No. 877,144,

n
L

1. VOGELSANG.
SYNCHRONIZING APP

ﬁPPLIU TION PiLED FEB, 2,1905.

PAT!

N

ED JAN. 21, 1908.

w1

ARATUS FOR ALTERN ATORS.

5§ SHEETS—SHEET 1

i e —

W

G

71121 f'ifgfr._z,
A /D/:l GrE i s

A

54

. f)Z/¢¢¢ o




s

PATENTED JAN. 21, 1908,

" No.. 877,144, S
Rkt M. YOGELSANC,
SYNCHRONIZING APPARATUS FOR ALTERMNATORS.

APPLIQATION TILED FER, 2, 1005,

b0 BHEETR—SHERT 2,




No. 877,144, PATENTED JAN. 21, 1908.

M. VGGELSANG. _
SYNCHRONIZING APPARATUS FOR ALTERNATORS.

APPLICATIGN PTILED YEE, 2, 18085,

5 SHEETS—SHEET 3.




ral
[—l.———T:;

E

re—g:’
Py
Pl = "I.-"m.li:-:'r o B . N T el Y

Mo, 577,144,

o PATENTED JAN. 21, 1908;
‘M. VOGELSANG. _ -

SYNCHRONIZING APPARATUS FOR ALTERWATORS.

;
!
E‘_f

APPLICATION FILED FEB. 2, 1605.

6 SEERT8—8BEET 4.

- |

(o

1T

t 57

AL A
lo o—0 O

—~

Tinfrig
Appr

707

-~ U

1587}
A

752




Ne. 877,14, o PATENTED JAN. 21, 1008
| . B, vl}@i—huﬁm!n& |
SINOHRONIZING APPARATUS POR EI&TEEE&TORS.
CAPPLICATIOY PILDD T—‘EE 2, 1405,

o

5 SHEETS8-—SHEET 5

il - L .
Fig. G FEG &
- 2

. 5 P Sihal
A ! o ] i i
oy '.‘J.".‘-.'.- #m 3} ..-i-;ﬁ f
i e
! - i‘.i%.%Hj_
{ S
4.-‘:..':_"?'#1 ~
i ™ | ____:'i__.g'»“
L, ik JLis R
‘.{’u %M"‘“‘*:".u. ...,_:T":'i‘-.;f‘.-ﬂ S _ “q.—' L
P % AN | __Jr-'i:i_ LS
; - !
. : - 257

) 72«4/1’/5_ Ve A F- PP

. Ay

._.-J-?-'

T . ; ,f’ i {"'_,_Lf" JJMMJZMML




] |

10

UNITED STATES PATENT QRGO

s,

MAX VOGELSANG, OF FRANK FORT-ON-THE-MAIN, BOCKENHEINM, GERMANY, ASSIGNOR TO THE

\

FIRM OF VOIGT
GERMAXY.

e

& HAEFFNER,

——

SYNCHRONIZING APPAR A

_-lI{TIENGESELLSGHAFT, OFR meFOBT-GNIPHF-LMN,

TS FOGR ALTERNATORS.

- No. 877,144,

Specification of Letters Patent,

—

Patented Jan. <31, 1808,

Application filed February 2, 1905, Serial No. 243,897,

Lo oll whom 4t MAY concern. |
Be 1t known that I, Max V OGELSANG, 3
subject of the German Emperor, residing and
having my post-office address gt 50 Park-
strasse, Frankfort- on - the - Main, Bocken-
heim, Germany, have invented certain new
and useful Improvements in Synchronizing

Apparatus for Alternators, of which the fol.

lowing is a specification,

Alternating current machines of every de-

- scription require to be synchronized before

20

30

40

49

- switches, a switch

A{rom the system.

they may be safely connected in multiple
with the distributing conductors. Howevor }
the operation of connecting the several alter-
nators with the conductors requires careful
attention and great caution for determining
the proper moment at which they mayv be
switched on, as otherwise serious disturl-
ances and mjury to machines and electrical
apparatuses might follow. |

My invention relates to al apparatus,

which is so arranged as to automatically con-

nect m multiple the respective alternator
with the distribu ting conduetors at the proper
moment ‘and at the same time it permits’
the disconnection of the alternator at wil
As is well known, heavy
shocks with ‘serious disturbances might fol-
low the improper conuection of an alternator,
not only, in case the alternator is ox cessively
energized, but also in case it is wsufficient}s
energized. - |

The automatie Apparatus according to my
mvention comprises a tension relay con-
trotled Ly the tension of the respective alter-
nator, a phase-indicator and a relay thereby
controlled, a timing apparatus and a relay
thereby controlled, a sychronizing eiveuit
conneeting the suid three relays, a subsidiary
relay controlled by the tension relay ond nor-
mally closing the synchronizing circuit, g
plurality of switches for connecting and dis-
connecting the respective alternator with the
distributing conductors, a switchin g-on solen-
oid in connection with the plurality of

g the switching-on solenojd with the solen-

~oid of the timing apparatus, a switching-oll

50

- synchronizing circuit or the switeh

09

solenoid for opening the switeh actuzting
cireuit, an irdependent souree of electrical
cutrent, either direct op alternating, ar-
ranged for supplying the current to cither the
' actuating
circuit, and where so preferred also severa]
safety devices.

