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Meet the Morning Teams

e Grounded Low Voltage (GLV)
1. Dan Zakzewski
2. Alo Posillico

3. Nick DiNino
4. Jordan Frank
5. Zach Helwig

e Tractive System Voltage (TSV)
1. William Stathis
2. Duhang “Hansen” Liang
3. Katherine Nellis
4. Jaejoon Yang
5. Jordan Blake
e Mechanical Engineering Team
1. Ben Prevoznak
2. Kailan Ottaway [AFAYETTE
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Introduction: Motivation

e Formula Hybrid Competition Vehicle
o Electric Car

e Capable of Vehicle Integration

e Four Team Integration

e Integrate with Mechanical Engineering

Department

e Provide next year's team with a well-
structured Formula Hybrid Vehicle ready for
integration
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Interface Control

An Interface Control Document was created to
accurately and completely define all (electrical,
mechanical, semantic) aspects of top-level
interfaces to allow different designers to
coordinate with each other successfully.

Next, we will discuss these top-level interfaces.
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System Assemblies Layout - Top View
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System Assemblies Layout - Top View

Tractive System Interface
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Layout Selection

e SAE Requirements:
o Side Panels
o Cockpit Panel
o Warning Devices
e Mechanical:
o TSV best placed adjacent to the driver
o Motor located near rear axle
e Cabling
o OQOrientation of TSV System Packs
o TSI, Motor Controller, and Motor all adjacent
e [nterfacing
o VCI accessible by pit station crew
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Physical Interfaces Layout - Side View
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Physical Interfaces Layout - Top View
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System Assemblies Layout - Top View
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Vehicle Layout
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End-of-Term Integration Layout
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End of Term Integration Layout

e Most Boxes Car Integratable
o VCI
o Cockpit Box
o GLV Power Box
o' TSI
o TSV Packs

e Cable Design

o Same length as used in vehicle integration.where

possible (longer elsewhere)
o Easy totest as parts are integrated into the 'system




Semester Integration Physical Interfaces
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Physical Interfaces

e Side Panel

\
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o Safety Loop Interface
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Physical Interfaces

Safety SiClosed GLV24
Loop (¢ —O
Reset
GLV Master Switch
. A\ A\
e \VCI Disbla (=) (=) \°
N N—"" Tractive System
Master Switch
o 9 Inch Touchscreen h
VCI
Direct VSCADA Maint
RTD Buzz
System Parameter Control
VSCADA Maintenance - [Preview]
Measurands/Input | Hardware/Output | Rules | Settings COCkplt
Measurand Type Value Adj Value Units
w TSV
w Battery Pack 0
w Cello
Voltage Analog In 3.3 3.3 v
Current Analog In 10 10 A
S0oC Analog In 700 70 %
Temperature Analog In 70 35 & GLV Power
p Celln Chargng _ Batery
» Battery Pack 1 @ Py Power Charge Port
) Battery Pack 2 . .
) Battery Pack3 Undervoltage  Overtemp oo
» GLV (] ()
Add or Modify Vehicle Sensor: & Add / Modify | | @@ Delete
This is a message.
ELECTRICAL & COMPUTER
‘ ‘ ENGINEERING
‘C’ Messages ” Warnings IU Errors | @ Failures ‘




Physical Interfaces

e Cockpit Panel
o Driver Interface
o E-Stop (BRB) and Reset
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GLV Power and Data Distribution
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GLV Power and Data Distribution

e 12 Volt Power Supply
o .Needed for VSCADA Computer
o Easily Regulated to 5V

e CAN Data Line

o Industry Standard in Automotive Systems
o Already Implemented inside the Motor Controller

e CAN Consequences
o Single long bus line

o Nodes connected via short (<1.0 m) stubs
o GLV Hub Boxes




Safety Loop Connections
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Safety Loop Connections

e SAE Requirement

o Control of the Tractive System Accumulator
Isolation Relays (AIRs)

e Two Ports Per System

o Easily add additional systems
o.-No required order of systems




Tractive System High Voltage Path
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Tractive System High Voltage Path

e Internally Hardwired

Connections

o Less Cables
- o Less Interconnects
=1 7] e Powerlock Connectors
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Tractive System High Voltage Path
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W-HV7

e Powerlock Connectors

e Bolt Terminals
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Semester Integration Layout
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Side Controls Panel

e Designed for testing purposes
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Side Controls Panel Drawing

2 1
Hole Tabl Table
HOLE xDIM | YDIM DESCRIPTION Hole Name XDIM YDIM
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GLV Hub 1

e Connects to GLV Hub 2 and 3
e Dangly that connects to TSV Pack 1 data port
e Dangly that connects to TSV Pack 2 data port

GLV Hub 1 (A12-1)

Front ack
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GLV Hub 2

e Connects to GLV Hub 1
e Connectsto TSI
e Dangly that connects to TSV Pack 3 data port
e Dangly that connects to TSV Pack 4 data port

GLV Hub 2 (A12-2)

W-PD10 L /—\ :I'T.ST./DD?;E Pack4)
0= F O et
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GLV Hub 1 & 2
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GLV Hub 3

Connects to GLV Hub 1

Connects to Motor Controller Interface
Dangly that connects to the VCI
Dangly that connects to the Cockpit

Dangly that connects to GLV Power
GLV Hub 3 (A12-3)
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GLV Hub 3
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Grounded Low Voltage

e GLV system is responsible for supplying power to all
non-tractive devices on the vehicle, interfacing other
subsystems together, and operating the safety circuit in
accordance to the EV requirements.
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Cockpit and the Safety Loop
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Cockpit Panel and Internals

Cockpit Circuit Layer
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Cockpit Panel Drawing

E - . Materials List:
Aluminum Panel 5"x5"x1/4"
CPR - Cockpit Reset Button
Cockpit ERB
Red 'Safety’' LED
L Amber 'Warning' LED
| Green 'System OK' LED
Amber Indicator LED
RTD - Ready To Drive Key
i A
025 | L1 Lo
!
TOLERANCE EXCEPT AS NOTED: MATERIAL:
3 PLACE DECIMAL: +/-.001 DWG.#: REV.
2 PLACE DECIMAL: +/- .02 QUANTITY NEEDED: FILENAME CaockpitPanel.ipt
FRACTIONAL: +/= 1/32 PART NOQO: CockpitPanel DRAWN BY:
DEBUR ALL SHARP EDGES LAFAYETTE COLLEGE ENGINEERING | SCALE: DATE:
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Safety Loop and Safety Circuit

e Keeps high level voltage system in a safe state

e Monitors status of the system and provides multiple
shutdown options to both driver and surrounding
personnel

e |[nteracts with each electrical subsystem




O
Reset - NO
(located on the side panel)
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Shutdown Priority Table

Controlled Systems

GLV Supply to: AIRs
Instrumentation, (TS Voltage)
Data Acquisition,

Computers,

Telemetry, Etc.

TSMS

Cockpit BRB

AMS

IMD

Brake Over-Travel

Side-Mounted BRBs

Shutdown Sources

GLVMS
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Safety Loop Summary

e Safety Loop accounts for failures/faults in the 4-wire
safety loop

e Any failure in the safety loop will be appropriately
reacted to within the time constraints provided by the
Formula Hybrid Rules

e Appropriate steps must be taken in order to make the
car ready-to-drive in each scenario

e The Test Plan for the Safety Loop does not have a
threshold for any test; whether it be button/switch
functionality or the shutdown circuit itself. The loop will
function to the specifications provided.
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GLV Power

W-HV6
W-HV7
W-PD2

W-L3

W-M6

GLVHub 1
A12-1 W-PD8.
W-PD9
TSV Pack 1

TS+ A1
I

Motor System
{——W-L5
TSV Pack 2 W-Hv2 o
A2
W-PD3
W-HV3
W-L6
TSV Pack 3
o [+
Data TS+
Ts-
harge A3
port || St2
W-L7
I
TSV Pack 4 W-HV4 W-HV5.
s W-PD4
TS x
At ]
Data
SLT “
W-pp10 GLV Hub 2
W-PD11
A12-2
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GLV Power Box and Dependents

GLV Power
GND_C Ground
GND_D o GLV Battery
: Temp
= Arduino TMP_DAT. Sensor
OVR_TMP Voltage
ianuai GLV24_B. Hot
Switch erminal
GLV5
C_RLY GLWZ_CAN DAT. GLVPD
UNDR_V
"Overtemp” a 3
= ocs out| PC-10-DC [0,
12-
GND_H i 5
LED
GND_G
; . HG_C GND_A . :
cnfé%ng Vehicle Chassis
GND_F
attory Power GLV24_D
| | -to-
GND_E =5 Rel Schottky GLv24 Guee] DC24 1n | PC-10-DC Dgli“ GLV24_E
Charge HG elay HGEJ Diode FCHG D 24-24
Port GLV
DC_IN _I—GND B HS_GND we—
120VAC
Power Supply
sl DC Out

S—\C
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GLV Power Box

GND_O P, C10UNC GLV Battery
H Temp
OVR_TMP Voltage
V_DIV -
Divider LV24 A
Switch
GLVS
C_RLY GLWZ_CAN DAT GLVPD
UNDR_V
"Overtemp" 10
. pcs out| DC-10-DC (5615,
GND_H " 12-5 .
LED
. ‘Charging” jems HG C anD A
LED
GND_F [ ,
[Battery Power GLvV24 D
DC-to-DC[Dcza | s )] GLv24

LED
GND_E — | Schottky GLV24 Cwen{DC24 In ot
Charge jmieCHG A HG : HG.D " 24-24 Lo

Port GLV
DCI'N GND_B Ground [CHS-GNDm
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GLV Power Box - End Goal (JGB)

GND_D GLV Battery

OVR_TMP

Wianual GLV24 B
Switch
o ZeeCAN DAT GLVPD
UNDR_V
"Overtemp”
LED [
GND_H WW_‘. — DC-to-DC .
s 12-5
) L
anp-a 'Charging” - HG_C GND A
LED I
GND_F
[Batiory Powar GLV24 D 1 1
GND_E “° Rel Schottky GLv24 G| DC24 1n | DC-10-DC Dgli“ GLV24 Effes| GLV24
Charge jaacho. €2y lcha : HG_D . 24-24 -
0
DCIIN GND_B Ground [CHS-GNDm=
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GLV Battery Cell

3.3V LiFePO4 10Ah
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GLV Battery

Eight cells
24V
10Ah
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GLV Battery Connection
T— v

Crimped Terminal
(Open Barrel)

[AFAYETTE

ELECTRICAL & COMPUTER
ENGINEERING




Battery Mounting

EV3.7.1- All GLV batteries must be attached securely to the frame.
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GLV Battery Capacity Calculation

R006-1 The GLV system shall contain a rechargeable battery of sufficient capacity to run the car GLV
systems for at least three hours.

GLV Relays (2.04W x 2) = 4.08W + 1W (for microcontrollers, relays)

AIRS (2.04W x 2) = 8.16W + ~100mW (CAN transceivers)

VSCADA 2.64W computer + 2W screen

Total 17.88W / 24V =0.745Ax1.5=  1.1175Ah 1hr
2.235Ah  2hr
3.3525Ah 3hr
4.47Ah 4hr
5.5875Ah 5hr

Utilizes the measured power consumption of the VSCADA computer and a reasonable ceiling
estimation for the screen.
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GLV Battery Capacity Calculation

R006-1 The GLV system shall contain a rechargeable battery of sufficient capacity to run the car GLV
systems for at least three hours.

GLV Relays (2.04W x 2) = 4.08W + 1W (for microcontrollers, relays)

AIRS (2.04W x 2) = 8.16W + ~100mW (CAN transceivers)

VSCADA 5.28W computer + 4\W screen

Total 25.52W 24V =1.06A x 1.5 = 1.595Ah  1hr
3.19Ah 2hr
4.785Ah  3hr
6.38Ah 4hr
9.57Ah 5hr

Utilizes the peak power consumption of the VSCADA computer and a higher ceiling estimation for the
screen.
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GLV Power and Battery Duration Test

R006-0 The GLV system shall provide DC supply voltage with sufficient current to supply all the power
needs of the GLV systems and other non-tractive systems.

R006-1 The GLV system shall contain a rechargeable battery of sufficient capacity to run the car GLV
systems for at least three hours.

Simplified Procedure:

1. Fully charge the battery.

2. Attach the Power Box to the
adjustable load and set the
current to simulate
appropriate power
consumption.

3. Record voltage at timing
intervals.

4. Voltage must remain above
designated value (21V) for
three hours.

Adjustable
Load

d In

Power Supply E

Ground
Screw

Chassis
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Charging Circuit

RELAY SCHOTTKY ROCKER
:/ o ﬂ.' « :/ o—— DC-o-DC
v R1 R2
@ 4| BATTERY
- T— LOAD
A AN A AN
™ LED tep | %
& & &
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Charging Circuit - Charging
R006-2ii The charging system shall be capable of powering the GLV system indefinitely as it
simultaneously charges the GLV battery in a plug and forget functionality.

