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1. INTRODUL'TION

1	 Na-S/batteries,	 when	 fully	 developed,	 are	 believed

I	 to be suitable for the propulsion of electric vehicles

because of

- nigh energy density (Wh/kg and Whi 1)

- High power density (W/kg and W/1)

- Low price

- High cycle life

- High availability of the reactants.

A Na-S/battcry consists of many aeries-parallel connected

cells, a heat tnaulacion and a temperature control system. A

single cell contains the two molten reactants Sodium and

Sulphur (or Na2 SX if discharged), the beta-alumina solid

electrolyte tube separating the reactants and the cell case.

The operating temperature amounts to 285 °C to 350 °C. The

design and the problems of NA-S/cells and Na-S/batteries are

described in more detail in (1) (*).

2. STATE OF DEVELOPMENT

Our present cells show the following characteristics:

Length of ceramic tube: 200 mm

Ceramic outer diameter: 25 mm

Length of the cell: 235 mm

outher diameter of the cell: 37 mm

Cell weight: 460 g

Capacity: 40 Ah

Open circuit voltage: 2 V

Internal resistance: <25 m

Maximum current: 40 A

( K j Numbers in parentheses designate Reference at end of section.
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Maxiarim power: 40 W

Energy at maximum power: 40 Wh

Current at 5 hours discharge: 8 A

Power at 5 hours discharge: 14.4 W

Energy at 5 hours discharge: 72 Wh

Efficiency	 (Eout : Ein) at
	 10

hours charge: 0.88

A battery with 95 of an earlier type of cells has been built

(Fig. A.1-1.1) (2).

The performance of the battery was as expected from single

cell experiments. Batteries with the new type of cells will be

built and tested in 1979/80. Further efforts will by directed

towards improving the following properties:

Life cycle of single cells

Electrolyte tube and cell dimensions

Safety

Energy and power density

Efficiency of heat insulation

Advanced technology for mass production.

3. Na-S BATTERY FOR A HYBRID VEHICLE

The dimensions for a battery to be installed between the back

wheels of a hybrid vehicle should not exceed the following

dimensions:

Length:	 900 mm

Width:	 1200 mm

Height:	 400 mm

The following electrical data should be achieved

Peak power:	 > 32 kW for 1 minu-

Power:	 15 kW for 10 min

Open circuit voltage:	 < 84 V

A.1-2
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The weight should not exceed 300 kg.

If possiblo the battery should contain 12 separate strings.

The connections for the different strings. should be leaded

separately to the outside of the battery and it should be possible

to switch them off after charging or discharging.

The battery has to resist the normal stress which occurs

during operation of the vehicle.

The normal accelerations during operation at the car do not

exceed 1 g as can be seen from Fig. A.1-1.2 (3).

'r.	 BATTERY DESIGN FOR THE HYBRID VEHICLE

4.1 Cell

The cell design for the hybrid vehicle battery is based on

the cell described in chapter 2.

The dimensions of the cell were chosen in a way that high

power density results at low discharge times of less than one hour

(curve 0 of Fig. A.1-1.3).

By extrapolation of the cell data mentioned above, which have

been already achieved and by assuming that a slight improvement

with respect to internal resistance can be attained (2 A cm 2 ) the

following data for a hybrid vehicle cell will be obtained:

Length of ceramic tube:	 250 mm

Outer diameter of ceramic tube:	 25 mm

Length of the cell: 285 mm

Outer diameter of the cell: 37 mm

Cell weight: 560 g

Capacity: 52.5 Ah

Open circuit voltage: 2 V

Internal resistance: 13.3 m n

Maximum current: 75 A

Maximum power: 75 W

A. 1-4
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Discharge time at max. powers 0.7 h

Energy at max. power: 52.5 Wh

Efficiency (E out
: Eid at charging

times of about	 10 hours: 0.45

Current at 5 hours discharge: 10.5 A

Power at 5 hours discharge: 19.5 w

Operating voltage at 5 hours

discharge: 1.86 V

Energy at 5 hours discharge: 97.7 Wh

4.2 Batter

The battery consists of 24 modules. Each module cont; :ins 18

series connected cells. Two series connected modules form a

e tring. The battery consists of 12 strings. By parallel connection

of these strings a battery with the following data will to

obtained:

