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Past Projects
● LFEV-2014 produced a nearly competition-

ready 7-cell pack
○ Some bugs left over from 2013 BMS system
○ Several errors on the BoB, and in PacMan
○ PacMan communicates well with AMS boards
○ No workable VSCADA interface
○ Several Formula EV requirements not addressed

Photo Courtesy of LVEV-2014 project poster



System Design

Diagram designed by Dan Zakzewski. 2015.



TSV Interfaces

● GLV - 
Tractive 
System 
Interface 
(TSI)

● VSCADA

Compiled by Katherine Nellis. Modeled after Dan Zakzewski’s top level block diagram.



Tractive System 
Interface

● Tractive 
System Activity 
Light

● Insulation 
Monitoring 
Device

● Tractive 
System 
Measurement 
Point

Compiled by Katherine Nellis. Modeled after Dan Zakzewski’s top level block diagram.



● Pack Manager → VSCADA 
● LFEV 2014: RS-485 communication
● LFEV 2015: Ethernet

○ I2C Protocol

● Voltage & Current Levels
● Temperature
● State of Charge

VSCADA

www.businessinsider.com.au



Mechanical
● Plating

○ Redesign to include “window” to allow access for 
maintenance without disassembling pack.

● BMS Board Security
○ Design a clip mechanism to secure boards to cells 

and reduce movement
● 30 V DC Indicator → LED

Pack Design



LFEV 2014:
● gathers data from BMS boards
● relays data to VSCADA when requested

LFEV 2015:
● reformat LCD display
● eradicate “patched” bug from LFEV 2013
● charging relays

Pack Manager (PacMan) Program



System State Analysis
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Diagram modified from 2014 State Diagram by Jordan Blake. 2015.



System State Analysis
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Diagram modified from 2014 State Diagram by Jordan Blake. 2015.



System State Analysis
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Diagram modified from 2014 State Diagram by Jordan Blake. 2015.



System State Analysis
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Diagram modified from 2014 State Diagram by Jordan Blake. 2015.



LFEV 2014:
● 1 BMS board/cell
● unique configurable address
● monitors voltage & temperature of each cell

LFEV 2015:
● Improve inefficient communication with PacMan
● Implement temperature sensors
● System reset

Battery Management System (BMS)



LFEV 2015:
● Fix necessary layout flaws & suggestions documented 

by LFEV 2014

● OVER CHARGING ISSUE
○ Design circuit to open relays within charging circuit 

should a PacMan malfunction occur during charging

PacMan Breakout Board (BoB)



● Critical
○ Fix issue where battery will not charge once it is depleted
○ Correct sensor readings
○ Full system reset button

● Mechanical
○ Add way to hold AMS boards in place
○ Add sliding panel for maintenance
○ shock, vibration, humidity, temperature testing 

Requirements Analysis

www.iconfinder.com

www.dreamstime.com



Requirements Analysis
● Address AMS/BoB board errata
● PacMan

○ Create detailed logging of data on microcomputer
○ Better state of charge algorithm
○ Communication protocols with VSCADA

● Misc.
○ TSVP lights
○ Low voltage indicator
○ AIR/main fuse failure sensors

commons.wikimedia.org

prc.dartmouth.edu



Scope
We have not scoped much new design, 
because much of our time will be spent in the 
fabrication of four working battery packs.

Thus, of all requirements, fulfilling the LFEV 
rules is a top priority.

www.opticstalk.com



Acceptance Test Strategy

● Preliminary test plan
● Based on requirements and subject to 

change
● Test without other teams’ components when 

possible



Acceptance Test Strategy

● T000: Maximum Operating Voltage Test
○ Max voltage < 300VDC

● T001: TSV/GLV Galvanic Isolation Test
○ Resistance measurements at various points

● T002: TSV/Chassis Isolation Test
○ Resistance measurements

● T003: Accumulator Pole/Inside Wall Isolation 
Test



● T004: Accumulator Container Grounding 
Test
○ Outside walls must be GLV grounded

● T005: TSAL Light Test
○ Tractive System Active Light on when voltage 

present
● T006: Voltage Error AMS Shutdown Test

Acceptance Test Strategy



● T007: Temperature Error AMS Shutdown 
Test

● T008: Tractive System Driver Reset Test
○ Driver reset (not after AMS or IMD shut down)

● T009: Tractive System Driver Re-activation 
Test
○ Driver reactivation (not after AMS or IMD shut down)

Acceptance Test Strategy



● T010: TSVP Lamp Test
● T011: Shutdown Circuit Current Test

○ Shutdown circuit must carry same current as AIRs
● T012: Insulation Monitoring Device Test

○ IMD opens AIRs immediately when error detected
● T013: Pack Recharge After Depletion Test
● T014: Accumulator Pack External Reset 

Test

Acceptance Test Strategy



● T015: AIR & Main Fuse Failure Detector 
Test
○ Clear indicator for failures detected

● T016: Low Battery Indicator Test

Acceptance Test Strategy



Work Breakdown



Work Breakdown - Overview 1
● Weeks 2, 3 - System redesign

○ This includes previous year bug fixing and newly implemented 
requirements

● Weeks 4, 5 - CDR and system prototyping
○ Week 3 is constrained mainly to documentation for CDR, as well as 

ordering materials and submitting schematics to the machine shop.
○ Week 4 will be building an out-of-pack prototype to reveal any glaring 

design errors.

www.xrtechnic.com



Work Breakdown - Overview 2
● Weeks 6 - 8 - Bug Identification, Fixing

○ These weeks will be devoted to fixing bugs and issues that will arise 
with our out-of-pack system prototype.

○ For week 8, we will place our prototype into a pack that will be build.

● Weeks 9, 10 - Fabrication
○ These are designated to be fabrication weeks, this is where we will 

build the remaining 3 packs

● Weeks 11 - 14 - Documentation and Final
○ These weeks are reserved for system acceptance testing, finalizing 

documentation, and development of the final presentation.

commons.wikimedia.org



Risk Assessment
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