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S E C T I O N 1

BACKGROUND INFORMATION:

SOURCES AND REFERENCES

•



1.1. INFORMATION SOURCES

The pertinent reference material needed to perform the

Preliminary Design Study activities was obtained using the

following modes of information retrieval and acquisition:

1) CRF technical data files on vehicle components performance

and characteristics

2) Library technical literature searches and retrieval

3) Information obtained from personal contacts (meetings or long

distance phone calls from Phase I Subcontractors: Brown

Boveri, M. Marelli, Pirelli and Pininfarina).

For the last item the following list of Design Review

meetings and Subcontractors Final Report referencing is provided:

A - Brown Boveri Co.

1) Design Review Meetings:

(1) HEIDELBERG, June 26, 1979

(2) TURIN, July 24, 1979

2)	 Final Report on the Phase I Subcontract No. ZFL/Li/Mar.

July 19, 1979

B - M. Marelli Co.

1) Design Review Meeting:

(1) TURIN, May 14, 1979 - CRF Meeting Report No. SRE 014/79

2) Final Report on the Phase I Subcontract - No. 0566,

July 13, 1979 and No. 103 July 20, 1979

C - Pininfarina S.p.A.

1)	 Design Review Meetings:

(1) TURIN, May 18, 1979

(2) TURIN, June 20, 1979

(3) TURIN, July 12, 1979

1-1
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D - Pirelli S.p.A.

1) Design Review Meeting:

(1) TURIN, May 16, 1979

2) Final Report on the Phase I Subcontract - No. RT 143,

May 24, 1979
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1 2	 REFERENCES.	 R	 S

Appropriate references for the material used to perform the

Preliminary Design Task have been provided in the text.

While	 a	 list	 of references	 to the	 Subcontractors'

contributions	 has	 already been	 provided in	 Subsection	 1.1,

Subsection 1.2	 is presented	 to	 explicitly comply with JPL data

requirements, with reference to Subsection 1.1 (points 1) and 2)).

Since some references are referred to on more than one Report

Section, a single list was used covering the remaining Sections 3

through 8.

(1) Structural Solutions and Drawings of FIAT ESVs (Experimental

Safety Vehicles), Lancia 'GAMMA' and 'BETA', FIAT 238 Van,

FIAT 127, 128, 131 and STRADA.

(2) Mechanical assembly Drawings of Lancia 'GAMMA', AUTOBIANCHI A

112, FIAT 238 Van and IVECO 'S' type Vehicles.

1	 (3) Structural Calculation of a Modular Bus, June 1979.

(4) Roadhandling Behavior of a Three Axle Bus on Cobblestone

Pavement (Steady State Linear Study), March 1979.

(5) Roadhandling Behavior of a Three Axle Bus (Non-linear Study),

June 1979.

s,

(b) Finite Element Calculation of an Advanced Railway Coach, July
=	 1979.

(7) Gear-box Characteristic Frequency Analysis, April 1978.

(8) Crash Tests against Barrier - FIAT SAFETY CENTER (COMPANY

CONFIDENTIAL).

41
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(9) Sap IV "A Structural Analysis Program for Static and Dynamic

Response of Linear Systems".

(10) Adina "A Finite Element Program for Automatic Dynamic

Incremental Non-Linear Analysis" Rep. 82448-1.

(11) Nastran "User's Manual".

(12) Festa "Finite Element System" December 1977.

(13) SAE Conference Proceedings International Conference on

Vehicle Structural Mechanics: "Finite Element Application to

Vehicle Design" Detroit, Michigan March 26-28, 1974.

(14) Stress Analysis in Production and Economy Energy Problems

Reports on the 5th A.J. A.S. National Conference Bari, Italy,

September 29, October 1, 1977.

(15) Structural Analysis of the Vehicle Design Process - Second

International Conference on Vehicle Structural Mechanics.

April 18-20, 1977 Michigan Inn Southfield, Michigan.

(16) Electric DC Motor with Electronic Commutation: Type of Engine

Conceived in 1977, Patent No. 68759 A/77.

(17) Electric DC Motor with Electronic Commutation: Research and

Development Reports No. 038/78 June 1, 1978, No. 053/78

October 12, 1978, No. 012/79 March 20, 1979, No; 1/79 June

25, 1979.

(18) Electric DC Motor with Electronic Commutation: Research

Progress Report No. 006/79, February 23, 1979.

(19) "Etudes sur la Traction Electrique Automobile" presented at

the "Journee d'Etudes du Vehicule Electrique" sponsored by

UNIPEDE. Bruxelles, Belgium April 1972.
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20 "Project for an Electric City Bus with Thermal Re eneration"t )	 ^	 y	 g

presented at the " 14th FISITA Congress" London U.K. (June

1972).

(21) "Outline Project of Hybrid Bus" - "Research for an Electric

City Car" presented at the "3rd International Electric

Vehicles Symposium and Exposition". Washington D.C. (February

1974).

(22) "Development of Electric Vehicles" presented at the "Science

and Motor Vehicles Meeting" Beograd, Yugoslavia (Aprile

1975).

a(23) "FIAT Electric Vans for Enel" presented at the "4th

Internation Electrical Vehicles Symposium" Dusseldorf, West

i.	 Germany (September 1976).

(24) "FIAT Activity on Road Electric Vehicles" presented at the

F
"77th A.E.I. annual Meeting" Sorrento. Italy (September

1976).

(25) "FIAT City Car Prototype" presented at the "4th International

Symposium on Automotive Propulsion System" sponsored by

E.R.D.A. /N.A.T.O. Washington D.C. (April 1977) and presented

at the "International Electric Vehicles Symposium and

Exposition" Chicago (April 1977).
i

(26) "Art Study and possible Developments of, Electric Vehicle"

presented at the "Day dedicated to the Electric Vehicle

Study" sponsored by A.E.I. and ENEL, Milan, Italy (October

1977).

(27) "Electric Vehicles Studies and Developments in FIAT"

presented at the 17th FISITA International Congress 4-10

June, • 1978, Budapest.
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(28) "Development of two Hybrid Bus Versions: with Batteries or

Flywheel" presented at the 5th International Electric Vehicle

Symposium Philadelphia 2-5 October 1978.

(29) C.R.F. Projects on D.C. Electric Motor (see Table 1.2-1).

(30) Fuels Specific Consumption Map of the Present European

Version Engine (FIAT AUTOMOTIVE SECTOR - EXPERIMENTAL

DEPARTMENT).

(31) Engine/ Power train Electronic Control Strategies. Special

Report for DOT-TSC (Unpublished) Nov. 78.

(32) Rinolfi et al. "Optimization of Vehicle Engine Operation by

means of an Electronic Control System using on-board

Ultrasonic Air Flow Measurements" International Meeting of

Industrial Electronics, Turin EXPO, Sept. 29-30, 77.

(33) Program Plan "Passenger Car Spark Ignition Data Base"

Contract DOT-TSC-1422 and:

November Progress Report,

December Progress Report,

January-February Report,

March-April Report.

(34) "Electronic Car" Design "CEIFAC System: Injection, Throttle

Ignition and Gear-box Electronic Control - To be published.

(35) IEEE 29th Vehicular Technology Conference "lnstrumentatioc,

for Testing of Electronically Controlled Engine, on Test Bed

and on Chassis Dynamometer.

(36) "Electronic Carburetor" Design "Carburetor Electronic Control

System" (CARBEL). Report N° GPA 335/78.
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(37) Four-pole DC Electric Motor. Type No. B/2420. AMER

Catalogue, 1979.

(38) High Pressure Radial Piston Pump. Type No. HP10 SACHS

Catalogue No. 8520IE, 1978.

(39) Low Pressure Vane Pump. Type No. V10 Sperry-Vickers Catalogue

No. I-IV-740615.

(40) Hydraulic Accumulator and Pressure Regulator. Type No. H560.

SACHS Catalogue No. 85203. 1978.

(41) Integrated Power Brake for Closed Circuits Drawing Assembly

CRF-SRM No. 74/06144, October 28, 1977.

(42) Separate Power Brake for Open Circuit. Drawing Assembly

CRF-SRM No. 74/05602 November 29, 1977.

(43) CITROEN Closed Circuits Power Steering. Memorandum on the

Steering System Course. EMAC Technical Division. June, 1970.

(44) Power Steering Rotary Distributor Drawing Assembly CRF-Sil

No. 74/07349, January 24. 1979.

(45) Clutch Control Distributor. Drawing Assembly CRF-SRM Type

RA/0033.1 Part Number 1.24.402, No. 7203004. July 10, 1978.

(46) Pressure Proportioning Electrovalve for Open Circuits.

Dravin¢ Assembly CRF-SRM No. 6/80088. May 8, 1979.

(47) Flow Proportioning Electrovalve for Closed Circuits. Drawing

Assembly LRF-SRM No. 6/80073. April, 2. 197.9.

(48) Flow Proportioning Electrovalve for Closed Circuits. Type

RPCE "/T. RC. DUPL0.1V%T11.. Technical Informations No. IT.830.

August 1978 Edition.

r,

1-8



(49)Pressure Reducing Valve. Drawing Assembly (;RF-SRM No.

74/05737. June, 8, 1977.

(50)Maximum Pressure Valve. Type HY/VA110A17 Hydraulique. Bosch

Informations at DonnBes No. 3 1976-1977.

(51)Sequence Valve. Type D25 OP10 /5Y. Rexroth Catalogue No. Rl

00100. July, 1977.

(52)"Mission Analysis ano Performance Specification Studies", April

1979, Phase I of the Near Term Hybrid Passenger Vehicle

Development Program.

53 "Trade-of f	 "( ) reds- ff Studies June 1979, Phase I of the Near Term.

Hybrid Passenger Vehicle Development grogram.

(54)"Van Doorne 1--,itomatic Transmission Characteristics" CRF

Rarort No. SAS II /78, May 24, 1978.

(55)"Van Doorne Automatic Transmission Efficiency" CRF Report No.

SAS 31/78, Sept. 19, 1978.

(56)"DAY Variomatic Transmission: Bench Testing" CRF Report No.

0398 /75, Jun 23, 1975.

^s

7) "DAF Variomatic Transmission: Vehicle Dynamometer Testing"

_	 CRF Report No. 0123/74, Feb. 13, 1974.

(58) "DAF	 Variomatic	 Transmission:	 Vehicle	 Consumption Testing"

CRF Report No, 0750 / 74, Aug. 20, 1974.

(59) CNi= 	 "Energy :onservation Program,	 Vehicle Traction Project,

t..	 H: Engine /Load Coupling"	 Final	 Research	 Reports:

Contract No. 76.00368.92 (1976)

t-
1

Contract No. 77.00830.92 (1977).
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(62) Electric Urban Bus. Report N' 4522/1 del 31!811976.

(63) Hybrid Electric and Flywheel Propelled Bus CBR Reports.

"Energy Conservation Program, Vehicle Traction Project,

Subject D: Hybrid Bus"

Final Report Contract No. 76.00370.92 (1976)

Final Report Contract No. 77.00833.92 (1977)

Contract No. 78.01168.92 (1978).

(64) P. Chapman. Energy Cost: a Review of Methods on Energy

Policy, June 1974

(65) Ifias. Workshop on Energy Analisys and Economics. June 1975

(66) Julies J. Harvood, Richard E. Robertson and Peter Beardimore.

Engineering and Research Staff Ford Motor Company "The

Potential For Advanced FRP Composites in the Automotive

Industry"

(67) Battelle Columbus Division "Lightweight Material and Design

in the Worldwide Transportation Industry" Vol. III.
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S E C T I O N	 2

SIGNIFICANT ASSUMPTIONS



2.1 GENEM t.3SUMPTIONS

2.1.1 The mechanical layout and in particular the choice of the

front	 and	 rear	 axle	 configurations	 has	 been	 mainly

determined	 by	 the	 installation	 requirements	 of	 the

propulsion	 groups	 with	 the	 assumption	 that	 comfort	 and

roadholding requirements can always be satisfied compatibly

with	 the	 limitations	 imposed	 by	 the	 adopted	 solution.

2.1.2 A general	 non-linear program has been used to study the

effects of vehicle crash against rigid barrier.

2.1.3 It has been assumed that for the time it will take te carry

out	 Phase	 II,	 fast	 switching	 power	 transistors	 at

competitive prices will be available.

2.1.4 The	 availability	 and	 functionality	 of	 the	 Van	 Doorne

transmission metallic belt is considered acquired. For the

time being, this type of belt is under development at FIAT.
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2.2	 OPERATING ASSUMPTIONS

2.2.1 Taking advantage of experience already acquired in the

field of automotive electronic and in particular in the

design of hybrid vehicles, it has been decided to utilize

LSI technology as much as possible in the design of the

controller. In particular, digital techniques will be used;

latest generation programmable components will be used as

far as possible in the hardware design (e.g. interrupt

controller, timer counter, programmable interface).

The control software structure will be organized on two

levels: fareground, for actuation and acquisition; and

background for strategic level management.

A modular structure will be used generally, allowing

programmable logic to be employed even in peripheral areas

of the system; this leads to a system of greater

versatility.

2.2.2 The overal efficiency of the electric motor with hydraulic

pump is assumed to be q - 0.5

2.2.3 The loads that shall be applied to the brake and steering

controls in order to achieve the degree of performance

required by the specifications are less than or equal to

those prescribed by the specifications themselves, even

when the servocontrols are not operating (i.e. when the

power brake and power steering are not fed by the

oleodynamic circuit).

2.2.4 Leaks of hydraulic fluid under pressure through rubber

gaskets (e.g. cylinder - piston coupling in power brake,

power steering, clutches and transmission pulleys) can be

neglected as well as leaks through metal conical face seals

(pressure reducing valve plug and plug-on clutch ccntrol

pressure-proportional drive electrovalve).
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2.2.5 Flow losses through rotary seals are evaluated on the basis

of previous experiments performed on analogous systems and

are given as 0.1 cm3 /sec for the clutch group and as 0.1

cm3 /sec for the two transmission pulleys.

2.2.6 To evaluate the flow losses through the gaps of the

metal-to-metal cylindrical seals an absolute viscosity of

the	 fluid	 has	 been	 assumed which is given

by µ - 2.5 x 10-7 (Kg sec/cm 2 ) and corresponds to that of

a standard type oil used for oleodynamic units at a

temperature of 60°C.

2.2.7 To evaluate the flow losses through holes in a thin wall

(Metering holes) the following values have been assumed:

Q - 9 x 10-7 (Kg sect/cm2)

C - .65
c
C - .98
P

which represent respectively the fluid density, the vein

contraction coefficient and the theoretical speed reduction

coefficient.

2,2.8 It has been assumed that the back pressure presented by the

transmission lubrication circuit and that presented by the

pressure regulator by-pass circuit are both less than

2. Kg/cm2,

2.2.9 For the purpose of evaluating fluid capacity demands by

the equipment being used, the most severe vehicle operating

conditions assumed are those for which the following

manoeuvres are performed in a period of I minute:

- 5 half-way stroke applications of the brake master

cylinder

.T
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- 10 double steeering actions (to the right and to the

left each with a rack bar stroke equal to 15% of a

complete steering

- 2 complete transmission ratio excursions (1 down-shift

and 1 up-shift)

- 1 clutch engagement.

2.2.10 The vehicle average running conditions assumed, for

evaluation of fluid capacity demands, correspond to those

for which the following manoeuvres are performed in a

period of 1 minute:

1 30 stroke application of the brake master cylinder.

2 double steering actions (to the right and to the left)

each with a rack bar stroke equal to 101% of a complete

steering.

- 2 30% transmission ratio variations (1 down shift and 1

up shift) .

In both cases the clutch engagements do not have an

appreciable influence.

2.2.11 The term "discharged battery" means that the battery has

reached the lowest depth of discharge (DOD) which still

allows satisfactory operation of the system and sufficient

guarantee for what battery life is concerned.

a) Ni-Zn battery.

The D.O.D. is 80% of the nominal battery capacity and

corresponds to the lowest permissible degree of

discharge compatible with an acceptable battery life.

b) Na-S battery.

The D.O.D. is 80% of the nominal battery capacity and

corresponds to the lowest permissible degree of

discharge compatible with an acceptable battery life.
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c) Lead-Acid battery.

The D.O.D. is 50% of the nominal battery capacity in

2-hour discharge rate, which corresponds to the minimum

permissible power level in terms of satisfactory

operation of the system.

For less severe operating conditions, the battery useful

energy and power peak values result higher than those

relative to the above mentioned conditions (ref. Volume

II - Appendix of Trade-off Studies, page A.3-40 figure

A.3-3.1).

2.2.12 It has been assumed that a cycle (FHDC, FUDC, SAE/B) is

considered completed when the Propulsion System fails to

meet the power requirements of each cycle for a cumulative

time lower than 1.5`t of the total cycle time. When this

condition is not satisfied, appropriate warnings are

given.

2.2.13 For all the calculations the specific weight of the fuel

has been assumed to be 0,740 kg/liter and the heat value

to be 10500 kcal/kg. Therefore, one gallon of fuel is

equal to 123 MJ. All the energy consumption figures are

based on the selected mission (4 U + 10 H) simulation.

2.2.14 For the evaluation of life cycle energy consumption the

following assumptions are made:

A) 10% of the energetic value of the materials,

excluding batteries, undergoes routing maintenance

B) The residual value of steel is 500% of its nominal

value.

C) The residual value of aluminum if 70% of its nominal

value.



D) The rageneration energy of the battery usable materials

is 0.; - 0.35 kWh/kg (considering the battery total

weight) .

E) The energy required to assemble the batteries is equal

to 25% of the total energy contained in the materials

constituting them.

F) The energy required to disassemble the vehicle at the

end of life is equal to 20Z of the energy required to

assemble it.
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S E C T I O N	 3

METHODOLOGY DESCRIPTION



3.1	 VEHICLE LAYOUT

3.1.1 Propulsion System

The methodology used in the design study is not substantially

different	 from	 that	 used	 by	 FIAT	 for	 analogous	 problems	 (1).

It consists of a first phase which, depending on the overall

dimensions on the main components and on the type of architecture

chosen, defines a first layout of propulsion system and identifies

the possible problems of compatibility with space availability and

component layout.

This first phase has been carried out in close interaction

with the component and vehicle structure design since it strictly

it	 hand,depends	 on	 them	 and	 may	 require,	 on	 the	 other

adaptability changes, even if not substantial ones.

This	 iterative study guarantees the correct development of

the	 design	 final	 phase	 which	 defines	 in greater detail on the

basis	 of	 the	 component	 final	 geometry,	 the	 system	 layout	 and

installation.

3.1.2 Vehicle Structure * Crash Analysis and Handling

On	 the	 basis	 of	 a	 preliminary	 schematic	 layout	 of	 the

vehicle, a series of calculations is performed in connection with

the vehicle parts static behavior. 	 In this way it is possibile to

calculate	 the	 stiffness	 of	 the various parts and of	 the whole

structure and to define the stress 	 levels under various working

conditons (normal running, cornering, braking etc.).

