3333 | 2019-01-05 14:00:49.609 never
¥l Sensor—less (ObsHPLL) — -
[T Sensor-less (ObsiCordic 3 : H]! | IEIZ.K? l'.l 2019-01-06 14:00:49.61T aever
[l Seasorless 00TH0bs) 4 3330 12032 0| Z018-01-06 14:00:49. 655 never
| Guadrature emcoder
i Ball semsoes 5 3330 12032 0 | 2019-01-06 14:00:49.633 naver

] Flux weakening
? DAC channels
Contrel mode: Spud
Min speed -15000
Hax speed 15000 =

Hax bus 36.0

!.-[»-l-J» K3

Botor 2 (f available)

7] Sensor-less (DbstFLL)
E Senzor-less (DhetCordic
[7] Sensor-less (FI#bs)
i Ouadrature emcoder

1 Hall samsors

[ Flux weskening

Contrsl mode: mome

Win speed  -S000 =)
Hax zpeed ﬂ bﬁ-
Har bme smn _‘..-

i

AN

Arrow proprietary information — Selective Disclosure only

TG LA

\/ | FiveYears Out



I,ﬁPIotter}ﬁ%ﬂ, &2 BN IR 75 B 4T i 26

FIIHF G s s —

ANnOW \/  FiveYears Out

Arrow proprietary information — Selective Disclosure only



| o O, g HESEERER LIS AT
(AT T

QT T - & @R

ANOWY \/ FiveYears Out

Arrow proprietary information — Selective Disclosure only



| FOCHs I LR BT #h 75 16 1]

& < T HEHLZEEE Motor Profiler:

BT 32 2 R 5302 A 303 A G 11— Lepi 1~

AV SENRE —E RG], FEE RN CLA R BEIgE AEfE, BHERKRER

AINERTCVEIN CEb A Le i B A LsE A 1)

XTI B B Z 2L, MRS SR E; Bn] DLRALRMEA LL30K A
ZRESLARIEATINS, HEe S EATH 15, sl Er S5, 8 il
LA IPIZ AL

& TR BES, BHRERAEPIZHCRT . PIZEOA/DS, AP, HiFElL M

N R U 5 3 PR 41

@ AR el 64 DL R AGE Fre nf UEFEAH T e B, e 8o A AR,
H oL CHH AT .
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STM32F030R84: 1.

—

MNew Project

Application type
Cuztom

| Control
HUCLEO=FO30RE

based on

STM32F030R8

based on

L6230PD

Motor

brushless = IC motor

AN

Select Boards: Inverter

Full Running FRIBO{-1 700k

0 MC Kit

FEVE R F 0

System

@ Single Motor sl Motors

@) Power & Control

Extarnal rotor type — T poles pairs

ST-LINKV2 Embedded

DC Input voltage & - 48 Vdc
Output pk current up fo 2.8 Apk
Nominal Power up to 40 W

Maagnetic structure Surface Mounted
Pole Pairs

Hominal Speed 15000 rpm
Hominal Voltaae nwv
Hominal Current 1 2 Ank
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) sTM32F030R S B TR

A N v A
&

l !
Jinl

5 TR B R
/% F 130000

Variable Motor

F¥M frequency 30000

Sensor selection aux
Torque#Flux - Execution ... 1
Bus voltage sensing true

AN

Senzor selection main Senzor—les. ..
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| STM32F030R84: i T-Fi i i

L 5

&0 516000 (B A%

{IEl

Drive Management - Drive Settings

AN
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] Ji 2O

- =7 =
PHM generation and cuwrrent reading ___,_.»-""' Default settings
FiM frequency 30000 = 24 Hr ’ .
Control mode |Speed control =
. L J
High zidez P¥M idle ztate Turn=off - |
4 Target spead 3000 s rpm
Low zide zignals and dead-time
a00 0. 00
(NN
Turn=aff
Torque and flux regulators
Speed regulator Execution rate {1 = | P periods
Execution rate 1.0 2 ms
= Cut=off frequency BO00 rad/s
Torque Flux
155 B
1051 / 16384 P 1051 J 116384
1271 ~ |/ 18384 — .

214 £ 18384 - T 214 =~ [ |16384

[ Manual editing Il'lqnc_u, sat thc_fricl;ic-n and
inertia valuez in the Motor | Manual editing enabled
Done
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AC Input Info |- SN IR =
o v [ e _J__ Rated Bus Voltage
e Y | I 1y G6-36)V
[ a— I =

Drive Management

MCU and

Clock Freq.
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SRR, SRR R W S ORI e ds I ROR, AT AR R AR el AL E
FIaE ML 2 E LB .

