R. H. WAPPLER.

ELECTRIC MACHINE,
APPLICATION FILED AYG. 11, 1919.

1,354,591, Patented Oct. 5, 1920

2 SHEETS—SHEET 1.

Floure 1. S
80 q
79. &
92 |~&4 =%}
&5
5 .
38 3 N [~174 | 49 SO P 4 53] 72 45-37 TR
9 B | ! B
- K58 62 €& : 4 =
97| e 24 / el
59 &3 97 &7 78 z \75 ’_J
M 95" m gl oo o | %67 kes |
7 | %] L 90 26
A‘— A{‘ _A‘A A‘A .;1; A%A
= T i T
. ' - /3 ﬁr’
1Z - .

% 25 3f
aanananannanlanAban o aanda
INNNSENENERRNANNE] H Iy

g/ s |7 3
— 22 ] = - 27 54
24 70 3%
' 29, IS5
23 I*
g h
v PN / :
1
[]
185~ ¢
7
52
of
4
&7
773 Z
] /9 1;9_9
Inventor

_ RemwroLp H. WarpLer
31, ‘\\1_5 attmc‘gv

M,&Z;‘_M\\A



R. H. WAPPLER.

ELECTRIC MACHINE,
APPLICATION FILED AUG. 11, 1919,

1,354,591. Patented Oct. 5, 1920,
s0d a 2 SHEETS—SHEET 2.
5
FIQURE3. aa
A —
2 Vo W "9
5’\ 4 177
79 Szb L | s
-4 77 -
<6 lr 39 40 - = 6;-/ 22 |69 ‘5_473 43 44 4
78 38 ” &0. 1!‘ N4 &8 53 | J7 ==
i" X = ' 5
I G i a
Tss T\ . ez T\&7; 638 s | N1SYT 74 =
47 =K 71 78
i o | B "2 oo el 5 T
98 99 87 |86 4
M 95 gl 972 ' :
7 /8 e 2z
A‘A ‘1‘ AA’A A‘A AA/AAA
/7 INaN J /777 [ /77 [l 7
vyy TYyY?Y VY'Y Y YyYvvy
o 1/3
] /6 ’ s
AAAAAA‘A’AAAAAA AiA» ~z
ISNENERRIRIRNiNi 7777 4
vayyv'vvvv'ry YyyYvy
ZZ : : =/ 28 V2 {74
~27a
' /56
Houre 4. 0k 22
. Nt
e 23
, s
5 &/ 77 SRZ_ P
&5, 2
74 k. i 49 A £/ X, 53 ™
55 i /i 1 37 /0
i ) | e
58 rez 66 I\ AJT0 =
55177 T3 67 B \»T Dos
ou| 5] 2] 97] o8- 9~ o0l 19~ 5—{ 7
77 /8 49 *’;’ r
afa A A :
ZLZL -'/:/v/‘_‘/ y':/"/ 7 ;/"/-y/ 7 Zé
72 ' =
Inventor

Renrowp H WaepLER
3%13 k'\,s; a’c’cozme‘%
W attin Harsccoo,



UNITED STATES PATENT OFFICE.

REINHOLD H. WAPPLER, OF YONKERS, NEW YOREK, ASSIGNOR TO WAPPLER ELECTRIC
’ COMPANY, INC., A CORPORATION OF NEW YORK.

10

15

20

30

35

40

45

50

ELECTRIC MACHINE.

1,354,591.

Application filed August 11, 1919.

7o all whom it may concern:

Be it known that I, Reinmorn H. Wae-
PLER, a citizen of the United States, residing
at Yonkers, county of Westchester, and
State of New York, have invented certain
new and useful Improvements in Electric
Machines, of which the following is a full,
clear, and concise description.

My invention relates to electric machines
for developing, rectifying and distributing
currents of high potential.

More particularly stated, my invention
relates to machines of the kind just men-
tioned and admits of general use, but is pe-
culiarly adapted for use in connection with
X-ray tubes and other vacuum tubes, and
especlally in instances where the tube is to
be subjected to the action of a number of
different electric currents, applied to it for
the purpose of affecting it in different ways.

In this connection it may be noted that
the development of X-ray apparatus along
the lines of increased efficiency has been ac-
companied by some complications, among
them being the elaboration of the tube struc-
ture and the addition of electrical devices
extraneous to the tube, yet connected there-
with and acting upon different parts there-
of, and for purposes more or less independ-
ent of each other. Hence some X-ray tubes
require currents of three kinds, others re-
quire currents of two kinds, and still others
quire currents of only one kind.

‘What I seek primarily to do, therefore, is
to produce a unitary machine adapted to
supply each and all of the number and va-
riety of currents required to operate an X-
ray tube of any kind, and in which the cur-
rents may within reasonable limits be va-
ried as to number and variety, each kind of
current being controllable independently of
others. '

In producing a machine for the general
purpose just indicated, I also seek to obtain
a number of distinet advantages, among
them being the following:

I. To so comnstruct and arrange the ma-
chine that a single source of alternating cur-
rent may be used not only to drive the ma-
chine but also to supply it with all of the

Speciﬁcatibn of Letters Patent.

