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PREFACE

In 1976 9 Congress passed the Electric and Hybrid Vehicle (EHV)
Research, Developmment, and Demonstration Act of 1976, Public Law
94-413, later amended by Public Law 95-238. The Department of Energy
is conducting an EHV development program in compiiance with that Law.
The EHV System Research and Development Project, one element of this
Program, is being conducted by the Jet Propulsion Laboratory (JPL) of
the California Institute of Technology through an agreement with the
National Aeronautics and Space Administration. This report presents
the results of the investigations conducted under the Hybrid Vehicle
Potential Assessment Task which is a part of the EHV Systems R&D
Project.

Early results of this study were used as the technical basis for
the Near Term Hybrid Vehicle Development Program now being carried out
by the JPL Electric and Hybrid Vehicle System Research and Development
Project.

This report is in ten volumes. Volume I contains an overview of
the study and the major findings. Volumes II through X are of
technical supplementary reports that describe the details of the study
and present the most important data generated by the study elements.
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HYBRID VEHICLE REVIEW

A review of hybrid vehicles Me) built during the past ten years or

planned to be built in the near fut ,tre has been conducted in support of the

Hybrid Vehicle Potential Assessment. The primary purpose for this review was

to generate an updated and more extensive data base on the state -of-the-art of

hybrid vehicles, than reported in previous studies ( 1 9 2 9 3, 4 9 5 9 6).

Furthermore, an attempt has been made to classify and analyze these vehicles

to get an overall picture of their key characteristics.

1. APPROACH

The review included on-coed hybrid passenger cars, trucks, vans and

busses. It has been structured as a four step process:

1. Identify (INVENTORY) actually built and planned hybrid vehicles and their

builders and owners. This activity included: a) literature search of

bibliographies, reference listings, and recent study reports; h) scanning

of relevant professional journals and conference proceedings; and c)

follow up on hintrj and rumor1 + from people involved with electric and

hybrid vehicle ^-elated work ( "ears to the ground").

2. Comelete a 1-page SUMMARY VEHICLE DESCRIPTION (see pg. 30) for each

vehicle, based on the literature and/or phone conversation with the

particular builder. Foreign builders were approached through their

embassies or business representatives here in the U.S.A.

3. Mail a 6-page DETAILED VEHICLE SPECIFICATION QUESTIONNAIRE ( see pgs.

31-36) to each builder in an attempt to get a more detailed description of

their vehicle.

4. TABULATE, CLASSIFY, and ANALYZE the data collected during steps 1 to 3.

In support of the initial phase of the data collection activities, visits

were made to seven different sites in the U.S.A., covering 8 hybrid passenger

cars, 1 hybrid van, and 1 hybrid bus.
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2. GENERAL FINDINGS AND ANALYSIS

All of she vehicles identified in the hybrid vehicle review are

experimental and basically proof-of-concept vehicles. While a few of these

vehicles are meant to be preproduction prototypesp none of them have actually

led to any volume production larger than two-of-a-kind.

A total of 81 hybrid vehicles were identified worldwide. Twelve of them

are still at the design stage planned to be built in the near future, while

the rest (69) have been built within tLe last ten years.

Most of these vehicles have been o,jerated with cnly one particular hybrid

powertrain configuration (i.e., a specific arrangement of a specific set of

major powertrain components). Only three vehicles (all passenger care) have

at one time or another been modified so dtamatically that they each can be

said to represent more than one hybrid configuration:

• GMC's Stir-Lec (2 configurations)

• Kordesch's Austin (2 configurations)

• Univ. of Florida's Urban Car (3 configurations)

The 81 vehicles identified represent, in other words, a total of 85 hybrid

vehicle configurations. It should be noted that existing hybrid vehicle

designs which are not presently intended to be implemented in an actual

vehicle have been excluded.

A more detailed count of the reviewed hybrid vehicles in terms of their

present status, national origin, and type of vehicle is given below in Table 1.

