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System Overview - Top
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System Overview - Side
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System Overview - System Objectives

® TSI: Provide connection and safety for the power supply of the motor
® GLV: Provide 24V to all systems, excluding the motor

e VSCADA: Provide data acquisition capability, as well as diagnostics

e Cell App: Be able to wirelessly interface with SCADA system

® Cooling: Using 24V, provide constant feedback to SCADA while cooling
the motor

e Cabling: Provide safe and consistent connections between subsystems.
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System Overview - System Objectives Cont.

e Interface Control Document: Provide documentation for both hardware
and software and interfaces.

e Dyno: Build and prepare Dyno room for testing for all sub-systems

® TSV: Provide 96V to the motor, as well as diagnostic information, and
update its charging algorithm

® Physics: Helping TSV team understand relevant research, as well as
physical modeling of the car, and developing a cruise control algorithm
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System Overview - High Level System Block Diagra

Tractive Tractive System
System Interface (TSI)
Voltage [—— Motor Contraller Motor
(TSV)
HY,
_Safety Motor GLY and
) Controller Cockpit
W,
—Information—— Cooler SCADA
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System Overview - High Voltage Connections

® 96V
e 2/0 Cable

Tractive Tractive System
System Interface (TSI)
Violtage _“““““““”_ MOTOT CONtrOl e |y Matar
(TSV)
o H . —
—Safety Motor GLV and
) Controller Cockpit
W
—Information— Cooler SCADA
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System Overview - Communication Protocol

e CAN Bus
® All sensors have unique ID
e All stations jabber

o Settable period

Tractive
System
Yoltage
(TSV) ——
HW
— Safety

mlNTOrmMation s
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System Overview - Safety Loop Faults
® All systems access safety loop
® Driver resettable section

e Non driver resettable section

Systems announce status on CAN Bus

Tractive Tractive System
System Interface (TSI)
Voltage =~ f—————— Motar Controller Motar
(TSW)
]

HY,
R - 1= = | — Motor GLV and
Caontroller Cockpit
—Information— Cooler VSCADA P
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System Overview - Interfaces

e Hardware
o Cockpit
O Panels
e Software
O Dash
O Remote Computer
o Cell phone
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Hardware Interfaces - Driver Accessible

A2 COCKPIT .
IMD
| FauLt @ Select
i )
X o — FauLT LcD @ Scroll
4 ARs [ DISPLAY @ Cruise
=
| DRIVE [
L === ‘ = N N °
= HV GLV DRIVE
CRUISE [ PRESENT PRESENT
. . Inertia
RESET E.5TOP Switch
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Hardware Interfaces - Driver Inaccessible

_____________________ LEFT SIDE
RIGHT SIDE - . |
LV HV - E-STOP
GLVMS E—S!P TSVMS
M%ET
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Software Interfaces - LCD Display

Temperature

Error Information

60.

Cruise Control
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Software Interfaces - Remote Displays

Battery Pack 1 Temperature Maximum: 55 O TS I

- - Minimum: 15

- ||[Average: 35.88 O G LV

Current Temp: 36

Warning Level: 50 O COOI I NG

B S 0112134151617 18 18 WM @ 3
Time {mn)

Battery Pack 1 Charge Level

Slope: -3.8%/min

Current Charge: 8% ® Pack 1 O Pack 2

IAFAYETTE 15

ELECTRICAL & COMPUTER
ENGINEERING




Software Interfaces - Cell Phone

-3~ NV Bl 100% B2:21 AM

cellapptest

2017-03-07 19:34:08
1380 I:I

2017-03-07 19:33:51

0 1 2 3 4 5 6

5211 81 o
2017-03-08 00:24:59 . 70 70

. 0 2 4 6 8
Hi Marty 100 100
2017-03-07 19:33:57 78
5411 & 80 O
5 72

Hold me herel 80o—o——o—o0—5 o 60 69

SS S - ——T
BAR CHART “0 a0

——O0—o>—o0—0o—0
Description Lat

Values <

Hold me here!

20 20

L|NE CHART 0 Description Label 0

M Cell-4-1 ~ Cell-4-2 W Cell-4-3 W Cell-4-4  Cell-4-5 M

MY LAYOUT
Hold me here!