Patented Oct. 5, 1920,
Serial No. 318,584. '

electric power it requires for the purposes
of transformation, rectification and distri-
bution.

II. To build up the main secondary by
grouping together a number of separate
secondary windings, and to associate each
winding with a particular rectifying disk,
the connections from the windings to the
rectifying disks being changeable so that
by shifting them the transformer windings
may be arranged either in series or in par-
allel, as desired, the rectifying disks being
operated accordingly, so as to develop either
small currents of high potential or larger
currents of lower potential.

III. To provide the machine with means
for enabling the operator to time one of the
circuits relatively to another.

1V. To give to the rectifying mechanism
such form and arrangement as to reduce
greatly the necessity for high peripheral
speed of the rotating disks. : :

V. To provide the machine with means
for enabling the operator to time the ignition
currents relatively to the main discharges;
or in other words, to adjust the lag or lead
of the ignition. ‘ :
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VI. To reduce aerial friction, to reduce -

leakage due to vacuum effects arising from
high peripheral speeds, to avoid the neces-
sity of using oil as insulation, and to enable
the machine to be actuated by a smaller
motor. B

Figure 1 is a diagram showing my inven-
tion as used in connection with an X-ray
tube of the kind known as an ignition tube
or Lilienfeld tube, the secondary windings
of the main transformer being in series with
each other. :

Fig. 2 is a wiring diagram.showing how
the secondary windings of the main trans-
former may be connected together in paral-
lel with each other.

Fig. 8 is a diagram showing my invention

as used with a Coolidge tube, that is, an X-
ray tube in which the cathode is heated to
incandescence independently of the heating
effect of the main discharge through the
tube. :

- Fig. 4is a diagram showing my invention
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“as employed in connection with an ordinary
‘X-ray tube containing rarefied gas and

known commercially as a gas tube. -
In the form shown in Fig. 1 a pair of feed

wires, energized by alternating currents, ap-

pear at 5, 6. Two other wires 7, 8, lead
from the feed wires to a synchronous motor
9, the armature shaft of which is provided
with a collar 10, carrying a set screw 11.
Three transformers appear at 12, 13" and
14, and are herein designated according to

- their respective uses.
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The transformer 12 is the main’ trans-
former, and is employed for forcing high
tension current discharges through the X-
Tay tube, shown at 15. The main trans-
former is provided with a primary winding
16 and with secondary windings 17, 18, 19
and 20, in this instance four in number and

connected in series with each other with -

reference to the X-ray tube, as hereinafter
described. The primary winding 16 is by
two wires 21, 22, together with a variable re-

"sistance 23 and a variable inductance 24,

connected with the feed wires 5, 6.

The ignition transformer is provided with.

a. primary winding 25 and a secondary
winding 26. - The primary winding 25 is by
wires 27, 28, together with a variable re-
sistance 29 and a variable inductance 30,
conriected with the feed wires 5, 6. The
purpose of the ignition transformer 13 is to

“force a high tension eurrent through a por-

" _tion of the X-ray tube 15, in order to. es-
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‘tablish a flow of electrons and thus to pre-

cipitate the main discharge through the X-
Tay tube. ' ' -
The heating transformer 14 is provided
with a primary winding 81 and with a sec-
ondary winding 82. The primary winding

31 is by means of wires 33, 34, together with-

s, variable resistance 85 and a variable in-

_ductance 36, connected with the feed

wires 5, 6. . _ v
The variable resistances and the variable
inductances above mentioned are used for

~ the purpose of regulating and controlling

50

‘the various devices with which they are as-
sociated, and need not be further described..

The synchronous metor 9 is provided with

_-a revoluble shaft 37 having considerable

©.568

60

length and engaging a bearing 38. This
shaft is fitted inte the collar 10, and: se-

cured thereto by the set screw 11. By loos-.

ening “the set screw, .turning the shaft

slightly in relation to the' collar and then -

tightening the set screw, the shaft 37 is
as a unit adjustable
tor. » - . .

Mounted upon the shaft 37 and revoluble
therewith are disks, 39, 40, 41, 42 and 43,in
this instance five in number. The disks 39,

40, 41 and 42 always remain fixed relatively

__to the shaft 37, and the disk 43 is pormally

‘larl

relatively to the mo- .-
; A . purposes of the main discharge, and is an

1,354,591

fixed relatively to said shaft. However, the
disk 48 is provided with a collar 44, carry-

ing a set screw 45, and is:adjustable rela-

65

tively to the shaft. That is to say, the op-~

erator can loosen the set screw, turn the
disk 43 slightly in relation to the shaft 37,
and then tighten the set screw. The pur-
pose in rendering the disk 43 thus adjust-
able is to enable the operator to properly
time the ignition discharge relatively to the

main discharge through the tube, as here-.
" inafter more fully described.

The disks are provided with contact sec-
tors 46, 47, 48, 49, 50, 51, 52, 58, 54, and 55,
these contact sectors being disposed in pairs,
each disk carrying one pair.