TABLE 1: HYhRID VEHICLE STATUS

Present Passenger Cars Trucks and Vans Busses
Status USA Foreign
---------------------=----------------------------------------------------------

USA Foreign USA Foreign Total

Running Condition 19 6 2 6 2 2 37
Out of Order 1 0 0 0 0 0 1
Disassembled 2 0 1 0 1 0 4
Status Unknown 14 8 3 1 0 1 27

Sub total 36* 14
-------------------------------------------------------------------------------

6 7 3 3 69
Built to date

Planned for the
-------------------------------------------------------------------------------

near future 9 1 2 0 0 0 12

Total
--•	 --------------------------------------------

60 15
------------------------

6
------

81

F

* Representing 40 configurations.
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Most of the 85 reviewed hybrid vehicle configurations are conversions of

conventional production vehicles. Of the 64 configurations where chassis and

body style are known, there are 45 ;or 70%) such conversions and 6 (or 102)

with modified production chassis and/or custom made fiberglass bodies. Only

13 (or 20%) are specially built from the ground up.

The historical distribution of the hyb r id vehicle configurations is shown

in Figure 1 9 in terms of the first year of operation. Most of the earlier

hybrid vehicles were built in an attempt to make low pollution vehicles, while

the later hybrids predominantly have been designed with a higher fuel economy

in mind.

FIRST YEAR OF OPERATION

FIGURE 1: HISTORICAL DISTRIBUTION OF HV CONFIGURATIONS

Fuel. Almost 702 (59 configurations) of the reviewed configurations have

been identified as "multiple fuel electric hybrids" (the present DOE

definition of a hybrid vehicle) while only 182 (15 configuraticns) have been

identified as single fuel hybrids (Figure 2).

Storage. All of the 74 configurations with known type(s) of fuel and

energy storage are "multiple storage hybrids", including dual battery systems

for the 4 configurations with batteries only (Figure 3). It should he noted

that the "multi-le storage" term was initially used to identify the hybrid

vehicles in this review.
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Operating Modes. The operating modes of 59 of the reviewed configurations

have been identified at the present. All of these configurations are designed

to be operated in one or more of the following four operating modes

exclusively:

• Heat Engine On-Off. The heat eng,'Lne will automatically be turned on or

off depending on the need for power and/or energy or at certain

vehicles speeds.

• Heat Engine Continuous. The heat engine will run continuously either

at a constant rpm or a variable rpm depending on the need for power

and/or energy.

• All/Primary Heat Engine. The heat engine will deliver most or all of

the needed power and energy to drive the vehicle, and in some cases

even to recharge batteries (or other energy storage devices). In cases

of extreme power demands, the batt ries (or other energy storage

devices) :night be utilized as a supplementary power source.

• All/Primary Electric. The batteries will deliver most or all of the

needed power and energy to drive the vehicle. In cases of extreme

power demands the heat engine (or other energy storage devices) might

he utilized as a supplementary power source.

The distribution of hybrid vehicle configurations on these four operating

modes is shown in Figure 4. Regenerative braking is employed in a little more

than half (or 34) of these 59 configurations. About 35% (21 configurations)

of them have been designed with only one operating mode in mind. Most of

these also happen to be single fuel hybrids which correspond closely to the

general trend of equivalence between the number of fuels and operating modes

(Table 2).

Power Plants. The distribution of the 59 "multiple fuel electric :Iybrids"

(identified above) in terms of their type of electric and non-electrical power

plants is shown in Figure 5. It is seen that about 75% of them (or 44) are

using a conventional Otto cycle engine combined with some kind of a DC motor.

