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3 Claims.

The present invention relates to X-ray ap-
paratus and has particularly to do with the
energization of a phirality of X-ray tubes em-
ployed in cross-fire fluoroscopy.

Ag here shown, the invention relates tc a civ-
cuit selected for the operation of such plurality
of X-ray tubes and to the arrangement of the
switch or control members therefor.

At the present time, cross-fire fiuoroscony, as
a vesult of the present invention, is mcoa-mg
one of the most valuable of X-ray developments
in surgery. Anterior to the invention of the
present circuit and means for controlling such
circuit, cross-fire fluoroscopy was not locked

upcn with the same favor although its possi-
bilities were conceived.
Included in the objects of the present inven-

ticn, therefore, is a means whereby tubes used
for cross-fire fluoroscopy or the like may be so
controlled that only one is generating X-light
at any given time, the other X-ray tube being
inactive.

A second object of the invention is to provide
convenient means for instantly switching the
electromotive force used for energizing an X-
light system from one X-ray tube to another
as required.

A third object of the invention is a novel
switch for the control of a plurality of X-ray
tubes used in cross-fire fluoroscopy or for cther
purposes, and particularly adapted for use atb
the side of an X-ray table.

A further object of the invention is the pro-
vision of a new and improved cireuit for use in
connection with a plurality of X-ray tubes serv-
ing 2 common purpose, as for example, arranged
for cross-fire fluoroscopy.

These objects, and such other objects as may
hereinafter appear, are obtained by the novel
construction, unique arrangement, and improved
combination of the several elements iliustrated
in the accompanying drawings, in which one
form of the invention is illustrated.

In said drawings:

Figure 1 is an end elevation, generaily sche-
matic, of an X-ray table, a tube stand, fluoro-
scopic right-angled screens, and two heads hoid-
ing oil immersed X-ray tubes, one of such X-ra
tubes being at the side of the table and above
the top thereof, and the other X-ray tube he-
neath the table; a typical installation;

Figure 2 is a side elevation of a table such as
is illustrated in Figure 1, the table, control stand,
tube holders, and fluoroscopic screen being more
or less schematically shown;

, Serial No. 518,586

Figure 3 is a plan view of one form which
the control switch for the X-ray tube herein-

after described may take;

i gare 4 is a transverse section through said
foot switch taken on the line 4—4¢ of Figure 3; gg

mgure 5 is a similar section taken on the hne
5—5 of said Figure 3; and
i igure 8 is a schematic illustration of a cir-
cuit particularly adapted for use in connection
with the apparatus described, illustrated in Fig- 65
ures 1 ¢ 5, inclusive.

Like zeiezeme characters are used to desig-
nate similar parts in the drawings and in the
description of the invention hereinafter given.

Reference should be had first to Figures 1
and 2. Upon a bage 10 there is provided a tilt-
ghle table 11, the structure of which is now
cenventional in the X-ray art. Suitably
mounted for longitudinal movement lengthwise
of table 11 is a head 12 which contains an X-
ray tube, not shown. There is also in head 12
tube energizing instrumentalities including high
tension transformer, and suitable grounding
conductors.

At the side of table 11 is a tube stand 15, gg
and disposed thereon for vertical movement up
and down said stand is a head 16 similar to or
identical with head 12. Head 16 is adjustable
angularly at the axis 17 where it is pivoted in
the bracket 18. Disposed on stand 15 above the gs
mounting for said head is a fluoroscopic screen
holder 18 supporting two fluoroscopic screens 20
and 21, at right angles to one another as illus-
trated, each angularly adjustable on its own
axis and otherwise movable within limitations. gg

The heads 12 and 16 are energized by the
same electromotive force, there being cables 22
and 23 (containing the required insulated elec-
trical conductors) each leading to one of said
heads from a common control stand 24. There g5
is conveniently disposed as near the apparatus
as i3 practicable a wall switch in a housing 25
from whence a cable 26 (comprising a flexible
covering around a pluralily of cables) is con-
nected to control stand 24. 160

The head 16 at the side of the table 11 is dis-
posed for use with screen 21 and head 12 be-
neath the table 11 is disposed for use with
screen 20. A patient resting upon the top of
the table may be under the influence of X-light 105
generated in either of said heads, 12 and 16,
such X-light to penetrate the part of patient’s
body to be examined.

