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From Virtual Vehicle to All-Electric Off-Road UTV in
Less Than a Year

Going Green with an All-Electric Utility Task Vehicle

Vanderhall Motor Works' Brawley™ is an all-electric utility task vehicle (UTV). Also known as side-by-sides, UTVs are off-road vehicles popular
with recreational users, farmers, and hunters. With 303 horsepower and a 140-mile driving range, the Brawley is designed to give users a
powerful yet environmentally friendly ride over sand dunes and rocky terrain.

The Vanderhall team faced its own bumps and obstacles when it
started its design process. Vanderhall's conventional gasoline-
powered vehicles were based on a General Motors® powertrain. The
engineers started by swapping the internal combustion engine with
another vendor’s electric powertrain hardware and software.
Although EV powertrains are simpler with fewer components—just
the battery, inverter, and electric motor—integrating the separate
systems did not work out as the engineers anticipated.

“We needed the electric powertrain to communicate with all the
other modules and controls from General Motors, such as the power
steering and the anti-lock brakes," says Christopher Johnson, CTO of
Vanderhall. “None of the components communicated well. We ended
up with a vehicle that was hard to drive”
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o Images presented are for illustration purposes only and may not be an exact representation of the product — their purpose is just exemplification of a concept.



S32 DESIGN STUDIO IDE — CAPABILITIES AND TOOLS

— —
[ cesitn s P Ao Uart eomple UCT hrc/maine - 532 Design S 1or 332 Patiorm - e Reracor Havgae oTo0n T oy
Ele fdit Source Refactor Navigate Search Project ConfigTools Run Window Heip My EG e s ~|# & B UpdateCode v ' M Functional Group AmBoLAvieyy iy vy [auckAccess)i| 5 | MM ¢ S E=0 b
~ . Qe si@ Gy GO Uiy divpive ey = poop = =
3 |~ S GicaieiR i Ladl RACAACRA-A4 A AL Ral B A - LI RETAS A 2 | Q ElEemt »E=0 b & Peripheral Signals 2 ¥ " =@ Package [Pins Bottom) 12 QQOMEEGE = 0 & oweniew MRegisters : o
o i @ maine & . esuinos AN S T =0
Project Explorer © % & mains £ Outline RRN e % Wi % CIShow modified registers only
v \éll‘quin_Ualemni(_UCT Debug_FLA Minclude "check_example.h” -~ U Math BIE0 ww [BEE 5 0 iype it
o Binaries #include “Siul2_Port_Tp_Cfg.h" o " >
5 Includes #include <string.h> pé -cmm . e Fiter bt
et /* Welcome message displayed st the console */ % X St _— =
 Project Setings Mdefine WELCONE HSG "This example 1s an simple echo using LPUARTAR\R\ ¥ Lpuan Uartip rgh B xd » [810] PA3 / 2 pins = =4 Reg. Name SetValue  ResetVaive Value Description
@ rio The board will greet you if you send ‘Hello Board'\r\ u Codciph 8 oxd - (A1) PA2 = =i ~ SIULZMSCR2 000200701  OX0O000700
@ board \nhow you can begin typing:\rin® U intCuliph ~ BN = =y R_DO_TRIM ( 0biX DbOX min de
@ generate u s-mz Port. Ipn 8 = [B12] PAS / 2 pins. R S RINPUT (1 b0 MOS Input rece
@ gencratefinchude /* Error message displayed at the console, in case data is received erronec */ u mpleh M v - 412 PAG = Sy R_SEL (bits 2 0bC Db0C R 3L m