Located adjacent the disks are a number
of stationary contdct brushes 56, 57, 58, 59,
60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,

79, 78, 14, and 75. These brushes are dis-

tributed four to each disk, so that there are.

four of them to each- pair of the contact
brushes. Each contact sector is of suffi-
cient length to reach from one contact brush
to the next. For instance, the contact sec-
tor 46 is of proper length to establish con-
nection between the brushes 56 dnd 57, or
between the brushes 57 and 58, or between

the brushes 58 and.59, .or between the

brushes 59 and 56. _

- A wire 76 extends from the brish 59 to
the brush 63.
from the brush 61 to the brush 65. Simi-
a wire 78 extends from. the brush 67
to the brush 71. ;

o A wire 79 leads frbm the b}'ush 57 to the
X-ray tube 15 and is connected to the anode,

80 thereof. The tube contains a heating
filament 81, from which a wire 82 leads to
the secondary winding 82 of the heating
transformer 12. Two wires 83 and 84 lead
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Another wire 77 extends - -
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from the secondary winding 82 back to the

heating filament 81. A wire 85 is connect-
ed with the wires 83 and 84, and leads there-
from to the brush 73. '

A wire 86 leads from the secondary. wind-
ing 26 of the ignition transformer 13 to the
brush 74, and a wire 87 leads from the brush

72 to the secondary winding 26.

‘A wire 88 is connected to the brush 75
and to two wires 89 and 90, the wire 90
leading to the ground at 91, and the wire
89 leading to the brush 69. ~Or; the ground

‘wire 90 may be omitted and the wire 77

grounded. -
A wire 92 leads from the brush 69 to a
terminal 93 of the X-ray tube, -

The terminal 93 is a cathode-'ter_mﬁlal for

anode terminal for purposes of the so-called
ignition discharge—that is, the glow dis-

.charge which- takes place within a portion
‘of the tube from the member 93 to the heat-

ed filament 81, which is;always a cathode.
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The ignition discharge just mentioned is
due to a high voltage current from the sec-
ondary winding 26 of the ignition trans-
former 13.

The various secondary windings 17, 18, 19
and 20 of the main transformer are by wires
94, 95, 96, 97, 98, 99, 100 and 101 connected
with the respective brushes 56, 58, 60, 62,
64, 66, 68, 70, 72 and 74.

In the particular mechanism here illus-
trated, the synchronous motor 9 makes 1500
revolutions per minute, and the feed wires 5,
6 are supplied with alternating currents of
sixty cycles per second, or 3600 cycles per
minute. Hence the shaft 87 makes one-
half of a complete revolution during each
cycle, so that each transformer winding
generates four currents (two in each direc-
tion) while the rectifier disks each make one
complete revolution. These currents are

tectified by the action of the rectifying

disks, so that they all pass in a unitary di-
rection through the X-ray tube, so as to
cause the production of the X-rays.

I will now trace the various circuits in-
dicated in Fig. 1,

The primary circuit for the heating trans-
former 14 is as follows: feed wire 6, wire
34, primary winding 31, wire 33, variable
inductance 36, variable resistance 35, feed
wire 5 to source of electricity (not shown),
thence back to feed wire 6.

The secondary circuit of the heating
transformer 14 may be traced as follows:
secondary winding 32, wires 83 and 84, fila-
ment 81, and wire 82 back to secondary
winding 32. This circuit heats the filament
81, which as elsewhere explained is always
a cathode.

The circuit through the synchronous
motor 9 may be traced as follows: feed wire
6, wire 8, synchronous motor 9, wire 7, feed
wire 5 to source of electricity (not shown),
thence back to feed wire 6. ,

The primary circuit of the ignition trans-
former 13 may be traced as follows: feed
wire 6, wire 28 to primary winding 25, wire
27, variable inductance 30, variable resist-
ance 29, feed wire 5 to source of electricity,
thence back to feed wire 6.

With the various movable parts occupy-
ing their respective positions indicated in
Fig. 1, a secondary circuit of the ignition
transformer 13 may be traced as follows:
secondary winding 26, wire 86, brush 74,
contact sector 55, brush 75, wires 88 and 89
(these two wires being grounded at 91

through ground wire 90), brush 69, wire 92, -

terminal 93 (serving for purposes.of this
circuit as an anode), through adjacent por-
tion of X-ray tube to filament 81 (serving
as a cathode), wires 84 and 85, brush 73,
contact sector 54, brush 72 and wire 87 back
to secondary winding 26. '

With the movable parts changed in posi-

tion, however, to an extent commensurate.

with a quarter of a turn of the revoluble
shaft 87 and with an accompanying reversal
in the polarity of the several fransformers,
another secondary circuit of the ignition
transformer 13 may be traced, as follows:
secondary winding 26, wire 86, brush 74,
contact sector 54 (now in a new position),
brush 73, wires 85 and 84, filament 81, thence
through a portion of X-ray tube to termi-
nal 93 (serving for purposes of this circuit
as an anode), wire 92, brush 69, wire 89 to
wire 88 (these two wires being grounded at
91 through ground wire 90), contact brush

75, contact sector 55 (occupying a new po-

sition), brush 72 and wire 87, back to sec-
ondary winding 26. :

With another quarter of a revolution for
the shaft 37 and a corresponding change in
the polarity of the transformers, the sectors
54 and 55 will be diametrically transposed
from the positions they occupy in TFig. 1.
When this occurs another ignition circuit
is completed. = This eirenit T do.not deem it
necessary to trace, as it is identical with the
ignition circuit first above traced through
the secondary winding 26, except for the
transposition of the two contact sectors 54
and 55, and these are exactly alike in strue-
ture.

