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IntroductionIntroduction

�� Alternative Energy is a “hot topic”Alternative Energy is a “hot topic”
�� Questions of resource availabilityQuestions of resource availability
�� Issues surrounding global warmingIssues surrounding global warming
�� World political instabilityWorld political instability�� World political instabilityWorld political instability

�� Alternative energy for military applications Alternative energy for military applications 
can provide an enginecan provide an engine--off capabilityoff capability

�� Propulsion for support and deployment operationsPropulsion for support and deployment operations
�� Plug Power for field communications/sentry dutyPlug Power for field communications/sentry duty
�� Platform for DE and NBC technologiesPlatform for DE and NBC technologies



Methodology: Two Major VehiclesMethodology: Two Major Vehicles

�� Small Unmanned Ground Vehicle (SUGV)Small Unmanned Ground Vehicle (SUGV)
�� 1000 lb, powered solely on alternative energy 1000 lb, powered solely on alternative energy 

sourcesource
�� Serve as a technology building block Serve as a technology building block �� Serve as a technology building block Serve as a technology building block 

�� Larger Unmanned Ground VehicleLarger Unmanned Ground Vehicle
�� 5000 lb, hybrid between conventional diesel 5000 lb, hybrid between conventional diesel 

and alternative energyand alternative energy



SUGV  Target SpecificationsSUGV  Target Specifications
ItemItem TargetTarget

MaxMax GVWGVW 900900 lblb

VehicleVehicle WeightWeight (wet)(wet) 500500 lblb

PayloadPayload 400400 lblb

HeightHeight // WidthWidth // LengthLength 4242”” xx 4848”” xx 8484””

GroundGroundPressurePressure <<11..00psipsi

Basis:
Multifunction
Utility / Logistics
and Equipment
(MULE) GroundGroundPressurePressure <<11..00psipsi

MaxMax SpeedSpeed 2525 mphmph

RangeRange 5050 milesmiles

QuietQuiet ModeMode OperationOperation 11hrhr

MaximumMaximum SlopeSlope ClimbingClimbing 4040%%

SideSide SlopeSlope 4040%%

GapGap CrossingCrossing 4242””

DrawDraw BarBar PullPull 5050%% GVWGVW

VerticalVertical StepStep 1212””

(MULE)



SUGV  Target SpecificationsSUGV  Target Specifications
ItemItem TargetTarget

MaxMax GVWGVW 900900 lblb

VehicleVehicle WeightWeight (wet)(wet) 500500 lblb

PayloadPayload 400400 lblb

HeightHeight // WidthWidth // LengthLength 4242”” xx 4848”” xx 8484””

GroundGroundPressurePressure <<11..00psipsi

Basis:
Multifunction
Utility / Logistics
and Equipment
(MULE) GroundGroundPressurePressure <<11..00psipsi

MaxMax SpeedSpeed 2525 mphmph

RangeRange 5050 milesmiles

QuietQuiet ModeMode OperationOperation 11hrhr

MaximumMaximum SlopeSlope ClimbingClimbing 4040%%

SideSide SlopeSlope 4040%%

GapGap CrossingCrossing 4242””

DrawDraw BarBar PullPull 5050%% GVWGVW

VerticalVertical StepStep 1212””

(MULE)



Modified SUGV TargetsModified SUGV Targets

ItemItem TargetTarget

MaxMax SpeedSpeed 44 mphmph

RangeRange 44milesmilesRangeRange 44milesmiles

QuietQuiet ModeMode OperationOperation ~~ 2020 minutesminutes

MaximumMaximum SlopeSlope ClimbingClimbing 3030%%

SideSide SlopeSlope 3030%%



Vehicle Dynamics CalculationsVehicle Dynamics Calculations
�� Basic analysis to estimate necessary Basic analysis to estimate necessary 

vehicle power densityvehicle power density gV
M
P

v h
am sin+

=

P = Vehicle Power
Mv = Vehicle Mass

V

F Motion Resistancea

Mv = Vehicle Mass
m= Rolling Resistance
a = Slope
g = Gravitational Acceleration
V = Velocity
h = Mechanical Efficiency

“Terrain Severity Index” =
m+ sin a



Vehicle Dynamics GraphVehicle Dynamics Graph
Vehicle Power Density vs Speed and Terrain Severity
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17.5 degree