Thus, the X-light generated in the head 12
beneath the table 11 after it shall have pene- 110
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trated the part of the patient under examina-
tion will preduce a fluorescent image upon the
upper and horizontal screen 29, while the X-
light generated in the head 16 upon the tube
stand 15 and penetrating the same part of the
patient (but not conjointly with the X-light
from head 12) will produce a fluorescent effect
upon the vertical screen 21.

An operator at the side of takle 11 may look
down upon the upper fluoroscopic screen 20 for
one view and by shifting his position may em-
ploy the vertical screen 21 for a different view,
thus using a cross-fire of X-light for making
examinations of fractured bones or the like, the
change in view being made concurrently with a
switching of the energizing force from one head
12 to the other 16 or vice versa.

While the operator is employing the upper
screen 20, X-light, for efficiency’s sake, should
be generated only in the lower head 12, and
while the operator is employing the vertical
screen 21, he can only avail himself usefully of
the X-light generated in the head 16 upon the
vertical stand 15. If both heads 12 and 16
are operating, one tube is unnecessarily operat-
ing and shortening its life.

The improved apparatus herein deseribed pro-
vides for a rapid and thorough examination of
a patient and is highly practicable for setting
bone fractures. An examining operator can get
in rapid succession without leaving the patient
right angls impressions upon the two screens.
Quick comparisons of fuoroscopic images at
different angles have thus been made possible,
without a plurality of tubes conjointly operat-
ing. It is this opportunity for an operator to
compare images at different angles which makes
X-ray cross-fire examination so highly valu-
able.

Reference should now be had to Figures 3,
4, and 5. In these figures, there is illustrated
a switch adapted to be operated by an cperator’s
fcot, and which readily may be disposed at the
side of the base 10, as shown in Figure 2, of
X-ray table 11 for operation without such op-
erator having to move his eyes from the fluoro-
scopic sereen upon which he is visualizing a
patient’s anatomy until at the instant he may
visualize the same part upon the second screen.

The switch comprises a base 30 and a cover
or housing 31 thereover and secured to base 30
in a suitable manner. At the rear end of the
housing 31 is an operator’s heel rest 32, the
switch casing being shaped to provide rest 32,
the switch casing being shaped to provide ready
engagement with the hee! of an operator for
the purpoese of permitting such operator to guide
his foot movements in a correct manner with-
out looking away from the fluoroscopic screens
20 and 21.

Through the {ront end of the housing 31,
which end is enlarged, are three aperiures, 34, 35
and 36. The central (34) of said apertures may
be arranged in a boss 37. The section of the
housing 31 having boss 37 as a part thereof may
be higher than the remainder of the housing.
At each side and to the sides of said central
aperture 34 are the remaining apertures 35 and
36, which, as indicated above, are lower than
the central aperture 34.

From an examination of Figures 4, and 5, and
particulariy of Figure 4, taken on the line 4—4
of Figure 3, it will be noted that there is a
switch comprising a singie blade 38 mountad on
a pivot support 39, such support generally being

1,950,764

at the cenfer of the blade 38. The mounting 39
therefor, insulated at its base 40 from switch
base 30, is a conducting eclement which is con-
nected to a coaductor (not sheown) common to
both of the contactor circuits illustrated in
Figure 6 and subssquently $o be herein described.

At each side of said centr nembper 39 are
¢plit contacts 41 suitably insulated on
bases 43 and 44 fro ch pase 30, the blade
28 of being adapted to be

ctions of contacts 41
and 42 as s d oot movement of the
operator. The piveting of the movable blade 33
is such that said hlade cannst he in electrical
connection with both side contacis 41 and 42 at
any time. Said biade 38 may be moved out of

contact with one contact, 41 or 42, and imme-
diately thereaiter inlo contact with the other,
but at no time can ths movakle blade 38 =stab-
lish conjoint cconnecltion with both contacts 41
and 42.