« STFOCHHLEHRAELIE:
BAINEANAMR R A& S S N8

Bemt

ML Hall AL T+ 5] B HLAK S B 248 5 — 1~ .

e TR S 6 3 A ) D R e C w2 120
— [ H3
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o e W] LA PO
DA AN R IR ), XA R U 360 2 5

= 37.200000000ms [ 1/AX = 26.882Hz AY{4) = -16.0000V
Mode l Source X Y X1 ) X2 X1 X2
Normal { 4 v 11.4000ms 48.6000ms
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I o MHCHEHL A A B R FL A e s B HA IR ]

= 6.600000000ms | 1/AX = 151.52Hz AY(4) = -16.0000V
Mode Source X Y X1 ) X2 X1 X2
Normal 4 v 11.4000ms 18.0000ms

o FEFH AN A BREEDTE, e FmA DOA H1ES;
« ZHNLFEZHARE: g =372266_ 2.0° = 294°

37.2
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BEEZ R NE AN

mARAEH Workbench — 1)i&, EINA LS E, 40
F Igl . Motor - Parameters
[Motor | Sensors | |

Sensors

[V] Hall sensors

Sensors displacement 120 | deg

Placement electrical angle -EQEl : deg

tiﬂ%ﬁ%%)\ﬁ}?tﬁ, J”UH%ifﬁi?%—Ej)\pmsm_motoV_pammeters.hiﬁc

‘?'Jif‘_:‘_é "lFLLL SENSORS PLACEMENT DEGREES_ 120 /*!<Define here the
mechanical position of the sensors
withreference to an electrical cycle.
It can be either DEGREES 120 or
DEGREES_60 */

-]#define HALL PHASE SHIFT 300 /*!< Define here in degrees

the electrical phase shift between
the low to high transition of

al H1 and the maximum of

Bemf induced on phase A */
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2 ETHR
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AL T 1/2

B, W AHRIAST workbench'} 47 BLE IS BOL G RISCbR IR 25 -8

PURAHRZHE, Wi Z3, B PLIoO% B 5% .

o WMYATIPTERE AN SR AT, TR e S0BPL A B G G Bl .

- WRARE, ULk HETEFHENL, KM ETnoisefMITrisetl KZH,

WA A ) e LB B R P, T RE e BA R P S 3

o WEFE 1V EVIRIAHLEHE

o R VESRIBBCREE SR WIDGEE B, BORARE ICSHaE, Tnoise, Trises.

o HLGEEATE U el v 3HBILRFE UN2000rad/s, WHLBILRAE N 1000rad/ s

o BT AR sz BT P S BOR MR M R, wEREM .

MRBIBEN RS — T, HEEAMEsE:

o P 78— R AE P RS F AN K S SOV R 1, AT i BT R S 3h e ks
fii, IXINf -

S8 R (1) 1T s S R iy B2 N S L R

o UL E LT CAEYL, H2AGEIRUEL00 A%, Wl ine i tige.

AN
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o MR LA HAMEENE, (B0 2 b IF HARk" R R ik,
Al gE i LR R R 2
o JABNEII R R 2% T s S ECL R U AR
o W1 R n] DA R S 1 ] i
o PR EL AT A s I E, EES MEAERTS.

o Pt B .

o WRSRAUETNESBUTA N R &, s R R, AT AL T 5
o D LI % 1 389 25 G 2,8 T AR AL A 0 o S 5 1 B

« JHE G2 %I EI2,14,/6,/8 17 XKWL

o BTN ESHIWCSIOR AT, KR CE LI A% B 5 U

AN

o« PERDBTE LA, W LU EE AR A A8 (PLLD

,5400% (Cordic)-

. iZ?F#ﬂ‘T%E%‘F%‘%%ﬁu&ﬁ%iﬁ%@@f@—'ﬁﬁ%iﬁﬁﬁﬁTiﬁ’]*’“ﬁ
o B RO FEAH A TETF 38 . AR SEBR D3RI T i 15 1 55 1
TEO S BB Al RISl .

Arrow proprietary information — Selective Disclosure only

, AEINE BN, Bk SR INE

\/  FiveYears Out



Flie  werlcal Timebase Trigger Display - Cuisors . Messue Malh  Angivsis  Ullles . S

[ -]

y ]/}f\ %H’ A rWW -

1

‘ |'M t“.l |||I|I|‘f m i, |,.|| “n.q il l

||| :. l i (il {ll ill “ ‘! iI id I| ;||||||1|\|q||'||l,]|1|

Ii I{

-2

i
o=

\/  FiveYears Out

Arrow proprietary information — Selective Disclosure only



AN

Timekase

Triaaes

Display Curaors . Measuie Math Anaksis Utikes  Help

@

| EE

Arrow proprietary information — Selective Disclosure only

\/  FiveYears Out



| FOCHEsHIspL IR AT 0 75 35
© ST HUBLREA BT EIH R X T 2 LR

L 5t A7 P I 20 78 s 4 iy ok 25 vl st 0

AN ) s PR PSS 1K), i R e d A AN B2 4%, BABT A%
Vo s s T AR i B B2 110 0 FL 8, B S US Bl b 2 i ik e 11
L Blj e I v o 5

P BRI e LB FE I, Ry S AN EE B W

ANnOW \/  FiveYears Out
— 5elective Disclosure on



Z{:

AN

FE

Arrow proprietary information — Selective Disclosure only

\/  FiveYears Out



ANnOW \/  FiveYears Out

Arrow proprietary information — Selective Disclosure only