Vehicle Dynamics Power Vehicle Dynamics Power 
RequirementsRequirements

�� Scenarios to achieve target speed of 4 mph:Scenarios to achieve target speed of 4 mph:
�� Flat road (Flat road (aa = 0) with soft soil (= 0) with soft soil (mm= 0.3)= 0.3)
�� Smooth surface (Smooth surface (mm= 0) with angle = 0) with angle aa = 17.5 degrees= 17.5 degrees

�� Necessary vehicle power density = 5.9 W/kgNecessary vehicle power density = 5.9 W/kg�� Necessary vehicle power density = 5.9 W/kgNecessary vehicle power density = 5.9 W/kg
�� Assume vehicle mass Assume vehicle mass MMvv is broken down into is broken down into 

payload (50%), chassis (35%), and power payload (50%), chassis (35%), and power 
source (15%)source (15%)

�� Resulting alternative energy power density Resulting alternative energy power density 
requirement is 39 W/kg.requirement is 39 W/kg.



Alternative EnergyAlternative Energy
Power Source SelectionPower Source Selection

TechnologyTechnology Power Power 
DensityDensity

LithiumLithium--Ion BatteryIon Battery 200 W/kg200 W/kg

Nickel Metal HydrideNickel Metal Hydride 200 W/kg200 W/kg

Sodium/Nickel Chloride BatterySodium/Nickel Chloride Battery150 W/kg150 W/kgSodium/Nickel Chloride BatterySodium/Nickel Chloride Battery
Hydrogenics 12KW Fuel CellHydrogenics 12KW Fuel Cell

150 W/kg150 W/kg
132 W/kg132 W/kg

Nuvera 5KW Fuel CellNuvera 5KW Fuel Cell 52.7 W/kg52.7 W/kg

Minimum targetMinimum target 39 W/kg39 W/kg

Stirling EngineStirling Engine 27.2 W/kg 27.2 W/kg 

Solid Oxide Fuel CellSolid Oxide Fuel Cell 14.4 W/kg 14.4 W/kg 

Direct Methanol Fuel CellDirect Methanol Fuel Cell 6.2 W/kg 6.2 W/kg 

Alternative energy
power source
chosen in agreement 
between MTU/ARL



SUGV Assembly and TestingSUGV Assembly and Testing

�� Stripped down existing batteryStripped down existing battery--powered powered 
vehicle vehicle 



SUGV Assembly and TestingSUGV Assembly and Testing

�� Modify bulkhead for Modify bulkhead for 
placement of 5 kW Nuvera placement of 5 kW Nuvera 
fuel cellfuel cell

�� Add two aluminum hydrogen Add two aluminum hydrogen �� Add two aluminum hydrogen Add two aluminum hydrogen 
storage tanksstorage tanks

�� Install track systemInstall track system
�� Addition of new electric Addition of new electric 

motorsmotors



SUGV ComponentsSUGV Components

�� DCDC--DC converter to provide 37.5 VDC to DC converter to provide 37.5 VDC to 
motor controllermotor controller

�� Operation via radio remote control unitOperation via radio remote control unit
�� Absorbed glass mat batteries provide Absorbed glass mat batteries provide �� Absorbed glass mat batteries provide Absorbed glass mat batteries provide 

startup power for fuel cellstartup power for fuel cell
�� 2.5 kW inverter provides “plug power” for 2.5 kW inverter provides “plug power” for 

directed energy / payload devicesdirected energy / payload devices



SUGV Model and RealizationSUGV Model and Realization
�� Solid ModelSolid Model PhotosPhotos



SUGV ResultsSUGV Results

ItemItem TargetTarget

WidthWidth 5252”” ((132132 cm)cm)

LengthLength 8989”” ((226226 cm)cm)

HeightHeight 4646”” ((117117 cm)cm)

WeightWeight 11,,063063 lblb

GroundGround PressurePressure 00..6767 psipsi

VehicleVehicle PowerPower DensityDensity 1010..44 W/kgW/kg

ConcreteConcrete RollingRolling ResistanceResistance 00..124124

DrawbarDrawbar pullpull (concrete)(concrete) 7070%% ofof GVWGVW

SpeedSpeed 22..55 mphmph

RadioRadio ControlControl RangeRange 150150 ftft



SUGV ResultsSUGV Results

ItemItem TargetTarget

FuelFuel capacitycapacity perper cylindercylinder atat
maximummaximum powerpower

3434 minmin

FuelFuel capacitycapacity perper cylindercylinder (idle)(idle) 55..11 hh

SlopeSlopecapabilitycapability(dirt)(dirt) 5252%%upup// downdownSlopeSlopecapabilitycapability(dirt)(dirt) 5252%%upup// downdown