@ generatefsrc #define ERROR_MSG “An error occurred! The spplication will stopl\rin™ u 5..,‘2 pﬂ,U, Cigh ocu L = ROD 00000 000
@ include . . u DDR3.0 = = XCYCLE_TRIM (¢ 0600 oix No duty cycle chan
i #dafine EXPECT_RXMSG “Hello Board\n . wacwe 56 DDR31 = == OBE®I2) 001 000 Enabled
(< mainc. /* Length of the message to be received from the console */ # ERRORMSG ENET = = ODE (bit ob ot
& Debug FLASH #define MSG_LEN # EXPECT RXMSG ~ FCQU .- - € 9 b0 sbled
P Lpuart Uart example e # MSGLEN L s = o %0 MOS iy
 rea = mainivoid)  int MO PRI = 0obo abled
/*1 FIMCY : : KE 16 b0
~ \brief The main function for the project FXOSC 2 = RE (bite 15 600 y sis
@f=0 \details The startup initialization sequence is the following 2co = = + b
* - startup ase routine et - - » 1211} 0000 b s
- - main() 2c2 = — - bits 10-8) 0611 6111 oo (1%
s / = - < >
o $3205 wava"y Project “int main(void) TAG 2= =3
/Debog « gl = == 13 Code Prevew 11 ~a
by /* urite your code here */ UNFlexD_0 - - I -4
& Buid (A1) volatile Lpuart_Uart_Ip_StatusType driverTronsmitStatus; UNFlexD_1 pin.miscc@Cortex M4, pin s h@Corter M4 QR
) volatile Lpuart Uart_Ip StatusType driverReceiveStatus; MC_CGM L0 T T I I A 1/% clang-format off */ A
uint32 varResainingByte: 7 MC_RGM JURL SISO . . 2 ey aroera ® S
wint8 Rx_Buffer(MSG_LEN]; 2 MIPICSI2 0 v SN2 2N FOE0A B2} peckage A DL TS USED G SETTINGFIRSTHOLS:
uint8 Tx_Buffer[MSG_LEN]; = WS < v7.0
- v =0 B Routed Pins B Sproduct: Pins v7.e
Gprocessor: 532234
% Build settings W W|[BIE®) ¢ 0 [type titer tex] | [type fiter text ] 7package_id: 532v234 621
% Debug settings & Probler a3 & Console < SR EE-&MOvnvy=0D o et | Vicor TR ata: s32sdk_s32v23x_rtm_100
in Pinname entitier
- Miscellaneous. COT Build Console [IP_Lpuart Uart_example_ UCT] 0AD9  NeA56 ‘ol for Peatir, | . * ROGEsELR AL O .
@ Getting Started arm-none-eabi-size --format<berkeley IP_Lpuart_Uart_example UCT.elf = e . Peripheral Signal  Routeto label  Identifier Powergr. Direction OutputB. OpenDr. InputBu.. Hysteresis Ow |~ 10 * BE CAREFUL MODIFYING THIS COMMENT - IT IS VAL
-k text  data  bss  dec  hex filenome ::fz v 9 B0 CANO  md Y we IR Disabled Disabled Enodied  CMOS  Dis St Gy
oS4 ol 49200 bedd 1P Lpuart art example T.clf - - A CANO  ba e wo Qupa  abies  Duabied Disobled  CMOS  Dis
Finished building: IP_Lpuart Uart_example XT.5iz xam - B et 5 £ L R R e S A
;‘; .-"‘ onz o o N o Oupt  fnobied  Disabled Disabled CMOS  Dis| 15 * psge misra_violations MISRA-C:2012 violations .,
12:04:35 Build Finished. 0 errors, @ warnings. (took 155.878ms) €10 o i L 8. SRR Enabled’  Dutied, :Disobled: |CMOS -1 < >
< 5 < > NS % 4 | Source code generated witn warming(s)
Wiabie Smartnsert T e ERBORS 532v2 There xe o inhe conigurtion generaed source code might not be compite

S32 DeS|gn Studio IDE Pins Tool

| Navigate Search Project Configlooks Clocks Run  Window Help llvmrk:ua(tS]ZDSZA_IF_Iyum_Uun_mmp\r_u(ﬁ‘srn‘mum(-Silﬂcwniludmfwill Flatform = 2] X

oy BG| & s v # & B Update Code v ' M functional Group APB®UiGvie sy cilvaGYDy [Qucaccess)i| | Ml ¢ D E=0 4 Edit Source Refactor Navigate Search Project Configlooks Peripherals Run PEMicro Window belp