+<0.46V - 24V
(0.46V @ 15A) <1.06A
+2V - 30V ~0.745A
Ol Oy DC-o-DC
s
27K
5A 27K
32.5V
5.7A +
V- | el s
« - T “Battery
Charging 24V Power” LED
LED On \ 28.5V max on \
La L g *
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Charging Circuit - Discharging

24V
<1.06A
e ~0.745A
o ° OO DC-to-DC '
e ~0.745A
27K
@ + ~24V
V' —_—
—— “Battery
“Charging” Power” LED
LED Off ! N On ! Y
& & &
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GLV Power - Charger

R006-2i The GLV system shall be rechargeable by means of a UL listed charging device that plugs
into the 120 VAC mains.

www.trcelectronics.com

www.powergatellc.com
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Battery Protection

RO06-2iii It shall be possible to charge a fully discharged GLV
battery without disassembly or special actions.

R006-2v The GLV battery shall be protected from full
discharge, overcharge, overcurrent, and overvoltage.

Full Discharge:

e The 24-24 DC-to-DC Converter has an under voltage
shutdown of 15.7 VDC.

e The solid-state relay controlling the charge circuit will be
the normally closed type.

Overcharge:
e Discussed on previous slides.

Overcurrent:
e The 24-24 DC-to-DC Converter has a current limitation
of 110% its typical, which is 2.5A for this device.
o 25Ax1.1=275A... Well above the expected range
and below battery capabilities.

uk.farnell.com

Overvoltage:
e The 24-24 DC-to-DC Converter has an overvoltage [AFAYEITE
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Voltage Sensing

R0O06- The GLV battery shall be protected from overcharge.
GLV voltage shall be measured by VSCADA.

<28V
112K
—_— <5V '
T Arduino
28K

L
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GLV Power Software

R0O06- GLV voltage, current, temperature, and SOC shall be measured by VSCADA.

GLV Power Arduino | @ 3 e s .

Maintainability: | o o @@

e Code will be written in C = 1,;' i)
which is not going extinct in : '
the near future.

e Files will be uploaded to the
website containing the )i S
source code and Arduino o N e mwmoem
ID.

AULTLTUS
memtm

%)
o >
)

p~ P
AR
-
o
g i
<
s W

e
<
z

www.arduino.cc
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Vehicle Computer Interface

W-HV6
W-HV7
W-PD2

W-L3

W-M6

GLVHub 1
A12-1 W-PD8.
W-PD9——
TSV Pack 1

Motor System
VCI
W-HV1

-M1
W-M4
W-PD3
W-HV3
W-L6
TSV Pack 3
W-M5
TSV i
s
I
Port
W-L7
||
TSV Pack 4 W-HV4 W-HVS5.
harge|
A
Ts- )
- A4 TS+ W-PD4
Data
SLT ‘
W-pp10 GLV Hub 2

‘W-PD11
A12-2
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VCi

e Contains:
o VSCADA Computer

o Maintenance Panel Display
o Safety Loop Control and Monitors
o TSAL Circuit
o RTD Sound Control
Front Back
RTD/TSAL
[ ]
Display O
SL1
L USB | Debug [
|:| sL2
L
[AFAYETTE



VCI J

RTD/TSAL

ISoIid State Relayl | D1/O |

Relay Board

CAN Interface Board

e (Contains:
o VSCADA Compl ... e

Maintenance Pai

Safety Loop Con

TSAL Circuit ®

RTD Sound Con =1 s

(e ITIBUJG!UI on | [As]

leuseix3 O/l

CAN

O O O O
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AIRs 24
VCI H
150K 555 Timer (Astable Operation)
NE555N

' TSAL 15Roa R2 LPS_Vdd
o 555 Timer in astable ‘”é PaReset P3OUT 15a
CO nflg uration P6_Threshold
o Active whenever the AIRs is PIClecirme
O p e n ! 5%% P5_Control
o Set for a frequency of 3.2 Hz 2_Trigger |
e Physical TSAL Lampnot o1 | T
included AR B il

o Tested using DDM
o Expected output:
m 12V

m 50% duty cycle
m 0.3125 second period



VCi
e Safety Loop Monitoring

o Interfaced to the CAN ‘ e ‘ o AR
Controller board me.n>_|f:8 A.Rm)—;g

@) Safety LOOp MOnltOI’ SL Monitor AIRs Monitor
o AIRs State Monitor B

e Safety Loop Control ...  omous
o Controlled by VSCADA

digital 1/0O

o Gives Safety Loop control
to system software

SL_Ctrl
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Tractive System Interface (TSI

W-HV6
W-HV7
W-PD2

W-L3

W-M6

GLVHub 1
A12-1 W-PD8.
W-PD9
TSV Pack 1

e Ad Motor System
hi
I

[ W-L5
TSV Pack 2 W-Hv2

W-HV1
A2
W-PD3
W-HV3
W-L6
TSV Pack 3
{oma ] o] =]
Data TS+
TS-
harge A3
port || St2
W-L7
1
TSV Pack 4 W-HV4 W-HV5.
» [ )
A4 ISY TSV W-PD4
SLT H
w-pio GLV Hub 2
‘W-PD11
A12-2
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TSI - Overview

e High Voltage Relay Control

e Precharge Protection

e Tractive System Voltage Present Light
(TSVP)

e |[nsulation Monitoring Device (IMD)

e GLV PD 24 to 12 stepdown

o TSMP




mn
p
n
wn
1
¥

Low Voltags ‘ High Voltage

HV+ A
GLV2e A DC-0oC
2412 HV+_ +

TSV
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TSI - Pre-Charge/Relay Control

e Precharge circuit prevents inrush current

and damage to relay contacts
e This configuration will take about 4 seconds

for the motor controller to reach 96V

P —
4

—w—]
Y
Y

R3
u 8
555
2 i IR1
- IR1
7 R4
C3
pu— -
Load+ T "'A “"-—r"
I 1 [AFAYETTE
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TSI - TSVP

e Must be powered by TSV and grounded to
GLV ground

e Use a DC DC converter to satisfy this
requirement and maintain isolation

HV+

16k §

Vout+ Vin+
TSVP Lamp (18~75) to 12v DC-DC
24k §
Vout- Vin- —I

HV-

[AFAYETTE
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IR166-3204 P4 BENDER. |

Serno: 1211000026 P L T
Matno: B91068135CV4 A |
Software: D331 V2.01 c € |
100 kOhm, >0V, D, 10 |
V004 | | .
A
{ f A

e Pin 8 - Status Output High
e Feeds directly to a relay on Safety Loop

e Pin 8 output change opens Safety Loop
(High —> LOW)

[AFAYETTE
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TSI - Other Components

e GLV Power

o 24V to 12V DC-DC converter steps down the voltage
from GLV24 to power the GLVPD at 12 Volts

e TSMP

o TSMP+ is a direct contact to the HV+ terminal
o TSMP-is a direct contact to the HV- terminal
o GLV GMP provides a reference to GLV ground

[AFAYETTE
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TSI - QA Configuration

e Connect high voltage terminals to a high
voltage power source

e Connect the high voltage load terminals to
the motor controller

e Connect the GLV24 terminal to a low voltage

power supply
®

[AFAYETTE
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TSI - QA Test Plan

o [SVP Test

o Apply 30 volts to high voltage power supply and
check the TSVP output with a multimeter

e Pre-charge/Relay Test

o Put start signal high and measure time it takes
relays to close

e |[MD Test

o Using a multimeter, check for connection across the
relay after shorting the ground

[AFAYETTE
ELECTRICAL 'L COMPUTER
S -

ENGINEERING



Roadmap

1. Meet the Morning Teams
2. Introduction: Motivation
3. Interface Control
a. System Assemblies Layout/Interfaces (Car)
b. System Assemblies Layout/Interfaces (Rack)
c. Interconnects
d. Panel Drawings and Hubs
4. Grounded Low Voltage (GLV)
a. Safety Loop
b. GLV Power
c. VCI

d. TSI
[AFAYETTE
5. GLV BOM and Budget




GLV Bill of Materials

Unit Total
Description Vendor Part Name Quantity |Price Price
Te-Connectivity 2 pin/1 row parallel |1-480699-0 4 $0.28 $1.12
Te-Connectivity 2 pin/1 row free 1-480698-0 4 $0.28 $1.12
Te-Connectivity 3 pin/1 row parallel |1-480701-0 6 $0.28 $1.68
Te-Connectivity 3 pin/1 row free 1-480700-0 6 $0.27 $1.62
Te-Connectivity 8 pin/2 row parallel |794954-8 4 $0.25 $1
Te-Connectivity 8 pin/2 row parallel |794953-8 4 $0.25 $1
Te-Connectivity pin 350561-3 10 $0.14 $1.38
Te-Connectivity socket 350570-3 10 $0.13 $1.32
24V DIN Rail DC/DC Converter TCL 060-124 DC 1 $80.62 $80.62
DIN Rail DC/DC Converter STMGFS152405-N2 1 $69.05 $69.05
36vdc PFC Power Supply HRP-200-36 1 $64.80 $64.80
DIN Rail 277-2064-ND 1 $9.82 $9.82
DIN Rail Terminal Blocks APC1281-ND 50 $1.33 $66.63
SWITCH PUSH SPST-NO CWI282-ND 1 $4.12 $4.12
SWITCH KEYLOCK SP3T KO129B606-ND 1 $9.80 $9.80
DIODE SCHOTTKY 45V 7A SB15H45-E3/73GITB-ND |5 $0.81 $4.05
LED RED 1/4" HOLE 5V L10021-ND $2.17 $10.85
Relay 5A 5V Z2774-ND 10 $1.18 $11.78
Grand
Total $341.76 LAFAY'E’I—I‘E
ELECTRICAL & COMPUTER
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GLV Budget

$1,056.12

Total Allocated Funds - $1397.90
[AFAYETTE
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Tractive System Voltage

24V Indicator

——Indic_HV
Ring j Co Uppe. -----------------------------------

1

B 1
Terminal 1
1

Lower
Bus

Lower_Header

Upper_Header T

BoB ‘

Charge
Lower_Header Cul
LCD
GLVPD_IHQ Pack-}—‘Pach harg @ Shum}J
‘ PAC_PW- TTTT
SL_OUtAE E)OA‘gPAC—PW-'- J T J
1| Fuse|Sensor T_Fuse—  Pack_Neg
------------- SL_OUlB===e==rsmsanatansanaiiasanssananiaaiey
Charge Port - CHRG_DET
|| 30A
Fuse
1A
CHG'_CTL Fuse

T_Shunt V_Shunt

12C_Bus !

Pack_Pos
Shunt
| |

Accumulators and Accumulator Management System (AMS)

Charge -
} —Fan_PW

LED

1

|

! Indic_HV+ terminal
1

1

1

I

Ring

A2

AR+ |CTRL

TS+
Powerlock
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Main subsystems

Accumulator Managment System (AMS)
Breakout Board (BoB)

Pack Manager (PacMan)

7 3.2V 60A-hr LiFePO4 Cells

LARITIE
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TSV - Safety

- Fusing
- 2 fuses for BoB
- 1 fuse for voltage present LED
- 1 large fuse for pack main current path
- 2 fuses for charge relay

- Voltage present LED

- turns on when voltage > 20V DC present at poles
- can sustain voltage up to 96V

- works even when a cell fails with all other packs
connected

- Safety protocols




Pack Safety Loop

e One port at each end of the pack

e Each contains safety loop and SL 24V/GND
o SL 24V/GND used to power AIR

e Safety path:

___________________________________________________________

Charge Port R o
I [AFAYETTE
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High Voltage Interfaces

e 4 "Danglies” one per pack
o 400A rated Newark 44W4352
o Source Hangs off of pack with cable to + terminal

¢ 4 Panel mount female connectors
o 400A rated Newark 44\W4361
o Connected to - terminal bus bar

[AFAYETTE
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Mechanical Objectives

- acceleration requirements
- splash proof

- Internal wall

- vibration

- galvanic isolation

[AFAYETTE
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Mechanical- Frame/External Casing

- Rigid 8020 Aluminum External Frame




Mechanical- Frame/External Casing

-Removable Top For Quick Battery/BMS
Access

EEEEEEEEEEE




Mechanical- Frame/External Casing

-Splash Resistant Ventilation




Cell Restraint

[AFAYETTE
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Top Bars
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Side Bars
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End Plates
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Integration with Container
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BMS Restraint

LAFAYEITE
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BMS Removal

[AFAYETTE
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Added Components

[AFAYETT
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Free Terminal

LAFAYETTE
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Mechanical - Conductor Bars

- Carries large current
- Low resistance

AYETTE

AL & COMPUTER
SINEERING




Mechanical - Current Measuring Shunt

- Special conductor used to measure current
- 118uQ at STP

AFAYETTE
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PacMan System

Recelves and processes data from AMS
Receives and processes pack sensor data
Opens BoB safety loop

CAN communication with VSCADA and LCD
Implement charge and forget charging

[AFAYETTE
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PacMan Computer

https://www.embeddedarm.com/products/board-pictures.php?product=TS-7400-V2

Technologic Systems TS-7400-V2

[AFAYETTE
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PacMan Computer Hardware Specs

e 1.2W Typical power usage
o 6.67 Weeks for each pack

e 10mW sleep mode
o 15.35 years for each pack

12C bus for AMS and LCD communication
CAN bus for VSCADA interface

4 ADC inputs for pack sensors

39 DIO ports for logic functions

[AFAYETTE
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PacMan Computer - Connections

www.embeddedARM.com CORE CPU_LAY CPU_3.IV )
? ® © 0@ .