A	 different	 series	 of	 calculations	 aims,	 instead,	 at	 the

definition of the dynamic behavior by means of:

- a definition of the body eigenvalues

- an analysis	 of	 the vehicle behavior on various types of road,

(1) See References (1) and (2).

I
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whose acceleration spectra are known and for different values of

speed. In this phase the vehicle is considered both as a rigid

body on its suspension system and as a body having its own	 #

resonance frequencies. The calculation results are given in

terms of acceleration spectra, speed and relative movements of

points on the vehicle.

- an analysis of vehicle behaviour on holes, bumps, curbs etc.

The structure is considered as a rigid body carried on a

non-linear suspension system that takes into account the

different values of stiffness of the shock absorbers and the

characteristics of the tires.

Integration with respect to time of the equations is carried out

in this case.

- to evaluate the vehicle structure behavior during crash against

barrier, it is assumed that almost all the kinetic energy is

absorbed by the structure whilst that absorbed by body

components such as hood and front end is negligible.

Experimental data are available to support this concept. The

calculation is of the non-linear type since it takes into

account the fact that the material works in the plasticity zone

and that large displacements occur.

- the hybrid and reference vehicles handling simulation has been

performed using the "Handling" simulation program implemented in

1977 and described in the Appendix A.3-1. The results are shown

in Figures 3.1-1/3.1-14.

3.2	 VEHICLE COMPONENTS DEFINITION

3.2.1	 Electric Motor

Processing of the data expected to be obtained from the

hybrid vehicle simulation was undertaken, in order to obtain the

mechanical and electrical design specifications for the propulsion
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system under the most severe operating conditions. The following

data were obtained:

- power density map (See Fig. 3.2 - 1) covering most severe

operating conditions (to establish the optimum design parameters

of the motor and electronic commutator).

- maximum power area available to electric motor shaft, under

propulsion and braking conditions within the required range of

operating speeds (see Fig. 3.2-2).

The methodology normally used at CRF has been followed for

the design of the DC electric motors.

The preliminary electro-mechanical design of the motors, has

been performed using computer codes:

- magnetization curves for the motor under no-load and load

conditions (CURVMAGN, CURVMAGNCAR)

- stray flux pattern (NASTRAN)

- calculation of motor performance (PRESTMCC.).

3.2.2 Transmission

Based upon the functional specifications established during

simulation calculation of the hybrid vehicle, various types of

transmissions in the form of constructional drawings have been

worked out.

The solution has been chosen on the basis of functionality

and simplicity of construction. For the design of individual

components and choice of materials, economic considerations have

been taken into account together with mass production

requirements.

3.2.3	 Control System

1	 The design will take place in the following phases:
^	 I

i
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- Phase A. Simulation by hybrid processor of I/O signals

from vehicle sub-system in typical working conditions.

In this and, simulation programs and sub-system

specifications will be used at "black-box" level. The

digital section of the hybrid processor will enable a first

edition of the control software to be prepared and an

optimisation of functions to be carried out.

Phase B. Manufacture of breadboard.

On the basis of the logic defined above, a microprocessor

breadboard will be developed; by connecting this

microprocessor to the analogue section, the optimum

configuration can be studied and most-suitable components

evaluated:

Phase C. Development of a powerful and highly integrated

interface system.

- Phase D. Manufacture of the prototype and testing of

actual system components. On board driveability tests.

- Phase E. Definitive design of the complete controller

and optimization of performance and costs

	

3.2.4.	 Vehicla Auxiliaries

	

3.2.4.1	 Hydraulic Auxiliaries

The sub-system under consideration consists of the

following components:

- Hydraulic power brake operating separately from the master

cylinder.

- Closed circuit rack and pinion power steering.

3-20



- Transmission proportioning device.
- Clutch control device of the proportioning and on-off type.

- High pressure primary feeding circuit (80-110 kg/cm2 ) fitted

with hydraulic accumulator snd constant displacement pump.

- Low pressure secondary feeding .-ircuit (12 kg/cm 2 ) fitted with

constant displacement pump and valves to keee the pressure

constant.

- Electric motor for constant displacement pump drive.

The methodology used to define the sub-system parameters is

the following: once the basic parameters and the overall

performance of each component have been assumed and the feed

pressure values have been chosen based upon the considerations of

paragraph 4.3.6, the effective thrust sections of the actuators

are calculated, together with their total displacement, the flow

losses through the seals and the flow through the metering holes.

Based upon these values and on assumptions 2.2.9 and 2.2.10,

the capacity values of the two constant displacement pumps and the

accumulator volume have been defined.

Once the pressure and capacity of the pumps and efficiency

(see par&. 2.2.2) are known, the value of electric motor power and

average power utilization can be calculated.

a. Power Brake

The power brake is fed by the primary feeding circuit and

consists mainly of a distributor which is driven by the master

cylinder and by two actuator cylinders in parallel that increase

the pressure applied to the brakes by the master cylinder.

Assumed Parameters:

r

I

r

t
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Distributor	 Internal diameter	 D1 = 1 cm

maximum radial play	 h = 5 x 10 cm

Overlap between fluid

intake and delivery valves L 1 = 0.2 cm

Actuator cylinder piston stroke: 	 C1 1.75 cm

Maximum applied load at minimum feed

pressure for each piston 	 F1 240 kg

Feed Pressures:	 Plmin - 80 Kg/cm2

P
lmax = 110 Kg/cm2

Resulting Parameters:

Effective thrust section for each piston

F, 	2
S1= ____ _ _-- = 3 cm

Plmin	 80

Total Displacement: V 1 = 2	 S 1	C1	2 x 3 x 1.75 - 10.5 cm 

Flow losses due to leaks through the distributor under the

most critical conditions (feed pressure equal to Plmax)

DfTh13 Plmax	
1 x;r(5 x 10-4 ) 3 x 110	 3

q- 2.5 -------------- - 2.5 . ------------7--------- - 0.2 cm /sec
1	 12 µ L1	12 x 2.5 x 10-7 x 0.2

Note: The formula used to determine the amount of fluid leaks

through the gaps is essentially conservative, since it

considers the maximum value of eccentricity of the seal

coupling. The formula is the following:

3-22
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d h3 P
q- 2.5 ---«-a-

12 µ L

where

q - leak through the gap,(cm3jsee)

d - nominal diameter of cylinder coupling (cm)

h - coupling radial play (cm)

A P - pressure drop between gap input and output

I&-  absolute fluid viscosity, (kg secicm2)

L - seal axial length (overlap), (cm)

The value of µ is that given in para. 2.2.6

b. Power Steering

The power steering is fed by the primary feeding circuit and

consists mainly of a double slide valve with control pressure

feedback and of an actuator cylinder placed along the rack bar

axis.

Assumed parameters:

- Double slide valve

Internal diameter of each

glide

Maximum radial play of

each slide

Overlap of each slide

.D2-1 cm

h2 - 2.5 . 10-4 cm

L2 - 0.05 cm

- Actuator cylinder piston stroke

(complete left to right steering)
	

C2 - 16 cm
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- Maximum load on the ball -and-socket joints

at minimum feed pressure	 F. 640 kg

Feed pressure:	 P2min 80 kg/cm2

P2max 
= 110 kg/cm.2

E

Resulting parameters:

Effective piston thrust section:

F2 	640	 3

	

S
2 
= ----- _	 = 8 cm

P2min	
80

Total displacement:	 V2 - S2 C 2 = 8	 16 - 128 cm 

Flow losses due to leaks in the distributcr slides for a feed

pressure equal to P2max:

D2 ,n (h2)3 P2max
q2 2 x 2.5 -- ---- ----- 	 -- _

12 µ L2

1 x a (2.5 x 10-4 ) 3 x 110
= 2 x 2.5 -----------------	 = 0.2 cm3/sec

12x2.5x10 ^x0.05

c. Transmission control group

The transmission control group is fed in part by the primary

and in part by the secondary feed circuit. It consists of two

pressure and flow proportional electrovalves.

The electrovalve power stages are part of the primary feeding

circuit.
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Assumed parameters:

- Pressure control distributor

Slide internal diameter

Max radial play

Overlap

- Flow control distributor

Slide internal diameter

Max radial play

Overlap

- Effective thrust section of the two pulley control pistons
(equal to the difference between the two effective sections)

S3 - 90 cm 

- Overall stroke of pulley control pistons
C3 - 1.1 cm

Feed pressures:

- Pressure control valve

Plmin - 
80 kg/cm2

Plmax - 110 Kg/cm2

- Flow control valve

P3min - 10 kg/cm2

P3max 35 kg/cm2

D3-1.2cm

h3 -5x104cm
L3 -1 cm

D3 . 1.2 cm

N - 5 x 10

L3 - 1 cm

1
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Resulting parameters:

- Pulley control total displacement

V3 = S3 C3 = 90x1.1-99 cm. 3

- Flow losses due to leaks through the pressure control

distributor at maximum feed pressure:

D a (r 3 Plmax	
1.2 x n(5 x 10-4)3 x 110

q3
= 2.5 — 3----3^--------- = 2.5 ----------------------- - 0.043 cm /sec

12 ^k L3	 12x2.5x107x1

- Flow losses due to leaks through the flow control distributor at

maximum feed pressure:

D3'.'L W3)3 P3max	
1.2 x,-t(5 x 10-4)3 x 35 	

3q'3 

= 

2.5 -------- ----------- - 2.5 --------------7------- - 0.014 cm /sec
12 µ L' 3	12 x 2.5 x 10	 x 1

- Flow losses through the rotary seals located in the two pulley

axles (see para..2.2.5) q 3"	 0.1 cm3/sec.

The two drive electrovalves are part of the secondary feeding

circuit and are identical.

They are fed via two metering holes of equal section. The

maximum flow condition occurs when the drive electrovalves are

de-energized and therefore completely open; electrovalve

characteristics have therefore been neglected when evaluating

maximum flow.
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- Flow losses due to leaks from the five slides of the distributor
group

D4':9 h'43 
Q14 - PO4)

q4 '	 5 x 2.5
12 µ L'4

lxttx(5 x10") 3 (12 - 2)
5 x 2.5	 ------ - 0.065 c 3/sec

12x2.5x10 7 x .25

- Flow losses through the clutch rotary sealst
q4" - 0,1 

c23 
/see (see par&. 2.2.5).

- Metering hole section

64 = ^ d42 	(.08)2 = 5 x 10-3  cm 

- Maximum flow through metering hole

Q4 = 0 Oc 4 2 
(PI4 ^PO4)

P	 Q

2 (12 - 101
0.98 x 0.65 x 5 x 10

-3 
-----	 -- = 15 cm3/sec
9 x 10-7

- Maximum volume of fluid used by the drive electrovalve per

clutch engagement

V4" - Q4 T4 - 15 x 0.5 - 7.5 cm3

- Total maximum volume absorbed per clutch engagement

V4 - V4 ' +V"4=15+7. 5-22.5 CM 

As from table 3.2.1, the overall flow loss of the primary

feeding circuit, due to leaks, is E q - 0.76 cm3 /sec and the

feed flow demand from the secondary circuit is Q3 - 30 cm3/sec.
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Metering hole input and output pressures:

-	 Input feed pressure 	 P13 - 12 kg/cm2 	.
-	 Output stabilized pressure	 P03 " 2 kg/cm2

Note: For correct operation of the drive electrovalves it is

essential that the output pressure from the metering holes

be stabilized. Since, for energy saving reasons, the output

flow from the electrovalves is used to lubricate the

transmission, the stabilized pressure has been kept at a

value of 2 kg/cm2 which is greater than the maximum back
pressure presented by the transmission lubrication circuit

(see para. 2.2.8).

Resulting parameters:

- Metering hole section:

a3= n 
d32• 

a 
(0.08) 2 -5x 103 cm 

4	 4

-	 Maximum flow through the metering holes

2 (P I3 - p03)
Q3 - 2 Cp Cc o 3 	

Q 
P03

2 x 0.98 x 0.65 x 5 x 10-3 
2
2 

(12
(12 - 

2
---) • 30 cm3/sec

9 x 10 7

Note: the formula used for calculating flow Q3 is the standard one

for flow through holes in a thin wall:

where:Q - flow through the section (cm 3/sec)

C 
	 0	 theoretical	 speed	 reduction	 coefficient

(dimensionless)
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Cc - vein contraction coefficient (dimensionless)

a - this section (cm2)

AP - pressure drop between input and output of a section

Q - fluid density (kg see t /cm 2).

The values of Cp , Cc and Q are those given in par&. 2.2.7

d. Clutch control group

Although the clutch control group operates on low pressure,

it is fed by the primary feeding circuit because even though the

average utilized flow is low it presents highly discontinuous

absorptions and a high instantaneous flow.

The group consists of a pressure reducing valve, an

electrohydraulic distributor group with five slides and a pressure

proportional drive electrovalve that is fed via a metering hole.

Assumed parameters:

- Pressure reducing valve slide

D4 - 1.2 cm, slide internal diameter

h4 - 5 x 10 cm, max radial play
L4 - 0.25 cm, overlap.

- Distributor slide

D' 4 m 1 cm, slide internal diameter

h' 4 - 5 x 10-4 cm, max. radial play

L' 4 - 0.25 cm, overlap

- Clutch control piston displacement

V4 ' - 15 cm 

- Metering hole internal diameter 	 d4	 - 0.08 cm
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- Maximum time duration in which the drivr

electrovalve is controlled T4	 -	 0.5	 sec.

Note: The drive electrovalve stays closed, with the exclusion of

time periods T4 during which the clutch is engaged. The

drive electrovalve does not cause fluid	 leaks	 (see pars.

2.2.4).

Working pressures:

- Reducing valve feed pressure

Plmin ' 80	 Kg/cm2

P2max - 110 Kg/cm2

- Reducing	 alve controlled pressuren$	 P

(feed pressure for distributor and

metering hole) P14 - 12 kg/cm2

- Stabilized	 foroutput	 pressure distributor,	 drivethe	 the

electrovalve	 and	 for	 the	 metering	 hole	 when	 the	 drive

electrovalve is open

PO4 ' 2 Kg/cm2

Resulting parameters:

- Flow losses due to leaks through the pressure reducing valve.

1:2
D4a h42 ( P lmax2.5	 ---PId • 2,5	

-Nx	 10-4 ) 2 (11012)n (5-x
q	 3

-	 --------	 ---	 .038 cm /sec4	 12µL4 12x2.5x10;x0.25
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e. Primary pump

a) Design criteria (see para. 4.3.6.1 - c)

- Maximum estimated pressure	 Plmax - 110 kglcm2

- Speed of rotation	 N	 - 1500 r.p.m.

b) Criteria used for the evaluation of the required pump

capacity.

The capacity value of this pump is defined as that value

which permits continuous replenishment of fluid absorbed from the

primary circuit under the most severe conditions (para. 2.2.9).

The value thus defined is multiplied by a safety factor b - 1.2

which takes into account pump deterioration with time.

Resulting parameters:

- Volume of fluid absorbed in a period of 1 minute (T 5 - 60 sec)

under the conditions of para. 2.2.9 and using the data of Table

3.2.1.

- Power brake (ni - 5, number of braking actions; j i - 0.5,

fraction of braking action)

Absorbed volume

V5.1 - ni	 jl	
V1 - 5 x 0.5 x 10.5 - 26.25 cm 

- Power steering (n2 - 10, number of clutch engagements; j2

0.15, fraction of engagement)

Absorbed volume

V5.2 -n2	 J 2	V
2 - 10 x 0.15 x 128 - 192 cm 

- Transmission (n 3 - 1*' number of complete transmission ratio

excursions; ) 3 = 1, fraction of complete excursion)

* Note:	 Only transmission up-shifting (see para. 2.2.9) produces

a volume absorption.
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Absorbed volume

V5.3 - n3 J3	
V3 - l x t x 99 - 99 CM

- Clutch operatioro (a4 - 1, number of engagements; J 4 - 1,

fraction of engagement)

Absorbed volume

V5.4 - a4 j4 V4 - 1 x 1 x 22.5 - 22.5 c®

Total volume absorbed by the user equipment

V5 - V
5.1 + V5.2 + V5.3 + V5.4 -

- 26.25 + 192 + 99 + 22.5 - 339.75 cm3

- Average flow demand by the user equipment (flow losses due to

leaks)

V5	 339.75	 3
Q5 -	 + Z9 - -------- + 0.76 - 6.42 cm /sec

T5	 60

- Flow to be supplied by the primary pump
QI - Q5	 6 - 6.42 x 1.2 - 7.5 cm3 /sec .

- Primary pump displacement

QI	 7.5	 3
VI - ---- 60 -	 x 60 - 0.3 cm (per revolution)

N	 1500

- The pump that has boon selected is of the racial piston type
since it shall feature high pressure (110 kg/-m2 ), high

efficiency and limited displacement (0,3 cm3).
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f. Hydraulic accumulator and pressure regulator

The function of the hydraulic accumulator is that of making

up for the large instantaneous flow requests by the user equipment

when the primary pumas is not sufficient.

The function of the pressure regulator is that of

establishing a link between pump and accumulator until the latter

one has reached the maximum estimated pressure. At this point the

pressure regulator connects the pump to a discharge by-pass device

and does not restore connection to the accumulator until the

accumulator pressure has reduced to the minimum prefixed value.

Design criteria (see pars. 4.3.6.1 - c):

- Nitrogen preloading pressure in

accumulator

- Accumulator minimum pressure: cut in

pressure

- Accumulator maximum pressure: cut off

pressure

P  - 75 Kglcm2

Plmin 0 80 kglcm2

Plmax 0 110 Kglcm2

The volume of fluid that can be introduced into the

accumulator, starting from 
Plmin 

up to 
Plmax' 

is defined as the

volume that allows to have a time interval T 6 a 240 sec between

two successive feedings of the accumulator when the vehicle is

used according to the average running conditions given in pars

2.2.10.