“With still another quarter of a revolution
for the shaft 37 and yet another reversal in
the polarities of the transformers, another
ignition circuit is completed through the
secondary winding 26, and is identical with
the ignition circuit second above traced
through the secondary winding 26, except
for the transposition of the sectors 54
and 55.

The ignition circuits all cause discharges
to pass from the filament 81 to the terminal
93, through the adjacent portion of the X-
ray tube, these discharges all taking place
in the same direction relatively to the tube,
and serving to perform the step known in
this art as ignition.

The primary circuit through the main
transformer 12 is as follows: feed wire 6,
wire 22, primary winding 16, wire 21, in-
ductive resistance 24, variable resistance 23,
feed wire 5 to source of supply (not shown),
thence back to feed wire 6. ‘

With the various movable parts occupy-
ing their respective positions indicated in
Fig. 1 a circuit through the secondary
windings of the main transformer may be
traced as follows: :

- Secondary winding 17, wire 94, brush 56,
contact sector 46, brush 57, wire 79 to anode
80 of X-ray tube 15, terminal 93 (now con-
sidered as a cathode), wire 92, brush 69,
contact sector 53, brush 70, wire 101, sec-
ondary winding 20, wire 100, brush 68, con-

8

70

75

80

90

95

100

105

110

115

120

125



tact sector 52, brush 71, wire 78, brush 67,
contact sector 51, brush 66, wire 99, sec-
ondary winding 19, wire 98, brush 64, con-
tact sector 50, brush 65, wire 77, brush 61,
contact sector 49, brush- 62, wire 97, sec-
ondary- winding 18, wire 96, brush 60, con-
tact sector 48, brush 63, wire:76, brush 59,
contact sector 47, brush 58, wirg-95, back to

" secondary winding 17. It will be noted that

10

in the circuit just traced all of the secondary
windings 17, 18, 19 and 20 are in series with
each other with reference to the X-ray tube,

. so that the voltage developed between the

15

20

terminals 80 and 93 ig the added voltage of

the four secondary “windings just men-:
R : - the main transformer for less voltage and

tioned. :

‘When the shaft 37 turns to the extent of a
quarter of a revolution, the polarity of each
transformer being correspondingly reversed
by the changing phase of the alternating
current in the feed wires, a circuit through

_the secondary windings of the main trans-

- 25

30

former can now be traced as follows:
Secondary winding 17, wire 95, brush
58, contact sector 46 (now occupying a néw
position), brush 57, wire 79, anode 80, ter-
minal 93 (for purposes of this circuit serv-
ing as the cathode), wire 92, brush 69, con-
tact sector 52, brush 68, wire 100, second-
ary winding 20, wire 101, brush 70, contact
sector 53, brush 71, wire 78, brush 67, con-

" tact sector 51, brush 64, wire 98, secondary

35

winding 19, wire 99, brush 66, contact sec-
tor 50, brush 65, wire 77, brush 61, contact
sector: 48, brush 60, wire 96, secondary wind-

_ ing 18, wire 97, brush 62, contact sector 49,

40

. ing care of the phase-controlled reversal of

45

"1, the two contact sectors carried by each

brush 63, wire 76, brush 59, contact sector

.47, brush 56, and wire 94, back to secondary

winding 17. -
- - In this circuit the secondary current flows

“through the X-ray tube in the same direc-

tion as before, the rectifying mechanism tak-

the currerits generated "in the several sec-

ondary windings of the main transformer12.-

~When the revoluble shaft 37 completes a
half turn from its position indicated in Fig.

" ‘disk are of course transposed relatively to

- 60
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each other. ' For instance, the contact sec-
tors 46 and 47 merely change places with
each other. At the instant this occurs each

.transformer has.the same polarity it had

at first—that is, the polarity contemplated

by the- condition of the ‘apparatus as illus--
trated in Fig. 1. Such being the case it ig"
obvious that -a circuit can now be traced
through the'secondary windings of the main -

transformer and .through the X-ray tube,

this circuit -being ‘identical with the one :

. first above traced through these same:parts,

that throughou the circuit each. contact:

with: the exception, more apparent than real,

- "'With the various movable parts. 1
.in Fig. 2 occupying their respective posi-

1,364,591

_sector is replaced by another contact sector

which is its exact counterpart.- ;

When the shaft 37 completes three-quar-
ters of a revolution from its position indi-
cated in Fig. 1, another circuit can be traced
through the secondary windings of the main
transformer and through the X-ray tube,
this circuit being identical with the one sec-
ond above traced through these same parts,
with the exception that each contact sector
is replaced by some other contact sector of
the same kind. o o

Tt is sometimes desirable to_use the gen-
eral group of mechanism shown in Fig. 1,
but to connect the secondary windings of

more amperage. 'This is'done by arranging
the secondary windings 17, 18, 19 and 20 in
parallel with each other with reference to
the main circuit.

