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UNITED STATES

PATENT OFFICE.

JOIIN C. ITENRY,

OF DENVER,

COLORADO.

ELECTRIC RAILROAD.

SPECIFICATION forming part of Letters Patent No. 610,445, dated September 6, 1898.
- Application filed June 30,1898, Serial No, 684,989, (No model.)

To all whom tt may conceri.

Be it known that I, JOHN C. [IENRY, a citi-
zen of the United States, residing in Denver,
county of Arapahoe, and State of Color ado
have invented certain new and useful Im-
provements in Electric Railroads, of whleh
the following is a specification.

The mveutlon relates to various improve-

ments in eleetric railways; and it consists

principally 1n novel arrangements and con-

nections for controlling and protecting a pair

of motors employed in the operation of an
electriccarand alsoin meansforoperating the
controller from ditfferent locations on the car.
The controller is of the regenerative type——w

-such asis deseribed in my Patent No. 597,374,

of January 11, 1898—wherein the energy of

momentum or of gravity is recouped and the-

car braked.

The improvements consist of means for
starting the car very slowly and gradually
aceeler ELTJII)“ the same without external or
dead 1es1stmlee means for absorbing or
eliminating the hwh-tenswn discharge f10m
the field- nmnnetq When theircircuit is b1 oken,
meansfor employmwthe resistance ordinar lly
used in series with the fields also in parallel
in the armature-circuit, means to protect the
motors from- llfrhtnmg, and also means for
locating and arranging the controller so that
it may be operated From either the front plat-
form or from the inside of the car. |

In the drawings, Fi 1igure 27 represents a de-
velopment of the CO]ltIOllel Fig. 25 repre-
sentsa planof thesame. Figs.1 to 24 and also
1+ and 1° wpl esent diagrams of the arrange-
ment of circuits under the different pomtwns
of the controller.
elevation the platfm m of an electric car,

showing the position of the controller and the |

arrangement of the operating-lever when
used on the inside.
the car andthe mmnfrementofthe controller-
lever when operated Tr om the outside of the
car. Ifig. 29 shows an enlarged view of the
controller-handle and its connection with the
controller-cylinder, with detail views. Fig.

50 is the preferred form of switch referred to

at S in the development-sheet. Fig. 31 is a

modification of the switch which may be ap-
plied to any form of electric cars.

In ordinary praectice the controller is at-
T'his

tached to the dash of the street-car.

Figs. 30 and 31.
_nected during storms only and is so connected

Fig. 26 represents in. side

IFig. 28 shows a plan of -

| gives 1f an unstable support, exposes it to

danger incollisions,permits the rain and snow
to fall upon it, and the location usually ne-
cessitates cutting through and weakening the
end sills to daccommodate the passage of the
wires from the motor tothe controller. Where
temporary vestibulesare employed,the brake-
handle and controller must be moved inward,
as car construction will not permit the vesti-
bule to project beyond the dash. In orderto
protect the motorman from storms, the mu-
nicipal authorities generally require railway
eompanieb to provide their cars with vesti-
bules during the winter months. During said
months then use 1s generally ob;]ectlonable,
but there are times when the motorman suf-
fers without protection. To accommodate
this variable condition and to entirely avoid
the objectionable vestibule, I arrange my con-
troller so that it may be operated 1 om either
outside or within the car. The general plans
are shown in Figs. 26 and 28.

In the opera,mon of electric roads one of the
most injurious agencies is lightning. The
problem of furnishing a path for the hfrhtnin 4
to pass through Wlthout leaving a carbonized
path for the lar ge line-current to follow and
enlarge has not vet been completely met. To

pr otect motors during lightning storms, I ar-

range, through the agencyof a supplementa,l \Y
sw1tch to place anon-inductive resistance in
p&mllel with the motors, its quantity capacity
being sufficient for the high-potential light-

ning dlSGhELI ge, while the armature and ﬁeld-
aﬂ'nets act as choke-colls, preventing the

lwhtnmﬂ' from passing through them. The
supplementar} switeh is shown in detail in
It is intended to be con-

with the controller that it absorbs current

from the line only when the car is running.