One cof said split contacts, 41 or 42, in asso-
ciation with the central hlade 38, is arranged
for the purpose of establishi ng a circuit to X-
ray head 12 and the cther is adapted to estab-
lish in comhination with scud central blade 38
a circuit to the other of = IZ-ray heads 16.

AL each end of 4 movable blade 38 is
pivolted an insulsting member, 45 and 46, here-
inaiter called a switch pedal and which is
o,dwpted to exiend t through the hous-

ing 31, one of thesge, 45, at e side and extend-
ing thr 1&,- aperture 35, and the cother, 46, at
the other side through aperiure 26.

Lt

The arra ngemen nt ot the msu‘mx ng foot pedals
45 and 46, just de i iz such that when the
switch is fLI cles ustanblish either circuit,
the pedal 45 or 46 i i
is substantially level with the tep of housirg 31,
while the opposite pedal projecis outwardly of
the apparatts a relatively great distance, and
sufficient to provide a guide to prevent the oper-
ator’s foot from slipping therepast when moved
across tize top of the switch housmg. The pro-
Jecting switch provides a means {o indicate to
an operator through touch or sight which X-
ray tube circuit is closed.

By referring to Tigure 5, which is a section
taken on line 5—5 of Figure 3, it will be noted
that there is disposed unon the base 30 two
posts 50. The tops of nosgts 59 comprise in-
wardly directed legs terminating in button con-
tacts 52 and 52a, one of said wposts 50 Leing
suitably insulated from button 52. Immediately

4

beneath said contact membsars 52 and 52a¢ are

two additional contacts 53 and 534, -suitably
insulated from the bass 26 of the device.
Contacts 53 and 5Zg form & oanectable break
in the circuit from a sou cf power to a switch
now being described, he ci}:cmt being closed as
an incident to estab 1 e ontact across con-

»7 )
[ U
o

tact buttons 53 and 52!. he contacts 52 and
52z are in a circuit w‘th a lamp 55 of low in-
tensity common to rocins in which fluoroscopic
examinations are being canducted and ave en-
agad only when X-light is not being generated
(see Figure 6).

In the aperture 34 in boss 37 there is a foot
pedal 54, genervally circular in form. Secured
thereto is a stem 56. Said feol padal 54 and/or
said stem 56 may both be of insulating material.
At the bottom of stem 58 is a sivip of contacting
material 57. AL the ‘31:'3 cf said bhoss 37 is a
sleeve 58. Intermediat c« sleeve 58 and the head
of foot pedal 54 is a coil spring 59 which is
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wrapped around the stem 56 so that strip 57,
just descriked, is normally urged into a position
to close the circuit to light 55 and to open the
X-light circuit switch, the tendency of spring 59
being to force the foot pedal 54 and the switch
member 57 controlled thereby upwardly out of
engagement with the contacts 53 and 53a.

By pressing upon foot pedal 54, an operator
may force said pedal 54 downwardly until the
strip connector 57 bridges contacts 53 and 53aq,
thereby establishing a circuit intermediate said
contacts 53 and 53¢ and permitting of the flow
of current in a selected circuit controlled by the
foot pedals 45 and 46, to permit of and cause
energization of the X-light circuits in head 12
or head 16.

By the arrangement just described, in com-
bination with the circuit illustrated in Figure 6,
an operator resting his foot upon the housing
31 first determines whether he wishes to ener-
gize the upper or the lower X-ray tube head 16
or 12. Having determined which of these he
desires to employ, the operator presses the
proper foot pedal 45 or 46 at the right or the
left side of the switch housing 31, if the selected
cireuit is not already established, and he there-
after energizes the selected tube circuit by press-
ing upon the central switch member 54.

In order to change the energization from one
head to the other, the operator releases the
spring foot pedal 54, thereby deenergizing the
previously operating circuit entirely, and presses
the raised foot pedal in housing 31, thereby
changing the closable X-ray circuit from one
head to the other head. The operator there-
after presses the central foot pedal 54 to close
the circuit and to energize the selected head. As
the head energizing switch is adapted to move to
an open position the instant that pressure is re-
leased therefrom, neither tube in the circuit is
energized except when the operator so arranges
therefor by manual operaticn, and under no con-
ditions is more than one tube energized at any
one time.