[

1

actuating circuit connect-

T —purr

m correspondence with the

Lhe tension relay is so ar- |1

——

*

ranged, that it permits the subsidisry relay
to close the Synehronizing cireuit, the mo-
ment the tension of the alternator ix APPToxi-
nately equal to that of the distributing con-
ductors, but it causes the subsidiary relay to
open the synchroniing circuit , when the ten-
sion either decreagss or mereases beyond cer-
tain limits. The relay controlled by the
phase-indicator closes the synchronizing cir-
cuit the mdrent the phase of the alternator
is equal to that in the distributing conduc-
tors, but thisrelay again opens the circuit on
the phase varying. Thus there are two
break-points in the synchronizing circuit, so
that the latter can be closed oily 1 case hoth
the tension and the phase of the alternatine
current produced by the alternator are eque,
to those of the current in the distributing con-
ductors. Then the solenoid controlled by
the tuning apparatus will he energized, but it
call connect the synchronizine cireuif with
the switeh actuating circuit 011{1%}" atter a time

current in  the distributing * conductors.
Should either the tension or the phase of the
alternator meanwhile vary, the synchroniz-
g circuit will he again opened, when the
tuning apparatus will stop.  "When both the
tension and the phase remain correet and the
synehronizing eircuit remains closed, the so-
lenoid controlled by the tining apparatus

- Willat last by a switel) conneet thesynehroniz-

g cireait with the switely actuating cireuit,
when the switching-on solenoid will be ener-
gized for causing the pluralit; of switches to
connect the alternator with the distributing
conductors and for locking the several
switches. Immediately  afterwards tne
switching-off’ solenoid will be energized for
aga1n opening the switel, actuatimg elrcuit,
The above mentioned safety devices will be
referred to later on,

I'will now proceed to fully deseribe my in-
vention with veference to the accompanyiiiy
drawings, in whieh the alternating current ig
assumed to be a three phase current.

Figures 1 and 19 are diagraims of the three
distributing conductors;, an alternator gl
ready connected therewith, a second altep-
nator and the automatic apparatus for con-
necting the latter with the distributing con-
ductors, Fig, 2 is a vertica) longitudinal see-
tion on an enlareed seale thro tgh the timing
apparatus, the solenoid therewith connectad
eing shown diagrammatically, Fie. 3 s o

frequency of the .
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part of Fig. 1, showing the position of the
fhree switches when conneeting the second
alternator with the distributing conductors,
Fig. 4 shows a modification of a part of g,
= 1, Fig. 5 is a modification of the diagram
shown in Fig. 1, Fig. 6 is a part of the samne,
and ig. 7 1s a part of the same on an en-
larged scale ‘and corresponds to Iig. 2.

Similar characters of reference refer to

10 similar parts throughout the several views.
a, b and ¢in Fig. 1* denote the three dis-
tributing conductors, a*, b* and ¢ are con-
ductors, which already connect the former
with the first alternator 1, ¢*, §* and ¢* are
15 branch conductors connected with the dis-
tributers a, b and ¢, a*, b° and ¢® denote three
switches and @t, b* and ¢* the conductors

leading from the second alternator 2.

" The three switches a?, b* and ¢® are prefer-
50 2bly secured on a vertical rod 3 and insulated
“ {herefrom in any known manner. The rod
3 is mounted in suitable guides 4 and 5 to
move longitudinally and forms a part of ani ar-
ature 6 of the switching-on solenoid 7. A
o5 switeh 8 isshown as secured on the upper end
of the rod 3 and is insulated therefrom. The
rod 3 is provided with a noteht9, Kig. 3, m
which the upper end of the vertical arm 10

of a bell-crank lever can engage, when the.

g0 rod 3 occupies iits uppermost position, so
ihat the three switches @?, b® and ¢* bear from
below against their respective contact pieces
_and thereby connect the conductors o b*
same time the wpper switch 8 will bear
against its two coptact pieces 12 and 13.
The bell-crank lever 10, 11 is mounted to
rock on a stationary pin 14 and 1ts horizontal
arm 11 is adapted to act upon the horizontal
40 arm 15 of another hell-crank lever. The lat-
ter is mounted to rock on a stationary pin 17
and its vertical arm 16 is hooked at the lower
end for snapping beneath the head 18 of a
vertical rod 19, A spring 20 tends to with-

15 draw the arm 16 from the head 18. 'The
said rod 19 is longitudinally guided mn suit-
‘able guides 21 and 22 and may be in one
‘piece with the armature 25 of the switching-
off solenoid 24. -A switch 25 1s secured on

