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1. Safety

1.1
Fail safe.
Single failures do not result in catastrophic events. 

1.2
Redundant control for high risk failures.
Single fault tolerant.

1.3
No high voltage in cab or trunk.
Occupants safer in the event of a crash.
1.4
Traction pack isolated from frame.
Single fault tolerant shock hazard reduction.

1.5
Charger output isolated from input.
Single fault tolerant shock hazard reduction.

1.6
Leave crumple zones in tact.
Car crash performance will not be jeopardized.

1.7
Place EV components where ICE components were.
Batteries can go under rear seats, under the trunk where gas tanks and mufflers go, and in the engine bay in the space displaced by the ICE only. Minimizes body modifications and assists with keeping weight balance across axles.

1.8
Redundant accelerator return springs.
If one breaks, then the other one will continue to keep car from maximum acceleration.

1.9
High pedal lockout. 

Car will not lurch if driver accidentally has foot on pedal when car turned on.

1.10
Disable drive control circuit when pedal up.

Improved safety if controller logic fails on, since simply releasing the pedal will stop car.  Use potbox microswitch.

1.11
Main contactor opened when accelerator pedal up, unless circuit in place to open contactor if current exceeds limit.

Reduces time of exposure of non-automated shutoff in the event of a short.  Use potbox microswitch.

1.12
Remote circuit breaker switch under dash, unless circuit is in place to open contactor if drive current exceeds limit, and drive short circuit failure mode is not "on" (i.e. AC), and clutch and transmission with neutral is retained.

Use for DC drive systems only for extra redundancy for safety as well as component preservation – motor can be shut off without having to get out and cut cables, the latter being possibly too late before bearing damage due to high speed spin up of series wound motors.

1.13
Motor controller gradually cuts back, but does not abruptly cut off, when voltage or temperature limits are reached on any single cell. 

Will not strand driver abruptly in unsafe place but will also not damage batteries.
1.14
Body grounded during charging.

Maintains GFCI safety feature when charging from such an outlet, typically in outdoor installations.
1.15
Thermally stable batteries.
Able to withstand and internal or external short and not burn or explode so containment thereof does not need to be addressed in this constrained program.  Eliminates the more common lithium ion batteries with non-nanotechnology cobalt oxide cathodes because they burn inextinguishably.  Eliminates nickel because they explode.
1.16
Cabin heater for defroster.

Maintain visibility through windshield on cold wet days.

1.17
Non-distracting dashboard. 
A busy display can distract the driver from driving safely.
1.18
Analog gages with needles pointing down.

Easier to read.

1.19
Gages with normal operating ranges indicated.
Quicker to determine status than just numbers.  Green/yellow/red bands preferred.

1.20
UL compatible.
Safety features such as a charger that will not burn down your garage in the event of a power surge caused by a nearby lightning strike.

1.21
Load car within stock GVWR.
Retain original handling, braking and wear characteristics of vehicle.  GVWR can not reliably be raised by increasing brake, suspension, steering and frame components without OEM vehicle design engineering and test facilities.  

1.22
Minimum payload vs seats:

 
400 lb. for 2 seats 


  700 lb. for 4 seats

Based on average weight of people and typical shopping loads.  Most cars are 200 lbs more, so up to 200 lbs overloading by larger battery pack is acceptable.

1.23
Fully disclose any reduction in stock vehicle payload. 

Vehicle payload is typically printed on the driver door sill.  A label must be placed there, and the key feature table in both the EV user manual addendum and the shop manual needs to list it.  The buyer must also be verbally told, and sign a waiver that they have read and understood the ramifications of a reduced payload.
1.24
Fully refurbished stock brake system, with fluid replaced and vacuum power assist retained if applicable. 
Retain original braking performance.  If vehicle does not have regenerative braking or has it disabled, more stress will be put on the brakes.

1.25
Fully refurbished stock steering system, with power assist retained if applicable; electric preferred. 
Retain original steering performance.
1.26
Battery contents not to enter cab during impact or rollover. 
Maintains safety of car in crash.
1.27
Sealed batteries.

Eliminates the need to contain liquids during a crash on this constrained program.
1.28
Suspension, horns and lighting systems inspected and repaired as needed.
Maintain original safety features.
1.29
Clearly marked high voltage lines under hood, belly and trunk.

Improve safety of maintenance and rescue personnel.
1.30
Use orange for high voltage, the international symbol.
Maximize recognition of high voltage danger.

1.31
Provide safety documentation and training for maintenance and rescue personnel.
Improve efficiency and effectiveness of training maintenance and safety personnel.

1.32
Safety shields covering all high voltage.
Improve safety of minor maintenance activity personnel.
1.33
Properly sized and rated fuses at sources on all new circuits.