5-28V DC Power

https://www.embeddedarm.com/products/board-pictures.php?product=TS-7400-V2
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I2C Data
PacMan Computer - Connections ., o
12C CLK
00—
—0 0 CPU 3.3V
WRV-STIDSCUCGRKILOON™ " ™ org cgam s o e am % —0 0=
: R ¢y Jn)é iy 8 e —0 0_
f"!‘."”.m}l §.§'”. Reg 5V 0 0 Reboot
nn 0 O_GND
i 0 Tew
—0 0
—0 0
) 0
— 0

https://www.embeddedarm.com/products/board-pictures.php?product=TS-7400-V2

[AFAYETTE

ELECTRICAL & COMPUTER
ENGINEERING




- DIO_00 o 0— CPU 3.3V
PacMan Computer - Connections ooo [ oo
DIO_03
_ L o 0— DIO_04
DIO_05 DIO_02
5007 | oo oa
i
Doo09 | o | GND
CAN Rx0| o | CAN Rx
CAN_Tx0| , 0—I—CAN_Tx1
T o o) ReasV
UTTTRE: —0 0
Cla7 CHsv' s B3
RLLLETET —0 0—
' —0  0—
_0 o_
ADCO 0 0 ADC1
o : -. | ADC2 L 0 0— ADC3
: 6M‘,,Heaherﬂ?ins§ SO [ o o—
o 381 Fess cu P i N
1 crtonfi e —0 0—
—0 0—
Cg‘% Rev.A —0 0
_0 o_
https://www.embeddedarm.com/products/board-pictures.php?product=TS-7400-V2
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PacMan Software

e Debian 'Wheezy' Linux (Kernel 2.6.36)

e Updates from 2014 team’s code

o Correct State of Charge algorithm
o Reboot should not invalidate state of charge

o Temperature adjustment for current-measuring
shunt

e CAN communication with VSCADA

[AFAYETTE
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PacMan Safety Loop Control

e Safety loop opened in 3 different ways
o Charger plugged
o Watchdog timeout
o CPU DIOO02 pin for software control

e \Watchdog fed by CPU DIOO03 pin

[AFAYETTE
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VSCADA CAN Interface

e No longer RS-485, new isolated chip

e All 4 packs on the same main CAN line
e \When address prompted, will return all
relevant data to VSCADA

CAN H GLV 12V

é‘-‘-"zf= P

CAN L GLV GND

[AFAYETTE
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Charger-GENESYS 750W Half-Rack

o n

CURRENT
a— VOLTAGE _ DCVOLTS GENHB-90 0-80y=10 %A _pcamrs .Jvm
—_—— o SIGIGEE S 0 —
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) C— [ ] o o o @ 5@ OJ § —
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CHARGE PORT
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Charging

e Anderson PowerPole connector used
o Charge Detect
m Charge Detect goes to BoB ends at PacMan
o Charge +/-
m Charge +/- go to charge relays
o Safety Loop
m Open when charging plug is plugged in
m Closed when dummy plug is in charge port

[AFAYETTE
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ack State Diagram

Power Supply
Connected ‘
No Power to B _ ;
PacMan and AMS Sequence > Charging
(Cell Depleted)
A
Power Supply .
Cell Voltage Below Disconnected i
Threshold -]
Charging Algorithm
4 Complete
Charge Idle
Y
Charging Algorithm
Y Reset
Idle Mode
Safety Loop Closed Safety Loop Open Power Supply
Y ° Y P ee Connected
A
»  Discharge Mode 4—@
A
Wait for Latch
Fault
Reset

o
=
w

AIR Open \ T

Indicate Error —»@ns Fault Correcte>
AIR Closed

Charge Relay Open
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Charge Detect

o CxRc DETI
g ms
- CNRG_DET2 /\/\/ | 1 “
Cugg NEG 2 m 3
LTV=357T

ix
-
-
R FURG_DET_3p3v
uk_u.q

e Charger creates electrical connection

between CHRG DET1 and CHRG DET?2
o Pulls CPU DIOO06 pin high through optoisolator

[AFAYETTE
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Cooling

e \When bypassing cells, they get HOT
e \When charger is plugged, fan switches on
o Fan powered by charger to not deplete batteries

e Reducing heat sink to half height

o Thermal resistance now 3.7 “C/W @ 200 LFM
o With 10.2W power, 37.74 “C rise

[AFAYETTE
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Charge Relays

e \We will be using a normally closed charge
relay

o This fixes previous error where pack was
unchargeable when depleted

e Charging is finished when all AMS bypass

o CPU DIOO0O0 pin signals CHRG_TRIG to optoisolator
for charge relays to open when charging is finished

e Using relay - OMRON MGN1C-DC24
o SPDT - can wire to be NO or NC

o 24V DC 30A
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Accumulators and AMS

i2c Shunt

T_Shunt L J V_Shunt

i2c.o [] i2co i2co [ i2co i2c.o [ i2co i2c_0 i2c_0 i2c.o [] i2co i2c.o [ i2c.o i2c.o [] i2co
{ AMS 1 ‘ { AMS 2 ‘ { AMS 3 J L AMS 4 J { AMS 5 ‘ { AMS 6 ‘ l AMS 7 J
BJ- | BJ+ BJ- | BJ+ BJ- [ BU+ BJ- H B+ BJ-  BJ+ BJ-  BJ+ BJ- B+

BB5

Negative Positive

BB4
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Accumulator Management System Board

e Boards monitor attributes of each assigned cell

o Voltage levels
o Current levels

e Ability to bypass cell during charging
e Reports back to PacMan through 12C

e Board Reset
o Software
o Remote/Manual

C
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Bed Richardb
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AMS Command List

Gets the cell voltage
Gets the cell temperature
Gets the pack charging current
Gets the pack discharging current
Gets the bypass resistor switch state
Gets the slave/board address
Gets the software version
Gets 0x0042(test command)
Gets the bypass time in minutes
Gets charging coulomb count as well as the number of times the charging current was summed
Gets discharging coulomb count, as well as the number of times the discharging current was summed
Gets cell voltage and temperature
Gets the voltage, temperature and charging current of the cell
Gets the voltage, temperature and discharging current of the cell
Gets the time clapsed since the bypass switch has been set
NI Sets the bypass switch state
RO Sets the board address n/a
F0T00 1 Sets the bypass time in minutes n/a

Calls the function to test the watchdog timer n/a

* *

SO B0V NNV

=

Designed by 2013 Team.
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AMS Software Bug

e Bugs documented by LFEV-2013
1. No constraint to force PacMan to wait until the AMS board has
processed a request
m Results: incorrect data readings on the first response

2. Concurrency issues in memory: read/write collisions
m Results: possible retrieval of unwanted data

e LFEV-2015 Goals
1. Manipulate clocks so that no additional requests could be sent
by PacMan until original request is processed.
2. Implement constraints so that data cannot be read and written
at the same time
[AFAYETTE

ELECTRICAL & COMPUTER
ENGINEERING




AMS Software Reset

e Initialization: PacMan will
attempt to communicate
with each board

o Failed attempt — reset
of that board

o Error & Reset will
display on Pack LCD

{ set_i2c_addr(i2c_addr[i] }4—

Y

Is n = read(i2c) Y
positive?

N

Loop through all
addresses (i)

y

¥
Output: error
Enable reset AMS board with

i2c_addr[i]

A4

Disable reset on AMS board
with i2c_addr[i]

[AFAYETTE
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AMS Remote Reset

e LFEV 2014’s Design — LFEV 2015 utilizing it
e Asserted by manual reset button through PacMan BoB

3.3V on RST POS

2l RST NE 1
to reset board — Q_ 13
RST_POg, 2
svbD o 3
RST_@S—,’} AN c
R14 VAl SSCL 5 .
100 ~ ™
2 [lans
rst NEG CAT E GLV_GNQ, 6

Ué J3

[AFAYETTE
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PacMan Breakout Board

e Acts as connector between TS-7400-V2 and the AMS
boards and proper sensor relays

e C(Contains circuitry used for current, temperature, and
pack voltage measurements

e Includes isolation chips to provide galvanic isolation
between low and high voltage circuits




PacMan BoB Manual Reset

e MB2000 series switch

P ushbutton (NKK Switches)
o RESET POS

o RESET NEG

o J22

Manual Reset

Block Terminal

Low Voltage

ol __ BESET POS
o RESET NEG

1{ Reg ﬁy
6N135 >
R26 NC PR < R25
GLV 5V 100K " / 4.1K
3 2 JIC
" /\/\/ B
‘ 7400 3gav
NC Pgrk NEG
GLV GND o -
- NC ac
NC aC

e ON135 high-speed

OptOCOU pler (Vishay Semiconductors)
o U16

[AFAYETTE
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] Pack POS . |
W8 HIGH VOLTAGE  SIOE

[:HRG POS

{CHRG- NEG.
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Acceptance Testing

- Qverview

- Designed around requirements
- Minimizing time and charge cycles needed
- Repeatable for individual packs

- Focus
- Safety
- Plug-and-forget charging
- Accuracy of measurands
- New SoC algorithm

[AFAYETTE
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Acceptance Testing Cont.

- Test configuration A

WwW-M4
W-N4

Safety Loop.

Side Panel

IGLV24A SL2

GLVv24B A 1 O

GLYV Cockpit
Side SL1
Panel
St Cockpit ' |
| 1
A5 GLVPD 7/°°| Power Source
Pedals
1
Load Resistor
N+ jol N
Safety Loop
Pack+ Load + Load -
TSV Pack TS+ Outt |l OUL- o

E A4 Load Controller
Data
[AFAYETTE

In+
ELECTRICAL & COMPUTER
I n ENGINEERING

Pack-



Acceptance Testing Cont.

- Test configuration B

GLV Cockpit

|

Side
Panel

vvvvvv

N
i

TSV Pack

-

Va Power Source

Safety Loop.

Side Panel

(GLV24A

IGLV24B

A10

harge

ajﬂ Charger

Data
St=7

Safety Loop

SL1

[AFAYETTE
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Acceptance Testing Cont.

- TOO0O: Pack Display and Safety Qualification

- Prerequisite for all other tests
- Configuration A
- No active load
- Measurement accuracy verification
- Safety checks (isolation, sensor readings)
- Controls/reset tests

LAI-AYI: I F h




Acceptance Testing Cont.

- TOO1: Low Current Discharge Test

- Discharge cycle
- Configuration A

- Safety features tested (safety loop, low-voltage
protection, temp/voltage sensors)
- Un-balances cells for subsequent tests

- Measurement accuracy verification
- SoC tested

LAI-AYI: I F h




Acceptance Testing Cont.

- T002: Charge Cycle Test

- Complete charge cycle
- Configuration B
- Charges at two different rates to test SoC
- Safety loop tested
- Measurement accuracy verification
- Cell-balancing tested
- Plug-and-forget feature tested

LAI-AYI: I F h




Acceptance Testing Cont.

- TOO03: High/low Current Discharge Test

- Discharge cycle
- Configuration A
- Discharge at 3 different rates (high/low/paused)
- Max current performance tested
- Measurement accuracy verification
- Safety features tested
- SoC tested
- Simulates real-life use case

LAI-AYI: I F h
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Maintainability

- Hardware

- MTTR = 1 day for most parts when spare parts on
hand

- MTTR < 8 days for most parts when no spare parts

available
- Full analysis in maintainability plan

[AFAYETTE
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Maintainability Cont.

