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Major Elements of HEV Testing

Fluid Conditioners

Battery Simulation
High Speed, Low Inertia Dynamometer

E-Motor Housing
Bedplate & Headstock

TPIM (Traction Power Inverter Module) & E-
Motor Electrical 
Test Automation System - Data Acquisition

Opposed mode testing
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Fluid Conditioner Design Challenges

Achieving Temperature Extremes
Achieving Temperature Ramp Rates
Pumping Viscous ATF in Cold
Control of Flow and Pressure
Operator Safety (Hot and Cold Fluid)
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Fluid Conditioner Characteristics

Temperature Range -30�C to +120�C
Rate of Change 
� 20�C/minute-Heating

� 10�C/minute-Cooling

Accommodates Specimen Motor Losses
3 Circuits, 8 l/m Flow ATF, 15 l/m Glycol

Return to Safe Condition for Cell 
Maintenance (relief valves)
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Fluid Conditioner Solution

Two Tank System
Extensive Insulation
Pressurized Glycol System
All Stainless Tanks, Piping, 
Fittings
High/Low Flow Settings for 
Hot & Cold ATF
Syltherm Cooling Utility
Integrated Flow, Pressure, 
Temperature for 
Measurement and PID
Dedicated Return Pump from 
E-Motor Sump
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Battery Simulation Design Challenges

Fast Transient Response to Dynamic 
Events

Regeneration of Power
Remote programming from TAS

Shielding/Noise Mitigation
DC Cables
High Frequency & Power Motor Drive Signals
Data Acquisition & Control Signals

Physical Connection of Cables
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Battery Simulator Solution

50-300 kW, 0-500 A, 40-
600 Volt Programmable 
DC Supply
Fast Response 10 ms
Equalization of Positive 
and Negative Rails 
Provide excellent 
voltage symmetry
Independent Ground
Loss of Isolation 
Detection
Measurement of Output 
Voltage & Current
Integrated with 
Dynamometer Variable 
Frequency Drive
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Dynamometer Design Challenges

Low inertia {< 0.1 Kg-m2}

High speed {> 15,000 rpm}
Full Torque At Zero Speed
High Shaft Stiffness 
High Overload {> 150%}
Double Shaft
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Dynamometer Solution

Shaft stiffness 
(especially with two 
Motor Specimens)
Liquid Cooled
Dual Shaft
Proven Design
200% Overload
High Torque Density 

260 kW Hybrid Dynamometer

150 kW Hybrid Dynamometer



© 2007 HORIBA, Ltd. All rights reserved.

E-Motor Housing Design Challenges

Duplication of In-Vehicle Geometry for 
Rotor and Stator (for lube and cooling 
purposes)
Ease of Loading/Specimen Changeover
Physical Connection of Electrical Cables
Physical Connection of Fluid Hoses
Rigidity of Housing
Internal & External Sealing
Special (non-vehicle) Fluid Ports
Oversize Sump
Condensate & Corrosion Mitigation
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E-Motor Housing Solution

Thermal Isolation 
from Headstock
Structurally Rigid
Condensate 
Mitigation
Flat Plate for 
External Thermal 
Transfer
Oversize Sump
Fluid Manifolds
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E-Motor Housing Solution

High Speed 
Bearings
Structurally Rigid
Condensate 
Mitigation
Easy Part Loading
O-ring Sealing
Vehicle Style 
Electrical 
Connections
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Base-Headstock Design Challenges

Vibration Isolation, Analysis
Torsional Modeling & Analysis
Condensate Mitigation
Corrosion Resistance
Adjustability
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Headstock Solution

Natural Frequency 
Beyond Operating Range
Universal Adapter Plate
Axial Jack Screw 
Adjustment
Integrated Fluid 
Manifolds, Guarding
Alignment Features to E-
Motor Housing
Tightly Integrated to 
Bedplate
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Bedplate Solution

Natural Frequency 
Beyond Operating Range
Custom Designed with 
Epoxy Filled Cavities
Isolation Pads - No 
Special Floor Required
Axial Jack Screw 
Adjustment
Consistent Alignment to 
Dynamometer
Compact Design
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Torsional Modeling & Analysis 
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Natural Frequencies 
Beyond Range of Operation
Coupling & Shaft Designs to 
Suit Application
Correlation of Actual 
Torsional Resonance 
Values to Final Design
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TPIM & E-Motor Design Challenges

Cable Management
Cable Lengths
Connections for Sensing
Connections to Specimen, TPIM
Operator Lockout
Operator Safety

TPIM
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E-Motor Connection Solution

Current and Voltage 
Sensing of DC and Motor 
Phases
Disconnect/Lockout in Test 
Cell
Supports Up to 600 VDC
Independent Ground
Located Near Specimen & 
TPIM
Isolated Enclosure for Data 
Acquisition Channels
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TPIM Connection Solution

Location near Specimens

Cooling Hoses Accessible
Connections with Vehicle Style Connectors

Cable Lengths < 3 m
Isolation

DAC Interface
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E-Motor Durability Test System
Specimen Fluid 
Conditioning
� -30oC to +120oC

� Syltherm Loop at - 50oC 
facility interface

� Ethylene Glycol and ATF

Measurements
� Torque Flange

� Accelerometers

� Temperatures

Device Under Test
� -30oC to +180oC enclosure

� Headstock (>360Hz)

� Cable & Hose Mgmt.

� Waste Fluid Containment

� Condensate Management

Not Shown
� VFD with Battery Simulator

� Control & Data Acq. Rack

� TPIM and DC Power Interface

Base
� High Stiffness & Density

� Isolation Pads 

Dynamometer
� 240 Nm, 150% OL

� 16,000 rpm
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Variations of E-Motor Test Stands

Bed plate

Head stock

Dynamometer

Dynamometer
Base

Headstock & Dyno
translating mechanism

Dyno oil cooling unit

E-motor in fixture

Dynamometer
Riser

Stall Brake

Transmission Output
Shaft Support Fixture

E-Motor Production 
Validation
� 2 specimens

� T-dyn 150, 16,000RPM

� 2  - 70kW battery Simulators

HEV Transmission 
Loaded Spin Tests
� 450N-m (peak), 2000N-m (stall)

� T-dyn 150, 16,000RPM

� Parallel 70kW battery Simulators
for 140kW capacity
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Summary

For Successful Implementation of a System 
follow these steps:

1. Analyze  Requirements
2. Perform Mechanical Analysis
3. Careful Cooling Sub-System Design
4. Housing Design
5. DAC and Control System Design (Isolation, Safety)

6. Develop and Test Temperature and Torque cycling 
Algorithms

7. Prototype Testing
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Thank you

Horiba Booth # 1100 


