


I. Beneral,

In general, in comparing the electric with the gasolene car,
the advantages of the electric ocar are:-
1) Very low cosy of maintenance and repair.
29 Reliability and simplicity of operation
and with the present gasolene prices, usually,

B3)} Lower cost.of operation.

The disadvantaces of the electric car are:-
1) Dependence on a charging station or charsing
outfit.
2) Limited miléage of overation with a single
charge, and usually also, |

3) Lower speed.

In city use, the dependence on a chargine station is jot
material, as such stations are available. For much of city
serviee, such as light and heavy‘delivery wagons, professional
garriages, such as physicisns! cars, etec., a daily mileage of
30 to 50 is amble and. excessive sneed undesirable. .

Still more so, this avnlies to commercial trucks, such
as lieht and heavy delivery wagons, and industrial trucks or

moving platforms, such as are increasingly used in stores,
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factories, railway depots, docks, ete. In the lattef,'fhe
éas cugine is usually entirely excluded by fire danger and
contamination of the air by the exhaust Qases, in indoor use,
The electric vehicle would therefore he ereatly oreferable
for these uses, if it were not for the further disadvantaces
iﬁeident to the present electric csr.
1) “xcessive slowine down on qrades.
2) Sluerish pet away in startine.
3) freat weisht and hich cost.
These disadvantages have been overcome in the car des-

cribed in the following -

Its foremost features are:-
(1) The method of motor control, by a storase cell floating
on the field circuit, which rives the motor compound character-

istics.

The ré&sult thereof is:-
a) The speed is well maintained on heavy uverades
and with heavy losads.

b) A cuicker and less slue~ish cet away in
starting,.

¢) On level and slight down srades the maximum
gpeed is limitéd;., so that a careless driver
cannot race the car,

d) On down erades snd in slowine down, the motor



auiGm&%ie&%iﬁ“hEUUmES*FEﬂE?EEBT, acts as brake

and feeds electric current back into the battery,
fherefore:

The car is verfectly safe when on heavy down
erades, without relyine on the hrakes, and indeed, the
brakes are used only-for completely stovnine the car,
but never for slowine down'and on dowh erades, asg the
motor checks the speed on down grades, and holds it down
to a safe value, Incidently, this saves wear of the brakes,

' On down srades and in slowine down, the car pe-
chareses the battery, thus savine the vower which other cars
waste in erinding up the brakes. This results in a better
maintenance of the car milease especially in hillyAterritory.

e) Much of the power wasted in the motor field at larce

currents, is saved, thus increasing the milesage.

(2) The method of motor constructi on end gearine. The field ang

armature of the motor both revolve, each drivine one of the car wheels,

The r@sult thereof is:-
a) The elimination of the differential. The motor
" acts as’differential, with corrésponding sav-
ine of weight, ana saving of the power losses

in the differential, etc.
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b) The motor sives twice as much power as the
same motor in the customary arrancement with
the field standine still. As the losses in the
motor are very little increased, this results in
a hicher efficiency and much lesser weicht, than
the usual automobile motor, both resultine in
a saving of Dower and corresnonding increase of

- mileace, with a civen size of battery.
(c) 4 simpler and more comnact, thus more reliable

power plant of the car.

(3) Lower weirht of the car, due to:-

2) The saving of weight in the motor, resulting
from its double rotation. |

b) The saving of the weischt of the differential.

e¢) The savine of weirsht ( or increase of mileace)
of the battery, due to the recovery of power
on the down prades, and due to thé lesser weiecht
of motor, etec., which has to be‘ca;ried.

d) The desien of the entire structure in éliminat-

ing every unnecessary weight., -

(4) Lower cost and correspondinely lower vrice, resultine from
the above discussed features, and from the use of s tandard parts

throurhout as far as possible,



II. Motor and @ontrol.

In its electrieal, magnetic and mechanical construction,
the nmotor essentially is a standard completely compensated
Series motor, excent that the field also is mounted movably.
~That is, the motor comprises an armature with commutator, a
laminated four volar field with series field exeitine wind-
ineg, and with é Series connected compensatine windine in the f
field pole faces, for neutralizineg the armsture reaction, The
comautator brushes, mounted on the field, revolve with the
field and four collector rings lead the eurrent into the field
excitine windine ®mnd into the compensatine Wlndin” in the field.
Thus far, the motor would have the characteristiecs of all series
motors, that is, excessive <lowine down at heavy 1oad, such as up
grades, and speedine up on the level and on slicht down erades,
%ith the dancer of running away, oivine the sneed curve as shown
in dotted lines in Fie. 1, with the currvent, and in Fig, with
the percentarge grade as ahscissag.