TurningTurning radiusradius 00 == pivotpivot turnturn

Mobility,Mobility, speedspeed controlcontrol InchingInching (very(very
slowslow speed)speed)

Mobility,Mobility, swampswamp UpUp toto 88”” waterwater

Mobility,Mobility, brushbrush ClimbedClimbed
throughthrough 11””
diameterdiameter brushbrush



Extreme                        MobilityExtreme                        MobilityExtreme                        MobilityExtreme                        Mobility



Larger UGV Larger UGV -- 5000 pounds5000 pounds

�� Multiple vehicle architectures consideredMultiple vehicle architectures considered
�� Electric driveElectric drive
�� ElectroElectro--hydraulic drivehydraulic drive
�� Dual power: mechanical or electric driveDual power: mechanical or electric drive�� Dual power: mechanical or electric driveDual power: mechanical or electric drive
�� Parallel electric hybridParallel electric hybrid
�� Series electric hybridSeries electric hybrid



Larger UGV Platform SelectionLarger UGV Platform Selection

Bobcat skid steer / four wheel driveBobcat skid steer / four wheel drive
-- 81 hp (60 kw) diesel engine, two speed ranges, ability to 81 hp (60 kw) diesel engine, two speed ranges, ability to 

switch between skid steer and all wheel steer modesswitch between skid steer and all wheel steer modes
-- Belt drive allows for addition of clutches to selectively drive Belt drive allows for addition of clutches to selectively drive 

hydraulic pumps with electric motor / diesel enginehydraulic pumps with electric motor / diesel engine



Larger UGV: Hydraulic Pumps / MotorsLarger UGV: Hydraulic Pumps / Motors

Electric 
Motor

Fuel Cell

Hydraulic 
Motor

Motor 
Controller

Hydraulic 
Pump 1

Hydraulic 
Pump 2 DC-DC 

commercially available in Bobcat skid steer / four wheel drivecommercially available in Bobcat skid steer / four wheel drive

Diesel
Engine

Motor

Hydraulic 
Motor

Fuel Cell
Controller

Battery

Hyd. 
Pump 3

Hyd. 
Pump 4

Hyd. 
Pump 5

Pump 2 DC-DC 
Converter



Larger UGVLarger UGV

�� Electronic control via joystick (driveElectronic control via joystick (drive--byby--
wire) allows for ease in “roboticizing” wire) allows for ease in “roboticizing” 
vehiclevehicle

�� Powering hydraulic pump with alternative Powering hydraulic pump with alternative �� Powering hydraulic pump with alternative Powering hydraulic pump with alternative 
energy source preserves drive and steer energy source preserves drive and steer 
control logiccontrol logic



Larger UGVLarger UGV

Solid model packaging of Hydrogenics 12 kW fuel cell,Solid model packaging of Hydrogenics 12 kW fuel cell,
hydrogen storage, DC converters, motor drive, electric motor, hydrogen storage, DC converters, motor drive, electric motor, 

and clutchesand clutches



Larger UGVLarger UGV

�� Vehicle dynamics model predictions on Vehicle dynamics model predictions on 
fuel cell powerfuel cell power
�� Flat, improved road Flat, improved road 

((mm= 0.08, speed ~ 10 mph)= 0.08, speed ~ 10 mph)((mm= 0.08, speed ~ 10 mph)= 0.08, speed ~ 10 mph)
�� Sloped, improved roadSloped, improved road

((mm= 0.08, 4 mph, slope ~ 10%)= 0.08, 4 mph, slope ~ 10%)
�� Flat, off roadFlat, off road

((mm= 0.3, speed ~ 2.5 mph)= 0.3, speed ~ 2.5 mph)
�� Sloped, off roadSloped, off road

((mm= 0.3, 2 mph, slope ~ 10%)= 0.3, 2 mph, slope ~ 10%)



ConclusionsConclusions

�� A fuel cell can be used for high mobility A fuel cell can be used for high mobility 
vehicle power on a small UGVvehicle power on a small UGV

�� Plug power is available on a mobile Plug power is available on a mobile 
platformplatformplatformplatform

�� Hybrid diesel + fuel cell power is feasible Hybrid diesel + fuel cell power is feasible 
and will be demonstrated August 2007and will be demonstrated August 2007