BOARD,_BootClockRUN

23 Clocks Diagram ¢ e ~ @ Q2D secheemens indisgn v = 0| #o, eip. [MRegis. 3 EDetsis G0ock. = O [ = v | & P ipuan Uar eample UCT v | # A [ Update Code = )} Functional Group | BOARD InitPeripherals e - i - R R PR T T v oo Q mEeunfsEse o
fon Mode DR TS : & Components ¢ =BG S| Lovar Uart 1 © B @ enien B Code Preview =n
— ] T Show modiied ragisters oni = A\ -
Proscax  ssws 7 | = N ' [1vpe fiter text © 1 Lpuart Uart Configuration on.es ‘_:’:T'”"““"ED' Lovan Var. fp.BO- aguE
o At = - “
e . 127* gapl
T} peeas - Reg. Name Setvalbe  ResetVale Vaiue Descriy A _ °| Mode | LPUART UART Mode 129 const Lpuart_Uart_Tp UserConfigType Lpuart_Uart_Tp_pHy
T - - e ~ DFS.0.OVPORTO  0:00000302  0x00000000 =
grae o o~ - Reserved (oits 3 06000000 00000 o GeneralConfiguration | UartGiobaiConfia 131 /* Actual baudrate */
S— b MFI (s 15:6)_ 0600000011 050000000 S B w1 %6,
MEN (bits 7-0) 0600000010 0600000000 osit 1 Siul2_Poet 1 ‘ 135 £ pewdnate mamtic<atf
e OFS.0.DVPORT! 00000201 000000000 o 135 /" Baudrate Divisor®/
o AR Lo (e il . 2 o
. DFS.1.DVPORTO  0x000002d 000000000 UartChannel ¥ 37 I aelty type
-0 M- we DES 1 DWONOTY  AOnnvdae  Aannmnnnn N =l 4
Mg pre— 135 LPUART_UART_IP_PARITY_DISABLED,
xase 2 207 W < 2 5 =0 UartChannel.0 139 /* Number of stop bits, 1 stop bit (default) or 2
ene a0 M 2 Code Preview =8 Uanswsing LPUART 1P 149 LPUART_UART_IP_ONE_STOP_BIT,
. 141 - of bits per transmitted/received word *
fg.c| clock conti M Erunct ' X HRUN
B P . ok confige| clock configh QaQuE UsrClokFunctionalGroupRef | BOARD_ BootClockRU! I LPUARY DATE IP.5 SRS PERIR,
o . 524 ~clockllase - DK ~ DetalModuleConfiguration 143 /* Type of UART transfer {interrupt/dma based) *f
. -mc_me_RunPeriphConfig = MC_ T O 184 LPUART_UART_IP_USING_INTERRUPTS,
e . 5 =3 DetafiModuieConfiguration 145 /¥ Callback to invoke for data receive.”/
e a
s ane selockiaee Fo o e charnet pet o T 7o heerive callack parameter pointer.*/
“ac_me_RunPeriphConfig = HC_ Desive Bausrate LPUART_UART BAUDRATE 5600 A
somu_ms 0w ) ! 3 155 MLL_PTR,
> v % Uart Agync it 149 /* Callback to invoke for data send */
one e ’ N o g | This paameter i users desire baudrate. 158 3
o - ! 151 nsmit callback parameter pointer.®/
’h ———u ; | Code successtully generated. + vaLUE: 152 MULLPTR,
LPUART_UART_BAUDRATE 9600 153 /* Callback to invoke on error conditions */
= Clocks Table &1 t;msCMde«k source, ick FXOSC_CLKFXOSC_CLK, component. FXOSC] SO @ roblems QBI¥Y =0 A Ry DMA chafme 154 WULLPTR,
0sC 155 /* Error callback parameter pointer */
Run Mode| DRUN v ] type filter text ¥ 156 MULLPTR, v
Clock Sources. ariabe - The frequency can be adjusted in the range: [min=5 Miiz, max=40 Mriz]| | Clock Outputs Loat Lo ] = 2
prossy {c] [Clvene | S Uart Parity Type LPUART_UART_IF_PARITY_DISABLED — YEN- o
Stemat PXOSC can be power up/down. S peripheral Uart Stop Bt Number LPUART_UART P ONE STOP BIT |
| CONSTRAINTS: roe tl
Fast IRC @ FIRC dock 8 type flter text
“IRCOSC Bow]) OUtPUL frequency must be i range 8 MH - 40 Mz A 8 MN‘ T LPUART_UART.IP_8_BITS.PER_CHAR
Power B R dock = P Level Resource soue
Sexternal RUNO: Output Vlequev\:y must be in range: 8 MHz - 40 MHz DOR_PLL PHIO clock 500 MHz
=FXOSC source M40 y be in range: 8 MHz - 40 MHz DDR_PLL PHIT clock 1GHz 0 | NULLPTR
FXOSC Op.ionMode  Osc RUNT: Output frequency must be in range: 8 Mz - 40 MHz DDR_PLL DFS1 clock 499.02.. MHz
fm0.o0.rence lock 0 o VA3 Outouk recuuemcy st be Iy Tenes 2240 Mtz DDR_PLL DFS2 clock 49902 MHz - v
P — pesirebugiiig 24072 ams | i > < >
VALUE: ° < 2