The essential and novel feature in the control of the motor
consists in the use of a storaze battery cell, permanently con-
nected in shunt to the motor field. The resistance of the motor
.field is proportioned so that at averace load the voltage drop
across the field winding is ecusl to the voltage of the battery cell
shunting the field winding, and at average load this cell

thus neither receives nor oive out current, but all the main
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battery'oufféht nasseé thfough the_fieldlwinding, At heavier
load snd thus larser motor current, the voltase drop across

the motor field wounld rise above ths cell vdltaae, but as

the cell maintains approximately constant voltare, the ine
creased motor current vasses throush the cell, chargsine it

at licht load and thus less than average motor current, the
Yoltage drov across the motor field would drop below the cell .
voltage, and the cell thus discharges throueh the motor field,
maintainine the fielq excitation and thereby checking the e X
cessive increase of speed. TIf then the cell voltage would re-
main entirely constant durine charge and dischafgé, the field
eurrent of the motor would remain perfectly constant, like in

a shunt motor, snd the only drop of motor speed under load would
be that due to the increased voltace drop in the resistance of
motor armature, commutatar_and compensating Winding, and the
droo of voltace,of the main battery under load. as however the
cell voltare sliehtly rises under charece and droons urnder dis-
charece, the field excitine current Ssomewhat increases at heavy
load -~ as is desirable to saturate the field and thuS sive
maximum torcue ~ . and sliehtly decreases with decresse of losd,
givine the spsed characteristics shown in drawn lines in Fies,

1 and 2. That is, electricaily we may say that the motor has
compound characteristics. Over the motor with compound field
Winding‘(that is, shunt and series Tield, such as used for eleva-~
tor motors, ete.) it has héwever the advantace of greater simpli-

city, havine only one field windine, and hicher effieiency of



I3 14, s Tield windine s alvays used, witls
in the compound motor, 2t lisht lozd the series field o arries
little current and the series windine is practically wasted, whHile
at heavy load the series windine carries most of the current, qiv-
ing a creater loss than when using the entire field winding uni-
formly.

As this field cell charges whenever the load is above aver-
age, discharges whenever the load is below averace, that is,
we may say "floats on the field", it maintains itself charged,
thus recuires no charge or other attention, but mey be for-
gotten.

This method of control, by battery cell floatine on the
field, thus has over the series motor the advantace of a creater
uniformity of speed, and over the compound motor the advantace
of sreater simplicity and hicher efficiency.

Unlike the series motor, in which withdecreasine current the
field excitation decreases and the speed therefore inercases in-
definitely, in this motor, no matter how much the motor current
decreases on the level or slicht down grades,.the field excita-
tion and therefore the speed are maintained, so that even with
no current in the motor armature, a definite speed remains,

(just as in a shunt motor), and if on a down prade the car smneed
and thos the motor sveed increasés_beyond the free running sneed,
with the field excitation maintained by the battery cell the
motor voltage increases beyond the battery voltaege, that is,

the current reverses and recharges the batiery, the motor be-
coming generator, Thus, &S seen on @ig._l, at a car speed

of 18,4 -miles ner hour - or 9.8 miles ver hour in the low



gpeed position, with the two halves of the main battery in
multiple - regeneration berins, that is, the motor becomes gen-
erator and charses the béttery, and thereby acts as a brake,
the more sé, the ereater the excess of svweed over the free
running Speed. It must be realized that no snecial overa~
tion or connection is recuired to brineg about the braking
action of the motor and the recharee of the battery, but
by merely lettine the car run at full spead or half svesd position -
whichever is desired - whenever a down srade is reached,
the speed increases and the motor becpmes generator and
brake, without the driver even nowine it, Thus the
brakes naver have to be applied to check the speed -~ excent
to come'to a dead stop - and s reékless driver'caﬁnot race
the car, but it holds its owh-speed. The oreration of the
car thus is the most simple imagcinable; the power ig rut on
ant kept on, recardless of up erade or down grade; no manipu~
lation of brakes is needed to check the Spe~d on down grades,
but the only chanee of operation is that, when on a steep down
grade and poor road or shary curves the full speed avvears too
high, to turn the controller back into half speed p081tion.
The amount of pow,_, whlbh.thus is saved hy feeding back
into the battery_on down erades, is quite considerable. - It
results in a ereater mileage or permité the use of a lightef_

battery, thus savine weisht ang cost.
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A further savine in power results frbm this abilifyigf'
the motor of returnineg enerey when stopping. With the ordin-
ary series motor, as exclusively hsed heretofore, whenever
a8 stop is made, the total enerey of motion of the ecar has to
be destroyed by the brakes. This resul‘ts in 2 rapid decrsase
of mileare with increasine number of store . In stopnine when
throwing off the contrdler, it coes from full sveed vosition
over half sveed vnosition, and in the latter nogition, resenera-
tion takes vlace down to 9.8 miles ner hour. Thus with a running
speed of 17.8 miles ver hour of the car, all the enercy down to