Most often the parallel hybrids (i.e:, hybrids with direct drive from the

heat engine to the driveshaft) do not have a separate generator as opposed to

the series hybrid which requires a separate generator. But four

configurations, or about 20% of the parallel hybrids violate this general

trend by having a separate generator (Table 3).
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PASSENGER CARS (44)
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FIGURE 4: DISTRIBUTION OF HV CONFIGURATIONS VS. OPERATING MODES

TABLE 2: DISTRIBUTION OF HV CONFIGURATIONS VS. FUELS AND OPERATING MODES

Type oZ HV	 Single	 Dual
	

Triple	 Unkown
Configuration	 Fuel	 Fuel
	

Fuel	 Fuel	 Total
-------------------...----------------- ---------------------------------------

Single Mode	 14	 7
	

0	 0	 21

Dual Mode
	 1	 30	 2

	
0	 33

Triple Mode 0 5 0	 0 5

Unknown Mode 0
-------•------------------------------------------------------------------------

15 0	 11 26

Total 15
-------------------------------------------------------------------------------

57 2	 11 85
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FIGURE 5: POWER PLANTS (MULTIPLE FUEL ELECTRIC HVc ONLY)

TABLE 3: DISTRIBUTION OF HV CONFIGURATIONS VS. HV TYPE
WITH AND WITHOUT SEPARATE GENERATOR

Type of HV	 Separate	 No Separate
Configuration	 Generator	 Generator	 Unknown	 Total

--------------------------------------------------------------------------------
Series	 30	 0	 0	 30

Parallel
	

4
	

14
	

2
	

26

Other	 0	 17
	

0
	

17
------------------------------------------------

Unknown	 0	 0
	 18	 18

-------------------------------------------------

Total	 34	 31
	

20
	 85
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HEAT ENGINE TRANSMISSION KX^ 
-ON\,tNTIONAL

ICE

Powertrain Schemes. A classification of the hybrid vehicle configurations

was attempted in terms of their particular powertrain scheme ( Figure 7). The
powertrain schemes for the conventional ICE and the conventional electri..

vehicles are shown in Figure 6 for reference. A total of 20 hybrid vehicles

powertrain schemes, distributed on five major configuration classes, were

requ i red to cover all of the 61 hybrids with known powertrain scheme:

CLASS S: SERIES HYBRIDS	 ( 3 VARIATIONS/28 HVs)
CLASS P: PARALLEL. HYBRIDS	 ( 6 VARIATIONS / 16 HVs)
CLASS F: FLYWHEEL HYBRIDS	 (6 VARIA°LIONS/9 HVs)
CLASS D: DUAL BATTERY HYBRIDS 0 VARIATION / 4 HV's)
CLASS 0: OTHER HYBRIDS 	 ( 4 VARIAT*. ON/4 HVs)

Even though this classification indicates that on the average no more than

three hybrid configurations are alike, there is a strong tendency to

clustering around a few typical powertrain schemes (like "Sa" and "Fa").

DRIVE SHAFT
	 DIFFERENTIAL.

REAR AXLE

OPTIONAL

r*""^-----1
DYNAMOTOR	 TRANSMISSION	 CONVENTIONAL

ELECTRICAL POWER
	

L-------J	 ELECTRIC

BATTERIES	 CONTROLLER

FIGURE 6: CONVENTIONAL POWERTRAIN SCHEMES
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3. HYBRID VEHICLE DATA BASE

The data base presented on the following pages consists of three sets of

tables:

•	 KEY CHARACTERISTICS (Tables 4, 5).

Lists the major component types, operating modes, and present

status. Includes all 85 configurations.

•	 SUMMARY VEHICLE DESCRIPTIONS (Tables 6, 7 9 8).

Lists the general vehicle specification data, with emphasis on the

sizes of the major power train component. Includes all 85

configurations.

•	 PERFORMANCE (Tables 9, 10).

Lists test results and manufacturers estimates of the vehicle

performance. Includes only 30 configurations.

This data base is furthermore subdivided according to the following vehicle

types: passenger cars (64 configurations), trucks and vans (15

configurations), and busses (6 configurations).
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9. Fourth International Electric Vehicle Symposium, Volumes 1 and 29

Dusseldorf. Electric Vehicle Council, 1976.

10. Electric Vehicle News, Volumes l through 6. 1972-77.

-29-	 A



5. REVIEW FORMS

The following pages show the two review forms utilized in this hybrid
vehicle review:

•	 The Summary Vehicle Description Form (Page 29)

•	 The Detailed Vehicle Specification Form (Pages 30-35)
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J&	 SM114ARY VKHICI E DESCRIPTION'' 
	

Status

Dal.*

Drive train schematic:

Controls,,

Electrical Power:

Mechanical Power: ..^^..