- Software

- PacMan software and AMS firmware
- Source control

- Backup/restore

- Instructions for programming

- Compatibility with VSCADA

[AFAYETTE
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TSV BOM & Budget

Total TSV Budget Required

AMS PacMan BOB Parts | Pack Electrical Parts
$430.38 $674.15 5$223.75 51,263

Total Given Budget:| 52,735.10
Spent So Far:| 51,026.03
Remaining Budget:| 51,713.07

[AFAYETTE
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AMS

AMS (Accumulator Management System)

Vendor Part#/ Order# Description Unit Price | QTY | Total Price
R N R TN '
Mouser
538-70543-0040 6-PIN SL Locking Header, tin-plate (12, J3) 074 20 $14.80
538-50-57-9706 &-PIN SL Locking Plug w/TPA (for J2, 13) %075 200 $15.00
538-73838-0006 6-PIN SL TPA Piece (forJ2,13) $0.26 20 $5.20
538-15-02-0055 SL Sockst 24-20 AWG S006 100 $6.00
567-6857-15ABPN T0O-220 Vertical Board Mount Heatsink $131 10 $13.10
652-PWR220T-20-R750F TO-220 Resistor 20watt 0.750hms 1% (RPOW) S$4.00 10 $40.00
567-173-7-220P Thermal Interface Pad TO-220.007" GRAY (for Q1, RPOW) S042 17 $7.14
532-7721-7PPS Insul Shoulder Washer (for No. 4 screw) $0.18 15 $2.70
S79-PICI6LF1827-1/SO PIC16LF1827 8-bit Microcontroller (U4) $172 3 S13.78
652-SRN8040-100M SMD Inductor 10uH 20% (L1) S0.33 20 $7.20
859-LTV-357T Transistor Output Isolator (US) $0.19 20 $3.80
634-SI2600AB-B-IS Silicon Labs Dual 12C Isolator Interface (U7) $3.18 8 $25.44
579-MCP18255-3302EDB LDO Voltage Regulators S00mA 33V (U3) S051 9 S4.53
Digikey
LT1307BCSE8#PBF-ND LT13078B S$2.75 4 $11.00
TIP102TU-ND TRANS NPN DARL 100V 8A TO-220 (U2) S073 1 S0.73
MCPS700AT-E/TTCT-ND IC Sensor Thermal 2.3V SOT-23-3 (USA, USB) $0.25 11 $2.75
MBROS20LCT-ND Diode Schottky 20V S00MA SOD123 (D1) S0.23 2 $0.45
MCP&242-E/SN IC Opamp GP 550KHz PRO 8S0IC (U1) 030 5 $150
655K-ND Banana Plug $172 3 $5.16
RMCFOS05FT20KOCT-ND 20K 0805 SMD Resistor 1% 1/8W 90.016 50 S0.81

AMS Total:| $430.38 [AFAYETTE
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PacMan & BOB

PacMan (Pack Manager)

vendor Part# / Order# Description Unit Price | QTY | Total Price
e A L e e N N e e e e e NN N
908-MSD04GC4P-1TM Micro SD Card 4GB Cass 10 Industrial 51054 4 54215

PacMan Total:| $674.15
BOB (Breakout Board)

Vendor Part# / Order# Description Unit Price | QTY | Total Price
N/A PCB for BOB boards S10 6 S&0
93938-MIC4680-5.0YM Switching Regulztors 1.3A SuperSwitcher in SO-8 (Lead Fres) S423 3 $12.63
LTC4151CS-28PBF-ND IC CURRENT MONITOR(12BIT) 1650IC S$555 4 $22.20
MCP&242-E/SN Switching Regulators 1.3A SuperSwitcher in SO-8 (Lead Free) (zlso in AMS) S423 3 $21.15
853-LTV-357T Transistor Output Optocouplers (zlso in AMS) $0.19 2 $0.38
S84-ADM1232ARN ADM1232 Watchdog Timer SOIC-8 $253 2 $5.06
843-LDA210S LDA210 Dual Optoisolator/Darlington Pair SIP-3 5183 2 $3.66
771-HCT4002D118 Single 4 Input NOR/OR Gate SOIC-8 S050 2 $1.00
653-G6B-1114P-D(5 SPSTSV PCB Relay $5.16 2 $10.32
ADM2483BRWZ Half Duplex RS-485 Isolator S6.24 2 $13.68
S511-74LCX07YMTR M74HCO7 Hex Open-Drain Buffer SOIC-14 S052 2 S104
652-SRU1028-680Y SMD Inductor 68uH 30% S0.75 2 $1.50
P2N2222AGOS-ND P2N2222A NPN BJT Transistor 800ma S050 2 $1.00
621-B280A-F B260A Schottky Diodes S047 2 $0.94
512-1N4148 DIN4148 Diode Through Hole $0.10 6 $0.60
810-C3216X5R1V226M 22uF SM Ceramic Capacitor 1206 $1.26 2 $2.52
538-AVE227MI16X16T-F 220uF Electrolytic Capacitor Surface Mount 16V S051 2 $1.02
538-70543-0013 Headers & Wire Housings 14 POS SHROUD HDR S350 5| S17.50
538-50-57-8414 Headers & Wire Housings HSG 14P SINGLE ROW POSITIVE LATCH S087 10 $8.70
517-D3408-5202-AR 15-PIN Shrouded Header $199 3 $5.97
517-3452-8000 15-PIN Plug $323 6 $159.38
517-D3733-6202-AR 10-PIN Shrouded Header S144 2 $2.88 I.AFAYETTE
517-3473-8000 10-Pin Plug S264 4 $10.56 [ELECTRICAL & COMPUTER

ENGINEERING
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Pack Electrical Parts (page 1)

Pack Electrical Parts
Vendor Part# / Order# Description Unit Price | QTY | Total Price
G3475534 Fuss, 2004, O=ss T, A3A, 300VAC/180VDC $2834 2 $56.68
G1373003 Fuse Holder, 200A AC 300V, 1 Pole, Moldad $68393 2| 513788
S04-BK/HKP-R Cooper Bussmann AGC 30A/250V Fuse Holder S472 5 $28.32
504-C10G0.5 Fuse, Bussman .5A/S00V $1326 5 $79.56
5912-4414F Fans 119x25 24DC 100CFM SW 2900RPM 43dBA BB $3358 2 $67.16
5620945030 Fan Accessories BLK FLTR ASSM 4.65” $208 2 $4.16
562-09123-G Fan Accessories PLASTIC GUARD 120MM 121 3 $3.63
GX14CB AIR - 350A Contractor, 24VDC coil, 24-in flying leads, no auxiliary contact $94 35 1 $94.35
Waytek 124-903 124-11411  [POWER RELAY CONTACTOR 24V 100A SPNO WHITE-RODGERS 124-303 $34396 3| 5104.88
Newark 44W4342 Panel Drain, Line 3, Grey $74.10 2| S148.20
Newark 44W4365 Panel Source, Neutral, Blue S5062 2| S101.24
OERBY /S S S S S S Ao St DG SN/ /o /o /A S A S o A 2N /
571-14807030 Pin & Socket Connactors CAP HOUSE 4 POS $0.20 50 $10.00
571-14807050 Pin & Socket Connactors CAP HOUSE & POS S032 50 $16.00
571-325950 Insul. Ring Terminal, 18 AWG, #5/M3 stud $0.23 25 $7.25
538-19070-0121 Insul. Ring Terminal, 10-12 AWG, #38/M4 stud $0.20 25 $5.00
571-35492 Insul. Ring Terminal, 12-10 AWG #1/4 /M6 stud 9056 10 S5.680
579-MCP3700A-E/TO-ND Board Mount Temperature Sensors Lin Active Therm S037 4 $1.48
517-9602207102AR Headers & Wire Housings 20P SIDE ENT DR SKT $3.18 3 $9.54
517-9502406303AR Headers & Wire Housings 40P STR SR BDMNT SKT 3 5SMM TAIL/S.5SMMBODY $4.85 3 $14.55
879-1470G1 Heavy Duty Power Connectors PP PAK 2-4P HSG SNAP-IN RECEPT $2.10 4 S2.40
879-1327FP Heavy Duty Power Connectors PP15/45 FINGERPROOF HOUSING ONLY, RED S085 3 S2.55
879-1327GEFP Heavy Duty Power Connectors PP15/45 FINGERPROOF HOUSING ONLY, BLACK S082 3 S2.45
873-269G1-LPBK Heavy Duty Power Connectors PP30HD LOOSE CONT #12-16 AWG S0.70 3 $2.10
879-4827G6 Heavy Duty Power Connectors PPMX 2-PIECE BLACK HOUSING ONLY S020 3 $2.40
879-261G2 Heavy Duty Power Connectors PP45 REELED CONTACT #10-14 AWG, TIN $0.16 25 $4.00

[AFAYETTE
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Pack Electrical Parts (page 2)

571-5550521 Ethernet Connectors 8 COUPLER IN-LINE $702 2 $14.04
651-5602093 15mm DIN Rail Perf S964 1 S9.64
651-3100305 MTL1.5 Feed-Thru DIN Rail Terminal Block S262 20 $52.40
651-3001682 MTL1.5 Twin DIN Rzil Terminal Block 462 3 1388
651-3100318 MTL.5 PE Ground Din Rail Terminal Block S842 1 $8.42
651-3100321 MTL.5 End Plate 078 3 $2.34
651-3002379 MTL1.5 Twin End Plate S$134 3 $4.02
651-1402940 MBKS5/EZ Feed-Thru DIN Rail Terminal Block $3.15 6 $18.90
651-1415021 MBKS/EZ End Plate 0397 2 S134
651-1421653 DIN 15 End Qamp $128 4 $5.12
2398-G75X75LG72-ND Wire Ducting TYPE G .75 X .756-FOOT SECTION $2856 1 $28.56
§51-1725711 Fixed Terminal Blocks 8P 2 54mm30DEG S540 2 $10.80
£51-1725656 Fixad Terminal Blocks 2P 2 54mm30DEG S$142 3 $4.26
651-1725669 Fixed Terminal Blocks 3P 254mm390DEG $2.16 4 S8.64
571-3506831 Pin & Socket Connactors SOCKET 24-18 AWG $0.085 100 $8.50
571-3506301 Pin & Socket Connectors PIN 24-18 AWG $0.088 100 $8.80
538-15-02-00%5 SL Socket 24-30 AWG $0.10 100 $10.00
651-3001624 FBRN 10-4 N Fixed Bridge (10 Position) $730 1 $7.90
298-(75LG72-ND Wire Ducting COVER 3/4" 6-FOOT SECTION S8.46 1 $8.45
6510203250 FBI10-6 Fixad Bridge for 6.2mm DIN blocks $986 1 $9.86
782-ILD755-1X017 Transistor Output Optocouplers Photodarlington S277 4 $11.08
156-1408-E D-SUB CRIMP FEMALESP S056 2 $1.12
156-1401-E D-SUB CRIMP PIN FM $0.10 20 $2.00
164-3007-E IDC SOCKET 14 PIN W/STRAIN RELIEF S065 2 $1.30
164-9002-E IDC SOCKET 16 PIN W/STRAIN RELIEF 061 2 $1.22
Pack Electrical Total:| $1,262.67
[AFAYETTE

ELECTRICAL & COMPUTER
ENGINEERING



Budget

e Initially allocated money:

o Dyno - $148

o SCADA - $715 Budgeted Money

O GLV - $1 39790 .SCC\DA
o TSV -$2739.10 ' Eono

28%
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Budget

e Money Spent so far
o Dyno - $362

TSV - $1026.03

SCADA - $304.26

GLV - $10.24

Money Spent

Il SCADA
W GLV
DYNO
W TSV
/

o O O

[AFAYETTE
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Budget
Current status of money:

Budget Status

Il Money Spent

SCADA . Il Money
Remaining

GLV
DYNO
TS\", _
-$1,000 50 $1,000 $2,000 $3,000

[AFAYETTE
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Out of Scope: LFEV-2016

o GLV
1. Implement AIR failure sensors
2.




Out of Scope: LFEV-2016 Cont.

o TSV
1. Implement AIR failure sensors
2. Low voltage indicator light
3. Building 4 complete packs

[AFAYETTE
ELE(TRI(fi\L & (ﬁ().\t!’UTER

ENGINEERING




Roadmap

6. Tractive System Voltage (TSV)
Overview

Safety

Mechanical

PacMan System

Charging

AMS

BoB

Acceptance Testing

I. Maintenance

6. Out of Scope: LFEV-2016
7. Conclusion LARAYETTE

Ff\(_.I\JFFRIN(_.

~TQ 0 Q0T




Lafayette Electric Vehicle
2015

ECE492:.Senior Design
Afternoon Critical Design Review
March 11, 2015
Hugel 100



Roadmap

8. Meet the Afternoon Teams

9. Interface Control Review
10. Vehicle Supervisory Control and Data Acquisition

(VSCADA)
a. Daemon
b. Interfacing

c. User Applications
d. Data Storage
11. Dynamometer (DYNO)
a. Decomposition and Definition
b. Integration and Recomposition

[AFAYETTE

ELECTRICAL & COMPUTER
ENGINEERING




Roadmap

8. Meet the Afternoon Teams

9. Interface Control Review
10. Vehicle Supervisory Control and Data Acquisition

(VSCADA)
a. Daemon
b. Interfacing

c. User Applications
d. Data Storage
11. Dynamometer (DYNO)
a. Decomposition and Definition
b. Integration and Recomposition

[AFAYETTE

ELECTRICAL & COMPUTER
ENGINEERING




Meet the Afternoon Teams

e Vehicle Supervisory Control and Data Acquisition (VSCADA)

Yiming Chen
Bikram Shrestha
Rameel Sethi
John Gehrig
Sam Cesario

. Adam Cornwell
ynamometer (DYNO)
Steve Mazich
Brendan Malone
John Bloore
Nate Hand

Alex Hytha

°
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Roadmap

8. Meet the Afternoon Teams
9. Interface Control Review
10. Vehicle Supervisory Control and Data Acquisition

(VSCADA)
a. Daemon
b. Interfacing

c. User Applications
d. Data Storage
11. Dynamometer (DYNO)
a. Decomposition and Definition
b. Integration and Recomposition
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Interface Control

An Interface Control Document was created to
accurately and completely define all (electrical,
mechanical, semantic) aspects of top-level
interfaces to allow different designers to
coordinate with each other successfully.