�� Undergraduate research in these Undergraduate research in these 
technologies enhances engineering technologies enhances engineering 
education (see paper)education (see paper)



For more information contactFor more information contact
Jay Meldrum at jmeldrum@mtu.eduJay Meldrum at jmeldrum@mtu.edu



Fuel Cell InformationFuel Cell Information
�� FUEL CELLFUEL CELL
�� 5 kW Hydrogen Proton Exchange Membrane (PEM) Fuel Cell (5 kW 5 kW Hydrogen Proton Exchange Membrane (PEM) Fuel Cell (5 kW 

= 6.7 HP)= 6.7 HP)
�� From Nuvera Fuel Cells of Cambridge, MA  From Nuvera Fuel Cells of Cambridge, MA  
�� Uses 0.33 kg/hr of Ultra High Purity (UHP = 99.999% pure) Uses 0.33 kg/hr of Ultra High Purity (UHP = 99.999% pure) 

Hydrogen at max powerHydrogen at max power
�� Weight = 219 lbs (dry weight, not including power conditioning Weight = 219 lbs (dry weight, not including power conditioning �� Weight = 219 lbs (dry weight, not including power conditioning Weight = 219 lbs (dry weight, not including power conditioning 

or Hydrogen supply)or Hydrogen supply)
�� Produces an unregulated DC output between 26 Produces an unregulated DC output between 26 –– 52 volts52 volts
�� DC Generation Efficiency = 52% (Produces as much heat as DC Generation Efficiency = 52% (Produces as much heat as 

electricity)electricity)
�� Startup Time: 12 secs to half power (2.5 KW), 5 Startup Time: 12 secs to half power (2.5 KW), 5 –– 12 minutes 12 minutes 

to full power (5 kW)to full power (5 kW)
�� Requires 8 L of DeIonized water for operationRequires 8 L of DeIonized water for operation
�� Requires 300 watts of external power for startup and shutdownRequires 300 watts of external power for startup and shutdown



H2 InformationH2 Information

�� Tanks: 2,015 psi, Aluminum tank 7” dia. X 38”; 15.7 Tanks: 2,015 psi, Aluminum tank 7” dia. X 38”; 15.7 
liters, 45 lbs, CGA 350liters, 45 lbs, CGA 350

�� At max power one tank will run the fuel cell for 34 At max power one tank will run the fuel cell for 34 
minutesminutes

�� Pressure Regulation:Pressure Regulation: 2,000 psi tank pressure must be 2,000 psi tank pressure must be 
reduced to 15 psi for fuel cellreduced to 15 psi for fuel cellreduced to 15 psi for fuel cellreduced to 15 psi for fuel cell

�� Matheson TriMatheson Tri--Gas SwitchGas Switch--Over Manifold Over Manifold 
�� Automatically and mechanically switches from low Automatically and mechanically switches from low 

tank to new tanktank to new tank
�� High pressure isolation valves allow removal of High pressure isolation valves allow removal of 

empty tank without shutdownempty tank without shutdown
�� All stainless steel components and high pressure All stainless steel components and high pressure 

vent valves insure high purity gasvent valves insure high purity gas



DC/DC InformationDC/DC Information
�� DC/DC CONVERTERDC/DC CONVERTER Required to stabilize the fuel Required to stabilize the fuel 

cell’s DC output voltage.cell’s DC output voltage.
�� Zahn Electronics Model DCDC24/36/5000 CCH63250Zahn Electronics Model DCDC24/36/5000 CCH63250--SSUSSU
�� “A 2“A 2--quadrant, crystal controlled, double half H bridge, interlaced, quadrant, crystal controlled, double half H bridge, interlaced, 

boost converter based on HC08 microcomputer technology”boost converter based on HC08 microcomputer technology”
�� Pulse Width Modulation: Switching Frequency = 31,250 Hz exactlyPulse Width Modulation: Switching Frequency = 31,250 Hz exactly
�� At 50% duty cycle, the input and output voltage and output current At 50% duty cycle, the input and output voltage and output current �� At 50% duty cycle, the input and output voltage and output current At 50% duty cycle, the input and output voltage and output current 

ripples are zeroripples are zero
�� 96% Efficiency (5,000 watts in; 4,800 watts out) 96% Efficiency (5,000 watts in; 4,800 watts out) 
�� Input Voltage DC = 18v to 60vInput Voltage DC = 18v to 60v Input Current = 250A max Input Current = 250A max 

continuouscontinuous
�� Output Voltage DC = 20v to 60v (must be 2v higher than input)Output Voltage DC = 20v to 60v (must be 2v higher than input)
�� Set to 38.5 v in order to charge battery bank.Set to 38.5 v in order to charge battery bank.