Reduces fire risk.  Make sure fuses are picked to not blow under normal operation but blow quickly when operated in a short circuit.

1.34
One fuse in traction pack opposite motor, and two in pack near motor, symmetrically routed.
Maximizes likelihood of fuse blowing, short of one fuse per cell.  Symmetry helps reduce EMI.

1.35
Properly sized cables. 

Minimize heating and hence breakdown that could cause failure and shorting.  Use at least the following gage wires:  

	gage
	continuous DC current rating, amps

	16
	10

	14
	15

	12
	20

	10
	30

	8
	40

	6
	50

	4
	100

	1
	150

	00
	200


Source: National Electric Code Article 240.3
1.36
Properly insulated cables.
Use 600V 105C for automotive or welding use.
1.37
Forward and reverse claxons.

Warn people you are coming, at least as loud as ICE equivalent, particularly for the sight impaired.
1.38
Locking mechanisms on all fasteners.
Keep items from disassembling themselves.

1.39
Add only smooth dashboard items.

So they will not injure an occupant in the case of an accident.  
1.40
If using lead acid, place controller and charger below top of lowest batteries. 
Lead acid emits flammable lighter-than-air hydrogen that could ignite from a HV spark.  Not applicable for LiFePO4 batteries.
1.41
Replace starter battery with an accessory battery.  Use ignition key to start drive system.  Remove high resistance starter wire from key switch to reduce power drain and maintain ignition relay coil voltage.
Accessory battery provides exterior light emergency backup if a traction pack or DCDC converter failure occurs on a curvy dark road.  Also keeps high voltage switch out of cab.  Key can also be used to switch on DCDC, minimizing quiescent drain of up to 11W for some models.

1.42
Motor controller precharge resistor, fuse and relay if motor controller is being switched on and off regularly, and the precharge function is not handled inside the motor controller. 
Minimizes welding of contactor contacts during inrush current charging up controller filter capacitors, which could become a safety issue.  Also reduces the strain of inrush current in the motor controller ripple filter capacitors.

1.43
Regenerative braking disable switch if so equipped.
Improve safety while driving on icy roads.
2.  Reliability

2.1
Low complexity HW and SW.
Less to break, and easier to verify by inspection, qualification testing and use records.

2.2
Sealed components whenever possible.
Reduces moisture related corrosion and dust inducedoverheating early failures.

2.3
No traction battery or accessory battery drain when ignition key is off and charger is unplugged. 
Requires DCDC input and output relays to be drive and charge driven.  Expect storage time without fully self-charging >6 months.
2.4
Easy to drive by non-technical, busy user without damaging components.
Increases reliability for even the non-busy technical.

2.5
Use components designed for automotive environment. 
Environment includes shock, vibration, temperature, humidity and electrically noisy.  Automotive parts typically designed for 10+ year life, except for known wear items such as batteries, which need to last at least as long as starter batteries, which are typically pro-rated under warranty for at least 5 years.
2.6
All components operated below their specified parameters.
Voltage, current, temperature, power, and other specifications may need to be derated up to 50% such that they are designed to last more than 10 years, per Reliability Analysis Center Handbook derating guidelines or equivalent SAE standards.
2.7
HV cables concealed by single waterproof metal reinforced conduit tube when running under the body where the exhaust pipe ran.  
Eliminates multiple tubes -- single shielded cables could induce eddy currents and hence EMI. Provides protection for cables when running over objects. 
2.8
Mount contacts protruding from sealed cases sideways or downwards. 
Reduces moisture settling inside the parts and causing corrosion damage.

2.9
Place reverse biased diodes across relay coils, unless integrated inside package like some automotive relays. 
Provides path to discharge magnetic field buildup that opens contacts faster and lengthen contact life.
2.10
Charger interlock that disables drive system. 
Eliminates driving away during charging and damaging charge cable and outlet.  Can be disabled from presence of power, but more thoroughly is detected by the fuel inlet door being opened; however adding a switch for the latter could induce new reliability problems if not done robustly.

2.11
Crimp terminals to cables.
Solder is too brittle.

2.12
Illuminate cell balancing “check engine” light when state of charge imbalance exceeds 10%.

Manual balancing deemed acceptable if required as quick  and less often as an oil change, 15 minutes once or twice a year.   Should not be required if discharge rate of LiFePO4 cells does not exceed 3C.  Can be mitigated with automatic battery balancing system if it can be made to work without failure over the >5 year life of the batteries despite added components.

2.13
Charger cuts off when voltage, temperature or current limits are reached on any single cell. 

Eliminates overcharging a cell which could lead to damage.

2.14
If charger cuts off before all batteries are charged to greater than 90%, driver is alerted via “check engine” light.
Brings attention to charging maintenance required.
2.15
State of charge "fuel" gage based on cumulative amp hours and minimum cell voltage.
More accurate method of determining energy left to propel vehicle than amp hours, and far more accurate than voltage, particularly for LiFePO4 cells.
2.16
Highest battery cell "temperature" gage. 