=9 the lower end of the rod 19 and insulated

7 therefrom. In the uppermost position of the
rod 19 shown at Fig. 12, this switch 25 bears
against its two coutact pieces and thereby

35

closes the switch actuating circuit, which will

-= be referred to later on. When the rod 3 of
the switching-on solenoid 7 occupies its low-
est position shown at Fig. 1%, 1t brings the
bell-crank lever 10, 11 into the position
shown, so that the hooked arm 16 of the

so other bell-crank lever snaps beneath the head

18 and thereby

closed position. The hooked enc 16 1S SO

sraled off on its lower face, that on the ar-
mature 23 being attracted by t* e encrgized
solenoid 24,.its head 18 is enabled to rise and

00

' An independent source of
any known kind is disposed for supplying

and ¢ with at, b* and ¢* respectively. = At the

locks the switeh 25 in its

nove aside the hooked end while overcomimg
the tension of the spring 20.

cither direct current or alternating current,
which may be used fdr exciting the several
Jternators or for other purposes. Tlus
source of electricity 26 is shown as connected
with the synchronzing circuit 27, 28, 29, 30,
31, 32, 33, 34, 35, 36, 37, 38, 39, in which &

phase indicator relay ¥ are inserted. It will
e observed that the synchronizing circuib
referred to comprises two branches one of
which, 33, 44, 36 and solenoid 48 contams
the solenoid 48 of the subsidiary relay and is
controlled by the tension relay T while tiie
other branch of the synchonizing circuit 27,
28, 29, 30, 31 and 32 incluces the subsidiary
relay S, the phase-indicating relay P, and the
solenoid 58 controlling the switch actuating

tus A.
The tension relay U may

rent furnished by the alternator 2 to be'con-
rected with the distributing conductors.  In
Fie. 1 1 have assumed the tension relay T to
be a well-known differential relay, that is one
with two solenoids 40 and 41 and a common
srmature 42. The one solenoid 40 is con-
branch @? of the distributing conductor a and
‘onn the other hand by a line 44 with one
branch 5% of the distributing conductor 0.
Thereby the solenoid 40 is placed under the
control of the tension in the distributing con-
ductors.
on the one hand by aline45 with the conduce-

the conductor . Thereby the solenoid 41
is placed under the control of the tension. of
the alternator 2.
T is so adjusted, that it balances the weight
of the armature 42 and brings it inte its mid-

ed, touches neither the upper contact
35, nor the lower contact 37. The subsidi-
ary relay S is so arranged, that -when its elec-
tromagnet 48 is not energized, its armgture
50 is detached by a spring 49, so thatits rear
arm normally connects the lines 27 and 28 of
the synchronizing circuit. - The
cator comprises an incandesgent lamp 53 and
an electromagnet 52, which are both scon-

1s linked,

53, 44 with a branch §* of:the distributing
conductor b and on the other hand by a line
54 with the conductor ¢* of the alternator 2.
Tt will be seen, that the current circulating 1o
the lines 44, 53, 54 will be a maximum, when
the phases and frequencies of both alterna-
tors 1 and 2 are alike, sothat at this moment
' the incandescent lamp will give the brightest

electricity 26 of

circuit and governed by the timing appara-

_ be of any known
| construction, the only condition being, that
it may be controlled by the tension of the cur-

nected on the one hand by a line 43 with one

The other solenoid 41 1s connected

100
tor a* and on the other hand by a line 46 with

dle position, so that the iever 34, to which it

phase” indi~

nected in multiple on the one hand by aline.

79

tension relay T, a subsidiary relay S and a

20
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The spring 47 of the relay:
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- magnet 52 will be moye
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- able in two suitable guides
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Uppermost position

ward.  Therehyy the cloc
Into motion and the fly 83 permits the rod g |-
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ght. This will be clear,
into consideration, that two conductors b
and ! are connected, which correspond to
two different distributing conductors b and «
respectively.

When the electromagner 59 of the relay P
is without Current, the armature 55 i« nor-
mally detache( by a spring 26, 50 that the
lever 57 does ot conmect the lines 28 and 24
of the Synchmflizing circuit.  The eloctro-

| or less energize( by
the circulating current according to tle
strength of the latter an the lever 57 with

‘the armature 55 wil] oscillate in correspornd-
ence therewith. Only on

the current attain-
will the lever 57 touch 1ts
and thereby conneet the Imes

Ing its maximum
contact piece
28 and 29,

In the synchronizing cireuit is nserted u |

solenoid 98, the armature 59 f which s
placed under the control of 4 timin ¢ appara-
tus A and arranged for closing the switel 2.~