Next, we will discuss these top-level interfaces.




System Assemblies Layout - Top View

Main Hoop Box
Right Side Panel
TSV Pack 1
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TS
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Chg
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Physical Interfaces Layout - Side View

Main Hoop Box

S _Left Side Panel

vCl Right Side Panel
GLV24 TSMS GLVMS

O )
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Physical Interfaces Layout - Top View
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System Assemblies Layout

Main Hoop Box

Right Side Panel

TSV Pack 1

=
S A [
TS
Charge
TSV Pack 2
Charge]
e E
Data

Pedals

A3
Chg
TSV Pack 2’
— ]
15
A4 =
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! Main Hoop Box

GLV | Right Side Panel
TSV Pack 1 Hub 1 1
Cockpit A 8 st
TSV - VCI

. A1 TS- GLV24 = Tgyp == SL2 J I

h _ RTD/

., |

Safety Loop | A7
TSV Pack 2 Termination sL2
. SL2 L SL1 GLVPD
Cockpit A2

i i |
GLVPD ?
|
A5 pane TSI sL2 Motor Controller Motor
Too HV+ HV+ J0 Jo
Loop
] p— TSVP A6 T - : :
Pedals
L Load Hv- HV- Ag J1 J1 A1 O
P b ||
TSV Pack 3 [ oivev SL1  [{GLVPD [ I
Pedals Tsv | GLVPD 2 5
Data || S | |
® A3 s

: GLV | —

TSV Pack 2
o . Left Side Panel GLV Power
TS- ! -
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;s;/) TSVP GLVPD Port
- AO
|
[ lGLV24B
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GLV
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TSV Pack 1

Rack

TSV
harge|

TSV Pack 2

A2

TSV Pack 3

TSV
hargt

A3

TSV Pack 4

A4

harge|
TSV

Side Panel

VCI

Motor System
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W-PD2

GLV Hub 1
A12-1 |——W-PD8
W-PD9——
TSV Pack 1
AT

D3

TSV Pack 3

TSV
|
harge

A3

TSV Pack 4

A4

W-PD10

I

A12-2

GLV Hub 2 J
——W-PD11

VCI

Motor System
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]
I Motor Controller
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TSV Pack 1

TSV
e Aq
harge|

TSV Pack 2 W-HV2

1 a2

harge
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A 4 TSV

TSV Pack 3

W-HV3

E

TSV Pack 4 W-HV4

W-HV1
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TSV Pack 1

TSV
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TSV Pack 2
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W-HVE
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Embedded Computer: VAB-820
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g TCP/IP
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Logging/Daemons - Main Program

e VSCADA uses systemd to initially launch the main
program
o systemd has most major linux distributions support

e The main program will run in the background as the
server with PID registered

e The main program will start by doing system startup

procedures
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Logging/Daemons - Startup

e VSCADA uses systemd to initially launch the main
program
o systemd has most major linux distributions support

e The main program will run in the background as the
server with PID registered

e The main program will start by doing system startup

procedures
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System Startup

Linux System Main Program Sub programs Sub programs
VSCADA Off
GLV Turned On
Setup VSCADA
Setup Vehicle

Systemd starts the
Main

[AFAYETTE
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System States and Exceptions

VSCADA Off

Startup Stage

Error stages

!

Good to Go Stage

Vehicle Boot Up
Error Stage

VSCADA Boot Up
Error Stage

Failed Stage

!

Driving Stage

%  You are not allowed to drive

if in these error stages

Startup Stage
e When system boots up and will
goto one of the following stages

Good to Go Stage
e No error or warning and is ready
to be driven

Driving Stage
e The caris drving
Vehicle Boot Up Error Stage
e VSCADA is functional but other
subsystems are not
VSCADA Boot Up Error Stage
e VSCADA is not functional
Failed Stage
e VSCADA failed to boot up
[AFAYETTE
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System States and Exceptions

System Errors: Sensor Errors:
Snytax error Logic:
=> Failed Stage Errors are configurable and specific
VehicleStartupConfigLoadException If happens before driving, then the car is disabled from
=> Other Boot Up Error Stage driving;
DatabaselLoadException else take actions according to sensor configuration
=> VSCADA Boot Up Error Stage
RRDFileNotFoundException Possible Errors:
=> VSCADA Boot Up Error Stage OverHeating
VehicleStartupTimeoutException UnderCharged

=> Other Boot Up Error Stage
SensorCheckingTimeoutException
=> Other Boot Up Error Stage
SystemFailureError
=> Failed Stage
OtherCommunicationException
=> Vehicle Boot Up Error Stage
OtherSystemException
=> VSCADA Boot Up Error Stage MFAYEﬁ‘E
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Logging/Daemons - Logging

e Have 5 levels, in their respective order:
o Debug: detailed information, mainly used for debugging
o Info: general information, should contain important data
o Warning: Need user’s attention
o Error: Need user to check the source of the error
o Critical: Opps.
e Logs are stored in syslog of Linux
o syslog handles storage, update, filter, etc.
o Python and other library support for syslog
e Can be viewed by clients over the TCP protocol
e Levels can be set by configuration. Info level by default
[AFAYETTE
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Interfaces

e [SV Communication

o Send/Receive Packets of data from the four
PACMAN via CAN

o will follow API
e GLV Communication
o JGB act as a hub for groups of sensors via CAN
e DYNO Communication
o Control Throttle via JGB board
o Motor Controller CAN
o Dynamometer - USB interface to read RPM and
torque, set valve

[AFAYETTE
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CAN Interface
e SocketCAN -Linux Drivers

sam@bull3:~/Desktop/vscada/can-1ib$ cansend vcan0 123#11.02.fe.fe.ee.ee.95.33

sam@bull3:~/Desktop/vscada/can-1ib$ candump vcan0
vcan@ 123 [8] 11 22 33 44 55 66 77 88
vcan® 123 [8] 11 22 33 44 55 66 77 88
vcan® 001 [3] 11 12 13

e Python-CAN

sam@bull3:~/Desktop/vscada/can-1ib$ python3 CANexample.py vcan0

Received: can 1d=123, can dlc=8, data=b'\x01\x02\xff\xff\xee\xee\x952'

[AFAYETTE
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TSV Pack LevelCAN Frame

Data frame

Bus Idle 11-bit base idenifier [ 18-bit identiier extension 4-5it DLC "’ . CRO ACK]| (Intermission) Bus Idle
|SOF DT 18 SRR|IDE g RTR| ot | 0 | Hieas 0-8b(ytes 15-bit CRC |ACK| This MR (dente)

Interframeq Arbitration < Control g N CRC N ACK N End of ﬂ>\<_Interframe_ _
Space < Field D Field d Field Field Frame ‘ Space

¢ >@< >

BYTE 0 BYTE 1 BYTE 2 BYTE 3 BYTE 4 BYTE 5 BYTE 6 BYTE 7

Byte O - 1,Pack#(1-4) Byte 4 - Current (Low)
Byte 1 - Voltage (High) Byte 5 - SOC (High)
Byte 2 - Voltage (Low) Byte 6 - SOC (Low)
Byte 3 - Current (High) Byte 7 - Fuse Temp

[AFAYETTE
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TSV(1) AMS Level CAN Frame

Data frame
Bus Idle | 11-bit base identifier 18-bit identifier extension 4-bit DLC "’ . CRO AcK] (Intermission; Bus Idle
SOF IDT26.18 SRR|IDE D17 0 RIR| At | 0 | Dleao 0-8b(ytes 15-bit CRC |ACK| 7 bits " 3bis. | (ndefe)
Interframe J Arbitration < Control G CRC ACK ‘ End of ﬂ>\<_Interframe_ _
Space < Field D Field d Field Fieldt d Frame Space

¢ >@< >

BYTE 0 BYTE 1 BYTE 2 BYTE 3 BYTE 4 BYTE 5 BYTE 6 BYTE 7

Byte O - x1,Pack#(1-4) Byte 4 - Current (High)

Byte 1 - AMS#(1-7) Byte 5 - Current (Low)

Byte 2 - Voltage (High) Byte 6 - Temperature (High)

Byte 3 - Voltage (Low) Byte 7 - Temperature (Low)
LAFAYETTE
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GLV(2) Cockpit CAN Frame

Data frame

Bus Idle —lsop it bass dentfer SRR' o 1biidentfrextension el T o [ 0tDLC O_BQ;tes S LR CRG CRCMACK 7hs  Inemisson (le ﬁldlt)
) : ) 4 | |

Interfr Arbitrati Control CRC ACK ‘ Edfﬂ>\< Interframe

”sepai?e J < rF'iera?dlon 0 Field > d > Field Field P Frnamc:e " Space

BYTE 0 BYTE 1 BYTE 2 BYTE 3 BYTE 4 BYTE 5 BYTE 6 BYTE 7

Byte 0 - x21 (Cockpit)
Byte 1 - Ambient_temp (High)

Byte 2 - Ambient_temp (Low)
Byte 3 - Failure _LED (High)

Byte 4 - Failure _LED (High)

Byte 5 - Warning_LED(High)

Byte 6 - Ok_LED (High)
Byte 7 - Ok_LED (Low)
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GLV(2) TSI CAN Frame

Data frame
Bus Idle 11-bit base idenifier 18-bit identifier extension 4-5it DLC "’ . CRefucrcx . lntermission| Bus Idle
|S°F IDT28..18 SRR' IDE D17.0 RTRp [ 0 | bicap O'Bb}"es 15-bit CRC |AC I 7bits 3bits | (ndefinite)
Interframeq Arbitration < Control NG N CRC N :] D < End of N Interframe _ _ _
Space < Field D Field F eId Field Field Frame — Space

<

> & <

>

BYTE 0 BYTE 1 BYTE 2 BYTE 3

BYTE 4

BYTE 5

BYTE 6

BYTE 7

Byte 0 - x22 (TSI)

Byte 1 - Temperature (High)
Byte 2 - Temperature (Low)
Byte 3 - x00

Byte 4
Byte 5
Byte 6
Byte 7

- x00
- x00
- x00
- x00
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GLV(3) GLV_Power CAN Frame

Data frame

Bus Idle 11-bit base idenifier [ 18-bit identiier extension 4-5it DLC "’ . CRO ACK]| (Intermission) Bus Idle
|SOF DT 18 SRR|IDE g RTR| ot | 0 | Hieas 0-8b(ytes 15-bit CRC |ACK| This MR (dente)

Interframeq Arbitration < Control g N CRC N ACK N End of ﬂ>\<_Interframe_ _
Space < Field D Field d Field Field Frame ‘ Space

¢ >@< >

BYTE 0 BYTE 1 BYTE 2 BYTE 3 BYTE 4 BYTE 5 BYTE 6 BYTE 7

Byte 0 - x13 Byte 4 - Current (Low)

Byte 1 - Voltage (High) Byte 5 - Temperature (High)
Byte 2 - Voltage (Low) Byte 6 - Temperature (Low)
Byte 3 - Current (High) Byte 7 - SOC

[AFAYETTE
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Motor Controller CAN Frames (1 / 2)

Data frame
Bus Idle | 11-bit base identifier 18-bit identifier extension 4-bit DLC "’ . CRO AcK] (Intermission; Bus Idle
SOF IDT26.18 SRR|IDE D17 0 RIR| At | 0 | Dleao 0-8b(ytes 15-bit CRC |ACK| 7 bits " 3bis. | (ndefe)
Interframe J Arbitration < Control G CRC ACK ‘ End of ﬂ>\<_Interframe_ _
Space < Field D Field d Field Fieldt d Frame Space

¢ >@< >

BYTE 0 BYTE 1 BYTE 2 BYTE 3 BYTE 4 BYTE 5 BYTE 6 BYTE 7

Byte 0 - RPM (High) Byte 4 - RMS Current (High)

Byte 1 - RPM (Low) Byte 5 - RMS Current (Low)

Byte 2 - Motor Temp Byte 6 - Capacitor V (High)

Byte 3 - Controller Temp Byte 7 - Capacitor V (Low)
LAFAYETTE



Motor Controller CAN Frames (2 / 2)

_Qafaframe 7

Busldle—lsop 11-bi}8?_zg.iﬁ%nﬁMr SRR|IDE 18-bitideInDt'r1ﬁ7e'r.;xtension rRTrl 11 | o 40?_%?(? 0-8!}) (ytes 15-bit CRC CRCIﬂIACK 7 bits |lt3rrgison:(le ﬁldlt)
“J i At U N S N S P »L—m -
BYTE 0 BYTE 1 BYTE 2 BYTE 3 BYTE 4 BYTE 5 BYTE 6 BYTE 7
Byte 0 - Stator Freq (High) Byte 4 - Throttle Input
Byte 1 - Stator Freq (Low) Byte 5 - Brake Input
Byte 2 - Controller Fault P Byte 6 - System Bits
Byte 3 - Controller Fault S Byte 7 - (UNUSED)

[AFAYETTE
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CAN Microcontroller Board (JGB)

Automotive AVR

e CAN Bus 5V Reg Z
e LIN §
e UART (RS-232) 2
Board Inputs/Outputs > MM;GA

Internal Temperature 16M1

5 ADC Channels
3 PWM Channels
1 DAC Channel

6 GPIO/SPI

2 Differential ADC
USB - UART

ISOLATION

Y

CAN

[AFAYETTE
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Microcontroller Firmware Design

RESET

UART

Send/Receive
Test/Debugging Information

CAN [
SCADA Communication
TIMER [
PWM, Sensor Timing
WATCHDOG TIMER
Crash Prevention ”{ H SENSORS

/0
System Control Interface

WATCHDOG

s |
=
|

INITIALIZE ‘

READ CONFIG
(EEPROM)

RESET

CONFIG VO
WATCHDOG

| .