Number of cells: 432

Length: 900 mm

Width: 110C mm

Height: 400 mm

Weight overall: 320 kg

Capacity: 630 Ah

Open circuit voltage: 72 V

Internal resistance: 39.9 m ri

Maximum current: 900 A

Maximum power: 32.4 kW

Operating voltage: 36 V

Energy at max.	 po%-r: 22.7 kWh

Discharge time at max. power: 0.7 h

Efficiency	 (Eout	
: Ein^ at charge

time > 10 hours: 0.45

Maximal charging voltage: 105 V

Two hours current: 315 A

A.1-7



Two hours power: 18.7 kW

1

Operating voltage 59.4 V

Two hours energy: 37.4 kWh

Efficiency (Eout	 Ein^ at charge
time > lU hours: 0.75

Five hours current: 126 A

Five hours power: 8.4 kW

Operating voltage: 67.0 V

Five hours energy: 42.2 kWh

Efficiency Rout : Ein^ at charge
time > 10 hours: 0.9

4.3 Insulation

The double walled casing of the battery co} - P aining the heat
insulation between the walls consists of two parts. Both parts are

fixed at the rack of the vehicle. The battery is designed such

that the upper part has a super insulation and is welded to the

rack of the vehicle. The lower part fears the modules.

Conventional insulation is used for the lower case. This part

can be disconnected from the rack for maintenance purposes.

The replacement of module can be performed in a few minutes.

The casing with the insulation is necessary to keep the battery at

operating temperature for a period of time of approximately 24

',--^urs during which the battery might not be charged or discharged.

If the battery ! .s not operated for several days it must be heated

up before utilization.

5.	 SAFETY

The most severe hazard for a cell is cracking of the

electrolyte tube. Cells have been in operation the outer casing of

A.1-8



which rrza ined undestroyed when such a case occured. However

further safety tests are necessary to get statistical evidence for

a high probability to have save cells.

Shock tests with single cells have shown that no damage

occurs up to accelerations of 150 g.

Safety tests with complete batteries will be performed in the

next years. This tests include experiments concerning failure

propagation in the battery and severe accidents where the battery

casing and cell casings are mechanically destroyed.

6. LIFE CYCLE

Our present cells have been operated up to 400 cycles. The

average life cycle amounts to 250 cycles. It is expected that the

average life cycle can be increased to 600 cycles in 1986 and more

than 1000 c ycles in the nineties.

7. BATTERY PRICES

Mass productior, is scheduled to start in 1986. According to

our present estimations a battery price of approximately 10000 to

15000 DM may be achieved at this time.

It is expected that this price will decrease in the nineties

to a value between 5000 and 8000 DM.

8. MANUFACTURABILITY

a	 We expect that the pilot plant production can he started in

i
	 1984 and that the mass production can be started in 1986.

The following Table A.1-1.1 shows the time schedule for the

Na-S battery production.

A.1-9
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1. INTRODUCTION

For the purposes of the "JPL" Hybrid Vehicle project, Magnetl

Marelli has made available to FIAT, the leader of the group, its

direct experience in the field of electrochemical accumulators.

This report summarizes the position in June 1979 concerning

the choice made from the range of batteries suitable to the

requirements, and discusses some of their electrical

characteristics which can now be achieved on a large scale

production basis.

In the light of results obtained in the laboratory on

technical cells, the report forecasts the results obtainable using

the same battery types, by 1985.

2. CHOICE OF THE BATTERY

The first type of battery to be considered was the Lead-Acid

one, partly because we are familiar with this type but mainly

because today it is one of the very few road traction battery

systems produced industrially and therefore available at a

competitive price and a known degree of produced reliability. Its

design characteristics are by now so "firm" that the Lead-Acid

battery is virtually the point of reference for all other types in

more or less advanced stages of development.

Magneti Marelli has also started to develop the Nickel-Zinc

type, after carefully investigating the possibilities of achieving

performance levels clearly superior to those of the Lead-Acid

type, in the near term and within a reasonable investment of

resources.

A.; -12



3. LEAD-ACID BATTERY

Among the various types available for the "JPL" project, the

one considered was a polypropylene monobloc battery specially

designed for electrically-propelled road vehicles weighing less

than 2 t approximately.

3.1. Physical characteristics

The spare occupied (see Fig. A.1-2.1) is much the same as

that of the Golf Cart type of battery and the present weight,

29 kg approximately, enables the battery to readily moved by one

person using the special handgrips provided in the cover.

Also in the cover is a system of channels which, when the

modules of the complete vehicle battery are connected together,

enable the gases released to be suitably vented. This avoids the

heavy corrosion which normally occvirs in the battery container due

to the out flow of sulphur and caused by the escaping gas, and to

release safely the explosive H 2 /02 mixture through a unique exit

equipped with a flame interruption device.