“This is done quite easily, and without dis-
turbing any massive or permanent part of
the mechanism, by merely changing a few
wires or other transient conductors leading
to some of the brushes, as indicated more

_particularly in Fig. 2.

~. Instead of using the two wires 79 and
92 shown in Fig. 1, I employ two other wires
79* and 922 - .

" The wire 79* is connected to a wire 102

85

70

75

80

85

90

which leads to the brush 57. A wire 103 is

connected to the two wires 79> and 102, and
is also connected to two’' other wires 104
and 105. The wire 105 is connected .to the
brush 85. The wire 104 is connected to two
wires 106 and 107, the wire 106 leading to
the brush 63 and the wire 107 leading to the
brush 71. - :

“The wire 92¢ is connected to two wires 108-
“and 109, the wire 108 leading to the brush
69 and the wire 109 being connected to two:

- wires 110 and 111. The wire 110 leads to
" the brush 61, and the wire 111 is connected

95

100 -

106

to two other wires 112 and 113.. The wire -~ -

112 4s connected. with the brush 67, the wire

:118 leading to the brush 59.

With the exceptions just noted, the parts

shown in Fig. 2 are identical in structure
_ with' corresponding parts appearing in Fig..
"1, and the additional parts shown in Fig.

1 are equally adapted for use in connection
with the parts shown in Fig. 2. :

tions as indicated in that figure, four cir-

cuits may be traced; these circuits merging.

together for the purpose of energizing the

wires 79® and 92%, leading to the main ter-
“ minals of the X-ray tube.. - - -
_The first of these circuits is as follows:
“secondary winding 17, wire 94, brush 56,
contact sector 46, brush 57; wire 102, wire-
79* to X-ray tube, back by wire 92*, wires

shown -

110 -
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109, 111, 113, brush 59, contact sector 47,
bruqh 58 fmd wire 95 b‘lck to seconddry
winding 17.

The second c1rc111t is as follows: second-
ary winding 18, wire 96, brush 60, contact
sector 48, brush 63, wires 106, 104, 103, wire

9% to X- -ray tube, back by wire ‘)7“, wires
109, 110, brush 61, contact sector 49. brush
62 qnd wire 97 back to secondary wind-
ing 18.

"The third cireuit is as follows: secondary
winding 19, wire 98, brush 64, contact sector
30, brush 65, wires 105. 103, wire 79* to
X-ray tube, back by wire 927, wires 109, 111
and 112 to brush 67, contact sector 51, brush
66 and wire 99, back to seconchry wind-
ing 19.

The fourth cncult is as follows: second-
ary winding 20, wire 100, brush 68, contact
sector 52, brush 71, wires 107, 104 and 103,
wire 79* to X-ray tube. thence back by wire
922, wire 108, brush 69, contact sector 53,
brush 70, and wire 101 back to secondary
winding 20.

Tt will be noted that since these four cir-
cuits merge together in the wires 79 and
922, the four secondary windings 17. 18, 19
and 20 are in parallel with each other with
respect to the main discharge through the
X-ray tube.

When the disks shown in Fig. 2 have each
turned, in a clockwise direction as indicated
by the arrows, to the extent of a quarter of
a revolution, the polarity of the main trans-
former 12 being meanwhile reversed, four
other circuits, merging together to some ex-

~ tent, may be traced.

40
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The circuit through the secondary Wmd-
ing 17 is as follows: secondary winding 17,
wire 95, brush 58, contact sector 46, contact
sector 46 (now in a new position). brush 57,
wire 102, wire 79* to X-ray tube, thence
back by wire 922, avires 109, 111 and 113,
brush 59, contact sector 47 (in a new posi-
tion), brush 56 and wire 94, back to second-
ary Wmdm 17.

The c1rcu11; through the secondary wind-
ing 18 is as follows: secondary winding 18,
wire 97, brush 62, contact sector 49 (now
in a new p031t10n) brush 63, wires 106, 104
and 103, wire 79 to X-ray tube, thence back
by wire 922, wires 109, 110, brush 61, con-
tact sector 48 (in a new position), brush 60
and wire 96 back to secondary Wmdlntr 18.

The circuit through the secondary wind-
ing 19 is as follows: secondary winding 19,

* wire 99, brush 66, contact sector-50° (in a

60

new posrtlon) brush 65, wires 105, 103 and
79 to X-ray tube, thence back by wire 922,
wires 109, 111 and 112, brush 67, contact
sector 51 (m a mew position). brush 64 and
wire 98 back to secondary winding 19.

The circuit through the secondery wind- -

-anode to a heated cathode.

5§

ing 20 is as follows secondary winding 20,
wire 101, brush 70, contact sector 53 (in a
new p051t10n) brush 71, wires 107, 104 and
108, wire 7 9a to X-ray tube, thence back by
wire 92% wire 108, brush 69, contact sector
52 (now 'in a new posmon) and wire 100
back to secondary winding 20.