(TIMER)

[AFAYETTE

ELECTRICAL & COMPUTER
ENGINEERING




Microcontroller Prototype Hardware

WORKING:

e ADC
o D2A
e PWM
e GPIO

NOT WORKING:

e CAN
o UART

[AFAYETTE

ELECTRICAL & COMPUTER
ENGINEERING




Microcontroller CAN Frames

Data frame

Bus Idle 11-bit base identifier 18-bit dentifier extension 4-bit DLC . CRC ACK . Intermission Bus Idie
_|SOF IDT28.18 SRR|IDE D17.0 RTR| rt [0 | Blcao 0-8bytes 15-bit CRC |AC| 7 bits : 3 bits :(Indeﬁnite)
Interframe Arbitration Control Data CRC End of Interframe _ _ _
Space 4>J < Field PR— gy oK Field PR Fied Jﬂ Fod D\(] Frame DL Space
BYTE 0 BYTE 1 BYTE 2 BYTE 3 BYTE 4 BYTE 5 BYTE 6 BYTE 7

Byte O -
Byte 1 -
Byte 2 -
Byte 3 -

Byte 4 -
Byte 5 -
Byte 6 -
Byte 7 -
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1 I 2 I S I L3 I S
POWER CONNECTIONS
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N RTS = T ADC5 =)
RTS RESET 5 6 GND IprE 5] | <
USBD-| 16 | yspo_ o1 it x g 3 AREF
USBD+4 15 1 useo+ DTR P2 x ISP1 vee
ber 0 x cCk p OC1 CAN TRANCEIVER GND 7]
" pcp 0 MISO_A PWMO -
RESET RI 2 A D J9
‘ coven |23 CBUSO A5 s T CAN_H -
. ¢ 1 22 CBUS1 1) CAN_L ; <
0scC CBUST === c2 —
| 05C0 CBUS2 %x RESET sw K3 mfh OO Can - |
CBUS R9 8 1 s 7 .
CBUS3 TX —_—f2 XD CANH
3v3out CBUSH —45—X 508 ~
e o CANL B CAN_L
a N . RESET —_— £
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Microcontroller Code/Toolchain

{INSERT CODE HERE/TOOLCHAIN IMAGES}

AYETTE
ELE(TRl(fi’\L & (ﬁ().\t!’UTER

ENGINEERING



Client - Server Architecture

4 A 4 ) 4

CLIENT SERVER CLIENT
(WIRELESS) (IP) (LOCAL)

\_ ) . J

Request - Response Model

e Client Initiates Request
e Server Responds to Request
e JSON Obiject Passing

Unix-Style Commands
e Modular, Flexible, Expandable e E




Server Command Architecture

Server Command Syntax:

- FLAGS OPTIONS ARGUMENTS

CMD NAME -

Unique command name, identifies specific server task to carry out.

FLAGS -

Enables or disables specific command functionality or output.

OPTIONS -

Utilized to pass data from the client to server.

ARGUMENTS -

End objects affected by the server command.

Syntax Notes:

All command Options, Flags, Arguments space separated.
Flags begin with the “-" character. [AFAYETTE

ELECTRICAL & COMPUTER

Options are followed by a string containing no spaces. ENCINEERING




Server - Client Demonstration

{INSERT VM/Host Images Here}

[AFAYETTE
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Server - Client Code Review

{INSERT PYTHON TCP SERVER CODE HERE}

AYETTE
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Roadmap

8. Meet the Afternoon Teams

9. Interface Control Review
10. Vehicle Supervisory Control and Data Acquisition

(VSCADA)
a. Daemon
b. Interfacing

c. User Applications
d. Data Storage
11. Dynamometer (DYNO)
a. Decomposition and Definition
b. Integration and Recomposition

[AFAYETTE
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Front-End User Application
e VSCADA Maintenance Application

O

Contains all required user functionality in one
program

Runs on remote PC (pit station PC) and vehicle
embedded computer with touchscreen

Demo mode can be selected in the maintenance
application

Password is used to protect maintenance mode from
unauthorized access




Maintenance App -
Measurands/Input

VSCADA Maintenance - [Preview]

Measurands/Input | Hardware/Output | Rules | Settings

Measurand Type Value Adj Value Units =
v TSV
w Battery Pack 0
w Cell0
Voltage Analog In 33 33 Vv
Current Analog In 10 10 A
S0C Analog In 700 70 %
Temperature Analog In 70 35 =
p Cellh
p Battery Pack1
p Battery Pack2
p Battery Pack3
| p GLV v
Add or Modify Vehicle Sensor: "15 Add / Modify | | @ Delete

This is a message.

| [AFAYETTE

- ‘ .. Warnings | J Errors | Failures ‘ ELECTRICAL & COMPUTER
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Maintenance App - Add/Edit Sensor
Window

Add/Edit Sensor - [Preview]
Sensor Category/Name:
u ok
CAN ID: | | oK
Sensor ID: ‘ ] OK
Sensor Type: Analog Output v
Sensor Units: Analog Output v
Calibration: Slope \ Offset ’

Cancel OK

[AFAYETTE

ELECTRICAL & COMPUTER
ENGINEERING




Maintenance App - Measurand
Graph Window

Graph - [Preview]

Graph Label

AN

e Refresh Length: Secs v

AYETTE
ELE(TRl(fi’\L & (ﬁ().\t!’UTER

ENGINEERING




Maintenance App - Hardware/Output

VSCADA Maintenance - [Preview]

Measurands/Input | Hardware/Output | Rules | Settings

Name Type Value
Throttle Analog Out 78%
SL VSCADA Relay Digital Out On
SL TSI Relay Digital Out On
Add or Modify Vehicle Sensor: "WL- Add / Modify | | @ Delete

This is a message.

| TAFAYETTE

|
- .. Warnings | 4 Errors | Failures ‘ ELECTRICAL & COMPUTER
[© essages | g | W -




Maintenance App - Rules

VSCADA Maintenance - [Preview] X

Measurands/Input | Hardware/Output | Rules | Settings

Measurand Priority Operator & Thre Output State =
v TSV
w Battery Pack 0
w Cell0
w Voltage
Warning <3.0 Nothing N/A
Warning >3.6 Indicator On
Error <28 Indicator On
Error >3.8 Indicator On
Failure <2.6 VSCADA relay Open
Failure >4.0 VSCADA relay Open
p Current
p SOC v
Add or Modify Vehicle Sensor: "WL- Add | / Modify | & Delete

This is a message.

| | LARAYETTE

‘ﬁ’ Messages H .. Warnings |U Errors | @ Failures ’ ELECTRICAL & COMPUTER
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Maintenance App - Settings

|

VSCADA Maintenance - [Preview]

Measurands/Input | Hardware/Output | Rules | Settings

IP Address “ ] : ‘ ‘ - ‘ ‘ c ‘

Demo Mode On
Password ‘
Save Settings Save

This is a message.

| LAFAYETTE

‘Q Messages H . Warnings IU Errors | @ Failures ‘

ELECTRICAL & COMPUTER
ENGINEERING




Roadmap

8. Meet the Afternoon Teams
9. Interface Control Review
10. Vehicle Supervisory Control and Data Acquisition

(VSCADA)
a. Daemon
b. Interfacing

c. User Applications
d. Data Storage
11. Dynamometer (DYNO)
a. Decomposition and Definition
b. Integration and Recomposition

[AFAYETTE
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Round Robin Database (RRD)

e High performance data logging and graphing system for time
series data

e Uses circular buffer to store data
o Data size does not expand with time.
o Qverwrite the data once it reach the starting point

e Framework for storing measurement averages, min,max and
derivative

e Graphical presentation for both stored and archived data.

[AFAYETTE
ELECTRICAL & COMPUTER
ENGINEERING




RRD Creation

e Size of the database can be determined at creation
time.

e Specify the step time (rate at which the database
update the data)

e Specify the step time for archives too. For different
archives, different time step can be applied.

LARITIE

ENGINEERING



Round Robin Archives (RRA)

Sample Data
[ Average Data Source v
_ Primary Data Points
e Minimum (PDPs)
e Maximum |
P Last Archives (RRDs)
a0s a80s a0s
Samples 5.0 6.3 7.0 2.0 2.0 3.0 )| wun
Primary Data 6.112.012.5|3.0(2.4]4.1
Paints 60s | 60S | 60S
[N I I E I B
RRAMAK: |
DEE | 2.0 2.5'3.0 2.4(4.1
| | | | |
RRA:M-&-K: 6 . 1 | I I |
0.5:5:10 <
[AFAYETTE
ELECTRICAL & COMPUTER
RRAAVERAGE: 3.2 A ENGINEERING
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RRD for this project

Monitor the time series data.

Take care of time and space complexity.

Very simple in structure.

Manipulate the stored data and archived the data.

Graphing tools.

[AFAYETTE
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Database and Configuration

e Database for sensor list and most of the configurations
e Text files for logic related (startup procedures, logic
switches, etc)

[AFAYETTE
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Database

e SQL is used for the followings:
o Table 1: restoring sensor information
m sensor hierarchy
m CANid
m sampling rate
m rrd file reference

e This means, all data is going to be stored in RRD, but a
reference is kept in SQL as a cleaner solution

o Table 2: type of sensor
m analog in, analog out, digital in, digital out
m need to know this for sending out data on CAN
[AFAYETTE
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Database

o Table 3: warning/error threshold

m High and low values for warnings, errors and
failures

m Reaching these values will trigger some certain

actions, which is referred in the next table
o Table 4: warning/error actions

m Each of the actions here is generic and
configurable
o Table 5: calibration
m have slop and offsets




SQL DB: ‘Sensor_Table’

Name id_CAN id_Sensor Type Sample_Rate

Overwrite_Period Units Factor Offset RRD_DB

[AFAYETTE
ELECTRICAL & COMPUTER
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SQL DB: ‘Sensor_Type’

id Description Type Direction

[AFAYETTE
ELE(TRIQ:’\L & (ﬁ()M_PUTER
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SQL DB: ‘Sensor_Levels’

id Warning_Low Warning_High Error_Low Error_High Fail_Low Fail_High

[AFAYETTE
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SQL DB: ‘Sensor Actions’

id Action_Name Priority_Level Effector_Name Effector_State

[AFAYETTE

ELECTRICAL & COMPUTER
ENCGINEERING




id Name id_CA | id_Sens Type Sample_Ra Overwrite_Perio Units Fact Off RRD_DB
N or te d or set
1 TSV/Pack1/Voltage 0 1 Anal 20 24 V 1 0 /data/TSV/pack1/voltage.rrd
og
2 TSV/Pack1/Current 1 2 Anal 21 25 A 1 0 /data/TSV/pack1/current.rrd
og
3 TSV/Pack1/SOC 2 3 Anal 22 26 % 1 0 /data/TSV/pack1/SOC.rrd
og
4 TSV/Pack1/Fuse_Temperature 3 4 Anal 23 27 °C 1 0 /data/TSV/pack1/fuse_temperature.rrd
og
5 TSV/Pack1/AMS1/Temperature 4 5 Anal 24 28 °C 1 0 /data/TSV/pack1/AMS1/temperature.rrd
og
6 TSV/Pack1/AMS1/Voltage 5 6 Anal 25 29 \Y 1 0 /data/TSV/pack1/AMS1/voltage.rrd
og
7 TSV/Pack1/AMS1/Current 6 7 Anal 26 30 A 1 0 /data/TSV/pack1/AMS1/current.rrd
og
8 TSV/Pack1/AMS2/Temperature 7 8 Anal 27 31 °C 1 0 /data/TSV/pack1/AMS2/temperature.rrd
og
9 TSV/Pack1/AMS2/Voltage 8 9 Anal 28 32 \Y 1 0 /data/TSV/pack1/AMS2/voltage.rrd
og
10 TSV/Pack1/AMS2/Current 9 10 Anal 29 33 A 1 0 /data/TSV/pack1/AMS2/current.rrd
og
11 TSV/Pack1/AMS3/Temperature 10 11 Anal 30 34 °C 1 0 /data/TSV/pack1/AMS3/temperature.rrd
og
12 TSV/Pack1/AMS3/Voltage 11 12 Anal 31 35 Vv 1 0 /data/TSV/pack1/AMS3/voltage.rrd
og
13 TSV/Pack1/AMS3/Current 12 13 Anal 32 36 A 1 0 /data/TSV/pack1/AMSWN¥E | | E
o
9 ELECTRICAL & COMPUTER
ENGINEERING
14 TSV/Pack1/AMS4/Temperature 13 14 Anal 33 37 °C 1 0 /data/TSV/pack1/AMS4/temperature.rrd
0og



Configuration

e Bash style

e Read during startup, and bad syntax will
raise exceptions and the car will be disabled
from driving

e Switches can be updated and modified by
maintenance app

e Will be stored under same directory and
database in a separate folder

e |s accessible from debug port

[AFAYETTE
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http://img.talkandroid.com/uploads/2011/08/seal-of-approval.jpg

Acceptance Testing e b

e Show that VSCADA meets all requirements

as both:

o part of integrated LFEV system
o standalone software system

e Strive for maximum amount of test
automation/avoid recompiling software

e Main criteria:
o Exception handling
o Automated hardware detection/configuration
o Logging, plotting and storing of measurands
o Controlling system state

ENGINEERING
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Acceptance Testing (cont.)