The same channels can be used to top up the cells with

distilled water. The construction of the cover is such that the

ingress of water into a given cell is stopped once the desidered

level is reached; in this way all cells have the same electrique

level when the topping-up operation is complete.

3.2. Electrical characteristics

The 12V (nominal) battery module has a nominal capacity of

90 Ah when discharged in 5 hours; its nominal specific discharge

energy at this rate is therefore 37 Wh/kg approximately.

Maximum specific power is 140 W/kg approximately and the

duration is therefore about 400 effective cycles.

F
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iResults obtained in the laboratory on technical cells show

that the performance of these battery modules can be improved,

bringing about an increase in the specific energy and the

deviation without affecting the specific power. The specf4lc

energy is noticeably increased (4.3 Wh/kg approximately in 5

hours) by decreasing the overall weight of the battery module has

been kept to 25 kg.

The duration is increased to approximately 600-700 effective

cycles. Un Fig. A.1-2.2 the relationships between specific energy

obtainable and peak power availability, for various mean discharge

power levels are shown.

4. NICKEL-ZINC BATTERY

Magneti Marelli has started a research and development

program on Nickel-Zinc batteries, which are considered as the most

promising for near term traction applications.

At present our efforts are concentrated on producing single

Zinc and Nickel electrodes; encouraging results have already been

obtained, especially concerning duration in terms of cycles. We

believe that future batteries shall have energy densities above

65 Wh/kg and peak power levels of 140 W /kg with a service life

equating to that of present Lead-Acid types.

Research at Marelli is not yet sufficiently advanced to

permit the supply of technical cells for Phase II of the project,

nor to permit us to foresee large-scale production by 1993. For

information only, we can state that our intention is to build a

prototype Nickel-Zinc battery in a container similar to that used

for the present Lead-acid type (see para. 3), in order to achieve

complete physical interchangeability between the two. The

Nickel-Zinc battery will have a capacity of 340 Ah approximately

and will weigh 23.7 kg; with a specific energy of about 70 Wh/kg

approximately.

e
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S. CONCLUSIONS

For the "JPL" Hybrid Vehicle project. Magnets Marelli have

examined two types of battery, i.e. the Lead-Acid type and the

Nickel-Zinc type.

The first type is already produced industrially and is known

to be reliable. A new version of the modular battery has been

designed, which can be manufactured in the near future, based on

the results of laboratory tests on technical cells.

These results indicate that the battery may well be suitable

for use on the specified type of vehicle.

For the Nickel-Zinc type, on the other hand, the present

state of the art does not allow us to provide useable batteries

within the time scale of the project. Nevertheless, the results

obtained with single electrodes enable us to foresee batteries

being produced in the future having the following characteristics:

- energy density over 65 Wh/kg

- peak power of approximately 140 WAS

- duration comparable with that of present Lead-Acid types which

would fulfil better the requirements of the JPL Hybrid

Vehicle.

A.1-17
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A.1-2b

1. OBJECT OF-PHASE I

Magnet! Marelli have been given the task of identifying the

possible types of power control that can be used on a hybrid

vehicle.i

After a preliminary study, Magneti Marelli have decided to

adopt a type of power control and corresponding auxiliary

equipment that are suitable for a separately excited DC motor.

This characterization has led to a preliminary design for the

power circuits and for the battery charger together with an

evaluation of weights, dimensions and efficiency.

As far as the power circuitry is concerned, a preliminary

design haw been made as well as the definition of weight and

dimensions of each unit constituting it.

2. POWER CONTROL CHARACTERISTICS

After an evaluation of the various electric system

alternatives, the Ni-Zn battery -DC motor combination has been

selected by C.R. FIAT.

This choice implies a battery voltage of 96 V and a maximum

available power of 38 kW.

Since the maximum power must be supplied even at low battery

voltage, the maximum current is about 500 A..

During braking, the current can be about of the same value

since the DC motor has commutating poles.

The field current reaches a maximum of 16.5 A at a voltage of

48 V and it must be possible to invert its direction in the

shortest time for the braking phase. Braking must be regenerative

down to zero speed, thus requiring a voltage boosting for speeds

that are less than the basic one.

A. 1-18
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There must be a braking torque control, similar to that

relative to the drive torque so as to modulate braking when the

motor operates as a generator.

Ripple must be within 20% of the maximum current (1.*.- 100 A

peak-to-peak).

During field control operation a mechanical contact shall be

abie to short circuit the main chopper in order to reduce losses.

It is also necessary to guarantee operation in case of on

board computer failure, by deriving a signal directly from the

pedal unit.

