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• Motivation for hybrid electric propulsion 

• Electric power overview 

• Power Generation 

• Power Conversion Power Distribution 

• High power, high efficiency MW generator 

• 200kW generator 

• Turbine Engines Overview 

• Hybrid electric propulsion example 

• Trade Study and Demonstration 

• Conclusions 

Summary 
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Why (Hybrid) Electric?  

Environmental and operational benefits 
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• Improved maneuverability due to the 

greater torque from electric motors 

• Increased safety  and reliability 

• Easier maintenance 

• Environmental and cost benefits 

 

Starting in 1930s  

Present 

Present and future 

From Wikimedia Commons, the free media repository 

From Wikimedia Commons, the free media repository 

https://upload.wikimedia.org/wikipedia/commons/3/34/GE_Genesis_P32AC-DM_202_MNCRR_Ossining.jpg
https://upload.wikimedia.org/wikipedia/commons/8/81/Gl10_test013_8-19-14.jpg
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Enabling Technologies  

• Engine (diesel or gas – turbine) 

• Electric machinery (generators/motors) 

• Power conversion and distribution 

• Energy storage 

 

 

Aerospace requires high power density and efficiency  
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Courtesy to Noleander – Wikimedia Commons 
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• Leading supplier of electric power systems and equipment since 1914 
- Bendix →  AlliedSignal →  Honeywell 

- Military and commercial aircraft 

- Military ground vehicles 

- Ground power 

• Electric power generation, distribution, conversion and systems integration 

 

Electric Power Overview 

All photos are From Wikimedia Commons, the free media repository 
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Electric Power Products 
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Example Platforms 

All photos are From Wikimedia Commons, the free media repository 

Boeing 737 A350 V22 Osprey 

Bombardier – 8/400 Apache Longbow Predator B 

Blackhawk Boeing 747 

Emergency Power 
F14/F14/BAE146/767/A310/GIV 

https://upload.wikimedia.org/wikipedia/commons/4/43/ANA_B737-700ER(JA10AN)_(4817611301).jpg
https://upload.wikimedia.org/wikipedia/commons/5/54/A7-ALA_(19397355348).jpg
https://upload.wikimedia.org/wikipedia/commons/6/65/V22_Osprey_-_RIAT_2012_(7573551580).jpg
https://upload.wikimedia.org/wikipedia/commons/f/fb/Bombardier_Q400_(8960593795).jpg
https://upload.wikimedia.org/wikipedia/commons/0/05/AH64D_Apache_Longbow_-_RIAT_2015_(20472005109).jpg
https://upload.wikimedia.org/wikipedia/commons/3/3c/RAF_Reaper_MQ-9_Remotely_Piloted_Air_System_MOD_45152585.jpg
https://upload.wikimedia.org/wikipedia/commons/8/89/EM_Nellis_AFB_F15-D_Crash_Findings_(3057617814).jpg
https://upload.wikimedia.org/wikipedia/commons/c/c1/ELAL_747-200_4X-AHQ_EPWA_24_08_2004.jpg
https://upload.wikimedia.org/wikipedia/commons/e/e3/Blackhawk_Helicopter_of_the_Australian_Army.jpg
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Power Generation Experience  
• 100 years experience 

• Industry leading product range of 

wound field generators: 

- Fixed and variable-frequency 

AC and DC 

Air and Oil Cooled 

• Permanent magnet (PM) machines 

experience 

• Speeds up to 200krpm 

• Power levels to 1000kW 

• SRM high speed technology 

developed and demonstrated  

• High reactance PM machines  
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Power Conversion Products 
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Electric Drive Systems 
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Power Distribution 
Commercial Air Transport 

737 NG 

A380 SSPC 

Business, Regional and 
General Aviation 

Dash 8 

Agusta PDP 

Defense & Space 

X33 LVPCA 

X33 HVPCA 
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Improving Power Density and Efficiency 

MW generator provides high power density and efficiency 
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• Existing generators typically: 