Test configurations:

Config A: VSCADA powered by 12 V power source
Config B: VSCADA interfaced with GLV

Config C: VSCADA interfaced with GLV and TSV
Config D: VSCADA interfaced with GLV, TSV and
DYNO

LARITIE
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T000 - System Startup/Shutdown and GLV
Data Logging

e Config B
e Tests:

Acceptance Testing (cont.)

o Automatic startup without user interaction once GLV
power is provided

o Logging of GLV measurands

o Keeping of backup in case of unexpected shutdown

[AFAYETTE
ELECTRICAL 'L COMPUTER
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Acceptance Testing (cont.)

T001 - Safety Checking/Exception Handling

e ConfigD
e Tests:
o Lighting of Ready LED on cockpit if all subsystems

are in a safe state when Ready-to-Drive buttton
pressed

o Lighting of warning LEDs to warn user and prevent

drive mode being activated by Ready-to-Drive button
If unsafe condition occurs (exception handling)

o Examples are open safety loop, voltage thresholg\ AVETTE
exceeded, temperature threshold exceeded, mis§Sing<™




Acceptance Testing (cont.)

[ A |
T002 - Maintenance App Operation
e ConfigD
e Tests:

o Requirement of proper user credentials to login to
maintenance mode

o Logging and storing of all subsystem measurands

(TSV pack/cell voltages, currents, temperatures,
GLV voltage, current, Dyno torque, RPM)

o Allowing user to control all aspects of VSCADA such

as disabling safety checks, disabling data Iogglng\l_Athrh
and programming individual shutdown rules  ==agicon




!“_ 7 ™5 ‘.,

Acceptance Testing (cont.)
TO03 - Drive Mode Operation

e Config D, then repeat with Config A
(simulated throttle)

o Tests:
o Accurate reporting of measurands while driving

o Logging of exceptions should unsafe condition occur
while driving

o Demo operation of vehicle through software throttle
if other subsystems not available

[AFAYETTE
ELECTRICAL 'L COMPUTER
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Acceptance Testing (cont.) ¢

g

T004 - Pack Charging/Discharging

e Config C
e [ests:

o Displaying that accumulator is charging
o Displaying that accumulator is discharging

LARITIE
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Acceptance Testing (cont.)
TOO0S5 - Reliability Test

e ConfigD
o Tests:
o System can run through series of drive

modes/simulations and maintenance configuration
changes over period of 24 hours without failure

LARITIE
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Acceptance Testing (cont.) o
TO06 - Maintainability Test

e ConfigD
e Tests:
o Novice user can solve frequently occurring problem

o Expert maintenance individual can solve unexpected
problem

o New sensors can be added to system without
software recompilation

o VSCADA software can be installed easily using
LAFAYETTE
“make/install” on different computer




Schedule

Week 9

Demonstration System Integration & Debugging
System parts designed in the past six weeks will be integrated into a cohesive system demonstration for
CDR, and for displaying system capabilities to other groups.

CAN Communication PCB Fabrication
The General Sensor CAN Communication PCB GERBER files will be ready for fabrication and sent out for
production.

Week 10

Preliminary Demonstration System
A primitive scada system will be functioning, and ready for demonstration to other groups. This system
should be capable of allowing groups to test communications between themselves and the SCADA system
in the future.

Week 11

SCADA Server Maintenance Mode
The main system server will be capable of performing all 'Maintenance Mode' tasks, and interfacing with all
'Maintenance Mode' client interfaces.

QA Report Submitted
Deliverable D006 (QA Report) will be submitted.

[AFAYETTE
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Schedule cont’d

Week 12

System Integration & Debugging
Any remaining components not added to the SCADA system will be added at this time. Debugging and
integration into other vehicle sub-systems.

SCADA Server Demo Mode
The main system server will be capable of performing 'Demo Mode' tasks.

Week 13

Final ATR Report Submitted
Deliverable DOO5 (ATR Report) will be submitted.

System Integration & Debugging
Any remaining components not added to the SCADA system will be added at this time. Debugging and
integration into other vehicle sub-systems.

Dynamometer Communication Library
The main system is capable of sending messages to the Huff Box over serial ports.

[AFAYETTE
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Schedule cont’d

Week 14

System Integration & Debugging
Any remaining components not added to the SCADA system will be added at this time. Debugging and
integration into other vehicle sub-systems.

System Documentation
All project documentation will be finalized and completed.

Completed Maintenance Manual Submitted
A VSCADA Maintenance Manual Working Draft will be submitted.

Week 15

Final Report & Maintenance Manual Submitted
Deliverable D003 (Final Report) will be submitted.

System Errata Documentation
Any known bugs, and system errata will be documented for use by future students.

[AFAYETTE
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Budget

ltem/Group Total

SCADA

Embedden Computer System 270

Dashboard LCD display and

controller 80

Wireless Radio 50

Slave Sensor Micro Controller

Hardware 100

Debugger 80

Programmer 10

Total 590 -,

[AFAYETTE
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Roadmap

8. Meet the Afternoon Teams

9. Interface Control Review
10. Vehicle Supervisory Control and Data Acquisition

(VSCADA)
a. Daemon
b. Interfacing

c. User Applications
d. Data Storage
11. Dynamometer (DYNO)
a. Decomposition and Definition
b. Integration and Recomposition

[AFAYETTE
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Project Management
Project Planning
Project Monitoring
and Control
Risk Management
Configuration Management

Time Line

http://ops.fhwa.dot.gov/publications/seitsguide/images/image068.jpg
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Roadmap

8. Meet the Afternoon Teams

9. Interface Control Review
10. Vehicle Supervisory Control and Data Acquisition

(VSCADA)
a. Daemon
b. Interfacing

c. User Applications
d. Data Storage
11. Dynamometer (DYNO)
a. Decomposition and Definition
b. Integration and Recomposition

[AFAYETTE
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Concepts of Operation

e (Generate a torque curve
e Develop a software simulation of the car
e Develop a hardware simulation of the car

e Determine the car gear ratio

LAFAYETTE




System Requirements

e Motor/Dyno Selection
e Motor Controller

e Software

o Data Acquisition
o Throttle Control

e Interfaces
o VSCADA
o GLV
o TSV

o Safety

[AFAYETTE
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Project Management
Project Planning
Project Monitoring
and Control
Risk Management

‘\—\ Configuration Management

Motor Selection
e HPEVS AC 50-27.28

[AFAYETTE
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Project Management
Project Planning
Project Monitoring
and Control
Risk Management

‘\—\ Configuration Management

Dynamometer Selection
e Huff HTH-100

[AFAYETTE
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Project Management
Project Planning
Project Monitoring
and Control
Risk Management
§ Configuration Management

Motor Controller
e Curtis 1238R-7601

[AFAYETTE
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Interfaces

throttle control

e GLV - Interface for power and data
transmission

e TSV - Interface to power supply

[AFAYETTE
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Software

VSCADA - Dyno

e Data Acquisition
o RPM
Torque
Temp - Motor and Controller
RMS Current
Voltage

O
e Throttle Control

[AFAYETTE
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Safety

e Emergency Shutoff

o Must be have an emergency stop
o Must be shut down when GLV is down

e Oil Temperature Shutoff

o Must shut down when temperature limit is exceeded

e Galvanic Isolation
o Must separate high and low voltage subsystems

e Motor Controller Contact Shield
o Prevents accidental contact with terminals

[AFAYETTE
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High-Level Design

e |CD Layouts

e Safety Shutoff

e Throttle

e HUFF - VSCADA Interface

e Motor Controller
o Cooling
o Safety

e (Galvanic Isolation

[AFAYETTE
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FOMSM?\ Project Management
N 1 Gonoopt Project Planning

-— \ Project Monitoring
Concept of \ and Control
Operations REELER L
ke Configuration Management

B\

ICD Layout \

e Two configurations
o Dyno Testing Configuration:

Remote PC
Emergency Shutoff .
A '
ESPS i Internet
\ 4
Test Stand PC Huff Box
Power Supply ——RS-232 < USB_1
I | A A
MCPC w83
HV.7 HV 6
T | Dyno Throttle l
I
DHB
GLVPD
ALG_1
RHV+ | HV+ [HV 1 HV_3
HV_4 Motor , ;
Motor Controller | s Mechanical | pynamometer
RHV- [ HV- FSHV_284 Motor System 'IT
ALG_2 | Temp. Sensor LAFAYE E
| ELECTRICAL & COMPUTER
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Project Management
Project Planning
Project Monitoring
and Control
Risk Management
§ Configuration Management

B\ i

ICD Layout

e Two configurations
o Integrated Design Configuration:

‘ VSCADA <

h

Remote PC
Emergency Shutoff T
A 1
ESPS 1 Internet USB 1
v ' |~
ff
Power Supply ~ =—RS-232 Test Stand PC Huff Box
| ‘ A
HV_7  Hv e
I
<« CAN—T>
GLVPD - = one
GLV POWER| "
Galvanic Isolator
ALG_1
RHV+ | HV+ [HHV 1+ HV_3
HV_4 Motor ‘ :
Motor Controller = Mechanical | pynamometer
| HV_5
RHV- | HV- [FHV_ 25 Motor System LAFAYE | I E
ALG_2 , ————
21| Temp. Sensor ELECTRICAL & COMPUTER
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Safety Shutoff

e Requirements -
o Must include emergency stop

o Must include temperature shutoff

e Design -
o Use the power supply control

Inputs. These control mechan
contactors.

Emergency Shutoff
1ESPS
Power Supply —RS-23 2=
I |
HV_7 HV_6
| I
[AFAYETTE
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Huff - VSCADA interface

USB interface

Utilizes serial communication
Based on a call and response system
Used to acquire data and set values
Protocol is defined by the chip on data
acquisition board

[AFAYETTE
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Motor Controller Cooling

e Must regulate MC temperature

o Storage ambient temperature range:-40°C to 95°C
o Operating ambient temperature range:-40°C to 50°C

o Internal heatsink operating temperature range:-40°C
to 95°C

e Utilize a Water Cooling system
o Pump— MC— Radiator— Pump
o Mounted Cooling Housing
o Effectiveness to be determined upon delivery of
parts

[AFAYETTE
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Motor Controller Safety

e Must prevent conductive injury from

MC ports
o High Voltage

e Cover all electrical hazards to prevent

accidental contact
o Use non-conductive plastic cover

[AFAYETTE
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Throttle
e Must control the throttle input of the MC

o Throttle inputis 0 to +5 volts
o VSCADA must be connected
o Must be scriptable for testing _| TeststandPc |

e Use two systems: SRR

o Use a VSCADA CANbus node with an
analog output for the integrated system

o Use an Arduino connected over USB to | Mewrconeler
control an analog output L

[AFAYETTE
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Galvanic Isolation

e High/Low voltage CAN must be sepamruéted
e High/Low Voltage Throttle must be
separated

[AFAYETTE
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Layout Review:

Feasibility Project Management
Project Planning

Project Monitoring
and Control
Risk Management
kel Configuration Management

N\ s

VSCADA <

A

USB_1
|

Huff Box

Remote PC
| Emergency Shutoff .
A 1
ESPS 1 Internet
A4 '
Power Supply ~ —RS-232 TestStand PC
HV_7 HV 6
<« CAN—T >
GLVPD | JeB
GLV POWER|
|Ga|vanic Isolatorl
ALG_1
RHV+ | HV + HV_3
HV_4
Motor Controll
oorcontoller HV_C_i
RHV- | HV- [SHV 25
ALG_2

Motor

Mechanical

Motor System

Temp. Sensor

Dynamometer

[AFAYETTE
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Detailed Design

e Simulations e Motor Controller
o Motor o Isolation
o Car o Parameters
o Track o Wiring Diagram
o Cooling
o Safety o Safety

o Independent shutoff

o Insulating covers e Room Wiring

e Throttle

o Independant solution
o VSCADA solution

o Testing config
o Integrated config

[AFAYETTE
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Simulations - Motor

Using IEEE circuit equivalent model developéd
the following torque curve

I, R, X1 Xo I

# h

[AFAYETTE
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Induction Motor
25

15}

N-m

05F

0 | | | | | |
0 1000 2000 3000 4000 5000 6000 7000
RPM

ITE
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Simulations - Car/Track

order to simplify the static and dynamic
equations required.