[AFAYETTE

ELECTRICAL & COMPUTER 16
ENGINEERING




Roadmap

System Overview

. Schedule

Cost Analysis

System States

Demo in Dynamometer Room
Vehicle Supervisory Control and Data Acquisition (VSCADA)
Cell App

Tractive System Interface (TSI)
. Grounded Low Voltage (GLV)
10.Controller Cooling System
11.System Test Plan

©ONOU A WNE

IAFAYETTE 17

ELECTRICAL & COMPUTER
ENGINEERING




Schedule - TSI

TSI
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Schedule - GLV
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Schedule - TSV
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Schedule - VSCADA
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Schedule - Cell App

CELL APP
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Schedule - Cooling
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Schedule - DYNO

DYNO
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Schedule - Interconnect

INTERCOMMNECT
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Schedule - Car Physics Investigation

CAR PHYSICS INVESTIGATION
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Schedule - Management

MANAGERMENT
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Cost Analysis
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Team Allocated Total Budget Percentage
Budget Spent Remaining Spent

TSI $1,000 $153.61 $846.39 15.36%
GLV $1,000 $275.82 $724.18 27.58%
VSCADA $50 $0.00 $50.00 0.00%
Cell App $125 $0.00 $125.00 0.00%
Controller Cooling $600 $452.92 $147.08 75.49%
Interconnect $1,000 $1122.20 -$122.20 112.20%
Dyno $50 $0.00 $50.00 0.00%
TSV $500 $388.95 $111.05 77.79%
;?Sizping [ Tax] $1,175 $159.94 $1,015.06 13.61%

TOTAL $5,500 $2,553.44 $2,946.56 46.43%

http://sites.lafayette.edu/ece492-spl7/cost-summary/
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Cost Analysis - Allocated Budget

Allocated Budget

® TSI
® GLV
@® VSCADA
@ Cell App
@ Controller Cooling
@ Interconnect
@ Dyno
TSV
@ Shipping / Tax / Misc
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Team Allocated Budget
TSI $1,000
GLV $1,000
VSCADA $50
Cell App $125
Controller Cooling $600
Interconnect $1,000
Dyno $50
TSV $500
Shipping / Tax / Misc $1,175

TOTAL $5,500
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Cost Analysis - Current Budget Status

Budget Spending

$1,250.00
$1,000.00 e —mm
$750.00
$500.00
$250.00
$0.00

-$250.00
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Total Spend

Il Budget
Remaining

Team Allocated Total Bud_ge_,\t

Budget Spent Remaining

TSI $1,000 $153.61 $846.39
GLV $1,000 $275.82 $724.18
VSCADA $50 $0.00 $50.00
Cell App $125 $0.00 $125.00
Controller Cooling $600 $452.92 $147.08
Interconnect $1,000 $1122.20 -$122.20
Dyno $50 $0.00 $50.00
TSV $500 $388.95 $111.05
Shipping / Tax / Misc $1,175 $159.94 $1,015.06

TOTAL $5,500 $2,553.44 $2,946.56
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Cost Analysis - Percentage Spent per Subsystem

Percentage Spent of Subsystem Budget Allocations

125.00%

100.00%

75.00%

50.00%

25.00%

Percentage Spent of Allocated Budget

0.00%

Week
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—e— TSI

—— GLV
—s— VSCADA
—e— Cell App

—e— Controller
Cooling

—— Interconnect
—— Dyno
TSV
—e— Shipping / Tax /
Misc
=g |deal
—— HPD (Week 7)

Team Percentage
Spent

TSI 15.36%
GLV 27.58%
VSCADA 0.00%
Cell App 0.00%
Controller Cooling 75.49%
Interconnect 112.20%
Dyno 0.00%
TSV 77.79%
f/lrilsip;ping [ Tax / 13.61%

TOTAL 46.43%

Ideal 71.86%
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Cost Analysis - Percentage Spent Overall

100.00%

80.00%

60.00%

40.00%

Percentage Spent of Budget

20.00%

0.00%

Percentage Spent of Total Budget

Week
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10

15

== |deal
== Overall
—— HPD (Week 7)