Resulting parameters:

- Volume of absorbed fluid in a period of 1 minute (T 5 n 60 sec)

under the conditions given in para 2.2.10 and using the data

given in Table 3.2.2.
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TABLE 3.2.2

MAIN CHARACTERISTICS OF FEED SYSTEM COMPONENTS

COMPONENT PARAMETER VALUE

MAXIMUM PRESSURE, kg/cm2 110

PRIMARY PUMP i11 GEOMETRIC DISPLACEMENT, = 3/ resolution 01
ROTATION SPEED, R.P.M. 1600

OPERATING PRESSURE, kghxn2 12

SECONDARY PUMP (2) GEOMETRIC DISPLACEMENT, cm 3 ?revautia. 1.44
ROTATION SPEED, R.P.M. 1600

MELOAD PRESSURE, kWa"2 75
ACCUMULATOR AND CUT IN PRESSURE, kglom2 SO

PRESSURE REGULATOR
CUT OFF PRESSURE' kg/a"2 110
ACCUMULATED EFFECTIVE VOLUME, aP 3 420
ACCUMULATED NOMINAL VOLUME, an3 1460

INPUT VOLTAGE, V 12

ROTATION SPEED R.P.M. 1500
ELECTRIC MOTOR X POWER (STEADY STATE), W 246.E

IN POWER (STEADY STATE), W 67.7
V ERAGE USEFUL POWER, W 124.8

(11 RADIAL PISTON PUMP
(2) VANE PUMP
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- Power brake (nl ' = 1, number of brakings; j l = 0.3, fraction of

brake application)

Absorbed volume

V6.1 = n l
'
	 jl'	

V1 = 1 x 0.3 x 10.5 = 3.15 
CM 

- Power steering (n2 ' = 2, number of steering actions j 2 ' = 0.19

fraction of steering action)

Absorbed volume

V6.2 = n2 '	 J' 2	V 2 = 2 x 0.1x'''8=25.6 cm 

- Transmission (n3 '	 1, number of gearshifting actions;

= 0.3, fraction of gearshifting)
J3'
Absorbed volume

V6.3 = n3 '	 j 3 '	 V3	1 x 0.3 x 99 = 29.7 cm 

- Overall volume of fluid absorbed by the user equipment in a time

T6

T6
V6' 	 (V6.1 + V6.2 + V6.3) --

T5

240

_ (3.15 + 25.6 + 29.7) ------ 	 233.8 cm 

60

- Fluid volume dissipation due to leaks in a time T6

t'6 " = Eq	 T6 = 0.76 x 240 = 182.4 cm 

- Effective volume of fluid in accumulator

V6 = V6 ' + V6" = 233.8 + 182.4 - 416.2 cm  (= 420)

- Accumulator nominal volume (equal to the volume of nitrogen when

the accumulator is completely discharged):

Assuming an accumulator recharge at constant temperature (this

is justified by the very low capacity of the pump) the following

system of equations is obtained.
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Plmin V80 - P 
V  where:	 V80 = Nitrogen volume at

Plmin

Plmax
=

V110
P
N

V
N

V	 =
110

Nitrogen volume at P
lmax

V80 - V110 0
V6

V 
	 - Nitrogen	 volume at	

P 

and, solving with respect to VN, the value of the nominal

accumulated volume is obtained:

P
lmin	 Plmax	

80	 110	
3V  - V6 _

	 w-----N- - 
420 x ---- x -	 = 1650 cm

P 	 Plmax Plmin	
75	 110 - 80

- The T  recharge time of the accumulator, considering the average

running conditions of para. 2.9, results:

V6	420

T--------------- - ----------------- = 73 sec
R	 V6	 420

QI - ----	 7.5 - -----
T6	240

g. Secondary pump

a)	 Design criteria (see paras. 4.3.6.1 - b and 4.3.6.1 - c):

- Operating pressure	 P13 - 12 kg/cm2

- Rotation speed	 N - 1500 r.p.m.

Pump capacity evaluation criteria

The capacity value of :his pump is defined as the value which

ensures the maximum flow required to feed the transmission control

drive electrovalves. The so defined value is multiplied a safety

factor E - 1,2 which takes into account pump deterioration with
time.

Resulting parameters:

- flow demand by the user equipment 	 Q3	 30 cm3 /sec

- flow to be supplied by the secondary pump

QII - Q3 X	
30 x 1,2 - 36 cm' /sec
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- Secondary pump displacement

	

QII	 36

VII --- 60 ---- x 60 - 1.44 cm3 (per revolution)

	

N	 1500

The pump that has been selected is of the vane type since it

shall feature low performance in terms of pressure and capacity

but a high efficiency value (to avoid energy dissipation and

overloading of the electric battery). This type of pump costs

less than the radial piston type pumps and presents efficiency

values higher than those relative to gear type pumps.

h. Electric motor

It is fed by the auxiliary battery and drives the two

hydraulic pumps.

Design criteria (see paras. 4.3.6.1 - b and 4.3.6.1 - c)

- Supply voltage	 V - 12 V

- Speed of rotation	 N - 1500 r.p.m.

Criteria used for power evaluation.

The values of maximum and minimum power are obtained by

calculating the hydraulic power of the two feeding circuits under

primary pump cut in conditions respectively and by dividing the

result by the overall efficiency value q - 0,5 that has been

assumed in para. 2.2.2. The average absorbed electric power is

evaluated as the weighted average of the maximum value of power

utilized for a recharge time T  of the accumulator and of the

minimum value of power utilized for the time interval T 6 between

two successive feedings of the accumulator.
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Resulting parameters:

Having defined a power conversion factor V , from kg cm/sec

into Watt, of 0,0981 and a value P c of maximum back pressure from

the by-pass	
2

y pass circuit of 2 kg/can (see para. 2.2.8), the following

are obtained:

Primary circuit maximum hydraulic power

WImax = PImax Q
I - 110 x 7.5 - 825 kg cm/sec

- Primary circuit minimum hydraulic power

Wlmin Pc QI - 2 x 7.5 = 15 kg cm/sec

- Secondary circuit hydraulic power

WII = P 1 Q
II - 12 x 36 - 432 kg cm/sec

- Maximum electric power absorbed by the motor (steady state)

0.0981

WEmax = ( Wlmax + 
WII) 	 (825 + 432) x ------ - 246.6 W

0.5

- Minimum electric power absorbed by the motor (steady state)

0.0981

WEmin = (WImin + WI: )
	- _ (15 + 432) x -	 - - 87.7 W

0.5

-	 Mean value of electric power absorbed by the motor

WEmax T  + WEmin T6	 246.6 x 73 + 87.7 x 240

WE= ------------------------ = -------------- 	 ------ 124.8 W
TR + T6	73 + 240

The main characteristics of the feed system components are

summarized on Table 3.2-2.
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3.2.4.2. DC - DC Converter

To recharge the auxiliary battery supplying the electric

motor used in the feed system as well as the other vehicle

electric loads (headlights, etc.) an engine driver alternator will

normally be used; To account for "electric only" driving

requirements, a DC - DC converter is provided to recharge the low

voltage auxiliary battery from the high voltage traction battery.

The proposed solution is a flyback type DC-DC converter

according to the circuit diagram shown on Fig. 3.2 - 3. Using

calculations appropriate to this type of converter, the definition

of the various components will be such as to ensure adequacy with

the design parameters and requirements.

3.3 SYSTDI OPTIMIZATION

In order to best utilize the electrical energy available on

board the vehicle (considering also the need for fuel economy),

the need has arisen for a more complex control strategy than that

envisaged and used in the Trade-off Study. This situation exists

because simply limiting the speed of the thermal engine has proved

to be insufficient for the purpose.

The possibility was therefore established of supplying the

mechanical power required by the wheels, jointly from the

electrical motor and the thermal engine, in variable ratios. A

coefficient " a " was derived that defines the functional power

at the wheels that has to be delivered by the thermal engine; by

subtracting, the power to be supplied from the electrical motor is

obtained:

1	 1

P s P . a	 -----	 --
T	 w	 71d	 -^tt

	

1	 1

P E = Pw (1 - a )	 ------	 -- ---

	

^d	 Fet
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VIN

V OUT

FIG. 3.2-3 - DC - DC CONVERTER CIRCUIT DIAGRAM

I
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where PT a Thermal engine power

P  - Power required at wheels

PE • Electric motor power

li
d
 - differential efficiency

N t • Thermal power transmission efficiency

'let ' 
Electrical power transmission efficiency

Clearly, when a - 1, the available thermal power is first

consumed; if this is not sufficient also the electrical power is

utilized.

When a <1, traction power supplied electrically is always

present. As a reduces, the * portion of power supplied

electrically increases (with a resulting reduction in the battery

discharge time) until, at the very small value of a • ao ,

complete utilization of the available electric power source

occurs. in the light of the above consideration, the strategy

adopted in the Trade-off Study is a special case of the general

considerations under discussion, where a - 1 and the thermal

engine speed is limited.

With a single full recharge of the battery, missions of

increasing distance can be performed with a variable between 0

and 1.

Specifically, for the reference cycles, a value of a can be

established closely approaching 1; in this condition, the state of

charge of the battery is maintained (the electrical energy

regenerated during braking is equal to that used in the reference

cycle to satisfy power peak demands). Clearly, however, fuel

economy decreases as a increases.

These considerations lead to the definition, for the

reference mission, of a biunivocal relationship between the

parameter (fuel economy) and the daily range (corresponding to

complete discharge of the battery).

When a -0, the priority in energy supply is changed from

thermal to electrical: this means that whenever the electrical

power required on the reference cycle is available, the a - 0.

condition would correspond to "electric-only" operation, with the
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thermal engine switched off (on-off control strategy). In the

other cases the thermal engine, operating mainly at idle, would

only satisfy power peak demands.

11	 Hybrid	 operation must	 therefore be considered as

continuosly

„

 .

-	 The SPEC'78 program has been used to calculate the

performance and the energy spent on mission and the average

energy consumption on the "maximum non refueled range".

3.4 ENERGY EVALUATION

The methodology used for establishing the manufacturing and

maintenance energy requirements of the vehicle has involved the
i

following steps:

-

	

	 Definition of a table showing the percentage of various
materials used in similar FIAT production cars.

-

	

	 Definition of the specific energy content of the single

materials from the Battelle Report (1).

-

	

	 Calculation of the :.eight of the various materials

constituting the ITV.

-

	

	 Comparison of the resulting materials distribution with that

reported in the reference Battelle study. .

-	 Calculation of the energy-content of the ITV and of the 1985

US reference vehicle including corrections for the

miscellaneous parts and Addition of the' manufacturing and

assembly energy.

-

	

	 Estimate of the maintenance energy over a life span of 10

years for the ITV.

-

	

	 Calculation cc the residual energy value assuming a battery

replacement aftei 5 years.

(1) See Reference (67)
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4.1 PROPULSION SYSTEM LAY-OUT

The electric motor has been installed over the transmission

group and rigidly connected *to it, to satisfy compactness

requirements.

This layout solution allows to simplify the connection of the

whole propulsion group to the body frame assuring at the same time

optimum working conditions.

4.2 DETAILED STUDIES ON STRUCTURE

A combined solution (steel plus plastics) has been adopted

since it allows to considerably reduce the critical point relative

to the use of plastic which is characterized by the fact that it

does not offer sufficient reliability as far as concentrated load

strength is concerned (Points of connection of the mechanical

structure).

Plastic has instead been adopted as a stiffener and

interconnecting element for the metallic structure and

particularly for external panels where it also performs a covering

function.

1	 4.3 VEHICLE COMPONENTS

4.3.1 I.C.E.

Two main technologies of thermal propulsion have been

considered as possible candidates: - Pre-chamber diesel engine

Spark ignition engine

The diesel engine presents big advantages in terms of

specific consumption especially at low BMEP levels, whilst for

high B`1EP levels this advantage diminishes and eventually reduces

to zero in the case of suitably optimized gasoline engines.
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This is partly due to the gradual decrease in spark ignition

engines of the penalizing effect of the throttling losses in

passing from partial load to full load-conditions.

On the basis of the preliminary specifications concerning the

ICE working conditions within the whole system characterized by

the torque vs. r.p.m. curve obtained in terms of system optim-

ization by computer simulation analysis of actual engine charac-

teristics and shown on Fig. 4.3 - 1, an extensive analysis of the

operating point distribution as a function of engine Torque and

Speed was performed. The computer printouts of the corresponding

histograms are shown on Figures 4.3 - 2 through 4.3 - 6. The

study and analysis of such results indicates that it is reasonable

to assume that possible advantages, in terms of consumption, which

derive from the adoption of a diesel engine, are limited (<10%)

and, probably, negligible as far as the general economy of the

system is concerned.

From the point of view of emissions, with reference to the

expected working conditions, the spark ignition engine presents

levels of HC and CO considerably higher than those of a diesel

engine, whilst the NO  levels are practically the same.

Various technologies relative to HC/rO/NOx pollutants are

available or can be developed in the case of spark ignition

engines (closed-loop control with three-way catalyst or lean burn

control with oxidizing catalyst) in order to reduce the levels of

pollutants to:

HC - 0.255 gr/km	 CO - 2.11 gr/km	 NO  - 0.621 gr/km

For the diesel engine it is possible to satisfy the

constraints as far as HC and CO are concerned (also without

antipollution devices) whilst this is not possible for the NOx,

when the thermal engine is mostly used ( a - 1).

The diesel engine also presents additional pollution problems

(Smoke — Noise — Particulates).

The constraints that arise during the design phase suggest

the adopticn of a light and compact spark :ignition engine.

.,
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4.3.2 Electric Motor

The propulsion systems (1) called for on the Preliminary

Design program were evaluated in relation to the chosen

configuration in the Trade-off Studies:

a. A separately excited DC motor with contactor regulation and

field control. This motor was rejected because of serious

disadvantages relating to:

- current peaks drawn from the battery during switching

- contactor reliability and maintenance problems

- impossibility of achieving regenerative braking until speed

has almost reached zero.

The cost advantage when compared with the armature chopper

system will diminuish as technological progress reduces the

price differential between contactors and electronic

components.

b. A separate field DC motor coupled with automatic

transmission. This solution was rejected because it does not

fit in with the selected configuration. which already uses

automatic transmission for the thermal engine output.

C. A series field DC motor with armature chopper.

This motor was rejected because the configuration chosen

required power over a wide speed range (from zero to max

vehicle speed).

This calls for a greater sizing of the series DC motor than

that required of a separately excited motor.

d. Separately excited DC motor with armature and field chopper.

Speed regulations in separately excited motors can be

performed over a wide range above the basic speed, by varying

(1) See Reference (29)
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characterized	 by	 po'ential

development and validation

4— 12

advantages	 that	 require

the field current; this leads to a small loss of regulation

and gives better efficiency to the motor which is fed by

continuous armature current. From these considerations, an

overall performance superiority of the separately excited

motor can be discerned. This deduction is amply confirmed by

experimental results on electrical vehicles developed by CRF.

Among the motors without commutator characterized by low

maintenance requirements, asynchronous AC motors and motors

with electronic commutation were evaluated.

e. Asynchronous motors. The three phase AC system was rejected

because satisfactory performance can only be achieved if the

electronic power and control circuit is very complex, thus

negating the initial cost advantage on the motor. This system

does, however, become practical at high power because the

rate of cost increase against power increase is lower than

that of the corresponding DC system.

f. DC motor with electronic commutator.

This motor is characterized by: -

1) High efficiency

2) Commutation and current regulation function carried out

by the same power unit

3) Reduction of peaks of battery current by means of an

appropriate sequential logic

According to the considerations above, the preliminary design

was conducted for the DC motor separately excited with armature

and field chopper and for the DC motor with electronic _immutator:

-	 the f ,.*--st is an improved electric propulsion system based on

the current state of the art technology

-	 the second is an advanced electric propulsion system



4.3.3	 Battery

p 4.3.3.1 The Ni-Zn Battery

The Ni-Zn battery has been chosen because it combines the

ability to supply the power required by the hybrid vehicle under

^g 
all conditions of use, with sufficient energy density to supply a

significant percentage of primary electrical energy in the

expected applications of the vehicle. This feature allows the

consumption of gasoline to be reduced to a minimum.

With respect to the Lead-Acid type, the Ni Zn battery pro-

vides significant advantages in terms of lower sensitivity to the
level of discharge and averaged output power of both the instanta-

i;	 neous peak power and total usable energy.

The lower existing experience in actual vehicle use can be

compensated by appropriate monitoring and assessment of the battery

operating conditions, so that optimum battery exploitation and,

therefore, maximum fuel savings can be pursued without sacrificing

the requirements for a reliable operation resulting in overall low

technical risk choice.

With respect to the Sodium-Sulphur type, the Ni-Zn battery

provides the advantage of using a basic cell technology fully de-

veloped and tested. Although based on a somewhat different cell

design, low power Ni-Zn batteries have been, in fact, commercially

available for awhile on the consumer market.

While characterized by lower specific energy than the Sodium

Sulphur type, the high power N1-Zn battery provides higher power

density availability, particularly suitable to cover the high

peak, low average power requirements of hybrid vehicles, and

superior efficiency characteristics together with the advantage

of ambient temperature operation.
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4.3.3.2 The Sodium-Sulphur Battery

The Sodium-Sulphur battery has a high energy density, which

permits it to be used in most applications with only modest

support from the engine. However, a relatively low power density

makes it unsuitable for standard (F.U.D.C. and F.H.D.C.) cycles

using only electrical power. Because of continuous heat loss and

of the risk of ceramic cracking when the battery cools down

particularly if it is discharged, the vehicle should neither be

left unused for long periods nor disconnected from the electric

network.

In general, the Sodium Sulphur battery can be used to

advantage where regular long runs are undertaken, because:

- the initial high cost of the battery is quickly recovered

- the high energy density characteristic of the battery is fully

exploited, with a resulting saving in gasoline fuel

- the battery is kept at the correct temperature because of

internal heat generation during charging and discharging,

without the need for an external heat source

- the battery is very seldom allowed to cool

4.3.3.3 The Lead-Acid Battery

In the course of the Trade-off Study it was noted that the

Lead-Acid battery is capable of supplying a maximum power output

that varies as a function of mean discharge power and energy

supplied. This is because of the reaction characteristics and

chemical processes on which it is based.

The battery can, in fact, provide a high instantaneous power.

output, thus improving the hybrid vehicle performance and allowing

the thermal engine to be used effectively if a small electric

energy contribution is required; this leads to low consumption of

r
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the primary electrical supply in relation to the gasoline

consumption. Alternatively, it can supply a greater quantity of

energy, at the expense of sacrificing the high instantaneous power

capability if discharged slowly. Unfortunately, while this results

in the preferential -:se of the primary electrical supply, it does

not permit the use of a thermal engine of limited power. The

Lead-Acid battery does not, therefore, meet the JPL requirements

without sacrificing high performance, since also these call for a

vehicle of low fuel consumption.

	

4.3.4	 Transmission

Besides the methodology philosophy relative to the transmission

group design, further design criteria have been based upon:
a.

- mass production of transmission group and its components

- reliability of the chosen solution

- use of standard production components (already in use)

- Cost effectiveness of the chosen solutions

	

4.3.5	 Control System

The definition of the energy management logic and its implementa-

tions are among the fundamental aspects of the control system

design.

Particular attention must therefore be given to the

optimization of the strategic level of control, so as to maximize

the operational capability of the hybrid vehicle and, at the same

time, a cost-effective controller.

The use of hybrid simulator allows on live representation of

the real operating environment of the logic, while at the same

time providing all analogue and digital signals passing between

the controller, the vehicle and the user in the course of the

mission.
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This approach offers the following advantages:

a) Test evaluation of various control alternatives.

In particular, analogue simulation enables analysis of

each strategy including effects at the interface and

the controller.

b) The evaluation breadboard can be developed and interfaced

directly to the analogue simulator.