In starting the motors or running at slow
speed I arrange to decrease the current by
passing it thr ouﬂ'h the high-resistance field-
magnets, which are placed in series with the
m*ma,ture, thus avoiding the use of dead re-
sistance. T'o accelerate, I change the field-
magnets dissimultaneously .from series to
shunt, being careful at the same time to avoid
bleakmﬂ' the main circuit.

In makmﬂ' the transitory chanﬂ'e of the ar-

matures from series to parallel I prefer to pro-

| vide means for connecting the armatures in
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par allel in steps, usmfr the resistance ordina-
rily employed in 1*eﬂ'u1fbtmfr the field-magnets
tor this purpose; but to avmd heating fmd to
afford greater carrying capacity I dlwde the

5 eurren_t through the resistance in parallel.
In the diagrams the armature and field-
magnets represented on the left side will be

referred to as belonging to motor No. 1, while

those on the right side will be referred to as
10- belonging to motor No. 2. ~

In order to make the controller more com-
pact and to avold the numerous flexible con-
nections between the resistance and the con-
trolling-cylinder, I prefer to mount the re-

I5 mstance conductors directly on the cylinder,
as shown in Iig. 25.

In order to insure that the eircuit 1S open
within the controller when the handle is re-
moved and to.insure placing 1t in connection

20 with the eylinder In its proper relation, I ar-
rangeaslot on the eireular geared rack, whieh
engages. a stud, the. former being 1*em0vable
therefrom only aJt the enlarged opening, which
corresponds with the off p031t10n on the eyl-

25 1nder.

In: the development Fig. 27, the different
changes in the controller are completed on
the dotted lines which lead to.-the different
position-numbers on the right hand of the

30 ‘sheef, which are numbered consecutively
from I to-26. 'The resistances ', 7%, #%, and »*
arelocated withinthe econtroller-cylinder,asis
also the non-inductive resistance. ©On the
top: of the drawings, T represents.the trolley,

35 and R the 1*everse-sw1t(,h. A’ represents ar-
mature No. 1, while A® represents armature

- No. 2. IV and F“ represent the correspond-
ing field-magnets. S represents a switeh in
the non-induetive cireuis.

g0 The generalschemeis to first start the mo-
tors as serles machines in series and grad-
ually change them to.shuntor mdependently-
excited maehmes without breaking the arma-
ture-cireuit. T'o protect the motors from the

45 injurious high-voltage *‘back kick,” which
1s8. liable to. ocenr Whenever from any cause
the circuit is.broken, I in all cases arrange a

path. to accommodate it, which is of lower re-
sistance than the insulation between the

so fields and the ground. Inordinary casesthis
path: 1s through the armature; but where the
armature- (311‘(311113 18 to be broken I place re-
sistance in parallel with. the field, so-that in
the event of the line-circuit b_emn' broken at
55 that instant the back kick would be. dis-
charged through the resistance, referred to.
For this. and: the other purposes to be. de-
sceribed: I prefer to use the same resistance
and have 1t wound non-inducting. Previous
60 ‘to: breaking the field-circuit I place the non-
Inductive resistance in parallel with-the field
to protect it from the back kick. For use
during lightning storms I arrange this same
non-mductwe Iesmtzmee in: pamllel with: the
65 mobor through the aid of’ the supplementary
i -ﬂwltch S.
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| through the motors, as shown in the diagram

Fig. 1. The current passes from the trolley

T, through armature No. 1, to contact b,
‘thence to cylinder-contact 51, through con-

nection 122 to eylinder-contact 52, thence to
contact C, through armature No. 2 to con-
tact D, cylinder-contact 53, through connec-
tion 123 to cylinder-contact 56, to contact N,
thence through reverse-switch R, through

fields 1 and 2 to contact L, thence to eylin-
~der-contact 55, connection 124, cylinder-con-
tact 54, to contact K, to the ground, thus con-

necting both armatures and field-magnets in

‘series between the trolley and ground. In

this position the non-inductive resistance U

is connected in paraliel with the field-mag-

nets by eylinder-contacts 57 and 53 engaging
contacts O and P, thence through switeh Sto

contacts L and N, which (through reverse R)

are connected to the field-terminals.

In position No. 2, as shown in diagram Ne.
2, the only change is in short- c1remtmﬂ* field
No. 1. This is aecomphshed by connectmt}'
the terminal of field 1™ to the other terminal
of the same field at N through cylinder-
contact 60, conneetion 125, and cylinder-con-
tact 56.