3.	 CHOICE OF CONTROL DEVICE TYPE

Based upon previous experiences and evaluations carried out

by Magneti Marelli in the design of control devices for electric

vehicles, a control device has been chosen consisting of an

armature chopper and of a field chopper-inverter. This choice,

supported by many practical realizations, has proved to be the most

valid and feasible.

The evolution and availability of high power transistors has

made it possible to select these for the realization of both

choppers, thus allowing an increase in the maximum working

frequency and therefore the elimination of the smoothing

inductance.

For regenerative braking, provision has been made so that

additional choppers are not needed.

Regenerative braking is in fact obtained by modifying the

circuit configuration so as to cut off the power supply to the

motor (Fig. A.1-2.3). Adoption of a relay has advantageous since

it is deenergized when zero current flows through the contacts so

that there is no limitation to the number of opening/closing

operations it can perform. This choice also allows to use the same

armature chopper during normal running and braking conditions.

A.1-19
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The control operates mainly by maintaining the armature

current IA within a range that includes a preset value of ISET•

The width of this range decreases non-linearly when IA decreases.

This type of control, which is performed by means cc a

current feed-back, makes it possible to avoid the use of internal

oscillators and frequency controls, by letting the system itself

perform the function of oscillator, limited in this by appropriate

non-linearities.

The same type of control is also applied to the field current

I f. - as from Fig. A.1-2.4. Ripple, though, is maintained at much

lower percentage values.

This control has been possible by using a type of electric

motor with a field value calculated for a voltage of 48 V. From

this it follows that, by supplying a voltage of 96 V, currents are

produced which tend to values higher than IFinax 
and therefore

allowing chopper operation also in the neighborhood of IFinax'

Another advantage is that field inversion times are reduced by

half.

4.	 OPERATIONAL DESCRIPTION

With reference to the block diagram of Fig. A.1-2.4, the on

board computer sets a value of armature current ISET'

The armature current oscillates between two threshold values:

whEu the upper threshold is exceeded the chopper transistors are

inhibited, whilst a value of current smaller than the lower

threshold value makes the chopper conduct. The control thus

establishes a ripple equal to 90 A peak-to-peak at a maximum

frequency of 2 kHz and a current of 500 A.

For a 100 A current, a ripple value of 30 A peak-to-peak is

set, resulting also in a maximum frequency of 2 kHz, because of

the increased armature inductance.

This type of operation is valid until the basic motor speed

A. 1-21
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is reached; over this speed the control of the motor is performed

by varying the field current.

The field control is obtained in similar way to the armature

control; however field control implies a much lower ripple

percentage value (0.1 A over 16.5 A maximum field current)

resulting also in a much lower frequency value (30U Hz).

The electric diagram of the armature chopper is given in

Fig A.1-2.3.

When the relay T1 opens the polarity across the motor

collector terminals reverses but the armature current maintaining

its direction. Fig. A.1-2.5 shows the configuration corresponding

to regenerative braking for speeds greater than the basic

one W b'

The field must also be reversed and shall be controlled so as

4	 to limit the IA and modulate the braking torque.

For values below the basic speed, the armature voltage is no

longer capable of supplying current to the battery so that a

voltage boosting must be produced in the motor coil, as given in

Fig. A.1-2.6.

This circuit arrangement has been designed by Magneti Marelli

that have also filed an Italian Patent.

The on-off pulses for the chopper are generated by the same

logic which operates a comparison, with hysteresis, between the

preset value of current and the actual current in the motor.

A more detailed operational description of the regenerative

braking with reference to the block diagram of Fig. A.1-2.4 is

given below.

The values of current preset by the on board computer become

negative. The absolute values of these are compared with the

armature current I a . The sign detected by an ad hoc comparator,

modifies the field reference current bringing it to its maximum

negative value. The braking current goes to zero in a time

interval shorter than that required for field inversion; thus,

there is a very short elapse of time in which the armature current

I a is zero.
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It is during this time corresponding to I  • 0 that the relay

opens.

The on board computer, during inversion. shall maintain the

value of Iset at zero until the field current has reversed and

reached a prefixed threshold. Once this transient has extinguished

and for speeds greater than W b• the armature current I a settles
at an absolute value greater than Iset and the K 

(Ia Iset) >0
error modulates the field weakening.

Therefore. during regenerative braking, for speeds greater

than to b
o 

the armature current I  is controlled by varying the

field current.