In Lhis way, development time can be reduced and hybrid

control design can proceed without having to await the

physical manufacture of all vehicle sub-systems.

c) E4:aluation of performance of components used in the

readboard. The decision to use componcn: s in the design

is based on two fundamental concepts, relating to: 1)

control logic at strategic and tactical levels; 2) cost

and reliability.

The strategic level of energy management is based on the

amount and type of energy available on board, on power

requirements, on the type of mission and on the operation of

the thermal engine in optimum fuel consumption zones. The

choices made by the logic are based upon mathematical

algorithms, applied on line using acquired parameters.

The tactical level operates on components of a highly complex

nature (gear, electric motor, battery, etc...) as well as

transistors and closed-loop feedback components. For these

reasons it is not convenient to use analogue devices, whose

ability to process complex algorithms is limited. This choice

is also justified for reasons of cost and reliability. In

fact, the high level of integration of LSI chips enables the

number of electronic components in the controller to be

reduced to a minimun.



4.3.6	 Vehicle Auxiliaries

4.3.6.1	 Hydraulic Auxiliaries

Given the scope of the sub-system under consideration:

- To ensure transmission ar:d clutch control by means

of electrically controlled continuously adjustable devices and

_	 to provide the steering and braking controls with an efficient

degree of power assistance.

- To guarantee that these functions be satisfied for any

propulsion configuration of the vehicle.

a. To minimize energy consumption, to keep dimensions within

a=	 acceptable limits, the following choices have been made:

- hydraulic actuating devices have been adopted that present

characteristics peculiar to oleodynamic systems such as

capability of modulation, fast response, capability of

Interfacing with electronic logic circuity and compactness.

In order to make the sub-system independent from the type of

propulsion adopted, the propulsion system has been fitted with a

hydraulic power generator, consisting of an electric motor-pump

group which is fed by the vehicle auxiliary batteries. For the

same reason, a hydraulic power brake system has been adopted in

place of the conventional vacuum brake type which operates only

when the ICE is functioning.

b. To reduce, as much as possible, energy consumption,

the following choices have been made:

- A power steering of the closed circuit type has been adopted

which allows to keep within acceptable limits, when operating

with no load, the power losses due to heat dissipation, that in

the case of power steerings of the conventional open circuit

type are very high.
- A primary feeding circuit will be adopted consisting• of a very

low flow pump and hydraulic accumulator with pressure regulator

for load cut-off when the accumulator is full.
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The function of this primary circuit is to feed all those

components th., use hydraulic power in a discontinous way and

with high instantaneous power absorptions (power brake, power

steering, power stages of the transmission control valves and

clutch control group).

The use of only one hydraulic accumulator, has been dictated by

reasons of contructional simplicity and site reduction. This

involves though, the complete loss of power assistance to the

brakes and steering in casd of failure

of the primary circuit. Anyway, for what safety is concerned,

this possibility can still be considered acceptable on the basis

of the assumption made in par& 2.2.2. There are actually no

restrictions to the possibility of adopting more than one

accumulator for protection against failures in the primary

circuit.

- An open circuit feed at low pressure (12 kg/cm 2 ) supplisd by a

secondary pump will be adopted for those components that require

a continuous flow (transmission control pilot electrovalves and

transmission lubrication circuit).

- The transmission lubrication circuit has been placed downstream

of the pilot electrovalve output in order to reduce the flow of

the secondary circuit as much as possible.

c. A reduction in site of the components, excluding clutches and

transmission, owing to leak problems, has been achieved by

us ins:

- Sufficiently high pressures in the primary. circuit (80 - 110

kg/cm 2 ) and, therefore, reduced effective actuator thrust

sections.

- A nitrogen preloading value in the accumulator (15 kg/cm2)

slightly less than the value of the cut-in pressure (80

kg/cm 2 ). The preloading value of the accumulator, which on one

hand must be slightly less than the value of the cut-in

pressure to allow correct operation of the pressure regulator,
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is inversely proportional to the nominal volume of the

accumulator itself (the other characteristics being equal). A

high preloading value also allows to have a sufficient pressure

available in the primary circuit also during vehicle start up

(i.e. when the accumulator is still empty).

A power brake operating separate from the master cylinder, for

easy assembly in the engine compartment.

- An electric motor/constant displacement pump yr +up with all the

components keyed on the same shaft.

- The electric mr,tor/constant displacement pump speed is 1500

r.p.m. which it that usually adopted for this type of motors.

4.3.6.2 DC-DC Converter

The use of the DC-DC converter is associated with the

possibility of making the hybrid vehicle operate exclusively from

electrical power. In fact, with the thermal engine switched off,

the converter shall be capable of supplying all the convenctional

electrically driven auxiliaries, plus servo assisted braking and

steering sistems, to avoid discharging of the service battery. The

converter input and output must be electrically isolated, because

the propulsion battery is isolated from the vehicle body whereas

the service battery has its negative terminal grounded.

The choice of a flyback type converter is justified because

it offers the best solution in terms of the technical economic

trade-off. It also allows the two circuits to be electrically

g_ isolated using a limited number of power components (only one of

which is inductive) and is easy to be manufactured. Conversion

efficiency is sufficiently high (80x).
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4.3.6.3 On-board Battery Charger

The task of recharging the traction batteries from the

single-phase mairw should be performed by the power conditioner of

the DC motor, using the power and control circuits intended for

regenerative braking below basic motor velocity.

In this way, whilst retaining chopper performance, lower

cost, less weight and space saving can be achieved in comparison

with separate purpose-built chargers.

4.4 SYSTEM OPTIMIZATION

The values of thermal and electrical power available on the

vehicle have been determined in the light of the following

considerations:

- The total power available must be the minimum necessary to meet

the mission requirements.

- the electrical power available must be sufficient to meet all

requirements in urban driving conditions with the thermal engine

switched off.

- the thermal power available must be sufficient to permit a

crusing of at least 90 km/h, and a maximum speed of at least 120

km/h, with the electrical engine disconnected.

- the final reduction ratio must be sufficiently 'long' to permit

effective use of the automatic transmission and therefore enable

reduction in those operational phases of the thermal engine

involving working conditions different from its minimum fuel

consumption curve.

- any increase in power must be justified by the need to provide

adequate safety margins for the specified mission.

Besides, for limited ranges (with reference to the mission)

and compatibly with electric power and energy availability, the

possibility of "electric-only" operation has been e- aluated with
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consequent infinite fuel economy, since the thermal engine is not

operating.

With discharged battery, tha hybrid mode of operation must

still be possible (satisfying the performance specifications)

keeping the battery charge level unaltered i.e.

fP(t) dt - Q	 output from battery

with range depending only upon tank capacity and with reduced fuel

economy.
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S E C T 1 0 N 5

IDENTIFICATION OF ADVANCED TECHNOLOGY

AND DISCUSSION ON NECESSARY DEVELOPMENT



5.1 IN:'EGRATED STRUCTURE

Besides	 problems	 still	 existing	 in	 the	 area	 of

interconnections and j4uctions between the frame and the fixed and

_ movable panels, made of composite materials, a problem also exists

which	 relates	 to	 the	 technical	 and	 technological compatibility

both	 betweenwith	 steel	 and	 plastic	 materials	 of	 painting,

externs: finishing and other treatment at assembly level.

However, extensive research ana development studies are being

carried	 on	 in	 relation	 to	 such	 applications	 in the automotive

field, and relevant specific knowledge and experiences are already

available which	 can be used for vehicle design fabrication and

utilization. It should be advisable anyway to verify the adequacy

of the vehicle design through an extensive testing of significant
^£ portions of the body structure which could be critical from the

standpoint of safety and fatigue behavior.

5.2	 VEHICLE COMPONENTS

5.2.1	 Electric Motors

The separately excited DC motor with armature chopper and the

DC motor with electronic solid state switches are characterizAd by

the use of the latest technological advances, and the application

of fast switching transistors::
- the advanced technology transistor will be tested in laboratory

to verify its capability in performing the functions required in

terms of current, voltage and operating frequency.

- the	 power	 transistors	 that	 will	 be	 adopted	 for the armature

chopper will be tested in laboratory to verify their capability

in performing	 the functions required in terms of: current gain,

maximum .ollector current, VCEsat' maximum switching frequency.

In	 case	 two	 transistors	 in	 parallel	 are	 not	 sufficient,	 more
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transistors will be used in parallel (solution previously tested

on the X1123 electric vehicle).

- A prototype electric motor and electronic commutator will have

to be manufactured, utilizing switching units with power

transistors, driven by a microprocessor to ascertain the

suitability of the transistors for their assigned operations, 	
i

according to the conceptual design.

5.2.2	 Batteries

The Ni-Zn and Na-S battery designs are characterized by the

use of the latest technological advances.

A. To demonstrate the validity for automotive application of the

Ni-Zn technology already developed by Gould, an intensive

series of tests will be required on the "ells to be produced

in the pilot plant during Phase II. 100% quality control

checks will be effected, on the basis of the present cell

design. The tests will be conducted at three levels:

a) On individual cells:

- life tests on a statistically relevant number of cells

(these tests form part of the Gould development program)

- evaluation, qualification and acceptance tests of

cells destined for the present hybrid vehicle project

b) On batteries:

- qualification and acceptance tests of batteries

manufactured for the present project (to be conducted

at Gould laboratories)

c) On complete systems:

- integrated propulsion system tests on the test bed

mule (to be conducted at C.R.F.)
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I
The results of the tests to be carried out will define the

mass production manufacturing process for calls optimised for

hybrid vehicle use. Medium scale production could already take

place in 1982, with extensive testing in demonstration fleets

beginning in 1983. Mass production could therefore begin, from a

technical standpoint, in 1985.

B.	 To demonstrate the validity of the Na-S technology used byL the B.B.C.,	 an	 intensive	 series	 of	 tests	 would have been

requi_sd on the cells produced at 	 the Heidelberg pre-pilot

plant.	 These	 cells	 would	 be	 manufactured	 according	 to a

design to be completed by the and of 1979. 	 The tests should

be conducted at three levels:

a)	 On individual cells:

- life tests on a statistically relevant number of cells

(these tests would form part of the B.B.C. development

program)

evaluation,	 qualification	 and	 acceptance	 tests	 of

cells destined for the present hybrid vehicle project

b)	 On batteries:

- qualification and acceptance tests of batteries

manufactured	 for	 the	 present	 project	 (starting	 in

1982).

c)	 On complete systems:

- Integrated propulsion system tests on the mules

(conducted at C.R.F.)

By the end of 1982 a pilot plant should become operational,

producing 1.000 - 2.000 complete batteries per year which could be

tested on demonstration fleets from 1983 onwards. Mass production

of Na-S batteries could start only in 1987 at the earliest, after

optimization	 of	 the	 production	 process	 in	 the	 pilot	 plant.

Therefore,	 the availability	 of Na-S batteries	 does not meet the

Phase II schedule requirements.

s

i



5.2.3	 Transmission

Although the design does not include particularly advanced

technology components, the electronic circuitry for control and

management of the whole system, the hydraulic power circuits, the

transmission actuators, the velocity and rressure sensors although

well known and already on the market either for laboratory or

industrial applications, will have to be redesigned according to

less severe specifications as far as manufacturing precision is

concerned but with a higher degree of reliability in accordance

with the standard regulations peculiar to the automotive

applications. Based upon the design specifications of these

specific components (more severe environmental conditions but less

severe manufacturing precision would be required) the possibility

of obtaining automotive components (solid, small, light and with

low energy absorption) that can be mass produced at a low cost

will be evaluated.

5.2.4	 Vehicle Auxiliaries

5.2.4.1	 DC-DC Converter

The design is based upon the use of a fast switching power

transistor having an I  
peak 

of 70 A and a VCX 
MAX 

of 300 V.

The transistor mentioned above will be extensively tested on

the bench to establish its suitability -for the intended

application in terms of current, voltage and operating frequency

as well as reliability.
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S E C T I O N 6

COMPONENTS TRADE-OFF AND SYSTEM OPTIMIZATION



1
6.1	 VEHICLE COMPONENTS DESCRIPTION

t 6.1.1	 Electric Motors

6.1.1.1 Separately Excited DC Motor

The separately excited DC motor is of the same type as those

designed by CRF for other electric vehicles.

It	 constitutes	 an	 improvement over	 conventional	 motors in

terms of performance and efficiency. In particular this motor can

operate with good efficiency both in traction and during braking

and can accept large overloads. To reach this objective the motor

is provided with compensation windings and auxiliary poles which

allow an ample range of field currents.	 The field and efficiency

characteristics	 are	 shown	 as	 power vs.	 speed	 plots on Figures

6.1 - 1 and 6.1 - 2.

The large speed range requires the motor to be cooled by a

fan.separate	 This fan is controlled by the motor temperature to

reduce	 power	 consumption.	 The motor	 is	 controlled by a dual

armature and field chopper. Fig. 6.1 - 3 shows the chopper power

circuit diagram.

This design allows regenerative braking down to a full stop

and the use of the equipment itself both for traction and braking.

In this way the property of the compensated electric motor

can be exploited, which consists in the possibility of operating

during braking	 at	 a power	 level of the same order as that in

traction.

This type of chopper has been adopted on , the 900 T electric

vans made by CRF (1).

The drive logic controls the chopper in such a way that the

actual armature current is equal to the current requested by the

propulsion system controller.	 The above is effected by:

- varying	 the	 armature	 voltage	 and	 keeping	 the	 field current

(1) See Reference (23)

t
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Fit;. 6.1-3	 - DC MOTOR SEPARATELY EXCITED -

ARMATURE CHOPPI: R POWER CIRCUIT SCHEME
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constant when the speed is below that corresponding to maximum

excitation.

- keeping the armature voltage constant and reducing the field

current when the speed is above that corresponding to maximum

excitation.

The field and armature choppers operate with current loop and

constant current ripple. Pig. 6.1 - 4 shows the power control

logic block diagram. Table 6.1 - 1 shows the electromechanical

characteristic of the motor under consideration.

Monitoring, control and protection functions of the electric

motor are effected by the on-board computer. The quantities that

are monitored are the field current Y the armature current IA.
the speed of rotation of the motor n, the motor temperature TMOT

and the chopper temperature Tex . These quantities are displayed on

the instrument panel. The on-board computer controls the

temperatures of the electric motor and of the power conditioner

and protects the components in the following way:

for T
MOT < T1 cooling fan shut down

for T1 < TMOT < T2 cooling fan 'ON'

for

for

T2

T4

<

<
TMOT

TCH

< T3

< T5
IAmex 

set back
it 	 of

for
nMOT > max IASMAX 

set back

(I 
AS

stands for the armature current requested by the on-board

computer)

for
I > IFMAX

brings the IAS to zero and

deenergizes the system

for I F 0 when nMOT < No brings the IAS and

deenergizes the system

In case of:

- power transistor failure

- drive logic failure
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TABLE 6.1-1

SEPARATELY EXCITED DC MOTOR AND CHOPPER CHARACTERISTICS

ITEM VALUE

ELECTRIC ;MOTOR, NOMINAL VOLTAGE. V 86
MAX' POWER FOR 30s, kW 35

NOMINAL POWER. kW 16

MAX SPEED, R.P.M. 6000

EFFICIENCY 11)

SIZE, mm 0 315x380
WE I GHT. kg 100

CHOPPER,	 MAX ARMATURE CURRENT, A 500
FIELD CURRENT, A 16.5
FIELD VOLTAGE, V 48
SIZE, mm 4OOx35Ox250
WEIGHT, kg 27

(1) SEE FIG. 6.14

low-
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- battery overcurrent

- armature overcurrent

the on-board computer inhibits the power transistor drive stage

and opens the main circuit breaker.

In case the auxiliary voltages generated by the step down and

inverter are not within tolerances, the on-board computer causes

the main circuit breaker to open.

A local fast acting current (IA and IF) limiter has not been

provided because the current limiting function is performed by the

drive logic which controls the power transistors, as a function of

the instantaneous maximum and minimum currents IA and IF.

6.1.1.2 Electric Motor With Electronic Commutation (1)

The d.c. motor with electronic switch (see Fig. 6.1.-5)

comprises essentially:

- stator with armature windings

- rotor with excitation windings

- electronic commutation comprising various switching units

that also operate as a power conditioner

- rotor position sensors that select the windings to be

driven. The armature is the stator of the machine; it has

twelve independent windings, arranged in 72 slots whose

terminals are connected to the switching units. Each

independent winding is composed of six coils connected in

series so as to form six magnetic poles. The stator

magnetic circuit uses low-loss laminations. The rotor is

of the anisotropic type, fitted with excitation and

compensation windings; the latter are necessary to provide

greater flexibility at high pcwer. The supply for the

excitation and compensation windings is provided by a

small slip ring of very low power. The electronic switch

(1) See References (16), (17) and (18)
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comprises a monolithic heat sink, on which 12 switching

units are mounted which feed the independent stator

windings. The circuit of the switching transistors is

shown in Fig. 6.1 - 6; the four transistors. diodes, and

protection networks are integrated in a single package

having pin connections for interfacing with the motor and

the electrical propulsion system control microprocessor.

Two functions are performed by each of the cells of the

electronic switch:

a) switching the winding current

b) regulating the supply current for the winding

(limited to the speed range of 0 to 1/3 of the

maximum speed which the motor is capable of, with

consequent reduction of maximum switching frequency

and therefore superior performance of the

electrical propulsion system)

The electro-mechanical characteristics and performance of the

electric motor with electronic switch, in the preliminary design

state, are given in the Table 6.1 - 2.

When energized by a multi-module Sodium/Sulphur battery, this type

of motor permits mutual isolation of the battery modules, thus

avoiding module-to-module leakage current and permitting greater

system reliability, since failure of a single module does not

drastically affect the operation of the electrical system.

6.1.2	 Batteries

6.1.2.1 The Ni-Zn Battery

a)	 Mechanical Description

The propulsion battery consists of 60 cells of 225 Ah each,

connected in series and equipped with a centralized topping-up

system. The weight of the battery is 320 Kg approximately. The

E
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FIG. 6.1-6	 - COMMUTATORLESS DC MOTOR "SWITCIIING UNIT

ELECTRIC SCHEME
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ITEM VALUE

ELECTRIC MOTOR,	 NOMINAL VOLTAGE, V 96
MAX POWER FOR 30s, kW 35
NOMINAL POWER, kW 16
MAX SPEED, R.P.M. 6000
SIZE, mm 0 315x380
WEIGHT, kg 95

!1)

ELECTRONIC

COMMUTATOR,

No OF SWITCHING - UNITS 12
No OF TRANSISTORS AND
DIODES 4121

MAX SWITCHING 300
FREQUENCY, Hz
SIZE, mm 450x400x250
WEIGHT, k9 35

TRANSISTORS	 MAX VCE VOLTAGE, V 250
COLLECTOR PEAK CURRENT, A 70

(1) SEE FIG. 6.1 . 7 COMMUTATORLESS OC MOTOR — POWER VS SPEED

(1) SEE FIG. 6.1 .8 COMMUTATORLESS DC MOTOR — EFFICIENCY MAP

(2) FOR EACH SWITCHING UNIT
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battery	 is int	 y	 the form of a parallelepiped, 900 mm wide, 410 mm

high and 600 mm deep.

b)	 Electrical Characteristics

(See Table 6.1 - 3)

It should be noted that the deliverable power is considerably

greater than the power which the traction train uses when running

flaton	 road	 (mean power consumed on the FUDC and FHDC being of

the order of 6 kW and 11 kW respectively).