Thus while the direction of the circuit in
each secondary winding is reversed as com-
pared with its divection at the start, each

65
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disk rectifies the current for one wmdmcr .

and all four of the currents thus rectlﬁed
are merged together and passed through the
X—rav tube in the same direction, thls be-
ing the direction in whieh currents from the
main transformer always pass.

As the disks turn contmuouslv each disk
during each revolution vmtu‘illv reverses the
direction of the current from one secondar v
winding. so that the current from each sec-
ondary winding is rectified as often as it is
reversed by the action of the transformer.

It is obvious that the various connections
to the brushes can be arranged in other ways
than those above- descrlbed so as to obtain

different ratios of potential as compared

with current. For instance the connections
can be arranged in multiple-series rather
than in series or in parallel as deseribed. I
do not deem it necessary to show or describe
such variations in the conneetions, or to pur-
sue further the practical effects thereod. as
the subject here drifts off into engineering
and mechanical skill.

In Fig. 3 my device is shown as used in
connectlon with a so-called Coolidge tube,
that is, an X-ray tube in which the single
discharge in the tube takes place from the

shown at 114, and has the form of a glow-
ing filament. The anode appears at 802,
wire 79° leading to it in the same manner

75
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95
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This eathode is -

105

and for the same purpose that in Fig. 1 -

the wire 79 leads to the anode 80. A wire
99P is connected with.the cathode 114, and
leads therefrom to the brush 69. thus corre-
sponding to the wire 92 in Fig. 1. The wire

92% is connected to a wire 110 the latter be-.

ing connected to a wire 116 which is ground-
ed at 117, as shown, or which may be
grounded at 77. The ground wire 116 and
the wire 115 are connected to a ere 118,
leading to the brush 75.

A wire 119 leads from the cathode 114 to
the brush 73.

The cathode 114 is heated by currents
from the transformer 13.

In the form of my device shown in Fig. 3
I do not need the transformer shown in F10'
1 at 32, and by omitting this transformer
and parts immediately associated I simplify
the apparatus accordm«rly
The primary Wmdmg 25 is by a wire 27*

110

115

120

125



10

~ pearing in Fig. 2

15

20

25

30

35

connected with a variable magnetic resist-
ance. 120. This device is provided with an
armature 121, controllable by a screw feed
122, in such manner that the position of the
armature can be controlled ‘with great ex-
actness, and the inductive resistance of the
cireuit controlled accordingly: =" =
With the  exceptions above noted, " the
strncture and action of the mechanism
shown in Fig. 8 is identical with that ap-
With the movable parts in Fig. 3 appear-
ing as indicated, the circuit for heating the

cathode 114 may be traced as follows: sec-

ondary winding 26, wire 87, brush 72, con-

tact sector 54, brush 73, wire 119, cathode -

114, wire 115, wires 116 and 118 (the wire
116 beirig grounded), brush 75, contact sec-
tor 55, brush 74 and wire 86 back to sec-
ondary winding 26. _ ‘
With the disks turned each a quarter of a
revolution and the polarity of the trans-
formers reversed, the circuit through the
cathode may be traced as follows: second-
ary winding 26, wire 86, brush 74, contact
sector 54 (now in a new position), brush 73,

“wire 119, cathode 114, wire 115, wires 116
"and 118 (the wire 116 being grounded), brush

75, contact sector 55, brush 72 and wire 87
back to the secondary winding 26. v
The currents for heating the cathode

“shown at 114 in Fig. 3 are of the same char-

acter as those used fof setting up discharges
from the terminal 93, considered as an anode,
and the cathode 81. Such currents thus-used
are for the purpose of ignition. They are

~ almost, but not exactly, in synchronism with

40

45

50°

the currents from theé secondary windings of
the main transformer. That is to say, they
are given a slight léad as compared with
the secondary currents of the main trans-
former, in order that the ignition discharge
may -act as a pilot control for the'main dis-
charge. : .

The lead thus-given to the ignition dis-
charge is regulated, at the will of the opera-

“tor, by manual adjustment of the disk 43

uponthe shaft 87. The adjustment is ac-
complished by loosening the bolt 45, turning

the disk slightly upon the shaft, and tighten-

ing the bolt. This leaves the disk 43 slightly

displaced relatively to the other disks.

The adjustment just described is also use-

- ful for adapting the machine for use under

65
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* just the control of the ignition circuit rela-
" tively to the main circuit. R

different degrees of inductance presented by
the secondary windings. of the main trans-
former, as for instance when these windings
are operated sometimes in series and at other
times in parallel. Again, with changes of
speed, changes of current; changes of po-
tential and changes in many. other factors,
it is found in practice desirable to thus ad-

1,854;501

In the form of my device shown in Fig.
4 the X-ray tube used is a gas tube 15°. The
anode 80P is by a wire 79° connected with the
brush 57. The cathode is shown at 123. A
wire 124 or 77 is connected with the cathode,
and with a wire 125, which leads to ground
at 126. A wire 127 is connected to the wires

124 and 125, and leads therefrom to the

‘brush 69. The only transformer here used
is the main transformer 12.