Reference will now be had to Figure 6, a sche-
matic representation of the improved circuit for
the heads 12 and 16. Such circuit comprises
leads 101 and 102 from a source of alternating
current energy of suitakle voltage to fuses 103
and 164. At the end of the fuses is a double
pole switech 105 and the contacts therefor. A
left hand conductor 106 leading therefrom has
several forks 107, 108 and 109 leading therefrocm
as follows.

Through the conductors 106 and 107, one line
runs to a central binding post of two three-pole
contactors 110. By way of conductors 166 and
108, through a switch 111, a circuit to the indi-
cating light 55 is formed, the circuit being fixed
contact 52a, movable strip contact 57 actuated
by a spring 59, fixed contact 52, the contacts
52¢, 57 and 52 normally being in contact, and
conductors 114 and i15. When sirip contact 87
is in upper position, the ends of the strip 57
engage contacts 5% and 52a to close the circuit
to light 55. Separation of contacts 52 and 52¢
when contact 57 is depressed prevents the flow
of current to light 55.

From conductor 1069 in connection with one
end of a coil 116, a circuit extends through said
coil 118, the conductor at the other terminal
of said coil being bifurcated, one leg terminating
in contact 53¢ and the other leg running to a
contact 118 of a time switch 119. In the time
switch 119, there is & second contact 120 which

3

is connected to conductor 114 which runs to
conductor 115 in the other side of the alternat-
ing current lines. When contacts 118 and
120 are brought together by time switch 118, the
coil 116 is energized to move the armature 121
by drawing strip contact 124 into contact with
contacts 122 and 123, said strip 124 being moved
with armature 121 of which it is a part.

The foot switch enclosed in housing 31 is ar-
ranged to have its contacts 53 and B3¢ connect
the conductors 114 and 109 by the use of strip 57
through the coil 116 when the time switch 119
is not employed and such floor switch, fcrming
a part of the subject maitter of this application
for Letters Patent, is in use. When the circuit
thus established therethrough is closed, the cir-
cuit is from one side of the alternating current
line to the coil 116, through the switch contacts
53a, 57 and 53, and tc the other side of the
alternating current line. Said foot switch is
spring actuated for the purpose of keeping the
subdued light circuit closed and to prevent the
X-ray tube eircuit from being closed except by
manual operation as an incident to placing pres-
sure upon foot pedal 54.

Whenever the coil 118 is energized, contactor
124 is brought into physical connection with the
two separated buttons 122 and 125, 'Thereupen,
either the system: of X-light generaticn at one
side of the drawings (Figure 6) or the other sys-
tem of X-light generation at the ofther side of
the drawings is energized. The system which is
energized is determined by the position of switch
38 which is so arranged so that it can establish
a circuit to one head of the apparatus at a tims,
the other X-ray head or other side of the circuit
not being energized.

The operation of the foot switch, which is
adapted to be confrolled by the toe of the cn-
erator’s fcot or in any other suitable way, gov-
erns the circuits now to he described. A conduc-
tor runs to the centre contact 39 in the foot
switch. At either side of said center contact 35

is a part of blade 38. As shown blade 38 is in
connection with contact 41. From contact 41,
conductor 125 runs io one side of ¢ N g

coil of one oif the three-pole contactors
(Figure 6). The circuit extends through the
erating coil therein, to a central binding post
for said three-pole contactors, from where a
conductor 1907 goes directly to the opposite side
of the alternating current source.

If the foot switch is changed so that contact
38 engages post 42, then the circuit is from con-
ductor 115 at one side ¢f the alternating current
source tc the center contact 38, through the
switch member 38 to the contact 42, by a con-
ductor 126 to cne side of the operating coil of
the other of the thre contactors 118
through the operating coil thercin {0 the center
and through
the alternat-

Q

ing curreni source.

At this point, it is well to remark that the
switch hereinabove described operated by
pedals 45 and 48 contrels cireuits which are in
no way dependent upon s switch actuated by
time switch 118 or by foot pedal 54 heretcfore
described. ‘The sclection of an X-light circuit
to be employed is arranged preiiminary ito the
energization of an X-ray circuit and by an inde-
pendent electrical cireuit and by circuits which
are selectively energized whenever the hand
switch 105 is closed.