In pOSItlon No. 3, as shown in dlarrra,m 3,

field No. 1 is broken by contact N leavmw

cylinder-contact 56.

In position 4 field No. 1isconnected to the
trolley, as shown in Fig. 4, by contaet N en-
gaging eylinder-contact 61, thenee through
conneection 160 to cylinder-contact 50, to con-
taet A, to trolley, the non-inductive resist-
ance bemn dropped from the cireuit by con-

tact P 1e&vmw cylinder-contact 53.

Position: 5 compares with the diagram 5.

;It is the same as position 4, except an addi-

tienal circuit of resistance in parallel is con-

‘nected in parallel with field No. 2. Thisisac-
“eomplished as follows: One terminal of field

2, through contact M, connection 116, contact
I, eylinder-contact 65, connection 131, 1s con-
nected between resistances v*and.7°. The eir-

cuit here divides, one branch passing through
‘resistances 7° and v’ to connection 133, cylin-
“der-contact 64, contact J, conneetion 115, con-
| tact L, connection 114,contaet H, eylinder-eon-
‘tact 63, connection 138, eylinder-contact 55,
-contact L tothe other terminal of field 2. The

-other branch: passes-through 7% r, connection
128, eylinder-contact 62, contact F, wire 112,
contact G, connection 113,contaet L, ,cylinder-
“eontact 63, connection 138, eylinder-contact

55, eontaet L to field-terminal,
Tn position 6 (shown in diagram 6) the-con-

| dition desecribed 111 I‘w 5 remains, except
that resistances 7 and 7% are short- cu*cmted

by contact I engaging cylinder-contact 67,

contact J engaging eyhnder contaet 64, the.

contacts I and J belnw connected by wire 115,
contacts F and G, connected by wire 112, en-

gaging cylinder- cont&cts 62-and 66. .
, Tn posmon 7 (shown in diagram Fig. 7) the
same condition referred to in the previous
tdon No. 1 the clrcult is. completed | steps remains, except field No. 2 is short-¢ir-
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culted and the resistance is withdrawn.
this position a short gap will be noticed be-
tween cylinder-contact 53 and 08, and it
should be understood that the contact D is of
sutficient width to bridge over this gap and
to connect with both sides. This connection
establishes a short cireuit around field No. 2
and permits the withdrawal of the resistance.

This 1s accomplished by contact D bridging

the gap between cylinder-contacts 53 and 68,
thus short-circuiting field 2 by connecting the
terminal at M of field 2 to ground by cylinder-

contact 60, connection 125, cylinder-contact

90, connection 123, eylinder-contact 55,bridge
to eylinder-contact U8, connection 134, cylin-
der-contact 54, contact E to ground. - At the
same time the resistance is withdrawn by
contacts F, G, H, I, J, and K leaving their
corresponding cylinder-contacts 62 ()b 03,
67, 64, and 65. It will be observed in thls
position armature No. 2 is doing no work,
while armature No. 11s working under a very
intense field.

In position 8§ (shown in diagram 8) the short
circutt 1s removed from field No. 2. Thefields

are consequently placed in series and moder-

ately magnetized over their corresponding
armatures, which are now working equally in
but combined they give no greater
back electromotive force than the single ar-
mature 1 did in the previous position. The
field short circuit referred to is removed by

contact D ceasing to connect with cylinder-
contact 53 and contact M leaving cylinder-
contact 0. The same conditions remain in
the positions 9, 10, 11, and 12, except that the
fields are gradually weakened by connecting
them in series by steps with resistances 7, 7%,
19, and 7% In position 9, ' is inserted be-
tween the fields and ground. In position 12
the non-inductive resistance is placed in par-
allel with the fields,soas to protect them when
the armature-cireuit is broken. Asshown in
the following position and diagrams 13, 14,
15, 16, 17, and 18, the means of connection is
the same as explained in position No. 1, ex-
cept that cylinder-contact 75 is substituted
for cylinder-contact 58, which contacts are
joined by wire 145.

In position 13 the armature-cirenits are
broken under the weak fields, as shown in
diagram 13, in the following manner, contacts
B, C, and D leaving their corresponding cyl-
inder-contacts 51, 52, and 68.