‘tuating circuit in the following manner, The

Armature 59 may be made in ope plece with 4
vertical rod 60, whicl is ]ongit-udinally nov-
01 and 62, see Fig.
2. A switch 63 is secured on the lower end of
the rod 60 an- msulated therefrom. In the
of the armature 59 the
switch 63 will bear from below sgainst botly
contact pieces 64 and 65 and thereby connect
limes 71 and 72, The timing appa-
known construction.
In the drawings it is assumed to be a clock-
WOrk comprising two gear wheels 78 and 81,
two pinions 80 and 82, a fly 83, a ratehet 84
fastened on the shaft 7 9 of the gear wheel 78,
& pinion 85 Joose on the shaft 78 and a lever
37 nigidly connected with the pinion 85 an
Carrymg a pawl 88. The upper part of the
rod 60 is formed with a rack .86, which
with the pinion 85. It will be evi-
dent from gn examination of 1g. 2, that on
the solencid 5% being energized it will at-
tract its armature 59 and ress the rod 60 up-

}lztw"orl{ will be put

to move upwards only

switeh 63 may touch the two contact pleces

64 and 65 only after a.certain
corresponds to the frequency of the current
I the distributing conductors. The mo.-
ment the current is hroken from any cause,
the solenoid 58 is 1 longer
drops its armature 59, whiel) is permitted by
the pawl 88 moving in the pposite direction
under the action of the weight of the rod g
and armature 59 an sliding over the teeth of
the ratchet wheel g4 Then the timing ap-
paratus A will stop. OF course the tin 1y
apparatus A is preferal)] y made adjustalic in
any Known manner in aceordance with s
sald frequency.

- 69, 768 and Tea denote

time, which

ordinary switches,

The automatic apparatus deseribed is Op-

when it ig taken !

energized hut

I
|

LI ]

C that the

the three con‘uctors at D' e

"both the j]l(‘:.'zll’lde%(:e]flt

Tus A will

l

E;h
sl
erated as follovy: The first alternator 1 iy e
sumea to he already  conneetod Wit the

three distributing condactors a4, b g . by
The fatter are
shown ug stple, Dut it will Je understood,
first alternator may bhe provided
with a similap SYstem- as the second alter
nator 2. The switel, B4 15 closed COTY
the parts 68 an 1 of the switeh actuating
circuit, while the fyo switches 768 and 764 po.
Inam open as sho-vn. The upper solenaid g
of the tension relay T g cnereized by the enr
rent derived from ], distributing condie-
tors - and /) by meuans of (he CIreut 45, 44, w0
that the armature 4o IS attracted UDWards
and causes the jover 4 to touch e Upper
contact 35.  Then a curront Uy
source of electricity 26 o cireulating i the
clreuit 27 33, 34, 35, 36, 349, 31, 32 will oner.
e1ze the electromagnet 43, s0 that the [at{ep
attracts its armature 50 and thereby enyses
IS Tear arm to bhregk the connection hetwee
the lnes 27 and 28 of the synchronizine ¢jy-
cuit.

- On the second altornator 2 g arting, it will
produce a current., g part of which cirefdutes
m the circuit 15, 46 and erergizes the lower
solenoid 41 of the tension relay T . The
oment the tensicn of t]is current 1s equal o
that in the Upper solenoid 40, the armature
42 wiil be brought into its middle 1osifion
shown at, Fig, ] » 30 that the lever 84 (Jgpg net
couch either the Upper contact $5 or the
lower contact 37 Then the electromaenet
48 of the subsidiary relav S will be without
current, so that the Spring 49 detaches ihe
atitature 50 and causes its regr arm to con-

nect the lines 27 and 9w of the syncehronizing
carcuit.  Meanwhile anoiher puart of the cup-

rent from the alternutor 9 will pass over to
the’ distributing conductor b through the
phase indicator cireuit 54, 53, 44. 0%, in whicl
lamp 51 and the elec-

At as resistances. The elec-
tromagnet, 592 being thereby crergized wili
more o3 less attrael its armature 55, whicel
will oscillate.  Whep the lever 57 touches IS

tromacnet 52

contact pieces, it therehy conneets t)n ines

28 and 29 of {he synchronizing cireuit. At
the same time the ncandescent Ly, p 51 will
give a licht and mdicate to the machinist the
condition of the system.  The synehroygy.
INg circuit 27, 28, 29, 30, 31, 32 being now
closed, the solenojd 58 of the thning appara-
be energized and attraet its arma-
ture 60 upwards. Therehy the clockworlk
1S put into motion, so that the switeh 63
slowly rises and Pproaches to the contaets
64 wund 65, Ag is well known, the frequency
of tha alternator 2 1y ay not always be at onea
equat to that in t]e distributing conauctors
@, 6 and ¢, so that the cirrent circulating may
soon decrease and the spring 56 will over-
comerthe attraction of the elcctromagnet 59
and detach itg armature 55, whereby the 5yn-

YO
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chronizing circut is again opened. The

strength of the current circuiating in the cir-
cuit 54, 53, 44, b* may repeatedly increase
and decrease and the armature 55 will keep
osciliating.