Allows user to realize a trend that may be difficult to reverse quickly if let go too long.

2.17
Indicator lamps:


Charge status red, yellow and green


Drive status red, yellow and green


  Heater status – yellow
Quickly indicates warning and error conditions to help driver stay under power and preserve investment.

2.18
Splash shields around all electric components. 
Keep water off of unsealed components to reduce corrosion and shorting.
2.19
Ventilation for all electric components. 
All components in the system generate heat, requiring ventilation.
2.20
Power cable crimps filled with conductive antioxidant. 
Inhibits corrosion.

2.21
Bolt-on battery terminals with lock washers, not clamps.
Less prone to coming loose.

2.22
Strain relief on all wire connections. 
Reduces strain on terminations.

2.23
Scrape protection on all wires.
Reduces shorting propensity on sharp sheet metal.
2.24
Large format batteries.
Minimize complexity and hence cost and increase reliability as well as mitigate risk of completion in this constrained program.  Eliminates more common, less expensive and higher charge rate small format LiFePO4 batteries.
3.
Ease of Maintenance  
3.1
Readily available, widely used components and equipment obtainable in low quantities globally.
Easy to get replacement parts quick to get drivers back on the road.

3.2
Troubleshootable in-situ on road and stationary, as well as with components removed and on the bench.  Easy access to all battery terminals and to all interconnection points on EV components.

Improves efficiency of troubleshooting and repair process based on best utilization of personnel.

3.3
Simple fabrication and assembly techniques.
Allows repairs to be made anywhere that standard craftspeople live.

3.4
All EV components except motor easily removable on side of road with simple and common tools.

No floor jacks or hoists required to remove batteries or radiator box.

3.5
Accomodate 1/16" swelling for lead acid batteries if used.
Lead tends to swell over time and can be difficult to remove if swollen shut in box.

3.6
Provide fail safe active hydrogen gas venting in vehicle and enclosed parking spaces if lead acid batteries used. 
Since lead cell level access is not common and hence monitoring is not done, even sealed lead acid batteries being bulk undercharged could emit hydrogen gas if one cell gets overcharged.  Requires fans and ducting at the top of the battery boxes or spaces for all battery boxes and enclosed parking spaces with fan turning detection feedback circuits that shut off the charger if any of the fans stop.  Although some PC fans have tachometers, there is no standard for this so it is complex. 

4.
Value 
4.1
>=2 year full, 5 year prorated warranty on batteries, and 10 year full warranty on all other EV components.
Required to compete with current ICE vehicles.

4.2
Higher on the cost-performance curve compared to other existing solutions.

Need to add unique value to justify work done on program.

4.3
FCC compatible. 
Jamming local AM radios could result in impounding of car.

4.4
Door, window, seat, trim, stock instrumentation and paint inspected and repaired as needed. 
Do not want little things to distract from EV concept selling value of these early cars.

4.5
<1 milli-Gauss magnetic field in cab.
For people who are sensitive to electromagnetic fields.  Use a field meter to measure.

5.  Ease of Co-Development 
5.1
Common radiator box, battery boxes and console; unique motor, battery box, radiator box and console mounting adapters for each make and model run.
Makes development of components more efficient.

5.2
Write in C code in large enough microcontrollers to eliminate need to write assembly code.
Makes coding more efficient and higher level for more people to contribute.

5.3
Maximize use of off-the shelf hardware and software components and reference designs. 
Easier to get remote developers up to speed.

5.4
Inexpensive microcontroller development environment, including eval board that can be bolted right in the car for development.
Gets development versions in to test earlier and cheaper, leading to better designs earlier and cheaper.

5.5
Microcontroller developer support network – not just from manufacturer.
Might be able to leverage more work of what other people have done.
5.6
Industry standard interfaces when applicable. 
Maximizes interchangeability, and eliminates the need to reinvent something that works just fine as is.

5.7
Subset and different component solutions anticipated and able to work by simply removing or omitting HW and reconfiguring SW, not reprogramming firmware. 
Gets more units in to more vehicles sooner.
5.8
Robust HW and SW design source control and access.
Need increases as number of contributors increases to remain efficient and produce high quality components.

5.9  Documentation, test harness and test plan delivered before or along with any design implementation. 
Insures quality.

5.10
All results posted on web, accessible by all.
Eases sharing of information which spurs development.

5.11
Shop Manual that explains how to fabricate, assemble, test and service cars, including theory of operation.
Helps developers get up to speed so they can then make a contribution.
5.12
Owner's manual that compliments the original gasoline manual and fits in glove box. 
Assists drivers with driving the vehicles correctly.