For values of speed below W b• the ( 'set - 'a) positive
values short -circuit the motor armature by means of the main

chopper; negative values of (I set- I a ) inhibit the chopper and

the overvoltage which is produced allows transfer of the energy

stored in the armature coil to the battery. This type of operation

has proved successful for the more recent types of choppers

produced by Magneti Marelli.

5.	 ARMATURE CHOPPER AND FIELD CHOPPER -INVERTER

For the realization of the main chopper. the Toshiba Giant

Transistor 2SD648 have been considered which have the following

characteristics:

Monolithic Darlington

400 A maximum continuous collector current

300 V VCEO (SUS)

Ton	 1 ,us typical

Toff	
2 p s typical.

f	 Two transistors in parallel have been used. thus involving a

m	 considerable	 chopper	 oversizing	 with	 respect	 to	 the
P

specifications.	 This oversizing might be reduced by the

I availability on the market of anologous components or by the

^r

A.1-2b

L; AAnr



production of a specific component manufactured, on request, by a

specialized American Company. The maximum frequency has been set

to 2 kHz so as to satisfy the TR constraints.

With reference to Fig. A.1-2.7, the use of two transistors in

parallel implies the need for a current coupling that guarantees

equal power dissipations in each transistor.

This is obtained by means of a mutual inductance so that

transistor thermal run-away is avoided.

During operation at values above W b , i.e. when the

duty-cycle is equal to 1, a by-pass relay short-circuits the

chopper thus increasing efficiency and avoiding differences in

currents that Right occur during steady state functioning.

The two transistor bases are independently supplied by two

drivers one of which can be inhibited by an OFF signal during

battery charging operation (see Fig. A.1-2.7).

The two bases are protected by voltage limiters (clappers)

that prevent the base voltage from going below -0.5 V.

The collectors of the two transistors will be fitted with

antispike devices.

Four transistors have been used for the field-chopper, with

the following characteristics:

- 18 A maximum continuous current

- 200 V VCEO (sus).

In this way mechanical contacts are avoided for field

inversion, thus increasing the overall reliability. Also, it

allows to control chopper and field inversion operation. By

alternatively switching on and off the two diagonals, chopper and

current inversion operations are obtained in the shortest time

possible.

Energy transfer to the battery is still performed via the two

diodes down to zero current, whilst the transistors are inhibited

although their bases would enable then to conduct.

At the end of energy transfer to the battery, the reverse

voltage on the transistors reduces to zero and the transistors

begin to conduct up to the preset value of reverse current; at

this point, chopper operation begins again.
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6. AUXILIARY EQUIPMENT

Main battery charger - Fig. A.1-2.8.

With reference to the battery charger circuit of

Fig. A.1-2.8, the line voltage is rectified and chopped so as to

obtain an average voltage value which is less than the minimum

battery voltage.

After filtering, this voltage is applied to the main chopper

via coil L a . Only one power transistor is forced to conduct whilst

the other is kept inhibited by the driver. At this point, via the

chopper, coil L2 begins to store energy; the armature current I 

starts increasing and when it reaches the upper threshold value

the chopper opens and the energy stored in L 2 is transferred to

the battery. When I  reaches the lower threshold value the

transistor is forced to conduct again. This type of operation is

the same as for regenerative braking operation for values

below o) b . A negative Iset 
information is sent from the on board

computer based upon the actual Ibatt'

7. EVALUATION OF WEIGHTS, DIMENSIONS AND EFFICIENCY

The most relevant elements as far as weights and dimensions

are concerned are:

- No. 2	 heat dissipators for the power transistors,

designed for a forced air speed of 4 m/sec

Dimensions (mm)	 Weir ht (kg)

177 x 127 x 128	 5.6

- No. 3	 500 A relays:

170 x 130 x 90	 1.9

- No. 4	 1000 M F, 200 V capacitors

120x52,

- No. 2	 600 A trasfoshunts

150 x 130 x 80	 2.5
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Overall dimensions (mm)	 200 x 300 x 400	 j

Total weight (kg)	 22

The addition of container, control cards and connections

bring to final overall dimensions of:

400 x 350 x 250 mm

and to a final total weight of

27 kg

The battery charger dimensions are:

150 x 100 x 200 mm

and the weight, including coils, capacitors and relay is:

4 kg

The field chopper expected efficiency is 0.96 under control

worst condition i.e. with a duty cycle equal to 50% and an

armature current of 500 A.

Battery charger efficiency is expected to be around 0.94.
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UNDER JPL CONTRACT No. 955187

"NEAR TERM HYBRID PASSENGER VEHICLE DEVELOPMENT PROGRAM"
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PRELIMINARY DEFINITION OF THE VEHICLE ARCHITECTURE

General philosophy of body design

As far as the present state of the art is concerned relative

to aerodynamics, a two-volume body design has proved more

efficient than the three-volume type, geometric conditions being

equal.