:fanufarturer:

::on tac t: Whvelhase :. em

Chassis: ;	 Years of	 operation:

t;urh weight: kg;	 Payload: _	 kg;	 GVW: kg

Cargo capacity: m3	 No. of passengers:

ruela:	 Gasoline	 q Diesel	 q 	 ;	 Electricity	 q 	 ;	 Other(s)'
Storages:	 Fuel tank	 q Batteries q 	 ;	 Flywheel	 q 	 ;	 Other(s):

Hybrid type:	 Neat-engine
" 1 

q 	 Battery	 q ;	 Flywheel	 ;	 Other(s,:

q 	 q 	 q[feat-engine:	 UC Otto SC Otto	 ; Diesel	 .	 Other:	 ;	 kII-max:

E1-motor:	 DC Series	 q ; DC Sep. Excited	 q 	 ; Other:	 ; kW-rated:,,

Battery:	 Lead ;,cid	 q Other:	 Voltage:	 V(	 x V)

Flywheel:	 Steel	 q Composite	 q ;	 Storage Cap.:	 kwh; Weight:. kg

Controller:	 SCR Chopper q 	 ;	 Transistors	 q ;	 Other: ..

17 q 	 qTransmission;	 Manual	 -speed ;	 Automatic	 CVT	 ;	 Other:

Regenerative braking: TM- qyes	 L.:	 ;	 no

Generator:	 3 phase AC q 	 Other:	 ;	 Rated:

Purpose of this particular hybrid design (conversion):

q q 	 qlower emissions	 ; better fuel economy	 ;	 fuel substitution	 ;

q qrange extension better acceleration /gradeability	 ;

Other:



r.	 Veit, nu.
DDT, ILLD VEHICLl ^^Plr.IFrcAT[CiCfa

	

	
S to tats

Date

Drive train -.1i catic-
I

c;wntrol:i:
Uv̂ rrir i'n Ver:

me, i,anit,al power,

Quneral Description

cam Wheelbase	 cm Seating Capac ity pass.

Width	 cm Curb Weight	 kg Cargo Capacity nl

Height	 c;m Grok,s V.W.	 kg Fuel Capacity R

M

Frontal Area	 m` Drag Coofficient

Type Model	 Weight Manufacturer

Tr.in:smi,i ri tc)n

N11'erentiai

Surspantiicrn

Br.i kes

i it Ls

Ac cv8surtes

Converted

Present status
	

Date:

Page 1



DETAILED VtHl('.I.E t;PECIFIC. rIONN (Cont3ewed)

4ajor Drive Train Gtmpontents

E!ng ill e

e.;enera. or

:

Rectitier

:
k

Manutacturer:

Type:	 Model +. Year,

Max. "pt	 rpm laces. maximum)

PIf. lip:	 4	 rpm (most fuel offivient)

:)pr, lip:	 rpm (upeair..t ting leve=r

Displacement Vol,: ck, Cumpr. ratio:

a.	 of	 rvlinder : Net weight:	 kg

Pucs i. Optional tuels:

i-,ae,1	 • ow,umption	 operating level:	 I/hour

ISSFC :lap attached: ^ yes	 ^	 MO

ling ine mad if led : Q ves	 Q	 no

Fuel hvstem:

4uhriration system;

Start ins	 ,iysttrt,:

Cooling system:

Supplementary notes:

4danufacturer:

Type.: Mode) b year:

Rated:	 KVA	 A rpm Oi	 Volt)

Cooling system:

operating output:

Net weight. kg Modified:^
yes	

LJ	 no

Manufacturer:

Type:



DLrAI1I:D VEHI(.I.L sPl:f.IFICAII I )NS (c:ontinued)

F

Vein. 5o.