On freeway runs at 110 Km/h using electrical power only, the

electric motor is capable of absorbig 27 kW approximately from the

battery. In on grade terrain the motor can absorb as much as 40 Kw

approximately at speeds between 35 and 50 Km/h. These conditions

are,	 in any event,	 too severe for the electric motor, which is

protected against overheating; the motor will supply 35 kW for a

maximum duration of 30', 30 kSd for about l' and no more than 20 kW

continuously.

c)	 Monitoring Control and Protection

The Ni-Zn	 battery	 is	 an	 active	 component	 of	 the vehicle,

whose	 life-time,	 reliability	 and	 availability	 to	 power	 the

traction train are strictly related to the operating conditions.

The battery monitoring, control and protection system is therefore

designed to make electric power available to the traction train

and minimize	 stresses	 on	 the battery during discharge, charge,

regenerative	 braking	 and	 storage,	 in	 addition	 to	 guaranteeing

optimum recharge efficiency for energy saving.

I.	 Monitoring

The monitoring function is performed' by the on-board

computer, which provides the values of an appropriate number

of parameters, including battery voltage, current and

temperature, to a display on the instrument panel, to be used

by the driver for active control. Other parameters, including

cell or cell group voltages, are taken to the diagnostics

connector for a more complete battery assessment.

I
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II. Charge control and protection against overcharge

The on-board charger provides an optimum charge current

profile.

The charge termination signal is normally given by the

on-board computer when the battery has accepted a capacity

equal to the capacity discharged since the preceding charge

is multiplied by a given charge factor "K". Regenerative

braking charge current is treated as negative discharge

current on the assumption that regenerative braking coulombic

efficiency equals 1. In the case of failure of the primary

charge limitation mode, charge is terminated by overvoltage

(V max ) and overtemperature (Tmax) trips, which act both as

back-up of the primary control and as protection against

damage to the battery arising from continuous overcharge.

When the off-board charger is used, for fast recharge the

same charge termination concept can be applied with modified

values of "K", "V	 ", "T	 "
max	 max '

III. Discharge control and protection against overdischarge

and cell reversal.

During operation the battery is continously assessed by the

on-board computer to prevent overheating, overcharge,

overdischarge and/or cell reversal.

The parameters used for battery assessment are: - battery

voltage (also delivered to display) - battery current (also

delivered to display) - cell or cell group voltages - battery

temperature (also delivered to display) - discharged ampere

hours (also delivered to display) They are used to define the

battery condition which can be; - normal - stressed -

Lazardous. When a stressed operating condition is detected,

showing that too much power ib being drawn, an alarm signal

is issued and stress oa the battery is released by increasing

the contribution of the thermal engine to power the traction

train. A stressed operating condition can also arise when

6-16



regenerative braking is misused, running on a down Bride With

a fully charged battery. 	 An alarm signal is then given and

the	 current	 generated	 by	 braking	 I-*	 duly	 cut.	 When	 a

hazardous condition is detected a hazard signal is given and

the battery circuit is opened to prevent catastrophic misuse.

IV. Reconditioning

Periodically	 or	 after	 battery	 repair,	 Teconditionang	 is

performed to restore the battery capacity, lost reversibly in

cycling, and to assure due cell matching. Reconditioning is

performed using off-board equipment connected to the battery

through the off-board charger power line and the diagnostic

connector.

6.1.2.2 The S.r dium- Sulphur Battery

a) Mechanical Description

See	 Brown..	 Boveri	 Final	 Report	 (Appendix	 to	 Preliminary

Design) and Appendix to Trade-off Studies.

b) Electrical Characteristics See Table 6.1 - 3.

6.1.2.3 The Lead-Acid Battery

a Mechanical Description

See M. Marelli Final Report (Appendix to Preliminary Design)

and Appendix to Trade-off Studies.

b) Electrical Characteristics

See Table 6.1 - 3
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TABLE 6.1.3

BATTERY CHARACTERISTICS

ITEXI

BATTERY TYPE

Na - S Lead - Acid Ni - Zn

STORED ENERGY, kWh 45 14A 22
USEABLE ENERGY, kWh 36 7.11 17.5
NOMINAL VOLTAGE, V 144 144 96
MAX VOLTAGE ON CHARGE, V — 180 120
MIN DISCHARGED VOLTAGE, V — 110 84
MAX DELIVERABLE POWER FOR 15:, kW 32(11 30 45
POWER DELIVERABLE FOR 15m1n., kW — — 40
POWER DELIVERABLE FOR 30m1n., kW — r 30
PR ICE, S/kWh 70.10()(2) 70.90 (2) 75(31

LIFE, 60% DEEP OF DISCHARGE, CYCLES 600 400.800 400
LIFE, 40% DEEP OF DISCHARGE, CYCLES 1200 1000.2000 1800

(1) IN N, - S BATTERY MAX. POWER IS NOT RELATED TO TIME.

(2) PURCHASE COST.

(3) PRICE FOR REGENERATION
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6.3	 SYSTEM OPTIMIZATION

6.2.1	 Performance

The	 aerodynamic	 configuration of	 the vehicle	 and	 the	 low

rolling resistance of the tires used call for approximately 17 kw

28for a speed of 80 km/h and approximately 	 kw for a speed of 120

Um/h. A thermal engine with those characteristics would allow for

acceleration without the back-up of the electrical energy source.

As far as the electrical par,. of the propulsion unit is concerned,

it has been demostrated	 that an	 18 Kw (nominal) electric motor

with a peak output of 42 kw can provide a vehicle acceleration of

1.7	 m/s 2 ,	 which	 is	 13%	 greater	 than	 the maximum	 acceleration
required during the FUDC and FHDC running cycles.

In consideration of the above, it was decided to increase the

thermal	 power	 to 36 kw,	 thus meeting the mission specification

with a margin of 8% on acceleration.

6.2Table	 -1	 is	 a	 performance	 summary	 (acceleration	 and

maximum speed)	 of	 the vehicle under consideration,	 allowing for

small variations of Cx. Kn and vehicle weight.

It should be noted that the variations of Cx and kn cause a

reduction	 in	 maximum	 speed	 but	 do	 not	 practically	 affect

acceleration.

The weight	 variation,	 however,	 is critical	 if the nominal

weight is increased by 150 kS or more. Nevertheless, the mission

specification can still be act, by altering the differential ratio

(	 IF d)	 and	 the	 reduction	 ratio	 ( =me)	 between	 the	 electric
motor and the transmission shaft.

Finally,	 the	 performance	 figures	 are	 also	 given	 of	 a

'compromise'	 vehicle,	 assuming	 C.	 n	0.35,	 ka	 -	 OA.	 a	 weight

variation of	 150 kg, and the transmission ratios of 	 the vehicle

under	 cons '..ieratiou.	 In	 this	 case	 the acceleration time (0 - 90

km/h) slightly exceed (2z) the mission specification. As described

in the preceding, paragraph,	 this too can be corrected by a small

adjustment of the	 r d and	 t me ratios.
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6.2.2 Control Strategy Optimization

Since it allows to obtain different values of fuel economy

for different values of a (Figures 6.2 - 1/2/3 - Fuel economy

(mpg) vs. a for three reference cycles using Ni Zn batteries),

this parameter results significant for system optimization

purposes.

When a decreases, the electric energy increases which

results in a reduction of the "daily range" as shown in Figures

6.2 - 4/5/6-where the horizontal asymptote represents the working

condition for which the battery charge status does not vary:

nearly equwl to 1 ( a - a,= ) and infinite daily range.

Fig. 6.2 - 7 shows the fuel economy vs. range on the

reference mission; each point on the curve corresponds to a

precise value of a .

In particular, it shall be pointed out that the m.p.g.

figures present a maximum (upper limit) that corresponds to the

"'electric-only" mode of operation in which the thermal engine runs

at idle to drive the auxiliary equipment.

The 160 m.p.g. top figure can be exceeded only by switching

the thermal engine off and therefore supplying the auxiliary

equipment in some other way as long as the electric power is

sufficient to guarantee the execution of the cycle/mission.

Fig. 6.2 - 8 presents a vertical asymptote for the m.p.g.

that corresponds to the permissible range in electric-only mode of

operation; as before, there is still a horizontal asymptote.

The fuel economy corresponding to ranges that exceed the

range in "electric-only" (Ro) is obtained by covering the Ro range

in the "electric-only" mode and successively covering the

remaining range with the thermal engine switched on and a • aa,

The fuel economy value is given by:

MCC
M • ----------

1 - Ro/R
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Where H. represents the mileage corresponding to a c= while R is

the independent variable (range).

Figure 6.2-9 shows a comparison between the two preceding

figures (Figures 6.2-7 and 6.2-8). Figure 6.2-8 shows a better
E

fuel economy than Figure 6.2-7.

Figure 6.2-10 shows the thermal engine efficiency vs. a ou

the FUDC cycle taking into account (curve A) or not (curve B) fuel

consumption at idle and during negative power phase. When a

decreases, the overall efficiency of the thermal engine decays

because of the bad utilisation of the motor and also because o

the major role played by consumption at idle.

Figure 6.2-11 shows the efficiency of the thermal engine on

the ur%an cycle vs. mean power ( g) where

1 T
P ---	 P (t) dt

T fO

and
T - duration of urban cycle

On the FHDC cycle similar curves are obtained but the

differences between curves A and B are smaller.

Figure 6.2-8 is not valid for those types of batteries

(Na-S - Lead-Acid) that do not allow to perform a mission in

"electric-only" mode because of their insufficient power. For

these batteries reference shall be made to Figure 6.2-12.

It shall be noted that in this case the theoretical limit of

160 m.p.g. decreases, being the amount of electric power available

smaller and therefore the thermal engine contribution larger.

What has still to be demonstrated is that the fuel economy

given in figure actually represents the optimum for each value of

range. To demostrate this, assume that a range R has to be covered

in which: discharge of the batteries occurs for a range R 1 ! R with

a value a - a 1 corresponding (Fig. 6.2-12) to the range R1

with fuel economy M - M1 . In the range (R - R 1 ) ouppose to use the
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Figure 6.2-13 shows the curves relative to the formula given

above, for different values of RV It can be noted that, (see also

Table 6.2-2), almost all the curves are lower than the curves of

Figure 6.2 -12 and that there exists a value of range R above which

the curves are above the nominal one (R > Sj O km) but with

negligible differences in fuel economy. In conclusion, for all the

significant ranges the curve given in figure 6.2-12 represents the

optimum in fuel economy.

6.3	 PETROLEUM AND ELECTRICITY FUEL CONSUMPTION

In order to select the type of battery, detailed calculations

of fuel consumptions have been made for three types of batteries:

Na-S, Ni-Zn, Lead-Acid.

For the Na-S and Ni-Zn batteries two solutions for each type

have been analyzed, varying the battery weight. In all cases the

vehicle mass change as a function of the different batteries has

been taken into account.

Table 6.3-1 ehows the five alternatives.

All the alternatives comply in the hybrid mode of operation

with the mission specifications regarding accelerations as shown

in Fig. 6.3-1.

Fig. 6.3 shows the acceleration performance of the various

alternatives when operated in electric-only mode; it can be noted

that this mode of operation does not comply with the performance

specifications.

t
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Na - S BATTERY - FUEL ECONOMY

FOR VARIOUS VALUES OF PARAMETER "a

t
i
I
I
I

`.I

MPG FOR MISSION (4U + 10H)

RANGE a t - 0.3 a,	 - 0.4 a, = 0.5 a,	 = 0.6 a	 = 0.7 a	 = 0.8
M, - 83.5 M,	 - 74.3 Mi - 66.5 M, - 59.7 M, = 54.3 M,	 49.6

(m1) R, = 216 R,	 - 257 R i = 313 R,	 -395 R,	 -620 R,	 748

216 83.5 -
{

- - - -

257 72.22 74.3 - - - -

313 64.07 65.4 66.5 - - -

350 60.74 61.8 62.7 - - -

395 57.84 58.7 59.4 59.7 - -

450 55.37 56 56.6 56.82 - -

520 53.11 53.66 54.1 54.28 54.3 -

550 52.37 52.87 53.3 53.45 53.46 -

600 51.34 51.78 52.1 52.3 52.3 -

650 50.50 50.89 51.2 51.3 51.35 -

740 49.23 49.55 49.8 49.9 49.9 49.6

800 48.7 49.00 49.2 49.3 49.3 49.0

900 47.88 48.14 48.3 48.4 48.4 48.17

1000 47.24 47.47 47.05 47.7 47.7 47.5
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L
The comparison among the five alternatives has been effected

E& by calculating the fuel economy as a function of the daily range

(corresponding to the battery discharge)	 for FUDC, FRDC and the

E

specified mission driving schedule.

Figures 6.3-3/4/5 show the results. For all the alternatives,

the	 a	 parameter varies from 0 to 1 compatibly with the power

available	 from	 the	 propulsion	 system,	 which	 in	 any	 cue	 is

sufficient	 to	 satisfy	 the mission.	 Table 6.3-2 shows the fuel

economy for the five solutions 'A, B, C, D, E and for each cycle

when the range is infinite (meaning that the final battery charge

status in equal to the initial one).

Table 6.3-3 shows the fuel economy which would be obtained by

running the thermal engine at idle.

Electric-only	 mode	 of	 operation	 is	 possible	 on	 all	 the

driving cycles for alternatives B, C and D; therefore the values

on Table 6.3-3 are reached with	 a - 0	 (electric traction) 	 and

thermal engine at idle.	 In these cases it is possible to improve

fuel	 by	 in	 -only	 down	 theeconomy	 operating	 electricmode	 to

permissible	 battery	 discharge	limit	 and	 by	 performing	 the

remaining range with a - 1.

This mode of	 operation yields	 a fuel	 economy M equal	 to

M CC
- miles/gallon,

R2-)(l -
R

where:

Mme,	 Fuel Economy for a - 1

R0	range obtainable in electric-only mode

R	 desired range

Figures 6.3.6/7/8 show the comparison between alternative B,

C and D on the three driving cycles with a control strategy which

is in accordance with the above formula.

t
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TABLE 6.3.3

ELECTRIC • ONLY TRACTION

I.C.E. RUNNING IDLE TO DRIVE AUXILIARIES

CYCLE FUEL ECONOMY 11)

(mltKall)

FULIC 96.9

I: HDC 222.3

SAFJB 41.9

JIISSIGN 160

I11 CONSUMPTION AT TOLE IS 0.612 kgfh
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Figures 6.3.9/10111 show the comparison, for alternative B on

the three driving cycles, between the two control strategies

described.

The increase in fuel economy due to thermal engine switch off 	 rf

in the first part of the range over the coustant a logic can be

observed.

Figures 6.3-12 to 6.3-17 represent the analogous data for

solutiaoe C and D.
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The preliminary design described in this section reflects the

design choices which have been made durin& the study. The reaching

of the optimum design has rewired that, within the conclusions of

the previous Trade-off Study, several alternatives at the

component level have been defined in parallel in detail. Elsewere

in this report these alternatives are 3iscussed.

All the essential analyses which support the selected design

are described in this section.

In the Final Report on Phase I, additional information which

has developed to support the selected design will be included.
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7.1 VEHICLE LAYOUT

The following is a description of the vehicle main components:

a. Rear wheel suspension (Figures 7.1-1/2/4)

The rear wheel suspension is of the longitudinal trailing

arms type on rubber bushes with adjustable torsion bar and

stabilizer bar directly connected to the arms. The suspension

group is connected to the cross member located under the rear	 ='

seat. LE -ible acting incline: mounted shock absorbers are
used.

b. Front wheel suspension (Figures 7.1-1/2/3)

The front wheel suspension is of the Mc Pherson type with

coil spring and dual acting shock absorbers. The stabilizer

bar is connected to the lower arms by means of small rods.

All the points are mounted on rubber bushes.

C.	 Propulsion and transmission group (Figures 7.1-1/2/3)

M is group consists of a thermal engine coaxial with the CVRT

and with the electric motor which is transverse mounted in

the front. The propulsion group is tilted 20° forward for

reasons of vertical space a •.aiiability and of space

utilization optimization for the auxiliary groups. The group

is suspended by two elastic pads and one reaction

longitudinal rod.

d.	 Brakes

The brakes are of the disc type with double circuit

hydraulically operated. The hydraulic groups are located on

the left hand side of the front hood close to the primary

pump which is powered by the brake pedal. The parking brake

is mechanical, with the control lever located on the tunnel.
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e. Steering (Figures 7.1-1/2)

It consists of a rack and pinion drive with a servo. The

steering line is made up of three segments with cardanic

joints to prevent steering column movement in case of crash.

f. Heating and air conditioning.

It consists of a compressor directly connected to the ICE, of

a radiator located in front of the main radiator and of a

heat exchan,er located near the passenger compartment heater.

g.	 Propulsion system control groups (Figures 1.1-1/2/3)

- The electric motor power conditioner is 	 located in the engine

compartment	 close to the electric motor.	 The two are connected

by a ventilation flexible duct. The centrifugal cooling fan is

located within	 the power conditioner container. This container

fouris resiliently mounted on	 points.

- The on-board computer system is positioned inside the dashboard

on	 the	 right	 hand	 side	 and is accessible	 from the passenger

compartment.	 However,	 for prototypes	 (ITV)	 the	 location of	 the

on-board computer system could be different, depending upon the

degreee	 of	 industrialization	 of	 the	 hardware	 which	 will	 be

possible in the time frame of Phase II.

h. Auxiliary battery (Figures 7.1-1/2)

The auxiliary battery is located in the trunk and cai be

supplied either by the engine al-ernator or by the traction

battery.

i. On-board battery charger (Figures 7.1-1/2)

The on-board battery charger is located close to the traction

battery pack.

J.	 Exhaust system (Fie,. 7.1-2)

The exhaust is constituted by a catalytic converter located

under the right hand side of the rear seat and by a standard

#	 auf f 1e r.

i



k.	 Tank (Fig. 7.1-2)

The gas tank has a capacity of 40 liters and is located under

the left hand side of the rear seat.

1.	 Spare wheel

The reduced diameter spare wheel is mounted vertically in the

trunk compartment.

7.1.1	 Bodv and Structure

- The vehicle overall structure is of the self bearing type, with

auxiliary chassis supporting the front mechanical parts and

propulsion group, and consists of the "hybrid" assembling of two

different materials: steel and advanced composites.