The general architecture of the vehicle body is as shown on

drawing X, where account has been taken of mechanical parts and

battery dimensions, number of passengers, capacity of the trunk

and law regulations.

Drawing X (Fig. A.1-3.1)

It shows by means of three view, 1:5 scale, a first approach

to the design that takes a previous research on aerodynamics by

Pininfarina as a starting point and relative to a high-performance

4-passenger car, called "STUDIO CR 25".

Such a choice has been made because, for what concerns

dimensions the body shape was capable of being adapted to the JPL

design without deterioration in aerodynamic parameters.

Drawing J - 1:5 scale (Fig. A.1-3.2)

Definition by means of 4 views of the body shape considered

as best (among the various ones presented as an alternative to

this one) from functional aerodynamic, esthetic and legal points

of view.
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Drawing J with profile views (front, rear and three quarter front

and rear) (Fig. A.1-3.3/4/5)

Drawing J - 1:5 scale - Four views showing the position of the

"typical sections" (Fig. A.i-3.6).

Figures A.1-3.7 to A.1-3.17 - 1:1 scale showing the "typical

sections".
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FIG. A.1 .3.13 - SILUROCKER PANEL & LOWER DOOR EDGE SECTION
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Final Report No. RT 143 May 24, 1979

SUBCONTRACT PIRELLI — CRF

UNDER JPL CONTRACT No. 955187

"NEAR TERM HYBRID PASSENGER VEHICLE DEVELOPMENT PROGRAM"

PHASE I

Projected characteristics of tires to be produced according to the

state of the art technology of the 1 80 s and particularly suitable

for Internal Combustion Engine vehicles and for the "Hybrid
a

Vehicle"

a



A preliminary evaluation of the characteristics of the tires

that will be produced in accordance with the state of the art

technology of the '8Us can be made taking account of the tire

evolution trend in these last decades and also of:

1) the technological innovation that takes advantage of the new

developments in terms of materials and techniques

2) the vehicle evolution

3) the market trend evolution.

This trend can be extrapolated for the next 5-10 years,

bearing in mind that points 2) and 3) will play a greater role

than in the past in relation to the, problems of energy cost

increase.

As far as vehicles are concerned, i.e. the internal

combustion engine type and the hybrid type, reference is made to

vehicles capable of reaching a maximum speed of 130 km/h and the

design of which aims at a drastic reduction in consumptions; it is

esaumed, also, that in both cases all the other performance

characteristics are comparable (accelerations, comfort etc.).

In particular the hybrid vehicle proposed by FIAT will have

the following characteristics:

Curb weight	 1600 kg

Capacity (5 persons + baggage) 	 420 kg

Total weight	 2020 kg

The following have been assumed as reference characteristics

for the tires used on such vehicles:

Vertical stiffness

Cornering stiffness

Road holding on wet surface

Rolling resistance

a The above characteristics do not include parameters which are

directly connected to tire safety, although this must be perfectly

adequate for all the vehicle working conditions.
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I .	 TIRES FOR INTERNAL COMBUSTION ENGINE VEHICLE

2.1 Vertical Stiffness

This is a very important parameter because, together with

suspension stiffness, it contributes considerably to the ride

smoothness and comfort.

What is actually of interest under this point of view is the

dynamic vertical stiffness measured while the tire is rolling, in

the area of deflection corresponding to load conditions.

The only important improvement, as far as this parameter is

concerned (in the elapse of time that has been considered) has

been in passing, from bias-ply tires to radial-ply tires (see

Fig. A.1-4.1)).

For radial-ply tires, further considerable changes in this

parameter are not expected in the future. Anyway an increase in

tire pressure results in an energy absorption reduction

(Fig. A.1-4.2)) and, therefore, the increase in vertical stiffness

which follows will be relevant for obtaining a saving in energy,

expecially if it is ac-ompanied by appropriate modifications to

the vehicle suspension system.

2.2 Cornering Stiffness

The cornering stiffness is a parameter that has kept growing

as a function of the tire structrure (bias-ply tire, radial-ply

tire, etc.). The present trend towards low profile radial-ply

tires would have the potential capability of providing a higher

value of cornering stiffness; on the other hand, while it is

rather doubtful that a further increase of this parameter would

result in an appreciable driveability advantage, the strucures

necessary to achieve this might result in a higher rolling

resistance coefficient.
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Based upon these considerations, a value of tire height/width

ratio has been taken as reference which is between 0.70 and 0.60,

so that a cornering stiffness can be assumed which maintains the

present values (Fig. A.1-4.3).