uting conductors a, b, and ¢; s0 that the |
lower solenoid 41 will be able to move the |

common armature 42 dewnwards and .cause

LO

i~
— L

the lever 34 to touch the lower contact 37,
when in a similar manner as described above
the electromagnet 48 of the subsidiary relay

'S will be energized to attract its armature 50

and thereby to open the synchronizing cir-
ewit. Thus the latter can never be closed, 1t

the tension of the alternator 2 is higher or
lower than that in the distributing condue- |
This is of special 1mpoT-

tors ¢, b and c.
tance, as ai shocks and mjury to machiies
and apparatuses are thereby avoided. When
hoth the tension and the frequency of the
alternator 2 become equal to those of the dis-
tributing condnctors @, b and ¢, the timing
apparatus A will be put wto motion for-a
sufficient time to enable the switeh 63 to

touch its contact pieces 64 and 65 and to

connect the lines 71 and 72. Thereby the

switch actuating circuit 27, 66, 67, 25, 68, 69,

30

L
I

h_l..
ot

o
LS

a3, b and ¢

71, 63, 72,-30, 31, 32 will be closed, so that
the switching-on solenoid 7 1s energized and
attracts the vertical rod 3upwards and causes
ihe three switches ¢8, b® and ¢ to touch their
respective contact pieces and thereby to con-
nect the alternator 2 with the distributing
conductors «. band ¢. At the same tune the
upper end of the vertical arm 10 of the bell-
crank lever 10, 11 will engage in the noteh 9
of the Tod 3 and thus lock the three switches
The dropping erm i1 of the
bell-crank 10, i1 releases by means of the
spring-pressed bell-crank lever 15, 16 the
head 18 of the rod 19, whereupon with the
armature 23 the switeh 25 falls and opens the
switeh actuating eireuit.  The upper sw.bch
S on the rod 3 touches its two contact pleces
19 and 13 and thereby connects the lines 75
and 74. _ | "
If it is desired at any time to disconnect

the alternator 2 from the distributmg con-

luctors a, b and ¢, the switch 76 1s switched
on- to conneet the parts 75 and 77 of the
switch actuating circult.

oize the switching-ofl solenoid 24, s0 that 1t
attracts its armature 23 upwards.  The head
18 of the rod 19 will reach 1ts uppermost po-
sition and strike against the horizontal arm
11 of the bell-crank lever 10, 11, so that the
vertical arm 10 withdraws from the notch 9,

whereupon the rod 3 with the armature 6 angd |

the three switches ¢, b* and ¢* drops to dis-
connect the alternator 2 from the distribut-
ing conductors e, b and c. -

Also the tension of the alterna-~.
tor 2 may increase beyond that of the distrib-

| _ Then the current
supplied from the source of electrieity 26 and
cireulating in the switeh actuating cireuit.27,
66, 73, 13, 8,12, 74, 75, 76, 77, 32-will ever-

b

—— e — —Emar ) T—— — — — —l
-t

—
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When it is desired to connect the alterna-

tor 2 with the distributing conductors @, &

and ¢, in ease no current is in the latter, the
switch 76° is switched on, while the other two

"Swiﬁehies a9 and 76 remain switched ofi.

Then the current supplied from the source of

electricity 26 will circulate in the switeh
actuafing circuit 27, 66, 67, 25, 60, 760, 764,
77. 32 and energize the switching-on solenoid
7, so that it attracts its armature © upwards
and causes the three switches a?, ® and ¢® to
touch their respective contact pieces. There-
upon the rod 3 is locked by the arm 10 engag-
ing in its noteh 9 and 1mm ediately
the switching-ofl solenoid 24 13 anergized for

70 .

75

afterwards

30

opening the switch actuating circuit in the -

manner described above.

Where so Freferredj the tension relay '
may be simplified as 1s shown at ¥ig. 4, in
which case the upper solenoid 40 of Fig. 1 and

the circuit 43, 44 are omitted. Then the

47 is so adjusted, that normally 1t

SPrIng ; _ 00T
the lever 34 upwards against the up-

DPTEesses

per contact 35 with such a foree, that only

on the tension of the alternator 2 becoming

squal to that of the distributing conductors

a, b, and ¢, the solencid 41 will be sufficiently
energized to detach the lever 34 from the up-
per contact 35 and to bring 1t mto its middle
position shown. Otherwise the operation of
the automatic apparatus remains substan-
tially the same as before. .