9.8 miles, or 17.8% . 9.82 is reecenerated when

17.88 "o, ~
stoppine and that at a sood efficiency <« 70 to 80%, as seen

~

from Fie. 1, - that is, the energy wasted by a stop is reduced
to less than half. As the energy of motion of the car, at
17.8 miles vper hour, which is destroyed in stopaing, is Suffin
cient to carry the car about 800 ft. on the level, a savine of
half of this energy at every stop, by feecdius back, is cuite con-
siderable, if any avvreciable number of stors are made,

1t is usually claimed as the advantace of the szries motor
for traction work, that on heawy orades the increase of current
consumed by the motor incréaaés the field marnesticm ang thereby
the toroue per amperes. This is true, but to & Llimited extent
only; Magnetic densitie§ in traction motors, fornreasons of
space and weisht economy, necessarily must be already e hich
at averare load, that a further increase of the field current

of 50 to 75 mercent cives a2s hioh a maonetic saturation as cgn



economically be reached, and this is about the increase of field
current, resultine in the contfol of the motor by the battery cell
floatine on the field, due to the rise of the cell voltare under
charge. Quite commonly however, the motor current on heavy

' grades is four to0 six times the average current, and this ex-
cessive current pascine throush the field means not only heat - o
16 to 236 times normal -- and wasting of power, but what is still
more serious, a voltage drop in the field, and correspbnding
decrease of asneed under load, without compmrnsatine advantaces,
Thus, if normally the field consumes 5% of the power and thus |
voltace, at five times the current it consumes 25% of the volt-
age, eivine an increased drop of snoced of 20%, most of which

is saved by shuntine the curwent thr oughr the battery cellé Thus,
the greatly decreaSQd dron of swneesd under overload in this
method of control, is not due to lower msgnetis saturation, and
thus lower torgue, hut is mainly due to the savine of the volt-
agce othuvw:se consumed in the field r381stance by the heavy currents.
And also due fo a second important feature. The series motor
spead uo with decrecase of current, and thus on a level or slight
(up or down) graae,,would run at hisher spe-ds than the motor
controlled by & battery cell floatine on the field. To cive

the same avetage car gpeed, the series motor therefore has to

be oeared at a hisher ratio than the controlled motor. Thus the
dotted curves in Figs. 1) and 2) are the speed characteristios

of the same motor as series motor, which are ~iven for it as cone

trolled motor by the drawn lines, but in the series motor a pear



ratio 10 o 1 had to b B0 SPsed, While

in the controlied motor an 8 & 1 gmear ratio is used to be com-
5arable with the former. Both motors as ceared in Pies. 1 and 2,
would carry the same car over the same average 10 mile road in
the same time, within a few seconds of each other as Seen from
the vperformance curves in 3) and 4), 80 that their éurves in Pics,
1 and 2 are'directly cowmbarable, _

The series motor thus is slower at heavy 1oad, due to the
ereater voltuace drop in the field, and faster at 1licht load,
thereby recuircs a hicher cear ratio, which makes the car still
slower at heavy load or srage.

For comparison of the performance of the two motors, a
typical run over 10 mileg of “n average road - neither perfect-
1y level, nor abnofmally hilly - is eciven in Fie. 3, for the
controlled motor, in Fie, 4, for the same motor as series motor
(but with 25% hisher eear ratio). (The profile of the rosd is tha t
from Sghenectady to Yaterviiet.)

The average speed and the time consumed by the 10 mile »un,
are slmost identically the same. 15,9 miles per hour and 37 m. 40 sec.
for the controlled motor against 156.7 miles oer hour and 38 m, 8 gec. |
‘fdr the series motor. However the maximum variation of speed
of the -ontrolzed motor is bétween 19.3 and 10.6 miles per hour,
while that of the series motor is betwsen 25.6 ang 6. _6miles
ver hour, or more than twice as creat. In the controlled motor

powsr is put on the motor and kent on continusously, and the motor
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left té take cure of itself, the'brakeS'never used; buﬁ merely

on the steepest domn errades the contrOlled motor vuiled bhack to low
spexd position. In the s~ries moto?, ths brake has frecueantly

to be used to hold the car on down zrades - for 22,37 of

the distence. The series motor consumes about 20% mor¢power

than the controlled motor. That is, about 20% of the hattery power
are saved by this method of control. With the same mileacs, this

4

irans a saving of 20% of the battery welghts, and as the battery
is a considerable part of the car weight, a further savine of
power due to the lesser weight which has to be carried.

The motor drives by é#gg; and bevel gear mounted in a cesar
case at the h&nd axle adjoining the motor; the motor armature
drives the one, the motor field the other hind wheel, so that the
motor acts as its own differantial, and the weicht and compli-
cation of s differentisl are saved.

For the lowest speed, the two halves of the battery are con-
nected in multivle, a;d in series with a resistance; for h=alf speed
runnine, the resistance is cut out: for the third sne:d position
of the controller, the two halves of the bhattery are in series

with each other and in series with the resistance, and in the

full snexd mosition this resistsnce is aecain cut out.
kY
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