2.3 Roadholding on wet surface

r
	 Although it is rather hard to evaluate this parameter

tquantitatively, it can be stated that the use of radial-ply tires

has improved the vehicle roadholding on wet surface for the fact

that for this type of tire it is possible to adopt highly grooved

treads.

Another relevant improvement has been in passing from quasi

longitudinal grooved treads to transverse treads.

This is particularly important at high speeds, when the loss

of traction due to aquaplaning effects becomes relevant.

It is expected that roadholding on wet surfaces at low speeds

(in which the tread compound becomes important) will be maintained

1 at its present values, that can be considered acceptable, also in

order not to compromise the rolling resistance values which would

become higher in case higher traction coefficient compounds are

adopted.a
Roadholding on wet surfaces at high speeds will instead

improve, independently from the rolling resistance coefficient, by

properly modifying the tread design.

This forecast, which is bound to such an important factor

like safety, remains valid also if the actual speed of vehicles

will diminish both for power reduction reasons (due to fuel

'r n
	 saving) and for reduction of the speed limits.
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2.4 Tire dimensions

The tire across dimensions will slightly increase, external

diameter and deflection being equal, in view of the introduction

of the low profile type tirest this type of tires presents in fact

low energy absorption characteristics that are obtainable without

sacrificing other properties.

The use of tires of a diameter slightly greater than the

present one (cross section and deflection being equal) might imply

a further decrease of the rolling resistance coefficient

(Fig. A . 1-4.4).

It can be assumed, without involving big changes in the

vehicle architecture, that appropriately designed cars capable of

very low fuel consumption, will be equipped with tires with

diameters 10% greater than the present ones.

2.5 Rolling resistance

s

Also in this case the tire technological evolution has led to

an appreciable improvement in terms of rolling resistance

(Fig. A . 1-4.5).

It can be expected that the values presently reached will

further diminish for tires of the 80's, due to improvements that

can be obtained on the tire itself and to the adoption of slightly

larger diameters ( + 10%).

3.	 TIRES FOR HYBRID VEHICLE

The specific characteristics of the tires for the hybrid

vehicle will not be substantially different (excluding dimensions

which are function of the various loads per axle) from those of

the internal combustion engine vehicle ( refer to paragraph 1 for

reference vehicle characteristics).

a.
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i')wever the greater overall weight of the hybrid vehicle and,

most of all, the smaller ratio between full load weight and weight

with driver only, allow, with the same level of comfort, to use a

higher inflation pressure. Assuming a 20% increase in inflation

pressure, the rolling resistance that can be expected for hybrid

vehicle tires will further decrease (Fig. A.1-4.6).

4.	 COST ESTIMATES

The tires under consideration will have substantially the

same weight as the present ones; the use of high-quality materials

capable of reducing the rolling resistance will imply a cost

Increase not greater than 5%.

S.	 PIRELLI POSSIBLE CONTRIBUTION TO PHASE II OF THE PROGRAH

Pirelli possible contribution to Phase II of the program will

consist in supplying prototype tires especially designed and

manufactured for the hybrid vehicle.

6.	 CONCLUSIONS

The state of the art technology of the '80s will result in a

large scale production of radial-ply tires and particularly in a

broad use of the low profile type tires.

In general, there will be an improvement in tire

characteristics due to the inevitable perfectioning of the

product, but the preliminary parameters (vertical and corneri,:;,

stiffness) will maintain their present values. An exception is

A.1-6U
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represented by the rolling resistance coefficient which, owing to

the adoption of slightly larger diameters. will reduce down to a

value of 0.8%.

For the hybrid vehicle, because of the greater masses 	 ^.
i

involved and of smaller load variations. it will be possible to

adopt higher inflation pressures, so as to reduce the rolling

resistance coefficient down to about 0.64-0.7!..

The overall dimensions will be according to the FIAT proposed

limits

0	 - 650 mm

Chord a 195 mm

The expected cornering stiffness characteri s tics are given in

Fig. A.1-4.7.
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HANDLING COMPUTER SIMULATION MODEL



The mathematical model is characterized by 11 d.o.f. (degrees

of freedom) so distribuited:

- 6 d.o.f. associated with the body, considered like a rigid

body in which the overall sprung mass is included.

They are the 3 body center-of-gravity translations

and the 3 body rotations (roll, pitch, yaw)

- 4 d.o.f.