st it exomple T L eshisron
Clocks Tool Peripherals Tool




NXP SOFTWARE AND TOOLS ENABLEMENT

Reference Designs

S32 Design Studio — IDE — Debugger - Toolchains

Pins Tool

Clocks Tool

FreeMASTER MCAT

Ll
. wr
N

o Images presented are for illustration purposes only and may not be an exact representation of the product — their purpose is just exemplification of a concept.



FREEMASTER - DATA VISUALIZATION

File Edit View Explorer Project Tools Help

B’“ﬂ@@" E %@@ 6355 gi”” ’ﬁ:‘ﬂfﬁ:rﬁ f‘ R!?ETahoma
|

%15 Faults Detection & Trips
=118 Control Structure
-5 Scalar contral
ki Position Uzbe
-f53% labe Uabe
+# Position
-8 Current loop
J2 1d Ud
5% I Ug
4% Udq ldq
45 labe Uabe
44 1d transient
.4 |q transient
-8 SpeedLoop
k2% Speed
+# Speed Recorder
=118 Voltage FOC
.43 Udq Idg Uabe
-4k labe Uabe (1)
& Udc
=15 FW speed FOC Currents Voltages
-45% FW speed FOC currents
-45% FW speed FOCvoltages
.43 FW speed FOC currents and voltages

# Speed rever [drvFOC.pospeControl.wRotEIReq]

Motor 1. PMSM

i m Control Stru

PMSM Control Page

‘Application Faults

- S e EEIm e
- W e EEIEm
C O N
e EEINw e EECI

on/Off Application Default Sensor Option
State Settings
ON RUN LOAD Resolver

Qutput File App Confrol

Tuning Mode:  Expert

a3y
50
0 il n&
DC Bys Voltage
[v]
0
-1000 1000
\\ b | iy /

2000 &* “, 2000
F %
-annn—= Za00n

Speed I
4000 [rpm] 4000

control

=

Variable Watch

Speed Required
Clear Faults =

cnirState.state run
cnirState.event e_run
drvFOC. pwmfit. fitArgl 0.54232
drvFOC. pwmfit. fitarg2 0.543491
drvFOC.pwmfit. fitArg3 0.426415

T
153

148 150 151 152 156 157 158
Time [s&c]
Unit | Period [ms]
unit. a
unit a
unit. a

EApplication Commands E\Iariable Stimulus

R5232; port=COM18;speed=115200;




NXP SOFTWARE AND TOOLS ENABLEMENT

Reference Designs

S32 Design Studio — IDE — Debugger - Toolchains

Pins Tool

Clocks Tool

FreeMASTER MCAT

.
wr
11 b

o Images presented are for illustration purposes only and may not be an exact representation of the product — their purpose is just exemplification of a concept.