The track will be simulated by an array of
values that will dictate the curvature and incline
of the track based on position.

[AFAYETTE
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Project Management
Project Planning
Project Monitoring
and Control
Risk Management

Simulations Layout

Electric Vehicle

Model
| Vehicle Physics
TSV Complete @ Model
| | Pack l I
TSV Incomplete e } If- Static
Pack t - Motor Controller Motor _ Gear Box T ‘-‘ Mode!
Power Supply ‘ I
o Dynamic
Model
Driver/Course
Simulator
Driver
p— —
Course P
¥
| E

'UTER

B WAIEE Y AALENAL YA




Safety - Independent Shutoff

e Use the input control lines

o Directly linked to mechanical contactors

e Interface is a 37-pin D-Sub connector

o Need only the start and stop inputs

TO SLAVES
P/O JST
— 0" (M8 CLEAR
o
- o0 OH37__ INTERLOCK SET
A
o7 N8 stop
o 9,
- 0O (7 START
o
O

Figure 3.26. Digital input control lines

o
37 °s

o
20| o2

19

[AFAYETTE
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Project Management
Project Planning
Project Monitoring
and Control
Risk Management
§ Configuration Management

Safety - Independent Shutoff

e Solution: simple rack mounted unit

Start Rack Unit €——» Temp. Switch

Power Supply

Temp. Switch
_ 1
’e) o—

18 - Clear

37 - Interlock Set

OO00OO0O0O

19 - Stop
Emergency Stop _
5 I o 17 - Start
Start Button 26 - +5 volts
Power Supply

[AFAYETTE
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Safety - Insulating Covers

e Plastic Cover

o Non-conductive
o Transition temperature higher than cutoff temp

e Aluminum connecting rods

[AFAYETTE
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e Need to control throttle from a computer
o Arduino with USB connection

I---':luun.on ~ewn Tworwao |22
..... 3

wnnde .
- Bl

e No analog outputs s
o Low pass filter on a PWM st I S

e Scripting

o Write values in a python script

@ python’ \ |

[AFAYETTE
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Project Management
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Risk Management
Configuration Management

Python script writes PWM
values, which are filtered to
analog voltages

Pin 2 (PWM)

150 kQ

Pin AO|————— Throttle

0.44 puF

GND
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Throttle - VSCADA Solution

e USB connection from VSCADA to Huff Bgim
e Serial communication

e Call and response
e Protocol dictated by DAQ chip

e Generate PWM signal
o Relates RPM to voltage
o PWM is low pass filtered
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Motor controller - Isolation

o Isolate CANbus
m Using TI ISO1050DUBR
m Voltage step down using LM7805

o Isolate throttle
m Using 6N135 optocoupler
m low pass filter PWM signal
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Motor Controller - Parameters

(=l Program =]
(= User Settings Motor Type 50
(=] Speed Settings Base Speed 3000 rpm
Forward Speed 6500 rpm Field Weakening 50 %
Reverse Speed 6500 rpm Econo Field Weakening 20 %
Econo Speed 6500 rpm Weakening Rate 60 %
(=l Accel Rates (=l Main Contactor
Normal Accel Rate 0.4 Seconds Main Contactor Voltage 43 Volt
Econo Accel Rate 1.0 Seconds Main Holding % 80 %
= Throttle Settings =) Display Menu Items
Throttle Type 2 Auto Scroll On
Deadband 0 volt Scroll Delay Time 10 Seconds
Throttle Max 5 Volt Display SOC off
Mapped Throttle 50 % Display Motor RPM On
(=] Brake Pedal Settings Display Battery Amps On
Brake Type 0 Display Voltage On
Brake Deadband 0.30 Volt Display Motor Temp On
Brake Max 3.50 Volt Display Controller Temg On
Regen Brake Light Th.. 50 Ampere Display Minimum Volt... On
= Current Limits Display Maximum Cur... On
Normal Neutral Braking 15 % =) BMS
Econo Neutral Braking 25 % BMS Installed off
Shift Neutral Braking 7 % BMS Address 768
Normal Drive Current... 100 % User Undervoltage 80 %
Econo Drive Current ... 60 % Low Cell Begin Cutback 2,800 Volt
Brake Current Limit 10 % Low Cell Full Cutback 2,300 Volt
= Ide Setup Max Current at Full C.. 50 %
Idle Enable off Maximum Cell Voltage 3.700 Volt
Clutch Start Enable off Low SOC Cutback 20 %
Idle Speed 600 rpm i Max Current atLow ... 30 %
Idle Torque 50 % & Dual Drive
Dual Drive Mode Off

Creep Torque 0% Response Timeout 200 ms IAFAY—E'ITE
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Motor Controller - Wiring

Testing w/ Power Supply

Project Management
Project Planning
Project Monitoring
and Control
Risk Management

i

—

=< C

Temp (Pin §)
Encoder Phase A (Pin 31)
Encoder Phase B (Pin 32)
V (Pin 26)

Curtis 1238R-7601

Coil Return (Pin 13)|

Main C Coil (Pin 6)|

Forward Switch (Pin 22)
12V (Pin 25)

8 oA

KSI (Pin 1)

To MCI (Throttie )

Pot Wiper (Pin 16)

To MCI (Theottie «)

WG (Pin7)

To MCI(CAN H)

CAN H (Pin 23)
CAN L (Pin 35)

VWV VWV

ToMCI(CAN L)

CAN Term (Pin 21)
CAN Term (Pin 34)|

[AFAYETTE
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Motor Controller - Wiring
Testing w/ TSV Packs I

-

Curtis 1238R.7601

Coil Return (Pin 13)
Main ¢ Coll (Pin 6)

Forward Switch (Pin 22))
12 V (Pin 25)|

< C

To MCI (Throttie )
To MCI (Theottie )

Pot Wiger (Pin 16)}
wa (Pin

CAN H (Pin
CAN L (Pin 35)}

To MCI (CAN H)
ToMCI(CANL)

VWV VWV

Temp (Pin §)
E Phase A (Pin 31)
Encoder Phase B (Pin 32)
V (Pin 26)

cmnmpum:l
CAN Term (Pin 34)

[AFAYETTE
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Motor Controller - Wiring

Suggested in-vehicle wiring i

Main Contactor 8

e 104

Curtis 1238R.7601

Coil Return (Pin 13)|
Main C Coil (Pin 6)

Forward Switch (Pin 22)
Reverse Switch (Pin 33)|

12V (Pin 25)|

KSI (Pin 1)

To MCI (Throttie )
To MCI (Theottie «)

Pot Wiper (Pin 16)|
o Pin7)

CAN H (Pin 23),
CAN L (Pin 35)

To MCI {CAN H)
To MCI (CAN L)

VWV VWV

Temp (Pin §)
Er Phase A (Pin 31)
Er Phase B (Pin 32)
V (Pin 26)

CAN Term (Pin 21)
CAN Term (Pin 34)
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Room Wiring - Testing Config
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Q

Room Wiring - Integrated Config
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System Integration

e Two configurations

o Dyno Testing Configuration
o Integrated Design Configuration

[AFAYETTE
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Dynamometer

e Dyno Testing Configuration
o Utilizes Windows PC with software
o Records RPM and Torque
o Controls dynamometer

e Integrated Design Configuration
o Utilizes VSCADA computer
o Records RPM and Torque
o Controls dynamometer

[AFAYETTE
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System Wide

e VSCADA

o CAN data acquisition
o Dyno data acquisition and control
o Throttle

o [S]

o Galvanic isolation from TSV packs

o ISV

o Supplies power

[AFAYETTE
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Budget

e Wires/Tubing: $203.92

o Water cooling tubes - $15.30
o Power supply cables - $188.62

e Transistor/Electrical Parts - $43.22

o Button switches - $15.76  byno Budget Breakdown
o Transistors - $27.46

e Connectors - $108.52
o Panels - $107.37

o Pin Connector - $1.15
e Total - $362.19

B Tubing/\Wires

Il Transistors/
Electrical Parts
Connectors

[AFAYETTE
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Roadmap

8. Meet the Afternoon Teams

9. Interface Control Review
10. Vehicle Supervisory Control and Data Acquisition

(VSCADA)
a. Daemon
b. Interfacing

c. User Applications
d. Data Storage
11. Dynamometer (DYNO)
a. Decomposition and Definition
b. Integration and Recomposition

[AFAYETTE
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Unit/Device Testing

e Throttle Testing
e Safety Shutoff
e Galvanic Isolation

[AFAYETTE
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Throttle Testing
e Independant Solution - TO01-2

o Using Arduino system
o Sweep the throttle in increments of 100 RPM
o Value must be within 5 RPM with 90% confidence

e VSCADA Solution - TO02-3
o Using VSCADA system
o Sweep the throttle in increments of 100 RPM
o Value must be within 5 RPM with 90% confidence
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Safety Shutoff
e Emergency Stop - TO00-1

o Press the stop, check that the system powers down

e Oil Temp. Shutoff - TOO0-3

o Heat up sensor, check that the system powers down

[AFAYETTE
ELECTRICAL & COMPUTER
ENGINEERING




e Data Acquisition
o Verification tests for:

m lorque
Velocity
Current
Voltage
Temperature
Load control

e Simulation Results Comparison

[AFAYETTE

ELECTRICAL & COMPUTER
ENGINEERING



Data Acquisition

e Verify sensor accuracy - T001-1
o Torque - verified with first principles
m Calibrate with weights on the arm
m Verify calibration with different weights

[AFAYETTE
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Data Acquisition

e Verify sensor accuracy - T001-2
o Motor Velocity - redundant measurements
m Dynamometer encoder
m Motor encoder
m Handheld tachometer

o Verified statistically

[AFAYETTE

ELECTRICAL & COMPUTER
ENCINEERING




Data Acquisition

e Verify sensor accuracy - T0O01-3

o Motor Current - redundant measurements
m Motor controller output
m Clamp sensor

o Verified statistically

/ J—

ELECTRICAL & COMPUTER
ENGINEERING




Data Acquisition

e V\erify sensor accuracy - T001-4

o Motor Voltage - redundant measurements
m Motor controller output
m Power supply reading

o Verified statistically

—_—

¢ ="
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Data Acquisition

e Verify sensor accuracy - TO01-5
o System Temperature - redundant measurements
m Motor controller output (Motor/Controller temp.)
m Handheld sensor

o Verified statistically

[AFAYETTE
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Data Acquisition

e Verify sensor accuracy - T0O01-6

o Load Variance - check torque response
m Use steady motor RPM
m Vary load and check that torque varies

Speed vs Load Torque
/_ Low Load, High Speed

Motor Speed
(RPM)

High Load,
Low Speed

Motor Load Torque
(NeM) [AFAYFITE

ELECTRICAL & COMPUTER
ENGINEERING




Create scripts to mimic the MATLAB
simulations in hardware. This will be done in
automatically controlling the valve opening in
the dynamometer.
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System Verification
e VSCADA Tests

o Data acquisition
o Throttle control

e [S| Tests

o Checks for galvanic isolation

e TSV Pack Tests
o With 4 packs
o With 1 pack

[AFAYETTE
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VSCADA Tests

e VVSCADA data acquisition via CAN
e VVSCADA data acquisition from Huff Box

e VSCADA throttle control
o Uses data from CAN and Huff Box
o Control Dynamometer valve via Huff Box

[AFAYETTE
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TSI Tests

e Run the dynamometer with the TSI attachm:d
o T002-4

o If the system powers down:
m |tis not galvanically isolated

o If the system runs:
m Itis properly isolated
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TSV Tests

e Run the dynamometer with TSV power

o If 4 packs have been completed:
m Connect the packs to the TSI

o If only 1 pack has been completed:
m Connect the pack in series with the power supply
m Power supply will make up voltage difference

[AFAYETTE
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System Validation

e (Gear Ratio

e Torque Curve
e Final Demonstration

[AFAYETTE
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Gear Ratio

Knowing the maximum rpm and our desired
maximum velocity we can solve for the gear

ratio

rlata's onnn onnn
= -
IUUV oUUV JUUV

eTa eSgies? eSgies3
) ITE
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Torque Curve

e At minimum:
o Must show velocity vs. torque at an estimated load

o (Goal:

o Will show velocity vs. torque at several load points
o  Will show power consumption

e |deal:
o 3D graph of velocity, torque, and load
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Budget

e Initially allocated money:

o Dyno - $148

o SCADA - $715 Budgeted Money

O GLV - $1 39790 .SCC\DA
o TSV -$2739.10 ' Eono

28%

[AFAYETTE
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Budget

e Money Spent so far
o Dyno - $362

TSV - $1026.03

SCADA - $304.26

GLV - $10.24

Money Spent

Il SCADA
W GLV
DYNO
W TSV
/

o O O
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Budget
Current status of money:

Budget Status

Il Money Spent

SCADA . Il Money
Remaining

GLV
DYNO
TS\", _
-$1,000 50 $1,000 $2,000 $3,000
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