By the system of wires and the circuit herein
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shown, while only one X-ray head may be ener-
gized at any time, many of the conductors or
wires are common, thus saving much in the way
of material and labor in the carrying ocut of the
scheme of Z-1ray tube operation and of courss
meaking the menufacture of the device a rela-
tively simple matter.

In each of the heads 12 and 16, the former ab
the lsft-hand side and the latter at the righi-
hand side of Figure 6, is an X-ray tube (127 and
128), & high tension transformer (125 and 130)
having & split secondary, and a filament cur-
rent transforiner (131 and 132).

Lno circuit to the high tension transformers
is as fcllows: conductor 196, through the two
contacts 122 and 123 by conductor 133 to one
terminal in an auto transformer 134 and irom
thence to a bifurcation in the line from which
two couductors branch, one (135) going to the
laft-hand terminal of high tension transformer
128 in the left-hand head 12, and the other (138)
to the righi-hand terminal of the high tension
transformer 136 in the right-hand head 18.

From the right terminal of the left-hand high
tension ftransformer 129, a conductor 137 runs
to the left-nand contact of the left-hand three-
pole contactor 110 and therethrough by way of
conductor 138 fo said auto-transicrmer 134
Tha lefs-hand terminal of the right-hand high
tensicn transiorimer 130 connects with conductor

129 to the left-hand contact of the right-hand
three-pole contactor 114 and then through the
ccndu.u‘or an

to auto-transformer 134, The
ansformer 124 is by way of con~
ductoi e terminal thereof and to the
other side of the alternating current source of
power by econdustor 133 connected to the cthe
terminal thereof.

For the pt

+. 4 b
r2nu

the filament cur-

transforn uit by way of
conductor 106 and 141 ide of the line
to one terminal of an av_to~tz‘ansfc‘mer being
connected to conductor i4 th‘iCdl connw—
tion with sonductor 115.
flcm ,Jzud suto-transformer
the m\rm--n and cenw

f -y
ners, there i
ir

thh the CLh
ow to one termmal uf one terminal
nt transfcrmer 132 in the right-
From the cther terminal of the
id Alamwent transformer 182, the
na other terminal of the auto-trans-
Taer 142 b:r way of conductor 144.

Across the conductors 141 and 143 of the fila-
ment current transformer circuit theve is a volt

145 to indicate the voliage Imprassed upon
s 142, :
sxtends to the lefi-hand

fila,
'mer 131 in the leff-hand X-ra
seid flsment cur:‘eni: trans-
o*" "cmdu tor 146 and 1
mer 142.
v cireuiss Lo the heads 12 and
en described, the secondary it
s now willi be traced. As
1dsries of the higy
1 130 are spiit. Cne ssction
inal connected to a conductor
e of the X-ray tube in the
i is connected to the
The centers of sald sec-
tions of the secondary ave grounded upon the
casing forming the head, one being electrically

e
head

wted the secon

sqéd
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connected to a conductor 150 which is grounded
at 150¢ externally of the apparatus.
The conductor 150 so grounded is in electrical

connection with o soccnu conductor 151 in which
a milliamineter 152 is disposed, said conductor
151 ext ud'«.ng to the intermediate contactor of
uhu right-hand thre & contacter 110 and
thersthrough by way conductor 153 to the

cecondary coil.

other °cct o of said &
i i vmed in the ieft-hand

v
ne
125 to the head where g condary is ground—
ed, th i assceiation with said ground

1
i 156 connected to conductor
ictor 151 extending, as previously
intermediate contact of the left-
contactor 110 ther through by
© 157 to the ieft-hand central
t haud secticn of the sec-
on transformer 129.
former within each head is
nt within Lae cathode of
t’hc circuit thereto being
tbhsm circuit, and the
nt circuit being comimon
1 to the cathode.
will be seen that when
nosition shown in the
cireuit (Figure 6),
I X-ray head 12 is in civeuit;
izft-hand X-ray head is in
nd head 1% is inactive.
f the switch 28 is changed,
nand head 15 is in mz‘cult and the
ad 12 is inactive,.
~alatively simple elec-
1 may e controlled

cir CUu;,
189,

other lzg
to the hi

by 2 low tension

NIRRT 12 contacts in the cir-
1L for estaplishing a seﬁéectiva energization in
bprm to twﬂ A nt X-light heads,
wpd_ in th hieads may he