Battery InformationBattery Information
�� BATTERY BANKBATTERY BANK Provides: startup/shutdown power for fuel cell, burst Provides: startup/shutdown power for fuel cell, burst 

power capability for motors, and regenerative power storage from motors.power capability for motors, and regenerative power storage from motors.
�� Odyssey PC680 MJT (Metal Jacket, Top post) Odyssey PC680 MJT (Metal Jacket, Top post) Absorbed Glass Mat Absorbed Glass Mat 

(AGM) ($86 each)(AGM) ($86 each)
�� Sealed dry cell valve regulated lead acid (VRLA) gas recombination Sealed dry cell valve regulated lead acid (VRLA) gas recombination 

technologytechnology
�� State of ChargeVolts3X VoltsState of ChargeVolts3X Volts 100%12.84 or 100%12.84 or 

higher38.5275%12.5037.5050%12.1836.5425%11.8835.64higher38.5275%12.5037.5050%12.1836.5425%11.8835.64higher38.5275%12.5037.5050%12.1836.5425%11.8835.64higher38.5275%12.5037.5050%12.1836.5425%11.8835.64
�� Cyclic Charge Voltage = 14.4 Cyclic Charge Voltage = 14.4 –– 14.8V @ 77oF14.8V @ 77oF 3X = 43.2 3X = 43.2 –– 44.4V44.4V
�� Float Charge Voltage = 13.5 Float Charge Voltage = 13.5 –– 13.8 V @ 77oF13.8 V @ 77oF 3X = 40.5 3X = 40.5 –– 41.4V41.4V
�� No initial Charge Current LimitNo initial Charge Current Limit
�� Charge voltage must not exceed 15.0VCharge voltage must not exceed 15.0V 3x = 45V3x = 45V
�� Cold Cranking Amps = 220ACold Cranking Amps = 220A
�� Pulsed Hot Cranking Amps (5 sec) = 680 APulsed Hot Cranking Amps (5 sec) = 680 A



Motor InformationMotor Information

�� The 56:1 overall reduction gives us 107 rpm at The 56:1 overall reduction gives us 107 rpm at 
the sprocketthe sprocket

�� This should have produced 3.3 mphThis should have produced 3.3 mph
�� While on the test stand we could only get 96.5 While on the test stand we could only get 96.5 

rpm at the sprocketrpm at the sprocketrpm at the sprocketrpm at the sprocket
�� That drops the speed to 3.0 mphThat drops the speed to 3.0 mph
�� When the track is on the ground the higher When the track is on the ground the higher 

resistance lowers speed more.resistance lowers speed more.
��

�� I suspect that pushing the motor from 24v to 36 I suspect that pushing the motor from 24v to 36 
v was not as linear as we assumedv was not as linear as we assumed



More Motor InfoMore Motor Info
�� MOTORSMOTORS
�� Brushed DC motorBrushed DC motor by Magmotor by Magmotor Model C40Model C40--ZPZP--300FX 300FX 
�� Nominally: 24 v, 4000 rpm, 3.8 HPNominally: 24 v, 4000 rpm, 3.8 HP Peak Efficiency = 84.8%Peak Efficiency = 84.8%
�� Pushed in this application to: 36 v, 6000 rpmPushed in this application to: 36 v, 6000 rpm
�� Mated with a GAM Impact Series GearboxMated with a GAM Impact Series Gearbox JPGJPG--WW--090090--028G028G--

[100[100--102] 102] 
28:1 Gear Reduction through a 228:1 Gear Reduction through a 2--stage planetary gearboxstage planetary gearbox�� 28:1 Gear Reduction through a 228:1 Gear Reduction through a 2--stage planetary gearboxstage planetary gearbox

�� FINAL DRIVEFINAL DRIVE
�� Additional 2:1 gear reduction using 28T:14T sprockets and #40 Additional 2:1 gear reduction using 28T:14T sprockets and #40 

chainschains
�� Total Gear Reduction = 56:1Total Gear Reduction = 56:1 6000 rpm motors reduce to 107 rpm at 6000 rpm motors reduce to 107 rpm at 

trackstracks



Motor ControllerMotor Controller
�� MOTOR CONTROLLERMOTOR CONTROLLER
�� RoboteQ DC Motor Controller Model AX2850HE  RoboteQ DC Motor Controller Model AX2850HE  
�� A two channel motor controller using highA two channel motor controller using high--efficiency Power efficiency Power 