Team Percentage
Spent
TSI 15.36%
GLV 27.58%
VSCADA 0.00%
Cell App 0.00%
Controller Cooling 75.49%
Interconnect 112.20%
Dyno 0.00%
TSV 77.79%
f/lrilsip():ping [ Tax / 13.61%
TOTAL 46.43%
Ideal 71.86%
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System States

Shutdown System State Machine Legend
Jack Plumb Blue: GLV on

Red: TSV on
Green: Not driver accessible

GLVMS off
Side BRB off &5
Car is off I
e Play RTDS
©
Cockpit BRB off or TSMS off or inertia switch when

entering this
state

GLVMS and both side BRBs

Drive Button Cruise Control

D —
Cockpit BRB Neutral w/othrotte | Ready to Drive Button | Cruise Control
TSMS On o o
GLV light on T (Al resets if | Not ready to drive Drive light on Drive light on
e < -
initial startup) Drive Button Cruise Button
APPS implausibility ~———— Brake pressed

For all States with TSV on:
TS Energized light on
Fault TS Voltage Present lights on

Master Reset————————\p, AMS, Cooling

|

Brake overtravel

Master Reset and Brake Overtravel Reset.
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Demo Plan

High Voltage

® 4 Packs

e Spin motor TSV _CANBUS(G )

e Safety Loop Parks i .

e CAN Bus communication  safety Loop

e Cell communication Cell App

e IMD Fault safety loop 0 Safft;‘ioop ﬁ
IAFAYETTE
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Motor
Controller

Motor
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VSCADA

Craig Lombardo & Austin Wiles
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Why Do We Need VSCADA?

® VSCADA acts as the “brains” of the car
e Comprehensive control and monitoring of the subsystems in the LFEV
e Dynamometer control to simulate operations of an actual car
O Physics Modeling
e VSCADA displays information to both the driver and developers
O Driver: limited information
O Developer: extensive information

[AFAYETTE
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VSCADA - Installing Software

1. git clone https://github.com/LafayetteFormulaElectricVehicle/VSCADA.git
2. cd VSCADA/

3. make install

4. .[/scada or ./configuration
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https://github.com/LafayetteFormulaElectricVehicle/VSCADA.git

Run DB
Recovery Tools

VSCADA - Control Flow

Check "safe”
shutdown status

ystem Passes Sensor

Start Local Server Requirements

Boot VSCADA in
Drive Mode

Boot VSCADA in

Drive Demo Mode

Implement Criticality
Protocol

Virtually Adjust
System

Physically Adjust
System

Log Error Code

Push Error Message
To System

Display Data
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Shutdown

Mode
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VSCADA - Web Server

e HTTP Web Server
e Can query database using endpoints provided by web API
® Information sent to Cell in JSON format

HTTP GET Request——

Database que ry——————————p

Client Server Database

l4———Requested Data.

-4———JSON Response:
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VSCADA - Database Structures

SensorlLabels

ID | SensorName | System | Category | Units
1 CellVl TSV Cell Vv
2 CellV2 TSV Cell V
Data
sensorID | raw |calibrated TimeStamp

1 0x29 4.30 2017-02-23 13:43:04
2 Ox28 4.20 2017-02-23 13:43:04
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VSCADA - Database Structures cont.

Configurations
sensorlD | stableLow | stableHigh | criticalLow | criticalHigh | criticality | slope | offset
1 4.1 4.5 3.9 4.7 1 9 |-0.25
2 4.1 4.5 3.9 4.7 1 9 |-0.25
1 2 3 4 5
Low Neutral High
Criticality Scale
[AFAYETTE
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VSCADA - Database Structures cont.

