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Electric Motor Innovations Enabled The 
Petroleum Era of Automotive Growth 

Å1912 Cadillac ïworldôs first self-starting ICE automobile

ÅThe electric starter made the gasoline powered vehicle practical

ÅSet up more than a century of ICE vehicle development



Automobiles Continue to be a
Growth Industry, Globally

Source : World Oil Outlook, 2008,;

Organization of Petroleum Exporting Countries,

January 2008
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The Electric Grid Provides Energy from Diverse Sources

Electric Power 
Generation and 
Distribution

Electric Energy
Storage and 
Conversion



GM Electrification Strategy

Å Create a Portfolio of Electrified Vehicles to Offer Customers a Choice

Å Invest in Core Technologies that Move Electrification forward

Petroleum and Biofuels (Conventional and Alternative Sources)

Electrification

BAS Mild
Hybrid

2-Mode
Full Hybrid

2-Mode
PHEV Voltec

Electricity ςZEV Fuel

Battery
Electric Fuel Cell



ÅHigher Peak Torque and Power Densities

ÅHigher Efficiency - in the regions of use

ÅLower NHV

ÅImproved Durability

ÅLower Specific Cost

ÅExtraordinary Continuous Power Density 

Greater Electrification Creates New Technical 
Challenges for Motors, beyond those for HEVs
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Continuous Motor Duty Increases with Electrification

E-REV, BEV 

Motor

üAvg = 24.9 kW

Mild Hybrid Motor

üAvg = 3.4 kW

Full Hybrid Motor

üAvg = 5.2 kW



Motor Power Time Constant
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Full Hybrid Motor Power[kW]

Mild Hybrid Motor Power[kW]

E-REV, BEV Motor Power[kW]



Motor Losses Time Constant
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Bar Wound Stator Construction

After insertion 

and twist
Before insertion



Bar Wound Stators vs.
Stranded Wire Wound Stator Features
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Thermal Analysis Comparison - Bar vs. Stranded Wire  
Bar Wound 

Stator

Wire Wound 

Stator

Å Same package envelope

Å Same active length

Å Same rotor

Å Same winding- turns/pole

Å Rectangular  slots for Bar; 

Keystone slots for wire



Motor Details Comparison

GM Standard Template15

Attribute Stranded Wound 
Design

Bar Wound Design

Motor OD (mm) 261 261

Motor Length (mm) 94 94

Peak Torque (N*m) 400 400

Air Gap Diameter 212 212

Number of Poles 12 12

Number of Turns / Phase 24 24

% Copper Fill 70% 85-90%

DC Phase Resistance ς23C 14.08mҠ 10.7mҠ

Exposed Endturn Area Used for 
Cooling

117,804 mm^2 175,226mm^2
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Main Shaft Oil Enters 

Shaft

Transmission 

Hub

Stator End 

Turns

Oil flows over the 

rotor ends and onto 

the windings

Oil spray onto windings

The spinning of 

the shaft causes 

the oil to be 

sprayed onto the 

hub

Heat generated due 

to copper losses in 

motor windings

Heat generated 

in rotor

Heat generated in stator

Oil Cooled Thermal Environment Assumed for 

Comparison



Assumptions for Comparison

Å2 -Mode in same midsized car simulated for full hybrid driving

ÅE-REV in Midsized simulated with full electric driving 

ÅDriving cycles performed back-to-back

ÅCooling boundary conditions common between both cases

ÅBar wound and Wire Wound motors evaluated 
ÅStator stack dimensions (OD, ID, Length) held constant

ÅRotor remains un-changed

Å Identical electromagnetic design, except larger wire slot

ÅDifferent dissipation between the bar wound and strand wound design 
is the copper loss due to the increased resistance (ie. iron loss held 
constant)

ÅDifferent heat rejection due to different end turn geometries
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GM Standard Template18

Bar Wound vs.  Wire Wound Stators Evaluated for 

Both Full Hybrid and E-REV, BEV applications 

Full Hybrid Motor

üAvg = 5.2 kW

E_REV, BEV Motor

üAverage = 24.9 kW



Simulation Results: Full Hybrid and EV; 
Bar Wound and Wire Wound
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Seconds
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20C can double motor life!

Motor Insulation Life vs. Temperature



ÅLong term growth of Automobiles depends on Electrification.

ÅElectrification is increasing technical demands of motors.

ÅA Specialized stator construction, Bar Winding, lowers winding 
resistance 30% or more, lowering overall losses when compared 
to conventional wire wound types.

ÅBar wound motors also have 50% or more greater heat 
dissipation area when compared to stranded wound types.

ÅWhile bar wound motors are somewhat cooler than wire wound 
for full hybrid applications, they run significantly cooler for Full 
EV driving.

ÅOther motor technologies must similarly be applied to address 
the additional demands of full electric driving.

ÅGM is committed to Electrification and to the technologies that 
enable it.

Summary



Thank You!