- The self-bearing body consists of a steel frame formed by

conventional type longitudinal and cross members either of

closed section (floor structure) or of open section (upper

structure) integrated with elements made of composite material

such as fixed and movable panels. In the interface area, by

means of glued junctions, these panels provide a completion of

the section so that the main frame results made up of closed

box-type sections. The fixed plastic panels therefore integrate

the base frame at a sub-structure level and guarantee the

stiffness of the vehicle body.

- The movable panels comprise the doors, the front hood and the

rear door. They all consist of a panel (at the outside) and of

an inside counter-chassis glued together so as to obtain either

closed or open local sections along the perimeter, as shown in

the various sectional views presented on Figures 7.1-5 through

7.1-12.

Figures 7.1-6 and 7.1-7 show two alternative solutions relative

to the rear door. These sections are required particularly for

the points of attachment (door latches and hinges) to the body.

Different solutions have been adopted for the side window
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contour structures for which box-type sheet metal has been used

to achieve greater stiffness and reduced dimensions (cross

section in Fig. 7.1-9). The door structure also includes a

longitudinal	 member	 at	 waist	 level,	 which	 consists	 of	 an

aluminum section	 (body frame cross section); this longitudinal

member	 is integrated in the general configuration of the body,

in accordance with the specifications relative to crash tests.

The mechanical drawings do not show the local stiffening ribs

which will be adopted in vehicle outside panels. The location of

these	 ribs	 is being studied in relation to panel styling and

shaping requirements. The movable panels also include the front

fenders which consist of a ribbed open section single piece. The

fenders	 are	 bolted	 directly onto	 the body structure for	 easy

replacement in case of crash.

- The vehicle body (Figures 7.1-13/7.1-17) consists of a structure

made up of longitudinal and cross members (main structure) that

are integrated by external (rear side, roof panel and floor) and

internal	 (wheelhousing	 sides)	 panels.	 This	 configuration

reflects	 the	 well	 known	 configuration	 used	 on	 production

vehicles where greater emphasis has been given to those parts,

as	 indicated	 by experiences made in FIAT on the experimental

safety vehicles,	 which in this particular case, because of the

greater	 weight	 involved,	 shall	 integrate	 the	 body	 impact

strength.

The functional	 scheme	 of	 the	 main	 frame,	 which	 provides

mechanical resistance during static	 or	 crash	 tests,	 consists of

two double longitudinal members, one at floor structure level and

the other at	 waist	 line	 level,	 both of	 them covering the whole

length of the vehicle,	 from the front to the rear shield. The two

low-speed energy	 absorbing	 structures	 are	 applied	 to	 these	 two

shields	 and	 consist	 mainly	 of	 differential	 density	 expanded

material. All	 the doors are fitted with longitudinal members for

Thepassenger safety	 in	 case	 of	 side	 crash.	 main	 frame	 is

completed by a large section longitudinal member, made of
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composite material	 and	 located	 on	 the	 center	 line of	 the	 floor

structure.	 The large section longitudinal member can also be used

to enclose the electric cables and convey the cooling air for the

batteries.	 It also assists in transferring the impact load of the

rear	 sprung	 masses	 to	 the	 front	 axle.	 This	 structure	 (main)

includes	 cross	 members	 (in the front,	 in the dash board, 	 in the

floor, behind the rear seat and in the rear) the most important of

which	 is	 the	 one	 located	 behind	 the back	 seat	 for	 passenger

s compartment protection against battery impact load.

A	 secondary	 structure,	 lighter than	 the main one,	 is	 also

fitted which is located above the waist line and which includes a

stronger	 roll-bar over the back seat,	 the windshield pillars and

the body center pillars.

The	 above	 described	 structure	 has	 been	 conceived	 as	 a

self-bearing	 structure in which also the plastic elements have a

structural function.	 Connection between the two materials is also

performed	 at	 a	 local	 level	 like	 for	 example	 in	 some	 of	 the

longitudinal	 longitudinalmembers of	 the secondary structure; the

and cross members of the secondary structure are all of the sheet

metal box-type.	 The main and	 secondary structures 	 represent the

basic	 frame to which	 all	 the external panels are applied. 	 These

panels	 are all	 in composite material	 (SMC)	 and	 are glued	 along

their contour to the frame previously assembled. The floor also is

made	 of	 plastic	 material	 and,	 for	 reasons	 of	 reliability	and

dimensions, must be laid on the steel contour frame at the time of

main structure assembly.

The proposed solution leaves the space availability points of

attachment	 (seat	 belts,	 seat,	 auxiliary	 mechanical	 equipment)

almost unaltered.

1.1.2	 Propulsion System Layout

The	 propulsion	 group	 mainly	 consists	 of	 an	 ICE,	 a

transmission,	 an	 electric	 motor	 and	 of	 control	 and	 adjustment

groups	 for	 the electric motor and 	 transmission.	 The	 transmission

7-23



is integrated in the hydraulic plant that also carries out the

functions of power-steering and power-braking.

The ICE is transverse mounted and tilted 20° forward to

achieve reduction in vertical dimensions and make the electric

motor installation on the transmission. The transmission and

differential group is in line with the ICE and bears the mountings

for installation of the electric motor.

An auxiliary chassis fixed to the body frame bears the whole

propulsion group. This allows a better damping of vibrations and

makes assembly and disassembly of the group easier.

The mountings, one on the engine side and two on the

transmission differential side, support the group in accordance

with the techniques used for transverse mounted propulsion groups.

To achieve greater damping of the oscillations of the propulsion

group, provision has been ;wade to fit the mountings with shock

absorbing elements.

Crash Analysis and Handling

Crash Analysis

An approximate calculation of the vehicle structure behavior

during crash against barrier at 50 km/h has been carried out.

Simulation of the vehicle has been obtained by means of a

bidimendional type scheme using non-linear beams and concentrated

masses. The Von Mises plasticity criterion has been adopted.

It has been assumed that almost all the vehicle kinetic

energy is absorbed by the structure, whilst the kinetic energy

absorbed by body components such as hood and front end has been

neglected.

In this calculation, the t - o instant is that at which, in

the crash against barrier, the structure touches the barrier. The

test has been followed for a period of about i ms.

The calculation has been performed by means of the AUINA

program (ref. 10) for two different configurations: vehicle with

batteries , n. withz-,t.



-,

Fig. 7.1.-18	 shows	 the scheme of the vehicle without batteries

and	 its	 deformation	 after	 3	 and	 6.2	 ms.	 Dotted

lines,	 in the engine area,	 indicate the propulsion

system sub-frame collapse.

Fig. 7.1-19	 {s	 analogous	 to	 Fig.	 7.1-18,	 but	 relative	 to	 the

vehicle fitted with batteries.

Fig. 7.1-20	 shows	 the	 relative	 movements	 of	 some significant

points of the vehicle without batteries.

Fig. 7.1-21	 is	 similar	 to Fig.	 7.1-20,	 but	 takes	 into account

the battery contribution.

The	 calculation	 results	 lead	 to	 some	 considerations	 on the

vehicle structure:

- under the "crash" point of view, it can be advantageous to make

the front	 end softer	 (possible differential stiffness) in order

to reduce the acceleration and,	 at the same time, to strengthen

the vehicle	 front	 roof	 pillar	 and	 its	 connection	 to	 the	 roof

itself.

- by making	 the	 appropriate modifications 	 (non-critical ones)	 it

is	 possible	 to	 design	 a	 structure	 that	 meets	 the	 crash	 test

specifications.

7.1.3.2	 Handling

In the frame of	 the hybrid design, a check that the adopted

technical	 solutions	 did	 not	 invalidate	 vehicle	 driveability,

handleability and roadability has been performed.

The hybrid vehicle behaviour has been simulated by means of

the "Handling" mathematical model carried out by the Fiat Research

Center	 and	 actually	 used	 to	 solve	 this	 type	 of	 problems	 for

(see appendix A.3-1).convP:itional vehicles
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In order to evaluate the degrca of quality of the hybrid

vehicle behaviour on the road, the vehicle has been tested on some

maneuvers among those considered by the regulations in force.

The hybrid vehicle has been then compared with LANCIA GAMMA

2500, chosen like reference vehicle for its characteristics very

near to the hybrid vehicle ones, the different way of power

delivery has been also considered.

The maneuvers by which hybrid vehicle has been compared with

reference vehicle, are the following:

- steering-pads at different vehicle speeds but with constant

lateral acceleration (0.4 g). Precisely these steering-pads

have been performed:

SPEED - 25 MPH (11.17 m/s)	 RADIUS - 104.3 ft (31.8 m)

30 MPH (13.4 m/s)	 150.3 ft (45.8 m)

40 MPH (17.9 m/s)	 267.4 ft (81.5 m)

50 MPH (22.35 m/s)	 417.6 ft (127.3 m)

60 MPH (26.82 m/s)	 601.4 ft (183.3 m)

70 MPH (31.29 m/s)	 818.6 ft (249.5 m)

The results are shown in Fig. 7.1-22.

- Transient yaw - 25 MPH at 0.4 g (Fig. 7.1-23).

Lane change maneuvers at 25 MPH and 55 MPH (Fig. 7.1-24 and

7.1-25). With regard to 55 MPH maneuver, the program output

graphs and tables are depicted in Appendix A.3-1. For most

variables, the comparison between hybrid and reference vehicle

behaviour is also shown.

Transient roll excitation at 55 MPH (Fig. 7.1-26).

From the performed comparisons it is possible to note that

the behaviour of the two vehicles is very similar. Particularly

the hybrid vehicle is a little less understeering and less

'	 "nervous" than the reference vehicle.
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7.2	 VEHICLE COMPONENTS

7.2.1	 1. 	 E.

On	 the	 basis	 of	 the	 trade-off	 analysis	 relative	 to

consumptions,	 emissions, weight and dimensions, a spark ignition

engine, optimized for the specific working conditions, has been

adopted.

xo meet requir ,ants of torque and power the 138-1100 angina

has been chosen as reference configuration. TE

This engine is part of the "family" to which the 1500 cm3

engine	 belongs	 that	 is	 mounted	 on	 the	 STRADA model,	 already

present on the American market.

The main characteristics	 of	 the European version 138-1100

engine are given in Table 7.2 - 1, while Figure 7.2 - 1 shows the

fuel consumption map.	 The fuel consumption map.	 as well as the

emission	 map	 are	 functions	 of	 the	 feed	 and	 ignition	 systems

(Carburetor	 Centrifugal	 Mechanical	 advance)	 and	 of	 the

corresponding	 adjustments	 of	 the	 relative	 parameters	 (Air/fuel --

ratio-Spark advance)	 and also of the distribution timing adopted

in	 the	 version	 under	 consideration;	 these	 curves,	 therefore,

hardly	 reflect	 the	 engine	 final	 behavior,	 once	 the necessary

optimization	 phase	 has	 been	 carried	 out	 with	 respect	 to	 the +;

expected work.ng conditions.

The main	 modifications that will be made to the reference

configuration Engine are:

a.	 Valve timing optimization

Timing	 will	 be	 properly	 modified	 to	 guarantee	 better

replenishment	 at	 low r.p.m.	 with a consequent	 considerable

reduction in terms of consumptions and emissions of HC and CO

for operation at	 low r.p.m. and low loads and in particular

at idle.

m%
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TABLE 7.2.1

BASIC CHARACTERISTICS OF THE 138 (1100) EUROPEAN ENGINE t.a

ITEM VALUE

NUMBERS OF CYLINDERS 4 in line
BORE, mm 80
STROKE, mm $5.5
TOTAL DISPLACEMENT, cm 3 1116
COMPRESSION RATIO 4.2
MAXIMUM POWER AT 5800 R.P.M., HP - kW 60 - 44.1
MAXIMUM TORQUE AT 3500 R.P.M., km 8.3
TOTAL WEIGHT. kg 118

III ENGINE TYPE : FOUR • STROKE 8.1. ENGINE

I
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b. Compression ratio

A compression ratio of 9.2 will be maintained in spite of the
use of am-ethylated- gasoline, with lawn octane number. Knock

will be controlled by means of appropriate adjustments of the
air/gasoline ratio and of the spark advance under full
throttle conditions and,, if necessary, by slightly modifying

the combustion chamber configuration.
The use of a knock feedback sensor for the ignition syetam is
being considered.

e. Engine electronic control system

The conventional control systems could be replaced by a more

flexible control system of the three maln engine parameters:

R - Air/gasoline ratio

A - Ignition spark advance

EGR - Exhaust gas recirculation

by using the following sub-systems

Fuel supply system	 WILTIPOINT ELECTRONIC FUEL INJECTION

SYSTEM

Ignition system	 HIGH ENERGY FULLY STATIC IGNITION

(WITH KNOCK SENSOR FEEDBACK)

EGR	 ELECTRONICALLY MODULATED EGR

(For a general description of the sub-systems see Reference

1.2 (35) -Items 1.3.4 - 1.3.5 - 1.3.6)

A thorough parametric investigation on the engine response

(specific consumptions - HC/CO/N0 x) will be carried out on the

dynamometer as a function of changes in the three main control

parameters (Air/gasoline ratio -Spark advance - EGR) for an

adequate number of points reflecting the expected working

conditions.

Optimum adjustments in terms of consumption, which allow to
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satisfy 0is6106 eaatrsints for the various Opmted levels of
thermal engine utilisation ( a • O ; G • 1) (Sae Weresce d
-Item 3), will be deeteem wed by means of ap"riats optimisation
tesha gnas based an dynamic prokcamathg.

Only in can this is not feasible, emission after-treatment

devices will be used (Osidising catalysts - 2hresway catalysts).

On the basis of this pralioi&r analysis on the engine

response for different control methods and different working t

coadittoom, a trade-off analysis will be carried out in order to

simplify, as such as possible, the system to be adopted on the

final on-board configuration (Replacement of injection system by

feedback control carburetor - Suppression of modulated EGR).

7.2.2	 DC Rotor SeparatelyyEExcited

See Para. 6.1.1.1

7.2.3	 NI-Zn Battery

See Para. 6.1.2.1

7.2.4	 Transmission

The hybrid vehicle transmission shall be able to couple the

ICE and the electric rotor, individually or in parallel, to the

wheels with the required ratio. It shall also allow vehicle

forward and reverse movements during ICE operation.

The transmission design parameters are sumeariaed on Table

7.2-2 while its functional diagram is shown on Figure 7.2-2.

General assembly cross sections and side view of the transmission	 t
group are shown on Figures 7.2-3/7.2.5.

The power from the ICE is transmitted to the wheels via a

converter and a metallic belt CURT. The electric motor is directly

connected to the transmission output.
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TABLE 7.2-2

TRANSMISSION DESIGN PARAMETERS

ITEM VALUE

ICE MAXIMUM TORQUE, kgm 7.6

ELECTRIC MOTOR MAXIMUM TORQUE, kgm 20 - 23

TORQUE CONVERTER RATIO 2.14

INVERTER RATIO 1:1

VARIATOR MAXIMUM INPUT TORQUE, k$m 10.5

VARIATOR MAXIMUM TRANSMITTED
12

TORQUE, k6m

CURT MAX/MIN RATIO (VDT) 4.12

ELECTRIC MOTOR OUTPUT SHAFT/
1:1

CURT SECONDARY SHAFT RATIO

FINAL REDUCTION 5

CVRT DRIVING BELT TENSION CONTROL

20 - 40PRESSURE, kg/cm2

TORQUE CONVERTER FEED PRESSURE, kg/cm 2 3 - 4

LUBRICATION PRESSURE, kg/cm2 0.5 -	 1.5

FRICTION AND LOCK-UP CLUTCH
12 -	 15

PRESSURE, kg/cm2
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FIG. 7.2-5	 - I.C.E. - E.M. CONNECTION GROUP 111

III WHEN A REDUCTION RATIO t2: 11 IS NEEDED.
AN EPICYCLIC TRAIN MAY BE PROVIDED ON
THE ELECTRIC MOTOR SHAFT
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Particular effort has been spent to reduce the power losses

at no load. This reduction is effected by adopting a lubrication

system with a dry case. The oil is supplied by the low presanre
pump of the centralized hydraulic circuit. The belt tension and

the transmission ratio variation are effected by means of

proportional solenoid operated valves which modulate the pressure

of the oil coming from the high pressure accumulator of the

hydraulic system.

The clutches for the operation of the various shafts of the
transmission "and of the converter lock-up (see Table 7.2-3) are

controlled by on-off valves which are fed by the high pressure

hydraulic circuit through a modulating-limiting valve.

The start-up of the car under ICE power is effected by means

of the torque converter which is by-passed when the slip between

turbine and pump reaches a value of 8.85. Down stream of the

converter an inverter group is provided for operation in reverse

gear.
A free-wheel is also provided to disengage the transmission

from the thermal engine when coasting. This makes it possible to

use the electric motor for regenerative braking.

7.2.5	 Control System

7.2.5.1 General Configuration

A. General structure of electronic control system. The

electronic control system installed on board the hybrid

vehicle has the following functions:

(a) Management and assessment in real time of the power

available on board in order to obtain the most effective

use of the energy available from the fuel economy point

of view.

(b) Energy state monitoring and indication, via the on board

display, of any anomaly arising during the mission. User

interrogation via the electronic control system is
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TABLE 7.2-3

TRANSMISSION CLUTCHES OPERATION SUMMARY

OPERATIO17AL ;NODES R.L. F, Fz F3 F; Fs

THERMAL TRACTION '^^ ► • '

F! ECTRICAL TRACTION • •

HYBRID TRACTION • • • • •

THERMAL R.M. • " • •

ELECTRICAL R.M. • '

RECHARGE	 WITH VEHICLE
STATIONARY

• • • •

RECHARGE WITH VEHICLE
MOVILY

• • • • •

RECOVERY FROM BRAKING ' •

(1) • INDICATES ENGAGED CLUTCHES
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- thermal erne

continuously variable transmission

- electric motor controller.

The control system will._be specifically based on the use of

powerful microprocessore of highly integrated type. This

- solution Is justified by the complexity of the functions to

be performed by the control system. The electronic control

system will therefore be, in effect, an on-board computer,

and will be so designated throughout this report. Physically,

the on-board computer comprises the systems described below.

B. Energy management system

This subsystem is dedicated to;

- management of the energy sharing strategy between

electrical and thermal energy.

- assessment in real time of the energy state of the

vehicle. In particular, the sub-system controls the

charge and discharge of the batteries and their

correct operation.

- control of the interface between the user and the

on-board display.

C. Engine control system.

This system controls the thermal engine so as to obtain from

it the energy required by the energy management sub-system,

consistent with limitation of harmful exhaust gasea.
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Feature motor control system.

This is dedicated to controlling the power control unit drive

logic.

F.	 That four systems described above can be sub-divided into two

different hierarchy levels.