In positions 14, 15, 16, and 17 the strength
of the field-magnets is gradually increased
by shmt-eireuitirm the resistances 7% o
and 7 -
In 130%11;1011 13 the ar mﬂtm es are connected
to the line 1n parallel, but in series with re-
sistance, as shownin the diagram 18. In this

and in the succeeding posttion 7', 74, 7°, and 7*
. ’ ! y

are connected in parallel and form a connect-
ing-link between the armatures and ground.
The current passes through armature 1 from
the trolley 'T" to contact B, to eylinder-contact
79, through connection 169 to eylinder-con- |

In ]

TE

{3

tact 51, connection 155, connection 148, cylin-
der-contact 77, connection 142, cylinder-con-
tact 72, connection 130 to a central point in
the resistance, which is between »*and 7. A
connection 1s also established from trolley T
through armature No. 2 to the same point on
the resistance i1n the following manner: be-
ginning at contact A, thenece to cylinder-con-
tact 50, connection 168, cylinder-contact S0,

contact O, through armature-contact D to eyl-

1nder- contaet 61 through connection 155 to

the same eentml pomt in the resistance in

parallel, which leadsto the ground in the fol-
lowing course: 7, connection 133, eylinder-
contact 64, connection 139, connection 151,
cylinder-contact 34, contact J, connection

115, contact I, connection 114, contact H, cyl-

inder-contact 83, connection 150, cylinder-
contact 54, contact It to ground. In position

75

30

19 the same connections remain, except that

the resistances »' and ! are short-circuited,
as shown in the diagram 19, in the following
manner: contact 1 en aﬂ'mn' cylinder- eontaet
87, thus short- euemtuw 7, and contact G en-
oaging eylinder-emltaet 30, short-circuiting
r*. In position 20 the same conditions re-

main, except that all of the resistance is re-

moved from the armature-circuit. Thisis ac-
complished by contacts I, G, H, 1, and J leav-
Ing their corresponding eylinder-contacts 82,

leaving cylinder-contacts 79 and 31, respec-
tlvely’, and engaging with cylinder- contacts
88 and 89. | | |

in the following positions 21, 22, 23, and 24
the fields are gradually weakened by insert-
ing the resistances 7/, 7=, 7%, and 7* in series
with them, as in positions 9, 10, 11, and 12.

In position 1 (shown in diagram 1#) the

armature 1 1s short-circuited, the fields are

connected 1n series to the line, and the non-
inductive resistance is in parallel with the
ftelds. The armature 1s short - circuited
through cylinder-contact 97, connection 162,
and cylinder-contact 96. The fields are con-
nected in the line-circuit by contact A, cyl-

inder-contact 96, connection 161, eyhndel-.

contact 102, field- telmmaleontaet \T through
fields 1 and @ 2, field-contact ter minal L, eylin-
der-contact 101, connection 164, eylinder-con-
tact 98, contact K to ground. The non-in-
duective resistance 1s connected as follows

One end is connected to cylinder-contact 57

through wire 165, eylinder-contact 103, ¢on-
tact O, through switch S, to field-terminal
contact N. 'The other end is connected to
connection 126, cylinder-contact 53, connec-
tion 145, cylinder-contact 75, connection 159,
cylinder - contact 104, contact P, through
switeh S, to field-contact terminal I.. In po-
sition 1" the same connections are retained.
In addition thereto armature 2 is also short-
circuited, as shown in diagram 1°. The con-
nection is made by contacts C and D engag-
ing cylinder-contacts 106 and 107. |
In Figs. 28 and 26 the controller is shown
at A. The handle ¢’ and the circular geared

Q0

95

86, 83, 87, and 84 and by contacts B and D I
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rack to which it is attached are removable
and adapted to be used in the different pesi-

tlons shown in Fig. 28, a slot being cut in the

lower part of the window-sash to accommo-
date the handle when it is operated from the
inside.

In Fig. 29, C' represents a slot havmcr an
enlar ﬂ'ed opemnn at.cd’, which permits the re-
moval of the rack from the stud' f'. Therack;

10 being centered on the pin ¢/, cannot be re-

I5

moved until the controller-cylinder ¢’ is in
the off position or when the circuits are
broken.
cylinder, as shown in Fig. 25.