In the system shown at Fig. 5 the conduc-
tors a?, b* and ¢* are connected with the dis-
tributing conductors much in the same man-
ner as in Fig. 1. The conductors ¢, b* and
¢ are also connected with the respective
alternator. The three switches @, b° and ¢

are secured on the vertical rod 89 and msu-

lated therefrom. 'The latter is shown only
diagrammatic, but it may be constructed 1n
ihe same manner as the rod 3 in Fig. 1 de-

seribed above.  Therod 891s connected with

the armature 90 and the upper switch 93 and
provided with the notch 92. The bell-crank
lever 94, 95 rocking on the statjonary pin 96
and the other spring-pressed bell-crank lever
07, 08 rocking on the stationary pin

substantially the same as'levers 10, 11 and
15, 16 in Fig. 1. In this modified system

00 are

85

90

160

105

110

115

is & tension relay TV, a phase-indicator relay

P/, a timing apparatus A’ and & subsidiary

- telay 8 and other apparatus as will appear

heteinatter. . _
Two transformers B and C have thelr ve-
spective primaries 100 and 103 respectively
comected by conductors 101, 102, with the
conductors @ and b? respectively whicn are
connected with the alternator 1, and by the
conductors 104 and 105 with the cenductors
a* and b*, connected with the alternator 2.
The secondaries 106 and 107 are connected
in a closed circuit by the lines 108 and 109, 10

the latter of which a lamp L is inserted. .

=

The tension rtelay T’ is constructed '&s o

120

125

- a
-
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130
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40

- duector 128 to

" solenoid 136 of the

w0

60

65

- the one hand to that

tial across the lam

877,144

differential relay and comprises two solenoids |

110 and 111 whose armatures are suspended
from a horizontal balance 119 which is rigidly
colinected with a suspending contact lever
113, The solenoid 110 is connected 8CT0SS
the terminals of the secondary 106, while the
coil 111 is connected across the terminals
of the secondary 107. It will now be an.
parent tnat the voliage impressed upon the
coli 110 will be equal to the voltage of ihe ter-
minals of the secondary 106, while the vol-
tage impressed upon thecoil 111 is that at the
terminals of the secondary 107. As thr, vol-
tages of these secondsaries are proportional on
of the machine to be
sonnected and on the other hand tothat of the
system to whichit is to be connected, it will be
apparent that the energizing of the coils 110
and 111 will be equal and the lever 113 will
be vertical when the voltage of the machine
to be connected and that of the system to
which it is to be connected are the same.
that il one voltage is greater than
the other
to one side or the other according to which
voltage is the greater. If that of the mma
chine to be connected is greater the lever
will be thrown to the right and will come in
contact with the contact 114. If the vol-
tage of the system to which the machine is to
be connected is greater the lever will be
thrown towards the left and will come against
contact 115. The.contact 114 is connected

through the lamp 12 and conductor 118

with the conductor 120 while the contact 115

i8 connested through the conductor 117 and
the lamp I/ with the conductor 120. The |
coit 116 of the subsidiary relay is connected

on one side to the conductor 120 and op the
other side to the conductor 121 which is con-
nected with the solenoid 144 by conductor
122, "The conductor 125, in which is insept-
ed the lamp LY is connected through the con-
the subsidiary relay contact
lever 128.

nected to the conductor 131, while conductor

128 1s connected through the conductor 131

The
phese indicator relay
the lamp 1 in the sec-

and 132 {0 one contaect of the relay ¥/,

' 1s connected across

ondary circuit of the transformers DY means:

of the conduchors 137.and 138, 1t will thus
appear that the voltage impressed upon the
soienoid 136 is equal to the drop 1n poten-
i, The contact lever
133 of the phase indicator relay is connected
by neans of a conductor 129 with the one
termunal of the solenoid 140 which actuates
the plunger 141 econtrolling the switch sle-

1aent 150 {o connect the copductors 146 and

151, the said plunger being controlled in its
movement under the action of its' solenoid,

by means of the timieg apparatus A’. The

obier terminsal of the solenoid 140 is cor

nected through conductors 142, 143, 122, iow |

contact lever 113 will be deflected

The conductor 125 ig slso con- -

|

—_—R rr wr -y -

The solenoid

tuus been removed from the cireuit of
solenoid 91, sufficient eurrent flows to ener-

the switch member 147

has been performed in

>

resistance solenoid 145 to econductor 146
whence circuit may be closed by the switch
member 147 through the conductors 123 and
124 to the conduetor d which 1S connected

with the other terminal of the electric source -

(corresponding to source 26 of Fig. 1) to
which the conductor d is connected. From
the conductor 122 circuit passes throust: the
solenoid 144, the solenoids 144 and 145 being
differentizl and acting upon the same plun-

fr;er 148, thenee through conductor 152; so-

enold 157 having armature 158 which is

adapted to connect conductor 199 with one

terminal of the solenoid 157, thence through
conductor 156 and switch 155 tg the switeh-
ont solenoid 91, |

ing

%t. will now appear that when the relays 3/
and P’
be energized through a circuit as Tollows:
From the conductor ¢ through conductor
180, contact piece 129, lever 128, conductors