Errors
sensorlD | calibrated TimeStamp
1 4.6 2017-02-23 13:46:04
2 4.9 2017-02-23 13:46:04
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VSCADA - Maintenance View

Battery Pack 1 Temperature

Maximum: 55

Minimum: 15
Average: 35.88
Current Temp: 36

Warning Level: 50 o COOIIn @

B 9 10 11 1213 1415 16 17 18 19 10 21 22 23
Time (min)

Battery Pack 1 Charge Level

Slope: -3.8%/min

Current Charge: 8% ® Pack 1 O Pack 2

IAFAYETTE 47

ELECTRICAL & COMPUTER
ENGINEERING




VSCADA - Drive View

Temperature

Error Information

mph

Cruise Control
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VSCADA - Charging View

PACK 1

Charge: 100%
Time Charging: 47h 28m
Temperature: 25 °C

PACK 3

Charge: 50%
Time Charging: 24h 3m
Temperature: 23 °C

[AFAYETTE
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PACK 2

Charge: 72%
Time Charging: 47h 28m
Temperature: 27 °C

PACK 4

Charge: 25%
Time Charging: 11h 10m

Temperature: 23 °C
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Cell App

Kemal Dilsiz & Raji Birru
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Cell App - In depth design - Layout

e Customizable Display
e Automatically generated generic data availability

e ViewPager for multiple display tabs

L

ELECI ruvnL o wumruics

ENGINEERING
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Cell App - Landscape Layout
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Cell App - Activity Diagraml

ViewPager . ) . Drag and Drop Zoom in out of
change displeD (Help!TutonaD Add View l Save Display ’ ( Views ) Views

Close/Stop App
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Cell App - In-Depth Design - Data Structures

Dictionary of dictionaries, provides a generic way to locally store data temporarily

Hashcodes
> Y“tsvcelllvoltage”
> “03/03/2017 17:56:34"

newSystem.put (V03/03/2017 17:56:34”, “8.1");
allSystems.put (“tsvcelllvoltage”, newSystem) ;

IAFAYETTE -
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Cell App - Content Diagram

N
Raw Data_

Every Second

O

N /
Data ™~ —Request ~ I
I Chart
|
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TSI

Christer Hoeflinger, Jack Plumb,
& Adam Ness
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TSI - System Overview

Safely connect tractive system voltage to motor controller
e Interface with throttle and brake pedals
e |[nterface with Insulation Monitoring Device (IMD)
e Send voltage, current, and IMD resistance to SCADA
e Control drive state

® Tractive System Measuring Point

IAFAYETTE -
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TSI - High Level Block Diagram

[AFAYETTE

ELECTRICAL & COMPUTER
ENGINEERING

TSV

VW

—\/\/V

L

Current
Measurement

—o

-

[ Precharge \

\ Relay

~a

Motor Controller

IMD

PCB

TSMP

:

GLV

%

Peripheral
Lights/
RTDS

IMD Fault
Relay

Brake
Overtravel
Relay

o

Cockpit

{

Pedals

)

Safety
Loop

#

Motor
Controller

3

FWD/REV
Key

|

HV
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TSI - System State Diagram

TSI State Machine

Jack Plumb
Brake Pressed
Leave cruise command received
Throttle compressed UART timeout
Safety loop open
Throttle compressed
Pedal implausibility
™ /- R
¢ ( Drive CRUISE CONTROL
( IDLE ) _ Entry: Play RTDS i d recelved Throttle control from uC enabled
Dr:'ses:etson Drive light on r;'éfnc;&ginviarff:;e Listen to commands on UART
Send data over CAN Throttle from APPS enabled »| Set throttle based on commands
Listen to UART Send data over CAN Drive light on
Start Heartbeat ) Listen to UART Send data over CAN
A Heartbeat Heartbeat
Safety loop opened

o _/ o _/

Pedal implausibility
Drive button pressed

Safety loop opened
Drive button pressed

[AFAYETTE
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TSI - Circuit Schematic - Throttle Plausibility Overview

APPS1 Microcontroller
Pedal Bias APPS2
o a Mataor
» Throttle Enable *Cnntrnller

' Plausibility Window
® N (wiin 10%)

—» Open/Short Circuit
Window

L% (5%-05% fravel)
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® Two separate, linear
potentiometers
® Biased 5V apart

APPS 5V Offset Bias

APPS_10 APPS_10 APPS_10 APPS_10

APPS1i_10

Vi

| | apps2 R3O

- | ] 3 U18A
m 2 pat.| | + }_APPSl_b
Lyd c22 2
. APPS2_ 8 APPS1_RTN “2Ts912

et TEIU
i | APps2 L2

APPS_10
P 5 u6B \o -
2k pat.; | — +>7—4_APP52_b 53 .
foyed €16 g
RTN_GLV 2 Aain
0.1u
0.1u

IAFAYEHE GND GND GND
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TSI - Circuit Schematic - Throttle Plausibility cont’d

Multiple Failure Modes
1. Deviation of more than 10% pedal travel between the sensors?