The energy management system dc_cides the real time strategy

when requested by the other systems of the on-board computer;

the other systems implement this strategy, acting directly on

the sub-systems	 to Which	 they are dedicated. 	 Figure 7.2-6

shows in concise form the hierarchic structure of the system.

The birectional	 lines linking the various controllers show

the relevant data flow.

detail, inThe four systems will be described,	 in	 separate

chapters	 of	 the	 report.	 The	 on-board	 computer	 hardware

comprises the following:

-	 CPU using highly-integrated, powerful microprocessors

(LSI or VLSI).

-	 PROGRAMMABLE PERIPHERALS (interval timers, counters,

frequency dividers, input/output, interrupt control, etc.)

-	 RAM MEMORY, to meet memory requirements in executing the

control logarithms and acquiring external variables.

-	 ROM MEMOkY, to provide necessary storage of programs and

data not subject to change.

-	 EPROM or BUBBLE MEMORY, to store data that are subject to

change during operation and that must not be erased when

system power is switched off.

t
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7.2.3.2 - Rmirgy . B	 eni Systam

a,	 System structure.

The energy man_nt; system decides, in real time, the best
energy sharing strategy for the hybrid vehicle and keeps

other	 parts	 of	 the	 control	
system
	 informed	 of	 these

decisions.	 The	 energy	 management	 algorithm	 requires	 the

following input$2

- SYSTEM ° STATUS, 	 obtained	 from	 ----that measure the

followings

-	 battery charge status
-	 position of accelerator pedal
-	 position of brake pedal

-	 vehicle velocity.

-	 SELECTION	 OF	 VEHICLE OPERATING MODE,	 obtained	 from a

manual	 selector	 by	 means	 of	 which	 the user indicates:

-	 hybrid operation

-	 electrical operation

-	 estimated daily range.

The actions resulting from the decisions taken by the energy

management	 system control	 the	 power requirement from the

following sub-systems:

- engine control system

- electric motor system

- transmission control.

Acting in conjunction with the electrical power system, the

energy management system also controls:

- charge and discharge

- battery operational state.

b.	 Energy management strategy (Figure 7.2-7)

The figure shown in the following three pages is a flow chart

of	 the	 logic	 operations	 that	 define,	 in	 real	 time,	 the

following functions:

- operating mode

t
1	 7-51
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required level of electrical and thermal power ( a ratio)

transmission ratio and throttle position.

The flow chart also shows 	 points of direct interface with

the user.

c. Battery charge state measurement.

This measurement is performed by means of two sensors:

- shunt for charge measurement

- shunt for discharge measurement.

The energy management system measures instantaneous charge

and discharge current. Mile the vehicle is in use, the

integrated value and sign of discharge current represent the

net value of battery discharge; this value is in offset a

measurement of optimal charge depth, allowing for chargit

recovery due to braising.

The not discharge value is also used as a threshold for

comparison with charge level, to interrupt recharging of the

vehicle electrical supplies from an external source. for this

application the net discharge value must be multiplied by a

suitable factor F to take account of losses during charging.

In this way the information on optimal charge depth,

continuously updated by the measurement system described

above, is available for inclusion in the algorithms that

decide the best sharing between electrical and thermal power.

d. Battery functional checking end monitoring.

The energy management system performs periodic checks on the

state of the batteries. To execute these chicks the following

variables out be acquired:

- Ah, ampere hours

- Vb , battery voltage

- Ib, battery currant

- Tb , battery temperature

- V1---Vn, voltage of the single calls.

T-SS



From the assessment of these variables the following abnormal

conditions are revealed:

- Overcharge

- Ruessive regenerative braking

- Deep discharge

- Over temperature

- Low capacity cell

- Short circuited cell.

In this situation, the on-board computer can intervous in two

ways$

- it can seal an alarm or 'equipment at risk' signal to the

on-board display, requesting direct user interaction

it can act directly on the vehicle regulation system.

During normal operation the user is, of course, kept informed

of bautery charge state.

7.2.5.3. Electronic Control of the Thermal Engine

a. General control system structure.

The electronic system controlling the thumi engine

comprises an on-board microcomputer and a set of higly

Integrated interfaces providing management, in real time, of

the following sub-systems.

The sub-systems considered are those that, in the most

general terms possible, mar be needed for use in the

prototype,

- Equipment for measuring the quantity of air inducted by the

engine at each stroke (M?D Magaeti Marelli - CRF).

- Multiple-point fuel injection system using Bosch injectors.

- Static starting system (Magneti Marelli type AEX).

- Lambda sensor for measuring the oxygen level in the

exhaust.

- Electronically controlled EGR valve with feedback in the

actuator position.

7-56
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- Knock sensor operating in the 8 kHz + C.. kHz frequency
band.

- Engine	 tuning	 detection	 system,	 using	 electromagnetic

pick-offs manufactured by Magneti Marelli.

- Divided-loop throttle position control system.

- Coolant temperature sensor.

- Accelerator pedal position sPasor.

rte area of the on-board computer dedicated to engine control
controlmust also exchange information with other	 systems.

This exchange of data is essential in order to achieve the
best management of hybrid vehicle operation.

The control software is structured in two separate levels:

A.	 The background software processes on-line the algorithms

that provide optimum balance between fuel consumption

and exhaust. The background also directs the necessary

information interchange with the other sections making

up the complete hybrid vehicle control system.

B.	 The	 foreground	 software	 performs	 the	 following

functions:

- provides the background with all information arriving

from	 the	 sensors,	 together	 with	 data	 relating	 to

engine timing.

- controls the actuators	 located	 in	 the	 engine	 and

provides actuator	 closed	 loop	 control when needed.

- provides the safety functions required by the engine

(e.g. closure of the injection after a maximum elapsed

time).

- generates the synchronism signals , required	 for	 the

timing of the various control functions.

b. The background and the control logic.

The background software processes the required control

algorithms Using data obtained from the following

measurements, carried out by the system sensors and processed

by the foreground:
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-Q A ,  quantity of air inducted by the engine at each stroke

- NG, number of engine revolutions

- LBDA, state (on /off) of the lambda sensor

- THga, engine coolant temperature

- KNK, presence of ignition

- POW, power required by the driver.

When the processiag cycle is completed in the most complex

configuration, the background supplies the foreground with

the following actuator commands:_

- QB, injector opening duration

- ANT, ignition advance

- EGR, percentrge of EGR

- THRT, throttle position in degrees.

The control algorithms related to the engine define six basic

modes of engine operation:

Starting

- Idling

- Stationary

Rapid acceleration

- Rapid deceleration

- Warm-up.

For each of these modes L specific strategy is applied to

calculate the point of actuation. The background software

employs engine maps, using control curves determined

experimentally, to optimize engine operation in terms of fuel

economy and reduction of exhaust. These maps are interpolated

by the microcomputer, thus achieving best control accuracy

without the need to excessively expand- the data memory.

c.	 The foreground software.

The foreground software performs in real time the management

of the sensors /actuators and synchronizes the control to the

actual engine conditions. This activity, Which is performed

simultaneously with the operation of the subsystems used for

engine control, is carried out by interrupt sub-routines and

is, therefore, completely transparent to the background.
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Thug the complete foreground appears to the background as an

actuation	 and measuremut	 system. This	 characteristic	 Is

important for the operations of setting-up and functional

checking	 of	 all	 systems	 independently.	 The measurements,

checks and commands applied to the engine's most significant
functions	 are detailed beiaw*
A.	 Constant-energy 	 advance and	 static	 Ignition stem.

The	 ignition system (Nagnati Morelli, AIX) 	 is of the
discharge type. The device is fittedstatic, inductive

with	 as	 engine	 sngle	 measurement	 system,	 this	 is
required in order to achieve a suitable energy level for

proper	 ignition,	 after	 the	 switch-on	 command.	 Me
foreground implements the ignition command according to

the value of advance specified by the background, and

E corrects the value of the conduction angle ascertained
during the previous stroke.

B.	 BGR value control.-

The	 foreground uses	 the RGR value determined by the

background,	 driving	 two	 ON/OFF	 electrovalves;	 these

either	 increase,	 decrease,	 or	 maintain	 the	 recycle

percentage	 of	 the	 exhaust	 gases.	 This	 percentage

corresponds	 to	 the	 position	 of	 an	 actuator	 whose

movement	 is	 converted	 by	 a	 potentiometer	 into	 an

analogue	 feedback	 signal.	 The	 microcomputer	 rapidly

acquires	 the	 feedback	 signal	 and	 issues	 ON	 or	 OFF

signals to the electrovalves until the required position

is	 reached,	 to	 a	 sufficently	 accurate	 approximation.

C.	 Lambda sensor.

The oxygen level in the burnt mixture in analysed by the

lambda sensor.	 The output of this sensor indicates the

condition of the mixture - rich or weak - with respect

to	 its	 stoichiometrie	 composition.	 The information is

available	 to	 the	 foreground	 at	 each	 engine	 stroke.

D.	 Coolant temperature.

The coolant	 temperature T H2O, rapidly acquired by the
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foreground	 is	 mapplIed	 to	 tea	 backgr	 nd	 after
analogue-digital	 converst	 of	 tits ,	 t:

output.
V	 E.	 Accelerator pedal operation.

A potentiometer supplies the fp^r*	 i4th_:44 analogue
signal derived	 from the gas:vouati- peW	 -ag position.

This analogue value Is converted to digital and fed to
the baclW oulad.

F.	 Positioning the throttle at the "signed. angle.
The throttle is not connected to the accelerator pedal,
It is set by ad.c. motor, driven from the microcomputer
via a suitable interface. The angular position of the
actuator is detected by a potentiometer fixed to the

actuator shaft.
The	 potentiometer	 feedback	 signal	 is	 converted	 to
digital	 form	 then	 acquired	 by	 the	 foreground.	 The

-foreground	 control	 software carries out	 the throttle
control program at fixed time intervals, with the aim

of reducing to a minimum the error between requested and
actual position.
In case a less sophisticated engine control system were
sufficient	 to	 guarantee	 good	 per!ormance	 and	 low
emissions,	 an	 engine	 with	 feed-back	 controlled
carburetor	 would	 be	 used.	 The	 control	 system to	 be

utilized	 could be a dedicated modul e or the on board

computer itself.
The	 throttle	 control	 system has to be considered	 the

same as that described in the preceding case.	 In any
event,	 a safety	 feature will	 be	 included	 which will

force the throttle position to minimum when the accel-

erator pedal is released independently from the control
system,
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7.2.3.4.	 Transmission glectronic Control System

-e.	 Usseral control structure.

The ow-board caaputar eentrols the transmission system via a

suitable set of interfaces using the following sub-systems

Set	 of	 stir	 08/01P	 41"trovalves	 (plus` one	 or	 more
proportional types to date oil pressure)

* one proportional type alectirovalve to regulate belt tension

- one proportions) type electrovalve to vary the transmission

ratio
MW

- a revolution counting system for measuring the transmission

Input and output speeds.

Furthermore, the Fart of the control system dedicated to the

transmission	 will	 exchange	 information	 with	 the	 energy

management logic and with the logic relative to thermal and

electric motor control.

The	 transmission control	 logic	 is	 also	 organized on two

levels: background and foreground. The background software

processes the algorithms that determine the optimum operating

conditions ofthe transmission system. on the basis of the

received information relating to the state of the vehicle.

The foreground software will put into effect the specific

actions commanded at decision level by directly controlling

the actuators.	 The control foreground will also supply to

the	 certain	 obtained	 thebackground	 data	 from	 dedicated

transmission	 sensors.	 The	 foreground	 software	 made	 of

interrupt	 sub-routines,	 is	 transparent	 to	 the background.

The background

The background software defines in real time the optimal

operation of the transmission, establishing the best ratio to

suit the power required by the driver and t.,c dynamic
conditions of the vehicle. It also transfers the actuation

commands to the foreground.



----------_-	 —_----	 _r_,..^_..e

This is achieved by contr olling:

- the operational mode selection system

- the transmission ratio variation .system

- the opst 'ational mode selection monitoring.

The selection of operational modes is performed by actuating

six ON/OFF electrovalves which can be automatically

(from	 the	 on-board	 computer)	 or	 manually	 actuated.	 The �-

various operating modes are indicated in flab. 7.2-3. One or

more proportional valves perform oil pressure modulation, via

the ONIOFF electrovalves. Control of the proportional valves

performing	 the	 modulation	 is	 made	 by	 means	 of	 current

feedback.

d.	 Variable transmission ratio control
4

The variable transmission ratio control is performed by means

of	 a	 proportional	 electrovalve,	 as	 a	 function	 of	 the

transmission input /output speeds ratio. The belt tension is

controlled as a function of pulley speed by means of a second.

proportional	 electrovalve.	 Lock-up	 engagement	 will	 be

performed	 when	 an	 appropriate	 ratio	 between	 engine	 and

transmission input speeds is reached.
4

7.1.5.5. Electric Motor Control System

a)	 General control structure

The on-board computer controls the electric motor via the

following sub-systems and sensors;

- drive logic to control the motor power chopper

- electric motor speed sensor

- motor armature and field current sensors

w 3

f f

F
E

7-62



• motor temperature sensor

chopper temperature sensor.

The operation of electric motor control system also requirer

the following information!

- power to be supplied

direction of rotation

- operational mods: (motor or generator

- braking torque to  be supplied to the wheels during the

recovering phase.

This	 control	 system	 also	 is	 organised	 on	 two	 levels:

background and foreground. The background level define the

electric motor operating made to satisfy the requests of the

energy management system, The foreground is only concerned

with actuation and monitoring functions. 	 The interactions

between the on-board computer and the electrical systes are

shown in the scheme of Fig. 7.2 - 8 where Pe is electrical

power required.	 F/R is the transmission setting (forward or

reverse), BRAKE is the required braking torque. NMOT is the

motor speed, Tc is the chopper temperature, 7m is the motor

temperature.

b. Background control system

The background defines the value of the armature current

according to the power required and to the speed of the

electric motor.

C, Foreground control system

The foreground controls the armature current according to the

value calculated by the background. It also acquires status

information on the electrical system and provides the

Indication on the on-board display - of any malfunctions.

I
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TRACTI ON 	 POWER	 DC

CONDITIONER	
MOTORBATTERY

-

UNIT

DRIVE T^	 _

LOGIC	 IF
s i

IAS
	 TM

EL. MOTOR	 IA
CONTROL	 IF

SYSTEM	 cT

PE	F/ R	 BRAKE

i-f

FIG. 7.2-8	 - BLOCK DIAGRAM OF ON-BOARD COMPUTER

AND ELECTRIC SYSTEM INTERACTION
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The entire auxiliary sub-system under consideration is shown

In Pig. 7.2-91 it consists of the following its"I

Hydraulic power generator consisting of a 12V VC motor (2) with

a nominal power of 300 V and speed of rotation of 1500 r.p.m. ,

which drives two constant displacement pumps (3 and 6), keyed on

the motor shaft, which drag the hydraulic liquid from a

recirculation tank (1). The electric motor is connected- to the

vehicle auxiliary battery (5).

- Primary feeding circuit including a radial piston pump (4),

capable of producing a flow of 8.5 cm /sec at a pressure of 110

kg/cm 2 , a pressure regulator grasp (6), set to a cut-in pressure

of 80 kg/cm2 and a cut-off pressure of 110 kg/c4 a nitrogen
accumulator (7), preloaded to a pressure of 75 kg/cm 2 and

controlled by the pressure regulator, a delivery line (25) which

feeds the power stage of a pressure proportional valve (12), a

pressure reducing valve (17), a power brake (15), a power

steering (26) and a discharge delivery line (27) that pipes the

hydraulic liquid of the primary and secondary circuit (26) to

the recirculation tank (1).

- Secondary feeding circuit (26) including a vane pump (3) capable

of producing a flow of 35 cm /sec at a pressure of 12 kg/cm2 , a
s-

first circuit	 length	 (26/1)	 at	 a pressure of
212 kg/cm	 from

which the feed flows for two pilot electrovalves (11 and 13) are

derived, via two metering holes 	 (21 and 22), a first constant

pressure drop valve (8) set at a 	 A P of 10 kg/cm2 , a second

circuit length (26/2) at a pressure of 2 kg1cm2 , which collects

the outputs from the two pilot electrovalves (11 and 13)	 and

from the clutch control device (16 and 18), a second pressure

_ 7-85
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- Device for transmission group control (20) which include

pressure and flow proportional valves, that respectively control

the transmission belt tension and the transmission ratio

up-shift and down-shift variation speed.

The pressure poportional valve consists of a drive stage,

electrically controlled and hydraulically fed via the metering

hole (22), and of a power stage (12) fad by the primary circuit

(25).

The pressure is steplessly controlled by this valve, between a

minimum pressure of a 10 kg/cm2 and a maximum pressure of 35

kg/cm2 . The pressure proportional valve consists of a drive

stage (11) electrically controlled and hydraulically fed via the

metering hole (21), and of a power stage fed by the flow at the

output from the pressure proportional valve (12).

The input flow to the transmission drive pulley is ateplessly

controlled by this valve from 0 to ♦40 cm3 /see (feed) and from 0

to - 40 cm3 /sec (discharge) in order to obtain an up-shift and a

down-shift transmission variation respectively.

- Clutch group control device (19) including a pressure reducing

valve (17) which converts the 80 - 110 kg/cm 2 pressure up-stream

of the primary circuit into a down stream pressure of 12 kg/cm2,

a pressure proportional pilot alectrovalve (16) fed via a

metering hole (23), and a distributor group (18) with six slides

for clutch engagement control (19). The distributor group

selects, by means of six ON/OFF pilot alectrovalves, the

clutches to be engaged while the pressure proportional pilot

electrovalve (16) stepiessly varies the pressure from a minimum

of 2 kg/cm2 to a maximum of 12 kg/cm 2.

t	
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8oww bye (15) seprate from the mentor cylinder by which it

Rack and pinion paver steering (24) of the closed loop, load

feedback type, pressure driven by the load on the steering wheel

via a double follow-up modulator-distributor. The power steering

is driven by the 60-110 kglcm2 primary circuit pressure (25)
Is characterised by an actuator piston effective thrust section

of 8 cm2 , a total stroke (right to left steering) of the rack

bar of 16 cm and a parer assistance factor of 60%. The power
assistance factor represents the percentage of eon-fedback load

on the steering wheel, being the total steering power supplied

by the actuator pis on.
•	 In case of hydraulic feed failure the actuator piston is no

longer capable of supplying its thrust and the steering wheel f

transmits its power directly to the steering wheels.

7.2.6.2 DC-DC Converter 	 }•

-

The DC-DC converter is a static device which derives energy

from the propulsion battery terminals and converts it into energy

at a lower voltage (13.5 V), to supply the vehicle auxiliary

services and/or recharge the service battery.

With an efficiency of 80% the required input power is 1700 W

at the lowest value of input voltage (86 V) thus corresponding to

an input current of 20 A.
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In order to limit overvoltages across the anaistor the

maxtsss duty cycle should be equal to 0.43, resulting in a maximim

currant I  n 43 A.