Except as noted, the structure and action
of the mechanism shown in Fig. 4 is sub-
stantially the same as that shown in the
other figures and above described. ‘

The operation of my device is set
at Kﬁl th in the foregoing description.
work to be done is selected, and the appa-
ratus is adapted as above described to meet
the requirements of the tube. g

The operator connects the windings for
high potential and little current, or for lower
potential and more current, as desired. If
he uses the ignition circuit, he makes an
adjustment for the purpose of timing the
ignition discharges relatively to the main
discharges. e T

The apparatus above described has many
-advantages. The -secondary of the main
transformer being built up of distinct sec-

tions, its various parts are readily accessible.

for repair and replacement, and are to some
extent interchangeable. These secondary
windings may be treated as units, the num-
ber of which may be increased within limits
permitted by the size of the machine, or
may be diminished as desired. '

" The arrangement of the various windings.

and particulerly that of the secondary wind-
ings of the main transformer, renders the
matter: of thorough insulation relatively

easy. -

The aggroupment of the various windings

\
forth }

o
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-ray tube of suitable type for the .
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and rectifying disks, as above described, ef- -

fectively distributes the potential developed,
so that the parts which are subjected to the
greatest potential strains are as a general
rule spaced widely apart. Thus thé danger
of a break down is greatly diminished.
By the use of a number of rectifying disks
each having a small diameter, in place of a
“single disk of large diameter, the peripheral
speed is actually reduced. Not only that, but

110

115

this reduction in peripheral speed virtually -

_increases the insulation afforded by-the air,
by preventing the formation of partial
vacuums which have heretofore been found
so objectionable in" disk machines. rotating
at high speeds. Again, by the reduction in
speed waste of .power in driving the ma-
chine is avoided-and the noise of operation

is reduced. - S

The principal "advantage of my device,:
_ however, is that of merging together, in g °
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single commercial machine, practically ail of
the various mechanisms which act in dif-
ferent ways upon the X-ray tube. That is to
say, I combine in a unitary structure the
filament heating mechanism, the ignition
mechanism and such other mechanism as is
absolutely inherent in all modern devices

for producing X-rays upon a commercial

scale.

My device is compact, and can be built
comparatively light and strong. Tis parts
admit of standardization to a considerable
extent.

I do not limit myself to the particular
mechanism here shown, the spirit of my in-
vention being commensurate with my claims.

I claim— :

1. An electric machine of the character
described, comprising a transformer pro-
vided with a primary winding and a plu-
rality of secondary windings, a plurality of
rectifying disks, one for each secondary
winding, connections -from said secondary
windings to said rectifying disks, condue-
tors for connecting said rectifying disks
with the main' terminals of an X-ray
tube, a motor provided with a revoluble
shaft for turning said rectifying disks, an
ignition circuit for energizing a portion of
said Xeray tube, and an additional disk
connected with said revoluble shaft and
controllable by rotation thereof for timing
said ignition circuit relatively to discharge
between the main terminals of said X-ray
tube. S

2. A device of the character described
comprising a secondary circuit, revoluble
rectifying disks -connected with said sec-
ondary circuit for rectifying the currents
thereof, an additional secondary circuit, an

additional rectifying disk connected with .

said additional secondary circuit-for recti-
fying the currents of the same, a revoluble
shaft carrying all of said rectifying disks,
and means for enabling' the operator at will
to adjust said additional rectifying disk
by giving it a slight angular displacement

_ relatively to the first mentioned disks.

50
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3. A device of the character described
comprising a secondary circuit, rectifying
disks for rectifying the currents of said sec-
ondary circuit in order to produce a main
discharge of unitary direction, an addi-
tional secondary circuit for ignition of said
main discharge, an additional rectifying
disk for.rectifying the currents of said ad-

- ditional secondary circuit, a shaft connected

with all of said disks and revoluble. for the
purpose of actuating the same, means con-
trollable at the will of the operator for
enabling him to give said additional recti-
fying disk an angular displacement rela-
tively to the first mentioned disks, and a
heating member connected to said ignition

7.

circuit for the purpose of influencing the
ignition discharge, and means for heating
said heating member independently of any
heating effect of said ignition discharge.

4. A device of the character described,
comprising a main transformer provided

with a primary winding and with a plu--

rality of secondary windings, a plurality of
rectifying disks for rectifying the currents
generated by said secondary windings, a
plurality of transient conductors control-
lable at the will of the operator for con-
pecting said secondary windings with said
rectifyving disks in a plurality of different
ways in order to change the ratio of poten-
tial relatively to the current generated in
said secondary windings and rectified by
said rectifying disks, an additional sec-
ondary winding, means for energizing the
same, an additional reetifying disk, connec-
tions from said additional secondary wind-
ing to said additional rectifying disk,
mechanism common to all of said rectify-
ing disks for turning them at the same
speed, and means controllable at the will
of the operator for enabling him to adjust
said additional rectifying disk in order to
give it a slight angular displacement rela-
tively to the first-mentioned revoluble disks.