1126, 131 and 132, lever 133, conductor. 139,

solenoid 140, conductors 142, 143 and 122,
high-resistance solenoid 1

conductor 154, to one terminal of the switch-
on solenoid 91, the other termingl of that
solenoid being connected to the conductor ¢.
144 being thus enercgized the
armature 14R will be attracted and the
switch 147 will be closed. Thus far the
solenoid 91 has not been energized owing to
the fact that the high-resistance coll 144 18 in
ser’es with it. The solenoid 140 however,
being energized, after a certain time has
elapsed, depending upon the adjustment of
the timing apparatus A’, causes the switch
120 to connect the conductors 149 and 151,
thereby short-circuiting the high-resistance
coll 144 through conductors 122 143, 142
149 and 151. Circuit is then made from the
conductor d through conductors 124 and
123, switeh 147, conductor 146, low-resist-
ance solenoid 145, conductors 122, 143, 149
and 149, switch 150 and conductor 151 to the
conductor 152 whence circuit passes through
the solenoid 91 to the conductor ¢ as before
iraced. The high-resistance solenoid having

the

gize that solenoid whereby it operates to con-
neet 1 the '
the previous
tignres. The whole current for energizing
the shlenoid 91 passes through the low-re-
sistance solenoid 145 and serves to 1aaintain
in closed position
after the solenoid 144 has been short-eir-
cuited. Upon the breaking of the circuit at
the switch 155 after the connecting operation
a manner as de-
serived in connection with. preceding fig-
ures, the solenoid 145 becomes deénergized
and the switeh mermber 147 opens. 1t now

becomes necessary that synchronous condi-

44, conductor 152,
‘soleroid 157, conductor 156, switch 155 and

1

are closed that the solenoid 140 will
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_ machine in & manner ss de--
scribed in connection with
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tions shall be again reached before the so-
tanoid 1 can be again energized to eftect 2
conpecting operstion, so that if, after syn-
chronization has been reached and the ma-
chine connected, to the system, it 1s neces-
sary to disconmect the machine because of
Short-cirewit or otherwise, it will be mpos-
sible to again conge 5 in the machine by
reasen of the setting of the apparatus due 1o
the synchronous conditions existing at the
former connection, but it will be necessary o
again reach synchronous conditions before 2
connection between the system and machine
can be effected. .

When the high-resistance solenoid 144 has
been short-circuited as_ described and sutll-
cient current to. energize the switching-on
solenoid 91 passes through the solenocid 157.

e last mentioned solehoid will become en-

\

ergized, and attracting its, armature 153,
Wﬁl connect together the conductors 159 and
152, thus providing a copnection 1n addition
to the switen 150, whereby - the high-restst-
ance solenoid is short-cireuited. This 18 for
the purpose of maintaining the operative cir-
cuit of the solenocid 91 closed atter it has once
untii
necting operation has been completed. 1t
would be undesirable for the operation of the
connecting means to be arrested before conl-
pletion, after it had once heen started. 1t
«ill be seen that this undesirable cecurrence
is avoided by the use of the solenoid 157
which iz supplied with current through 1ts
own armature and therefore remains ener-
oized until its circuit i« broken at the switeh

155 upon the completion of the connecting
operation.

157 the switch 150 might be only momen-
tarily in engagement with its cooOperating
contacts as, after coming into the position m-
dicated. the conditions of syinchronsm
might be slightly varied from, whereby the
awiteh 150 would leave its contact and the
connecting operation which had been begun
would be arrested. With the use of this
solenoid however, the operation of con-
necting, after once having been started by
the atteinment of synchronous conaitions, 18
carried to completion. ' |

" Tt has been observed that in order for con-
nections to be established as just described
that the contacts of the nhase-indicator re-
lay P’ and those of the subsidiary relay o'
must be simultanecusly closed. This can
only oceur when the

are at the
be in phase.

wiich ~onnection 1s to be made
same voltage, and also they must

1t will be obvious that the greatest fall of

potential across the lamp L, will occur when
‘here is coincidence in the phases of the vol-
tages in the conducturs @ ht and «@*, b*, and

»

the spring 154 is eaagjusted that the arma-

the con- |

Without the use of tius solenoid.

0 voltages of the appa-
ratus to be connected and the ‘conductors to

f

77,344

tore 133 will come in contact with the ter-
minal of the conductor 132 only when there
‘s ¢his maximum fall of potential across th
iamnp L and therefore the application of &
maximum potential to the solenoid 136.
The lever 128 of the subsidiary relay S
can only come against its contact 129 when
the solenoid 119 is deénergized. This can

only oceur when the contact lever 113 15 not

in engagement with either of the contacts
114 and 115 for, if the lever engages with
Jither of the contacts referred to, circait may
be traced from the conductor d through the
conductor 118 lever 113, conductor 120, so-
lenoid 119, and conductors 1t and 122, to
the high-resistance so! 0L
cuit may be traced through the solenoid 91
i the cohductor e. As before pointed out,
if the voltage of the lines a* and b*, 18 too
amall, the lever 413 will come acainst the
ontact 115 so that connection is made with
the conductor 120 through the lamp