"-1ut.,r

Batteries

Charger

'tai• -r D r ive Trai n Components ( Continued)

't:JrUJfQc 'turor:

Type:	 Model & year:

Rated:	 kW t	 lip) 'J	 rpm

"+ax.:	 kW (	 tip)	 rpm for	 mins

^M

,odiff	 ,1	 yes 	 no Net weight: kg

^:!o.	 of motors: Volume:

Corque vs.	 speed map attached	 ^	 yPs ^ no

Effic.ienu, vs.	 speed map attached	 yHs
r^
(_ no

Cooling system:

Supplementary notes:

L
Manufacturer:

Type: Model & year:

Voltage:	 volt	 (	 x	 V) Weight:	 kg

Operating voltage(s): Volume:	
m3

Peak Power:	 kW Watering system:

2 hrs.	 3 hrs.	 4 hrs.	 hrs.

Amp.-hours at
var. discharge rates:

Watt-hours/kg:

Cycle life claim:	 cycles @	 e discharge

Supplementary notes:

Manufacturer:

Type: Model o year:

Volume:	 m3 Weight:	 kg

Page 3
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DETAILED VFHL(..E 'WELIFU:AI'IoNS (continued)

Major privu Traln i:omponents (f.untint:ud)

Flywhovi

Power
Conditioning
(Controller)

Manuf=lcfacer:

I yp e : Model a	 Gear:

Weight:	 kg	 (net);	 kg	 (w/h(,using S vac 	 pump)

thickness;	 mm p iameter:	 Cm

Houstig material: Housing pros sure: 	 psi

Vacuum pump manufacturer:

Vacuum pump typo S model:

Max.	 Speed:	 rpm Peak power:	 kw	 J max.	 rpm

Energy map attached	 (kwh vs.	 rpm)	 yes	 ^n,	 ne

rpm rpm rpm rpm

Charging time from
Q rpm to var.	 speeds: see, sec. set,. sc>e.

Energy used	 (kwh):

Energy available	 (kwh):

operating range:	 to	 rpm

Supplementary notes;

Manufacturer:

Type: Model S year:

Volume:	 m3 Weight:	 kg

uioling system:

Block circuit diagram attached:

Efficiency map attached:

Max. capacity (power):

Supplementary notes:

Page 4
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DETAILED VEHICLE SPECIFICATIONS (Continued)

Veh. No.

Other Characteristics

Acr.essory
Battery

Other Drive
Train Comp.

Safety
Considerations

Manufacturer:

Type:	 Model b years

Voltage:	 volt (	 x	 V)	 Weight:	 kg

Type: Detailed descr. attached:

Type: Detailed descr. attached:

Type: Detailed descr. attached:

Tests, rating, compliance with Fed. Safety Std:

Control
Strategy

Special
Characteristics

Information
	

I..

Sources
2.

3.

4.

Page S

r	 _	
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DETAILED VEHICLE: SPECIFICATIONS (Continued) 	

Veil. 1117

Data source

ipeud

c^:elerstion

;ra,.(eability

Ran g e :ind
fuel eLonomv

Supplementary
notes

Vehicle Performance

Manufacturers specs:	 El	 ;	 rest data:

Test weight:	 kg rest date:

Source document:

Cruise	 c+ • ontinuous): km/hr	 : mph)

.'Maximum	 (10	 sows): km/hr	 ! mph)

Max.	 (tLectrie.	 only): km/hr	 + mph)

9 - 0 km/hr:	 r3ee 30 - h0 km /hr: Se=-

0 -	 90 km/hr:	 ;et, 80 -	 130 un/hr: Ave

-	 km/hr:	 ser -	 kin/ hr saf

Distan ,:e at	 various
4rade.5	 ,snd	 speeds

i
km/hr.

km/hr.

km/hr.

km km km

km km i zn

km km km

'tax.	 grade:

Driving
cycles

Hvbrid :node Electric mod e
kin mpg kin

EPA Highway

mpg

E.P.\	 City

i^_7a	 3

IZ.'.7A	 D

`Fuel economy map attached:	 yes	 no

Page 6
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