MOSFET transistors controlled using Pulse Width Modulation MOSFET transistors controlled using Pulse Width Modulation 
(PWM) at 16 kHZ.  The AX2850 power stages can operate from 12 (PWM) at 16 kHZ.  The AX2850 power stages can operate from 12 
to 40 VDC and can sustain up to 120A of controlled current, to 40 VDC and can sustain up to 120A of controlled current, 
delivering up to 4,800W (approximately 6 HP) of useful power to delivering up to 4,800W (approximately 6 HP) of useful power to delivering up to 4,800W (approximately 6 HP) of useful power to delivering up to 4,800W (approximately 6 HP) of useful power to 
each motor.each motor.

�� 60 amp Maxi Fuses inline on input of each channel60 amp Maxi Fuses inline on input of each channel
�� Unit requires a rechargeable battery in the system to handle Unit requires a rechargeable battery in the system to handle 

regeneration.regeneration.
�� RADIO CONTROLRADIO CONTROL
�� Futaba Attack 2DR: 2 channel Digital Proportional R/C system Futaba Attack 2DR: 2 channel Digital Proportional R/C system 
�� T2DR transmitter, R132JE receiver at 80 mHzT2DR transmitter, R132JE receiver at 80 mHz



Safety StopSafety Stop

�� CONTACTORCONTACTOR Relay to disconnect primary Relay to disconnect primary 
power via Emergency Stop Switchpower via Emergency Stop Switch

�� Stancor #586Stancor #586--906 Power Contactor, 906 Power Contactor, 
200 amp continuous, 36 VDC, SPNO200 amp continuous, 36 VDC, SPNO200 amp continuous, 36 VDC, SPNO200 amp continuous, 36 VDC, SPNO

�� IDEC EIDEC E--Stop, PushStop, Push--Lock TurnLock Turn--Reset, Reset, 
60mm head60mm head



TrackTrack

�� TRACKTRACK Production snowmobile trackProduction snowmobile track
�� Camoplast 9005C Cross Country track Camoplast 9005C Cross Country track 
�� 6262--pitch (156 in.), fully clipped, 15 inch pitch (156 in.), fully clipped, 15 inch 

wide with 1 in. lugswide with 1 in. lugswide with 1 in. lugswide with 1 in. lugs
�� Uses 9 tooth extrovert driverUses 9 tooth extrovert driver



Inverter and WiringInverter and Wiring
�� OutBack Power Systems FX2536MTOutBack Power Systems FX2536MT
�� 2,500 VA, True Sinewave AC Output, continuous output current = 20.8 amps ACrms2,500 VA, True Sinewave AC Output, continuous output current = 20.8 amps ACrms
�� 92% Efficiency92% Efficiency
�� DC Input RangeDC Input Range 28.0 28.0 –– 45.3 VDC45.3 VDC
�� Including MATE2  system controller and display with RS232Including MATE2  system controller and display with RS232
�� Intelligent battery charging at a maximum of 35 amps DCIntelligent battery charging at a maximum of 35 amps DC
�� DC Input Wired with 1/0 wire, SB quick disconnect, and 80 amp ANL fuseDC Input Wired with 1/0 wire, SB quick disconnect, and 80 amp ANL fuse
�� Weight = 63.8 lbs with INPUT cables attachedWeight = 63.8 lbs with INPUT cables attached�� Weight = 63.8 lbs with INPUT cables attachedWeight = 63.8 lbs with INPUT cables attached
�� POWER WIRINGPOWER WIRING
�� 1/0 stranded cables Cobra Wire & Cable XFLEX 1/0 stranded cables Cobra Wire & Cable XFLEX 291 max amps291 max amps
�� #2 AWG 2641 x 36 ga., high current power cable#2 AWG 2641 x 36 ga., high current power cable
�� Terminals and connectors:Terminals and connectors:
�� MagnaLug hexMagnaLug hex--crimped lugscrimped lugs
�� Anderson PowerPole contacts, hexAnderson PowerPole contacts, hex--crimpedcrimped
�� SB Quick Disconnect Housings:  Large = 175 amp, Small = 50 ampSB Quick Disconnect Housings:  Large = 175 amp, Small = 50 amp
�� Heat shrink tubing with meltable sealantHeat shrink tubing with meltable sealant