NXP SOFTWARE AND TOOLS ENABLEMENT

S32 Design Studio — IDE — Debugger - Toolchains

ool

Clocks Tool

Peripheral Tool

FreeMASTER Lite

olmages presented are for illustration purposes only and may not be an exact representation of the product — their purpose is just exemplification of a concept.

FreeMASTER MCAT




NXP SOFTWARE AND TOOLS ENABLEMENT

S32 Design Studio

IDE — Debugger - Toolchains

Model-Based Design Tools for Simulink

FreeMASTER Lite

FreeMASTER MCAT

13 X

olmages presented are for illustration purposes only and may not be an exact representation of the product — their purpose is just exemplification of a concept.



CODE GENERATION FLOW

i ik,

Build

.mdl/.slx
CODEGEN
* ert_rtw
BUILD Simulinl@;ﬂggﬁ:(:src

>
%7 s‘b{
EBtresos .mex MBDT

=

*Config/generate *Config

RTD (drivers, linker ...)
AMMCLIB

1010

1010

FreeMASTER
* elf/*.bin

14



NXP SOFTWARE AND TOOLS ENABLEMENT - MBDT SOFTWARE AND TOOLS

MODEL-BASED DESIGN TOOLS

=
{ % Prototype Deploy @

' MathWorks ECOSYSTEM — MATLAB / Simulink
v ‘ Integrate

-

v" FAST — Time To Market
v' Hardware independent simulations
v' Easy To Use-Reuse

15



SUPPORTED PLATFORMS

J L 1
AUTOMOTIVE

IMXRT1xxX
y B
KVx

o

DSC

S32v234

5N
Hill A TS

INDUSTRIAL

‘
I | ’
i

r
-

VISION

rrrpe

16

PUBLIC



S32K39X MCU FOR MOTOR CONTROL APPLICATIONS

CPU Platform @ 320MHz Lockstep CoolFlux DSP Memory
Split-Lock Capable Arm Cortex-M7 512 KB of SRAM with ECC
DSP16L Including 64 KB Standby
Arm’ Cortex®-M7 Arm Cortex-M7 Arm Cortex-M7 4Threads
mKBmmmhMQDcmm mKBMxmhmeDcmh mKBMmmhm&quw 4 MB or 6 MB Flash
TCM: 32 KB-I, 64 KB-D TCM: 32 KB-I, 64 KB-D TCM: 32 KB-I, 64 KB-D 32 KB-I 24 KB-D
128 KB D-flash with ECC

SPFPU, DSP SPFPU, DSP SPFPU, DSP

Smart Motor Control, Timers and 1/O

System and Safety Security Connectivity / Interfaces
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S32K39X MOTOR CONTROL CONFIGURATION USE-CASES
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S32K39X MOTOR CONTROL ETPU RESOLVER - HARDWARE CONFIGURATION
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S32K39X MOTOR CONTROL ETPU RESOLVER - HARDWARE CONFIGURATION

3-ph Inverter

Actuate Motor
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S32K39X MOTOR CONTROL ETPU RESOLVER - SOFTWARE ARCHITECTURE

Power on / hw. reset

/* Disable oll external mrenup:\

Application peripherals
reset & configuration

/* Enable externol interrupts

.................................................................

Cortex M7

e_app_off

e_ready e_run

e_app_on
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e_calib_done
e_calib e_align
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S32K39X MOTOR CONTROL ETPU RESOLVER - SOFTWARE ARCHITECTURE

Cortex M7
event = e_fault
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MOTOR CONTROL RAPID PROTOTYPING — MBDT ENVIRONMENT

Model-Based Design Tools for Simulink

External Configuration Tools
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I

s .l

S32K39

o Images presented are for illustration purposes only and may not be an exact representation of the product — their purpose is just exemplification of a concept.
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Environment Setup
PMSM and FOC
System Partitioning
PWM Modulation
VI/f Scalar Control
Current Sensing
Torque Control
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. Introduction

. Application Partitioning
. Input Commands

. BLDC Motor Theory

. Hall Sensors

. Commutation

. Commutation Algorithm
. Power Stage Config

. Open Loop Control

10. Speed Estimator
11. Closed Loop Control
12. Motor Control System 27
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