5. A device of the character described,
comprising a main transformer, an igni-
tion transformer, a synchronous motor,
means for energizing said main transformer
and said ignition transformer synchro-
nously with said synchronous motor, a rev-
oluble shaft for said synchronous motor,
a plurality of rectifying disks mounted
upon said shaft and revoluble therewith,

‘connections from said rectifying disks to

said main transformer in order to enable
said rectifying disks to rectify secondary
currents from said main transformer, an
additional rectifying disk mounted upon
said revoluble shaft and connections from
said additional rectifying disk to said igni-
tion transformer, for enabling said recti-
fying disk to rectify secondary . currents
from said ignition transformer.

6. A device of the character described,
comprising a main transformer, an igni-
tion transformer, a synchronous motor,
means for energizing said main transformer
and said . ignition transformer synchro-

_nously with said synchronous motor, a rev-

oluble shaft for said synchronous motor, a
plurality of rectifying devices connected
with said revoluble shaft and actuated
thereby for the purpose of rectifying sec-
ondary currents from said main trans-
former, an additional rectifying device con-
nected with said revoluble shaft, connec-
tions from said additional rectifying device
to said ignition transformer, for enabling
said rectifying device to rectify secondary
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currents from said ignition ‘transformer,
and means controllable at the will of the
operator for timing the action of said sec-
ond mentioned rectifying device relatively
to the action of said first mentioned recti-

fying devices. :

7. A device of the character described,
comprising a main transformer, an ignition

transformer, a heating transformer, a syn-

chronous motor, means for energizing all

of said transformers synchronously with

said motor, a group of rectifying devices,

_connections from said rectifying devices to

said main transformer for enabling said
rectifying devices to rectify secondary cur-
rents from said main transformer, an ad-

ditional rectifying device, connections there-
from to said ignition transformer for en-

abling said additional rectifying device to
rectify secondary currents from said ig-
nition transformer, a pair of terminals, con-
nections thereto from said additional recti-
fying device, and connections to one of said
terminals from said heating transformer.

8. A device of the character described,
comprising. a main transformer, an ignition
transformer, a heating transformer, a syn-
chronous motor, means for energizing all
of said transformers synchronously. with
said motor, a group of rectifying devices,
connections from said rectifying devices to
said main transformer for enabling said

‘rectifying devices to rectify secondary cur-

rents from said main transformer, a pair of
terminals connected with said ignition de-
vice and energized thereby for the purpose
of setting up an ignition discharge, one of
said terminals being a cathode, and connec-
tions from said cathode to said heating
transformer for enabling said cathode to be
heated independently of any heating effects
of currents from said ignition transformer.

9. The combination of an X-ray tube pro-
vided with a pair of main discharge, termi-
nals and further provided with an auxiliary
terminal in the form of an electric conduc-

- tor ‘and adapted to be heated in order to

50
_in order to energize them for the main dis- -

reduce the resistance-between said main dis-
charge terminals, a main transformer con-
nected with said main discharge terminals

charge, means for electrically energizing

_said auxiliary terminal in order to Leat the

55

same, a main transformer for supplying sec-
ondary currents to the main discharge termi-
nals, rectifying devices for rectifying said

" secondary currents, an ignition transformer

for supplying secondary currents to a pair

1,354,501

of terminals, one being said auxiliary termi-

nal and the other being one of said main-

60

discharge terminals, a synchronous motor -

connected mechanically with said rectifyin
devices in order to actuate the same, an
means for synchronously energizing said
transformers and said synchronous motor.

10.-The combination of an X-ray tube
provided with a pair of main discharge
terminals and further provided with an

(1)

auxiliary terminal in the form of a heated -

cathode for the purpose of reducing the re-
sistance between said main discharge termi-
nals, a main transformer in electrical com-
munication with said main discharge termi-
nals in order to energize them for the main
discharge, an ignition transformer in elec-
trical communication with said auxiliary
terminal and-one of said main discharge
terminals for setting up therebetween an
igniton discharge for controlling the main
discharge, rectifying. disks connected with
said main transformer, an additional recti-
fying disk connected with said ignition
transformer, a revoluble shaft carrying all
of "said rectifying disks, a synchronous
motor connected with said revoluble shaft
for - actuating said rectifying disks, and

means for synchronously energizing said -
transformers and said synchronous motor.

.11, The combination of an X-ray tube
provided with a pair of main discharge
terminals and further provided with an aux-

‘iliary terminal in the form of a heated
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cathode for the purpose of stimulating the

flow of electrons between the main discharge

_terminals, a main transformer in electrical
- communication with said main discharge

terminals in order to energize them for the

‘main discharge, an ignition transrormer in

electrical communication with said auxiliary
terminal and one of said main discharge

terminals, in order to set up therebetween
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a pilot discharge for controlling the main - ..

discharge, rectifying disks connected with
said main transformer, an additional recti-
fying disk - connected with said ignition
transformer, a revoluble shaft carrying all

at the will of the operator for enabling him
to adjust one of said disks relatively to

"others in order to time one of the discharges
relatively to the other, a synchronous motor

connected with said revoluble shaft in order
to actuate the same, and means for syn-

chronously énergizing said transformers and.
_said synchronous motor. = -

REINHOLD H. WAPPLER.
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‘of said rectifying disks, means controllable -
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