12017-18 Formula SAE Rules Rev. A

+8V
APPS_10 R .
N Plausibility Window
ro| U224 e
3T
= 1
N 2| 1 - +5V
APPS._10 GNDER APPS_10 L 15372
)| C38
€17 APPS1 b ol 5[ p\U188 <~
Lk > 7 MEI GND +8vV
R39 ooy 0.1u
0.1u APPS2 b (oo 6l 1 o
{10k | 2-Ts912
- APPS_10_rH
GND o[ u22e é ono
Used for 10V GND 1 7
rail—ta—rail ability RS0 P v
[10x] -
<[ 15372
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TSI - Circuit Schematic - Throttle Plausibility cont’d &

Multiple Failure Modes
2. Open or short circuit condition
which generates a signal
outside of the normal
operating range
(5% - 95% travel).

12017-18 Formula SAE Rules Rev. A

[AFAYETTE

ELECTRICAL & COMPUTER
ENGINEERING

Open/Short Window
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TSI - Circuit Schematic - Throttle Enable

+hY
+5Y
APEBSZ b -
[T} - Cus
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G MMBF LT 0.1
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oy gH an 5
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+5W
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0.1u 5(05 L w32
=( Mmmttle_w
= 3
ohD OE 15543150
b Gl Throttle_SEL
Eg' 45
uC Throttle PWM LPF S b T
tr ! a5
Throttle uC 1%%?1 b RN
<[ MCPEDD4
4 - GND
]
— GHD I & r
— ra
= u
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TSI - Circuit Schematic - Microcontroller

Reset

+5v
B, RESET_AVR
Pull—up resistor

= SW1
SW_PUSH g?
GND
12C Pullup
+3V
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TSI - Circuit Schematic - High Voltage Inputs

Brake Pressed ~ IMD PwWM LPF
- 5 Pwr% FLUG
u23 TLP293
BP 5L 4 L BP_uC solat gt A
EE— RO ANV &
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P
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TSI - Circuit Schematic - Throttle/Voltage Isolation
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High Voltage

PWR_FLAG
HV+ 3 1 ZZOUH('\
L1 1 +24Y
:‘ dpuny U0 yra |l L2 P525062—1
LTC3638 > -
—] oo sspo— by oo e
T Lo —_ 3 4 HVPL
LuF 6fypre2 2 2 2 vere1 L 2| 10uF
g g 9
=
HV =
Will turn on araund 27V
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TSI - Box Inventor
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TSI - Box Inventor
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TSI - Box Inventor
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Roadmap

. System Overview

. Schedule

Cost Analysis

System States

Demo in Dynamometer Room
Vehicle Supervisory Control and Data Acquisition (VSCADA)
Cell App

Tractive System Interface (TSI)
. Grounded Low Voltage (GLV)
10.Controller Cooling System
11.System Test Plan
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GLV

Kyle Phillips, Joe Sluke, & Chris Bennett
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GLYV - Sub-Systems

Responsibilities of GLV can be divided into 4 main sub-systems.

1) GLV Power - providing 24V to all the main systems of the vehicle.

1) Safety Loop - serve as the direct means to control the Accumulator Isolation Relays in the
packs (enable/disable of high voltage systems).

1) Vehicle Computer Interface (\VCI) - deliver information about GLV Power and the Safety
Loop to the VSCADA computer and route the CANBUS to the VSCADA computer

1) Vehicle User Interface (VUI) - includes physical panels, buttons, switches, screens and lights
on the car, such as the exterior panels and the cockpit panel

IAFAYETTE 26
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GLYV - GLYV Power

Requirements:
® Provide 24V to all subsystems for 3 hours
® Rechargeable battery
® Protected from overcharge, overcurrent, overdischarge and overvoltage.

Battery Choice
e 24V, LiFeP04 (Lithium Iron Phosphate Battery), 10Ah.
® Internal battery management system
e Lightweight (2.63 kg)
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GLYV - Safety Loop

Requirements:
e Drive the coils of the Accumulator Isolation Relays (AIRs) with 24V
e Trippable by VSCADA, TSI, Cooling Controller, TSV
e Trippable internally and externally by E-STOP Big Red Buttons.