- <2 kW/lb 

- <90% efficient 

• Goal to achieve: 

- 5kW/lb 

- 98% efficiency 

• Technologies: 

- Electromagnetic design 

- Thermal management 

- Bearing system 

• MW class power for electric 

propulsion 
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1 MW Generator Summary 

Setting the power density and efficiency standard 
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• High power, high efficiency generator for hybrid electric aircraft propulsion 
• Tested to maximum drive stand capability, results as expected  

Rating 1MW continuous (after rectification) 

Voltage 300VDC or 600VDC (±300V after rectification) 

Speed 19,000rpm (20,000rpm over-speed) 

Weight 126.5Kg (279lbs) (Generator Only) 

Design efficiency 98% at rated load 

Cooling  Oil conduction and spray 

Type Wound field synchronous with rotating rectifiers 

Poles 8 (main machine) 

Output winding 2 X 3-phase Y with 30° electrical shift 

Rectification Passive external 
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High Power/Efficiency Generator Outline 

1MW of output power with a compact and lightweight unit 
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Inlet Port, 

Stator Core Cooling 

Outlet Port, 

Stator Core Cooling 

Lifting Eye 

Mounting Hole 

24.00” 

14.00” 

 

Similar power 

systems have 5x 

weight and size 
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Power Generation System 

1MW at 97% efficiency with a ~350lbs generator system 
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• Generator  (A) 

• Generator control unit – GCU (B) 

• Rectifier bridge and filter (C) 
 

Benefits of wound–field generator: 

Can be quickly de-excited (turned off) 

Performance is not temperature-dependent 

Increased system reliability 
 

A B C 

B C 

280 lbs 

 

7 lbs 

 

60 lbs 
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Generator Testing - 540kW 

Generator tested to maximum drive stand capability  
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DC Link Voltage: 543.6 VDC 

DC Link Current: 992.1 A 
Power: 539.3 kW 
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200kW High Power Density Generator 

• 200 kW output power 

• Same power density as MW 

generator 

• Prototypes built and tested 

 

Wound-field generator provides: 

•  Operation without converter 

•  Superior fault accommodation 

•  Superior control flexibility 
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More Than 135,000 Engines Delivered 
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B08-147 

Turbofan Engines Turboprop Engines Turboshaft Engines 
3,000 to 10,000 lb thrust for 
commercial and military 
aircraft 

575 to 1,600 shp for 
commercial and military aircraft 

500 to 5,000 shp for 
tanks, commercial and 
military rotorcraft 

APUs 
100 to 1700 hp for 
commercial and military 
aircraft 

HTF7000 

731 Series 

CFE738 

LF507 

F124 

ATF3 

TPE331-14 
TPE331-12 

TPE331-10/11 

TPE331-5 

T55 

T53 

AGT1500 

CTS800 

LTS101 

HTS900 

660 

85 Series 

131 Series 

36 Series 

331 Series 

700 Series 
RE100 

RE220 

The Honeywell Turbine Engine Family 
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Hybrid Electric Propulsion Example 
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Turbine  1 MW Generator  Electric Motors 
 e.g. Induction Motors (IM)  
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Proposed Study Objective 
• Understand Turbine + MW + Motor Capabilities  

• Cooling System Design (shared system) 

• Concept packaging layout/models 

• Determine fuel burn and system efficiency 

• System Demonstration by Simulation and Test 

• Deliverables 

- Power capability from ground to altitude conditions 

- Concept packaging layout/models 

- Cost, weight, volume 

- Efficiency 
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Conclusion 

Aircraft hybrid electric propulsion is here 
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• Testing and analysis to date show that the 

current design is capable of 1MW 

• High power density and efficiency together with 

the compact package makes this technology an 

ideal solution for hybrid electric aircraft 

propulsion 

• Looking for Government and Industry partners 

to help mature and demonstrate this enabling 

hybrid-electric propulsion technology 

 