IJ’” B.-ﬂd

the burning of this lamp will indicate that

the voltage of these lines1s 100 small. 1i, on
the other hand the voitage
too high, connection with the conductor 120
wil be made through the lamp 1* and the
burning of this lamp will indicate this con-
dition of the voltage. When, however, the
voltage of the machine to be connected and

the distributing counductors are equal and,

144, whence cir-.

of these lines 18

60

840

85

95

therefore, the lever 113 is not in engagement

with either of the contacts 114 and 115, the
solenoid 119 will be deénergized and the lever
199 will come in contact with the contact
piece 120, This contacting of the lever and
contact plece

not only serves to close the syn-
chronizing cireuit at this

closes n circuit through the lamp 17 which
may be traced as follows: From the con-
duetor d through conductor 13U contact
piece 129, lever 123, conductor 126, conduc-
for 125 containing the lamp I?, conductor
191 and conductor 122 to the high-resistance
solenoid 144 whence circuit may be, traced
~s hereinbefore through the solenoid 91 to
the conductor e. The lamp 1 will then ne
lichted and aiford an indication of the fact
that the voltages of the lines to be connected
together are equal.

The switches 160 and
those 76 and 76* respectively in Fig. 1. The
operation of the automatic apparatus shown
ot Fig. 5 is otherwise sinilar to that of the
apparatus shown at Iig: 1. .
 The automatie apF&mtus may be varled
in many respects with
spirit of my invention.
regulator for exciting the alternator may be
provided with adjustable contact pieces on
that place, which corresponds to the correct
tension, and these contact pleces may be
connected with the tension relay T’ for con-
volling the same.

In some cases the

point but it also

161 correspond to

160

1035

119

115

120

out deviating from the

129



What I claim a-
vo secure by Letters Patent, is—

1. The combination with an alternating
current inaciine and its distributing conduc-

tors, of a second alternating eurrent ma-
chine, connections between said conductors

anag s2id geeond alternator provided with

switches, a tension relay econtrolled Dy the

10

bl
il

20

20

39

3

et D

b

tension in said alternators, a phase indicator,
2 solenoid with a timing apparatus, a syn-
chronizing cireuit containing said solenoid
and adapted to be closed by said tension re
iny on there being the corredt tension and by
satd phase indicator on there being the cor-

hase, and a switch actuating circuis
adapted to be closed by said solencid on
there being the correct irequency and to
close the switches in said connections.

2. The combination with the distributing
conductors of an alt Tnating current ma-
chine, of 'a second alternating eurrvent ma-
chine, connections between said conduetors

-and said second alternator provided with

switches, a tension relay controlied by the
tension in said alterpators, g phase indi-
cator, a solenoid with a timing Apparatus, a
SYICNTONIZIiNg cireuit contaning said solenoid
and adapted to be closed by said tension re-
12y on there being the correct tension and by
seid phase indicator on there peing the cor-

rect phase, & switch actuating circuit adapted .

to be closed by said solenoid on thera being
the correct {requency and adapted to close
the switches in said connections, and means
for locking the switches and afterwards open-
mg said switeh actuating circult.

3. Fhe combination with enrrent conyey-
ing distributing conduetors,
current machine, conffections between them
provided with switches, a tension relay con-

of an alternating

my invention, and desire |

., A

locking these switches and afterwards ODEn-

Ttame to this specification in

trolled by the tension in ssid slternator, a
suosidiary relny controlled bv said tension
velny, & phase Indicdior, a reiay controlled
by ssld phase indicator, a solencid with a,
timing apparatus, a synehrenizing civewit
contamning said solencid and adepted to be
closed by said subsidiary reiay and sald re-
lay, a switeh actuating cirewit adapted to be
closed by said solenoid and 6 elose the
switches m said connections, and means for
g said switeh actuating eireuit,

4. The combinstion with main curren’
conveylng distributing conductors, of an al-
ternating carrent machine, connections

-

tween them provided with swi tehes, an inde-

i+

pendent source of electrical current, with two
distributing condustors, & tension relav COD~
trolied by the. tension in said alternator,
subsidiary relay controliad Dy said tension
relay, a pohase indicator, a relay controlied by
saad phase indicator, a solenoid with a fin

apparatus, a synchrenizing civeuit joined to
seid bwo distnibuting conductors rnd COLi-
taining said solenoid and :sdanted io be
closed by said subsidiary relay and ssid re-

2y, a switch actuating circuit joined o said
syincaronizing cireult and adapted to D6
closed by said solencid and o eloge the

switches in said conpeciions, snd meane for
locking these switches and afterwards oper-
ing said switch actuating eircuit, |
In testimony whereof T have signed ‘my
the presence. of

two subscribing witnesses.
|  MAX VOGELSANG.
Witnesses:
Frawz Hasgra CHER,

7y P e -
HBRWIN Pivenr
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