I'ig. 30 shows, on an enlarged scale, the
form of switch: shown in the development.

The contact-blades [', 9/, and k' are hinged at-

and conneeted to the stationary pieces Z’ m',

and n' and are a,lra,nn'ed to connect elthe1 |

20 with the telmmals o' and p’ or with the ter-

_25

minals ¢’ and s'.

Fig. 31 shows a modification: of the switch
smtable tor application: on: any form of elee-
tric cars. T represents the trolley; «', the
motms v', a magnet in the main circuit, a,nd
w' a supplementmy hand - operated switeh.
The operation is as follows: With the switeh
w' closed, as shown, a circuit is maintained

through the non- mduetwe resistance x' as

30 long as the current is passing to the motors

33

through the magnetv’. When, however, the
main emrent ceases, the 1etractﬂe sprmfr Y
bLeaks the local c1r0111t at 2.

In Fig. 25 the field-resistances r',r*, i and
r* are shown wound around the eontact -¢yl-
inder..

The term ““independently excited” used in
the claims is meant to apply to cases where
the current absorbed by the fields is inde-

4o pendent of that passing through the arma-

45

ture—that 18, being in a circuit of its own—
but emanating from the same source as the
current Wthh passes through the armature.

I claim—

1. A method of aceelerating electric motors
which are ordinarily mdependently excited,
‘which consists of starting with the ar mature
and: field-magnets in series and gradually de-
creasing the motom resistance by changing

so them: to independently-execited. machines,

55

2. A method of accelerating eleetric motors
which are ordinarily independenﬂy excited,
which consists of starting with the armature
and field-magnets in series and gradually de-
¢reasing the motors’ resistance by changing
them to independently - excited machines
without breaking the armature-circuit.

3. A method of controlling motors. where
the armatures and field-magnets are ordina-

6o rily independently excited, which consists of

first operating the armatures and field-mag-
nets in series, then changing them dlSSl-
multaneously to mdependenﬂy excited ma-
chines.

1

The pinion /' is connected to the |
the controller a non-inductive resistance ar-

.

“where the armatures and
‘independently excited and 1eﬂ‘ulated by vari-

610,445

4. In combination with a pair of motors
leld-magnets are

able resistance in the ﬁeld-circuit,means- sub-
stantially as deseribed for utilizing the field-
magnet resistance in parallel in the armature-
CLr cmt

5. In an electric car, a non-inductive re-
sistance arranged to be placed in parallel with
the motors by a supplementary switch under
the control of the motorman, substantially as
and for the purpose set forth.

6. In an electric car in combination with

ranged to be placed in parallel with the mo-
tors. having a supplementary switch to com-
pleteits cn'cult when the motorsare connected
with the lines.

7. In an electrie car, a non-inductive re-

‘sistance, a supplementary’ circuit - closing

switch,arranged in series with said resistance,
a magnet in the motor-circuit arranged to
close the resistance-circuit and place it in
parallel with the motors while they are in
connection with the line.

3. In an electric car having the controllers
located on the platform substantially as
shown and having removable handles capa-
ble of connection with said controllers so

‘that they may be conveniently manipulated
from either the inside or outside of the car.

9. In an electric car having the ¢ontrollers

located on the platform substantmlly as
shownand having removable handles capable

of connection Wlth sald controllers so that
they may be conveniently manipulated from

‘either the inside or outside of the ear, and

having means to prevent the removal of said
handle except when the eontrollel cyhndel
18 1n the off position.

10. In a controller, in eombmatlon with a
non-inductive resmtance means for closing

said resistance in par allel with the field-mag-
net when the circuit through said field is 0
be broken and breaking said connection after
sald field-cireuit is br oken |

11. A method of controlling a pair of motors
which are ordinarily independently excited
which consists in operating one of them as

an independently-excited machine, the other.
as a series machine and then changing the

latter to an independently-excited maehme

12. A method of controlling electric motors
which are ordinarily 1ndependent1y excited
which consists of independently exciting the
fields of one of the motors by pla,emn* it In

shunt with both armatures, and exciting the

fields of the other motor by conneetmn' 1t In
series with both ar ma,tureq

JOIIN C. HENRY.

Witnesses:
JAMES A. KILTON,
MARY HAMPTON LLOYD.
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