Such energization is rapidly
¥ controtled from a foot
tto an AI -ray table in a convenient
w8 hand switch placed at any
nl o the tabls to replace such foot
» hand gw J "'1 to have levers readily

hend to take the place of the
5 employed in o fool swite

o2

u'wo indepen-
ing a single
controlling
insls main
coma nei for each
and a tube
& primary
Srimary of
2585 oc;aueu
ng for

‘d main
de high
511!" n cmd—

a1 Ltuo CoMmy sm_g
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O

r 'cul er,
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source of energy, and said selector switch, and
the other circuit including the operating means
for the other group of connectors, said source

of energy and said selector switch
2. X-ray apparatus co:z\p“lm g mvo inde-
pendently operable X-ray tubes hav g a umgle

source of energy, a single auto Lra
controlling such enevgy, a single fila
regulator, a selector switch, and
switch, in combination with a contai j
X-ray tube baving oil insulaticn and tube en-
ergizing instrumentalities f

in, the latter
comprising a high tension transformer and a
filament current transiormesr, a i ry ci1'cuit
for each tube including the p;-,‘_
tension transformer associated

source of energy, said auto ir
said main switbh, a secondayr y cirg

assomatnd Wth 521“01 high uensm t
and the secondary of said high tensio
former, a primarvy filament cu

each filament current

nG

as

ransiormer ing 'ng Sd,ld
source of energy, said filament current regulator,
and the primary of the filament current uaps—

10+
LR

ent circuil
the tube,

ent cu

former, and a s
for each tube I
and the secondary nent trans-
former in the container them ith, said primary
circuits, said secondary circuits, and szid fila-
ment current primavy circuits having connectors
therein for the opening and cloging of such cir-
cuits, the conunectors in the w‘ﬂmt: energizing
each tube being grouped togather, means for the
conjoint operation of the con nectcr“ in each
group, and circuits to said O\’)Sl ting means, one
circuit including the operating means for one
group of comnnectors, sald source of energy, and
said selector switch, and

cmmary

~ -
CUTTENT

the other circuit in-
cluding the operating means for the other group
of connectors, said source of energy and said
selector switch.

5

3. X-ray apparatus comprising two indepen-
dently operable X-ray tubes having a single
source of energy, a single auto transformer for
controlling such energy, one current measuring
device for indicating the energy impressed upon
cach of said tubes when energized, a single fila-
ment current regulator, a selector switch, and
a single main switch, in combination with a
container for each X-ray tube having oil insula-
tion and tube energizing instrumentalities
therein, the latter comprising a high tension
traqsforier, & primary circuit for each tube in-
cluding the primary of the high tension trans-
former associated therewith, said source of
energy, said auto transformer, and said main
switelr, a secondary cirveuit from each high ten~
sicn transformer including said current mea-
suring device, the tube associated with said high
ension transformer, and the secondary of said
high tension transformer, a primary filament
urrent cirveuit for each filament current trans-
rmer including said source of energy, said
a ment current regulator, and the primary
of the filament current transformer, and a sec-
cndary filament current circuit for each tube
including the filament in the tube, and the sec-
cndary of the filament current transformer in
the centainer therewith, said primary circuits,
said secondary circuits, and said filament cur-
rent primary circuits having connectors therein
for the opening and closing of suech circuits,
the conunectors in the circuits energizing each
jube being grouped together, means for the con-
joint operation of the connectors in each group,
and circuits to said operating means, one cir-
cuit including the operating means for one group
of connectors, said source of energy, and said
selector switch, and the other circuit including
the operating means for the other group of

c?—

oy b

O

h

-
i

connactors, said source of energy and said selec- |

tor switch.
JULIUS B. WANTZ.
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