	

	 associated with the angular velocity of each wheel

since different slip ratios are possible

- 1 d.o.f. associated with the steering wheel angle. This

degree of freedom exiets only for those maneuvers

in which the steering wheel is released.

The main input data required by the program are the

following:

- vehicle geometry

- sprung and unsprung mass

- moments of inertia

- geometric, kinematic and elastic characteristics of the

suspensions

- braking system characteristics

- steering system characteristics

- transmission characteristics
	

(gear,	 final ratio,	 torque

converter,...)

- tires characteristics

- propulsion system characteristics

- aerodynamic parameters

- maneuver data.

In the frame of the main characteristics, the simulation

mathematical model:

- performs a simulation of a vehicle (not necessary having a

symmetrical behaviour) with any of the four wheels being

either driving or braking or both

-	 takos into account the non-linearity of the suspension and

A.3-1
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estimates its longitudinal and lateral displacements

can deal both with indipendent suspensions and rigid axles;

therefore it takes into account effects due to possible

anti-pitch and/or anti-roll rods

as far as tire are concerned, considers the non-linear

relationship between lateral forces and slip an;les, normal

load and tractive forces. Moreover it estimates camber forces

and aligning torques. Vertical and lateral tire flexibilities

are instead neglected

assumes that the central moments of inertia of the vehicle

remains constant during any motion: the interaction of those

parts that change position during the maneuver is therefore

neglected

takes automatically into account the aerodynamic effects due

to the vehicle speed

can introduce external disturbances such as wind gusts from

any direction and external forces and/or torques applied to

the center of gravity

neglects any effect connected with an irregular road-bed or

the lifting of a wheel from the ground.

The model can simulate all the "open-loop" tests (free path).

Among these:

-	 steering-pad

-	 steering wheel angle input

-	 throttle release

-	 balanced or unbalanced braking during straight forward or

cornering motion

-	 external disturbances

-	 overtaking (only if steering wheel angle recording is

available).

The characteristic outputs of the program are shown in the

following pages. Graphs and Tables are relative to one of the

maneuvers performed in the frame of hybrid-reference vehicle

behaviour comparison.
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GRAPHS

t

1 Vehicle Path

2 Steering Wheel Angle vs Time Input Law

3 Roll Angle Output vs Time Output Plot

4 Pich Angle Output vs Time Output Plot

5 Sideslip Angle vs Time Output Plot

6 Yaw Angle vs Time Output :lot

7 Yaw Rate vs Time Output Plot

8 Yaw Acceleration vs Time Output Plot

9 Curvature vs Time Output Plat

10 Lateral Acceleration Output Plot

11 Four Wheels Normal Load vs Time

12 Four Wheels Slip Angle ve Time

13 Four Wheels Lateral Force vs Time

14 Four Wheels Self-Aligning Torque vs Time

TABLES

15 Hybrid Vehicle Output Data During Lane Change Maneuver At

55 MPH For Various Instants (Time Difference Between Two

Consecutive Instants - 0.1 Sec).
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APPENDIX A.3-2

CURVMAGN COMPUTER SIMULATION MODEL

APPENDIX A.3-3

CURVMAGNCAR COMPUTER SIMULATION MODEL

APPENDIX A.3-4

PRESTMCC COMPUTER SIMULATION MODEL



The CURVMAGN program provides the values of the various

magnetic quantities in the different sections in which the

magnetic circuit of the DC electric machine is divided. The

no-load magnetization curve is plotted, once the geometrical

quantities of the magnetic circuit, the magnetic characteristic

curve of the laminations and of the iron used are known together

with the Lehman diagram at no-load relative to the salient pole

and assuming the necessary approximations for what non-linear

magnetic phenomena are concerned.

Simulation of the magnetization curve of a DC electric

machine has proved to be reliable, after comparison with that

obtained by means of the experimental data relative to a DC

compensated electric machine.

A.3-49



The CURVHAGNCAR program provides the values of flux

distribution in the air gap and draws by means of a plotter the

magnetization curve under load conditions for all the values of

current considered, once the geometric quantities of the magnetic

circuit, the magnetic characteristic of the laminations, the

Lehman diagram at load relative to the salient pole, the degree

of compensation and the auxiliary poles excitation are known.
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The PRESTMCC program provides the mechanical power curves

versus motor speed as in motoring as in generating conditions, at

different values of armature current with the following input

data: supp:y voltage, geometric and magnetic quantities of the

electric machine.

Furthermore this program provides the efficiency map of the

motor/generator DC machine.
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