IAFAYETTE -
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GLYV - Safety Loop - Components

Switch Description Effect

Circuit Breaker A basic resettable circuit breaker

GLVMS Grounded Low Voltage Master Switch Powers Cooling
BRBLS B|g Red Button Left S|de System' Dashboard'
BRBRS Big Red Button Right Side VSCADA, and TSI

Cooling System Fault Switch

Allows Cooling System to trigger fault

IMD Switch

Insulation Monitoring Device, triggers fault if HV and GLV are galvanically
isolated

PACKMAN Fault Control

Allows PACKMAN board on any pack to trigger a fault

SCADA Relay

Allows SCADA computer to trigger fault

MRESET (Latching)

Exterior Master Reset Button

BRB (Car Dash)

Driver accessible Big Red Button

Inertia Switch

Driver accessible Inertial switch, opened by a 6g+ collision.

CPR(Latching)

Driver accessible Collision Protection Reset Latching Relay.

TSVMS

Tractive System Voltage Master Switch

24V to Accumulator
Isolation Relays

[AFAYETTE
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GLYV - Safety Loop

To GLV Powered Sub-

Systems
I D
aA
DTD4-4P Accumulators
I
1 sL-L SL-1 SL-1 I N Bl I Jumoer
1A GLVMS  BRBRS  BRBLS 5.2 S 2 1| i
AlRz= AlRs+ AlRs+
AlRs- AlRs- AlRs-
. A , oliiclifclicc
—_— N Cooling TSI
! VSCADA " Controller
TSVMS
Cockpit
MRESET
| : CPR
| -
BRE Inertia
CHAS GND
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GLYV - Vehicle User Interface (VUI)

Requirements:
® Design panels for dyno room
e Design panels for interior and exterior of vehicle
e Provide interface for VSCASA
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GLYV - Exterior Panel

- RIGHT SIDE
LEFT SIDE : ; LV Hv
: . : GLVMS E-STOP TSVMS
: E-STOP , -_ .
: MRESET
MReset BRELS
O O BRBRS
Emergency Stop Sticker
GLVMS TSMS
o o]
o 0
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GLYV - Cockpit Panel

O GLV

(O sAFTEY

O ARs
O Hv
(O DRrIVE

O

CRUISE

O FAULT

(O ™MD FAuLT

(O cruise

VSCADA DISPLAY

o O O

DRIVE RESET E-STOP

O
O

SCROLL

SELECT

CPR

COCKPIT

LCD
DISPLAY

B N
HV GLV
PRESENT PRESENT

E-STOP

@ Select
@ Scroll
@ Cruise

Switch

J1

HDMI
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GLYV - Vehicle Computer Interface (VCI)

Requirements:
® GLV Battery State of Charge Monitoring
e CAN2USB Interface
e |°CBus
e UART Bus
e Safety Loop Monitoring

[AFAYETTE
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GLYV - Safety Loop Monitoring

GLVMS/BRBRS(LS) VSCADA Cooling Controller

TSI

TSV

I Optolsolator

- 2av
CockPit/TSVMS |

T L/
' §

To AlRs—

24V
|

Optolsolator
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GLYV - High-Level System Design
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GLYV - Physical Layout

IAFAYETTE 87

ELECTRICAL & COMPUTER
ENGINEERING




GLYV - Physical Layout
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GLYV - Physical Layout
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GLYV - Physical Layout
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GLV - B OX D e Sign To/From Huff Box UART
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GLV - Break Out Board (BOB)

Last year’s BoB shortcomings:
e Did not address VCI requirements (safety loop, temp, current monitoring...)
e Inadequate number of relays used
e Inadequate containment of safety loop circuit

Our proposed changes:
e Add opto-isolators for safety loop monitoring
Add more relays and move more of safety loop on board
Use 12C capable chips to relay temp and current readings to SCADA
Connect TSI and VSCADA via UART for throttle control
Add DAC and ADC chips to connect VSCADA and Huff Box.
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GLYV - BoB High Level