Since the saxisxnm output current wet also be delivered at

the maxisum propulsion battery voltage (120 V). which corresponds

to a duty cycle of 0.313. the smimus I c is in these conditions

equal to 64 A. Adjustment of the output amplitudes (V.I) of the

converter is carried out by varying the main transistor duty cycle

In accordance with the following laws

Iout a Constant (100 A) for Vest ( 13.3 V

Iout ' < 100 A for Vout • 13.3 V

In the light of these considerations a preliminary design was

carried out of a DC-DC converter having the characteristics given

in Table 7.2-4.

7.2.6.3. On-board Battery Charger

The charger circuit diagram is shown in ?1$. 7.2-10. The

charging current is delivered to the batteries via a diode bridge

(D1 , D29 D3 , D4), inductive filter U. L2 and the flywheel diode

DR. Regulation is obtained by switching on or off one of the two

power transistors in the poorer conditions. The charging sequence

(current vs time) is performed by the control logic in the

on-board microcomputer, which store the optimal recharge profile.

A battery temperature probe is also provided, complete with

thermoswitch, which opens the main contactor C C and the charge

contactor C  in the event of a charging system malfunction.

The main electrical and mechanical characteristics of the

proposed charger are shown below on Table 7.2-3.

I
t
t
q
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TABLE 7.24
	 a i

I
VC - DC CONVERTER CHARACTERISTICS

I

I T EM VALUE

SUPPLY VOLTAGE, V 84.120
OUTPUT CURRENT, A 100
OUTPUT VOLTAGE, V 13.3
EFFICIENCY 0.8
WEIGHT, kg 4
SIZE. n►m 250x200x 1 S0
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ITEM VALUE

INPUT, VOLTAGE, V 1200)

MAX INPUT CURRENT, A 30

OUTPUT VOLTAGE, V 100-120(2)

MAX OUTPUT CURRENT, A 32

AVERAGE EFFICIENCY 0,9

WEIGHT, kg 4

SIZE, mm ISO x 100 x 200(3)

11) SINGLE -PHASE, 60 H: FREQUENCY
(2) ON BATTERY
(3) PARTS IN COMMON EXCLUDING POWER CONDITIONER
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7.3	 WEIGHT BREAKDOWN

The weights of the main components of the hybrid vehicle

equipped with Ni-Zn batteries are given in Table 7.3-1 left

coJ ,4-m. The detailed weights of some of the sub-componentsomponents are

given in brackets in the column on the right and in Tables

•# 7.3-2/7.3-3. In the craluation of these data, specific

consideration has been given to the ssaessment of advanced

technology components weight in terms as accurate as possible.

^c

^r

is

`r

't
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^t

•t
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7.4	 LIFE CYCLE COSTS

The Life Cycle Coats of the Hybrid and Reference ICE vehicles

are shown on Table 7.4-1. It provides an updated evaluation of

the same cost items (e.g.: interest, fuel and electricity

consumptions etc.) previously estimated and presented in the

Trade-off Studies Report for solution with Lead-acid and

Sodium-Sulphur batteries. The data presented in this Report

pertains to the solution with a Ni-Zn battery as defined during

the Preliminary Design Task.

The most relevant .onsiderations on such matters are the

following"

a) Financing costs: always in accordance with the JPL

Assumption and Guidelines, but more in line with current

conditions, the annual percentage rate (12X) has been

applied to the yearly average outstanding capital value

(i.e. 12% of: 7/8 of the full capital, FC, for the first

year; 5/8 of FC for the second year-,3/8 of FC for the

third year and 1/8 of FC for the fourth year) for both

the Hybrid and Reference ICE vehicles. The previous

assumption was a 12% flat rate for 4 years on the total

loan amount).

b) Salvage value: it has been maintained "zero" for both

vehicles but for the hybrid vehicle only the battery

regeneration cost was considered.
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TABLE 7.3-1

HYBRID VEHICLE WEIGHT BREAKDOWN

ITEM
WEIGHT

W/ Ni-th
BATTERY, k-9

COMPLETE BODY/FRAME 251
PAINT AND EXTERNAL SOUNDPROOFING 10
SEATS AND MOLDINGS 144
—MOLDINGS AND INTERNAL SOUNDPROOFING 45

DOOR FINISH 25
DASHBOARD 14
SEATS 60

WINDOWS 24
FRONT AND REAR BUMPERS INTEGRAL WITH THE BODY 25
MECHANICAL PARTS (PROPULSION SYSTr- % 4 NOT INCL,) 345
— FRONT MECHANICAL PARTS ON CA;-!Ac,:!S 85
— REAR SUSPENSIONS 72
— WHEELS 73
— EXHAUST 20
— OTHER MECHANICAL PARTS (PEDALS, STEERING

WHEEL, RADIATOR, ETC.)
45

— OTHER INSTALLATION PARTS (PIPINGS, CABLES,
LIGHTS, ETC.)

25

— POWER AND HYDRAULIC SYSTEM 25
I.C.E. WITH STARTER AND ALTERNATOR 118
ELECTRIC MOTOR/GENERATOR (BRUSHLESS) 100
CHOPPER 30
ELECTRIC MOTOR AND CHOPPER COOLING SYSTEM 10
GEARBOX AND TRANaivijNNION WITH CONTROL VALVES 85
TRACTION BATTERY 320
OTHER PARTS 163
— I.C.E. STARTING BATTERY 22
— SENSORS AND ACTUATORS 31
— REFUELINGS 50
— MISCELLANEOUS 60

TOTAL WEIGHT 1,625
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ITEM
W/ Ni - Zn

BATTERY k
W/ Na - 5

BATTERY kr
W/ LEAD -ACID
BATTERY

FRONT AXLE LOAD 877 852 817

REAR AXLE LOAD 748 728 728

TOTAL WEIGHT 1,625 11580 1,545

ITEM
W/ Ni - Zn

BATTERY
W/ Na -$

BATTERY kit
/ LEAD -ACID

BATTERY

ELECTRIC MOTOR 100 70 SO

CHOPPER 30 35 20

TRACTION BATTERY 320 300 300
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TABLE 7.4 1

HYBRID VEHICLE LIFE CYCLE COSTS 1978 S VALUE

ITEM

I

HYBRID REFERENCE
VEHICLE VEHICLE

PURCHASE PRICE (2) 10,974 9,036

SALES TAX (3) 549 452
INTEREST (4) 2,535 2s087

SALVAGE VALUE

A — ACQUISITION COST 14,038 11,575

TIRES, REPAIRS AND 6,500 6,471
ROUTINE MAINTENANCE

ANNUAL TAXES, LICENSE 240 240
AND REGISTRATION (6)

INSURANCE (7) 1,468 1,343

FUEL (GASOLINE) 1,067 3,519

ELECTRICITY 404 —

BATTERY REPLACEMENT -

SALES TAX ON
BATTERY REPLACEMENT

INTERESTS ON — —
BATTERY REPLACEMENT

9 — OPERATING COSTS 9,679 11,573

C — LIFE CYCLE COST (A +B) 23,737 23,148

D — VEHICLE LIFE: 7.5 YEARS AND 100,000 MILES.

COST/YEAR	 $ 3,157 3,078

COST/MILE	 0 23.7 23.1

COST/KILOMETER	 c 14.7 14.4

E — TOTAL FUEL AND ELECTRICITY CONSUMPTION ON VEHICLE LIFE

GASOLINE. pi 1,111 3,610
ELECTRICITY, k*.'.h 12,503 -

(1) DISCOUNT RATE FOR PRESENT VALUE CALCULATIONS: 2% P RIVATELY OWNED — (2) 2.0 MANUFACTURING COST
(3) 5% APPLIED TO PURCHASE PRICE — (4) 12% ANNUAL PERCENTAGE P 4TE (A,P,R.) FOR 4 YEARS APPLIES TO
PURCHASE PRICE + SALES TAX — (5) THE ASSUMED LIFE MILEAGE OF 100,000 MILES ESTABLISHES A ZERO SALVAGE
VALUE — 401 q 	 lwmAn	 1-91 C 125 + 01 V ft nl-UAeC SMICE e%n ft(r	 FIRST 5 TcAkria AND la 15-0.06 A PURCHASE
PRICE SUBSEQUENTLY).	
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c)	 Fuel	 and	 electricity	 consumptions:	 for	 the	 hybrid

vehicle a conservative assumption was made to reach the

vehicle	 life of	 100,000 miles by only performing the

daily cycle mission range (146 miles with 90 MPG fuel

economy)	 for a total of 684 daily missions 	 (which is

beyond the expected battery life of 400 cycles at 802

depth of discharge, DOD).	 This would result in a total

fuel	 and electricity consumption of 1,111 gallons and

kWh.12,503

d)	 Battery	 replacement:	 since the previous assumption is

conservative for fuel consumption assessment but is too

pessimistic with respect to the battery life (only the

maximum allowed 802 DOD are considered) a more realistic

assumption	 has	 been	 made	 which	 allows

the use of the battery over the entire

vehicle life. It has been assumed that the yearly total

of 13,300 miles is accumulated by performing every week:

1. one 146-mile daily-cycle mission in the hybrid

mode but limiting the DOD to 402; this would

correspond to a fuel economy of 56 MPG;

2.	 six	 18.2-mile missions	 in the	 electric-only

mode with battery recharge every second day to

account for the fact that battery exploitation

is	 improved	 if DOD before recharge	 is kept

above 30%.

The above assumption results in a total of 1,560 40% DOD

cycles as compared to the expected 1,600 cycle battery

life.	 It	 must be pointed out	 that while the battery

life	 exceeds	 now	 the	 vehicle	 life,	 the	 total	 fuel

consumption would still be limited to 1,016 gallons (85

gallons less than under the previous assumption) due to

the impact of electric-only driving.

e)	 Vehicle	 life:	 it has been maintained	 at	 100,000 miles

(7.5 years) for both vehicles.	 This assumption also can

be consid-ired conservative for the Hybrid vehicle which

t
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should be expected to have a longer life (up to 10-20

more) considering the better operating conditions of the

engine and electric motor as well as of the body

structure (less vibration induced fatigue and better 	 t

rust resistance).	
RI

Conclusions

- Under the assumptions made, the life cycle cost are very close

to each other (the hybrid vehicle is only 2.5% higher) and,

therefore, well within a reasonable tolerance range to be

considered equivalent.

- A 25% gasoline cost increase with respect to the mid-boundary

value would be sufficient to totally balance the estimated life

cycle costs.

- The very limited difference in the life cycle cost of the two

vehicles could be further reduced by considering the possible

salvage value of the electric motor (up to 20 or 30% of its

original value).

It can be therefore concluded that the Hybrid Vehicle as

defined by the Preliminary Design meets all the minimum

requirements including the life cycle cost, with reference to the

average vehicle use.
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1
8,1	 E I - ANNUAL PETROLEUM BASED FUEL ENERGY CONSUMPTION PER

VEHICLE	 OVER	 DEVELOPED	 MISSION	 (DO"	 not	 include

petroleum consumption resulting from generation of wall'"

plug electricity used by the vehicle)
l

Considering	 fuel economies of 27.7 mpg for the reference

vehicle and 90 mpg for the hybrid vehicle over the developed

mission, an annual mileage of 13,300 ml and the conversion factor

123 MJ/gall, the following values have been obtained:

E	 13,300 x 123190	 18,176. MJ }

ER • 13,300 x 123127.7	 59,058. MJ

where:	 EHP is the Annual Hybrid Petroleum Based Energy

Consumption

EV is the Annual Reference Petroleum Based Energy

Consumption

8.2	 E 2 - ANNUAL TOTAL ENERGY CONSUMPTION PER VESICLE

COMPARED WITH REFERENCE VESICLE OVER DEVELOPED MISSION

With reference to Para.	 6.2.2 and 6.3, the hybrid electric

energy consumption over	 the	 developed mission	 is	 66. MI,	 that

corresponds to an annual electric energy consumption of

ESE • 13,300 x 66/146.	 6,012 MJ -_

The total energy consumptions are:

EHT • 18,176 + 6,012	 24,188 MJ

ERT • 59,058 MJ
_
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8.3	 E 3 - POTENTIAL ANNUAL FLEET PETROLEUM EASED IM ELY

Us	 SAVINGS COMPARED WITH REFERENCE VERICL.E OVER DEVELOPED

MISSION des not include patrol*= consumption
resulting from generation of wall plug electricity used

by the vehicle).

Using the Energy Consumption obtained on Para. 8.1 and a

potential number of cars in the fleet of 100 9000 units t the

potential Patrol*= based Energy Saving is

ES - 5,905.8 x 106 - 1,817.6 x 106 - 4,088.2 x 106 NJ

	

8.4	 E 4 - POTENTIAL ANNUAL. FLEET TOTAL. ENERGY CONSUMPTION

COMPARED WITH REFERENCE VEHICLE OVER DEVELOPED MISSION.

,.	
Using the Total Energy Consumption obtained on Para. 8.2 and

F.

	

	 a potential number of cars in the fleet of 100,000 units the Total

Fleet Energy Consumption &rot

% - 2,418.8 x 106 MJ	 for the Hybrid Vehicle

ER - 5,905.8 x 106 MJ	 for the Reference Vehicle

E
	8.5	 E b - AVERAGE PETROLEUM EASED FUEL ENERGY CONSUMPTION

OVER MAXD= NON-REFUELED RANGE (Does not include

petroleum consumption resulting from generation of wall

plug electricity used by the vehicle)

Because the vehicle under consideration is capable of running

t
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under electric	 power only,	 for a ruse Rthat 
Is 

variable

depending upon the cycle, the fuel economy
0
can be expressed as a 44

function of range I as follows

M

X (eq•

0

R

as described In Chapter 6.2.2.

Table 8.5	 1 gives the value of M., and R0
	for the test

-
V	

cycles and for the mission.

Given that C (gall) Is the fuel contained In the tank, the

maxims non-refueled range is given by

C
RMUr	 Mont

(eq. 2)

Substituting in eq. 2 the value of H obtained from Eq. 1, the

following Is obtained

MW
Roar
	

C

I - R 
0 
A

and therefore

R
mnr 

- Ro + C M ce %eq. 3)

The values of R 
our 

that can be obtained with a tank capacity

of 40 liters (C • 10.567 gall.) are listed in Table 8.5-2 for

the various cycles.

Since 1 gall corresponds to 123 MJ, the fuel conts-..t of the

tank Is 1299.7 Mi.



TABLE 8.5-1

RANGE Re AND FUEL ECONOMY M» OVER FUDC,
FHDC, SAE )227&(B) AND MISSION

DISTANCE Re M..
CYCLE _

- (km) (km) (mpg)

FUDC 17.768 121.7 33.44

-	 = FHDC 16.486 132.8 44.70

SAE/B 0.294 138.6 27.85

MISSION 235.43 129.2 40.79
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Ili;

FH, DC, SAE J227 a (B) AND MISSION

CYCLE
Rmnr

(km)

FUDC 690

FHDC 892

SAE/B 612

MISSION 822
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Table 8.5-3 lists mean thermal energy consumptions over the

maximum non-refueled range of the hybrid vehicle compared with the

reference one for the cycles under consideration.

8.6	 E 5 - AVERAGE ENERGY CONSUMPTION OVER MAXIMUM

NON-REFUELED RANGE

e

Fir

Table 8.6-1 gives information on the electrical energy

(MJ/km) consumed on the cycles using electrical propulsion only.

The data refer only to energy available from the batteries,

without taking account of battery recharge efficiency during

overnight recharge.

The total energy consumed over the max. non-refueled range is

given by

Emnr a (E
e
 x RO + Et)/Rmnr
	

(e9. 4)

where:	
E 
	 - Electrical energy (MJ/km) used during the cycle

(Table 8.6 - 1)

Et = Thermal energy (MJ) correspoding to content C of

tank

R 
	 = Range using electrical propulsion only

Rmnr = Max. non-refueled range

Table 8.6-2 gives data relating to average total energy

consumptions over the maximum non-refueled range for the hybrid

and reference vehicle.
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TABLE 8.5-3

AVERAGE PETROLEUM BASED FUEL ENERGY

CONSUMPTION OVER MAXIMUM NON - REFUELED RANGE M

CYCLE

PETROLEUM ENERGY CONSUMPTION

t4f /km)

HYBRID VEHICLE REFERENCE VEHICLE

FUDC 1.884 3.441

FHDC 1.45? 2.465

SAE/B 2.124 4.605

MISSION 1.581 2.760

(1) DOES NOT INCLUDE PETROLEUM CONSUMPTION. RESULTING FROM GENERATION
OF WALL PLUG ELECTRICITY USED BY THE VEHICLE
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TABLE 8-6-1

ELECTRICAL ENERGY CONSUMPTION Ec

(IN ELECTRIC-ONLY TRACTION) OVER FUDC,

FHDC, SAE J227 a (B) AND MISSION

CYCLE
ELECTRICAL ENERGY

CONSUMPTION
(Mj/km)

FG'DC 0.545

FHDC 0.500

SAE/B 0.479

MISSION 0.514
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TABLE 8.6-2	
1

A

AVERAGE 10TAL ENERGY CONSUMPTION Emnr OVER

MAXIMUM NON - REFUELED RANGE

471	 1
CYCLE	 I

ENERGY CONSUMPTION

(,N-tj/km)

HYBRID VEHICLE REFERENCE VEHICLE

FUDC 1.980 3.491

FHDC 1.531 2.465

SAE/B 2.232 4.605

MISSION 1.662 2.760



8.7	 E 7, E 8 - MINIMUM PETROLEUM BASED FUEL AND TOTAL ENERGY

dW CONSUMED VS DISTANCE TRAVELED STARTING WITH FULL CHARGED

AND FULL TANK OVER STANDARD CYCLES AND MISSION

For the preparation of the graphs of thermal energy and total

energy	 vs	 range,	 it	 has	 been	 assumed	 that	 the	 vehicle	 is

electrically-only propelled .for ranges of less than R 	 and uses

hybrid traction for ranges in excess of R O with fuel economy M

Table 8.7-1	 lists thermal consumption in MJlkm for the running

cycles with	 a - a.

Fig.	 8.7-1	 and	 8:7-2	 show	 thermal	 and	 total	 energy

.consumptions	 (MJ)	 as a function of range (km) over the standard

cycles and	 the mission,	 on the basis of the above discussion.

8.8	 E 9 - LIFE CYCLE ENERGY CONSUMPTION ON THE MISSION FOR

THE VEHICLE COMPARED TO REFERENCE VEHICLE.

With reference to the methodology contained in Para. 3.4 and

to	 the vehicle	 design data	 (Section	 6	 and	 7),	 the life cycle

energy consumption for the reference and hybrid vehicle have been

calculated. The results are given in Table 8.8-1.
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ITEM
PETROLEUM

CONSUMPTION
(Mj/km)

FUDC 2.286

FHDC 1.710

SAE/B 2.745

MISSION 1.874
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