To SCADA
T T T I I T T
Temp Current& | | CAN UART ADC DAC
Sensor Voltage Sensor
Power CAMIEUS UAITII'BUS 2L
In | |
To/From HUFF
GLYMS
GLV Powered
sL1 Sub-Systems
Optoisolator | | Optoisolator

SCADA
512 Relay

1

Cockpit

|
100V Supply
Rela
AlRs Y

Safety Loop SCADA 1O GLV Power ‘ ‘

G LV B (@) B 100V Disable
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GLYV - BoB Layout

7.300Q in
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Roadmap
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11.System Test Plan
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Controller

Cooling System
Xingyuan Guo & Yi Han
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Cooling System

Major Goal:

e Cool the motor controller, provide information to SCADA, shut
system down when necessary using safety loop.

Objectives:
Automatic fan, pump speed control; as well as manual override

CAN interface

Safety loop interface
Mechanical design

[AFAYETTE
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Cooling System - Overall Electrical Connections

COOLING PUMP

[ [1

Esc | Arino 12v
COOLING FANS
Arudino gnd
5V
FAN mode switch t—meees,

Safety
loop 4 pin
in

Arudino gnd

-----

SRESET

1csp2
n -
TX -

RY I Safty loop out

SCADA —\—

LCD display

CAN BUS shield

GLV 24V to 12V

DC Barrel Jack
Adapter - Male

2 2 2 2

[ c c

@ o @ =
—AAN— & & I3 3

a a e H

£ §) \§ H

= (ad = -
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Cooling System - Water Cooling Layout

——Coolant in—;.]
reservoir Highest point

temperature
sensor

[l
1
motor controller radiator
' flow meter )—.:l
temperature
sensor
LI
pump
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Cooling System - Compatibility and Independence

o 24\VDC

e Koolance products (compatible with dyno, easy to
integrate)

e Run independently

[AFAYETTE
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Switch OFF

Automatic Mode
w/ Pre-specified
Temp Threshold
(HI' / LO mode)

Temp Threshold
Can be Changed
using Push Buttons

(+-)

Switch ON

Switch OFF Manual Mode OFF

Manual Mode ON

Manual Override
(HI'/ LO mode)
using push buttons
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Cooling System - CAN Bus Interface

v ‘ R ot Oscilloscope

displaying 2 types of
Lo T Rt R | data frames

-_.""',“"',"':..""‘1:"”',1; . - “n-u-u"‘,"mmm (Through stackable
[v— ¥ 0 L CAN shield USing
| MCP2515 CAN
[ controller)
(L — 7T TR T [
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Cooling System - Safety Loop

e Open the safety loop when fluid temperature is too high
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System Test
Plan

Greg Flynn
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System Testing - Overview

® / Major tests

O

O O 0O 0O OO

[AFAYETTE
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Accumulator integration
Accumulator charging
CAN Bus link

Safety loop

Cruise Control

24h endurance test
Shutdown
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System Testing - Accumulator Integration

Throttle
Motor
Packs — ' — Tsl — | — " — Motor
Controller
Dats
Cockpit GLV/VSCADA Log files
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System Testing - Accumulator Charging

Charger

S hare in s

[AFAYETTE
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Packs S E— T5SI
——=afety
Data Safety
Cockpit GLV/VSCADA
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System Testing - CAN Bus link

Cooling
controller
Motor
TSI
Packs controller

—

Data

GO N—

Cockpit GLV/VSCADA

Wi

Cellapp

Remote
Computer
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System Testing - Safety Loop

Cooling
controller

Safety

Packs 5
Safety

Safety

Cockpit  ——saferv— GLV/VSCADA
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System Testing - Cruise Control

Packs — ' — Tsl S—— Motor — — Maotor
Controller
Thrott e Position
Cockpit  |-Cruisebuttond GLV/VSCADA Physics
ockpl model
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System Testing - 24h Endurance Test

Cooling
Motor
Packs — | — TSI — — — — Motor
Controller
),
Cockpit GLV/VSCADA Log files
GLY Power
supply
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System Testing - Shutdown

Cooling
Motor
Packs — | — TSI — — — — Motor
Controller
),
Cockpit GLV/VSCADA Log files
GLY Power
supply
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