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- Patented July 4, 1933 

ALBERT Bouw ERS AND WILLEM HoNDIUS BOLDINGH, of EINDHOVEN 
ASSIGNORs. To N. V. PEIILEPs' GLOELLAMPENFABRIEKEN, OF EIND 

x-RAY APPARATUS 
... Application filed October 15, 1931, Serial N 

. The invention concerns an apparatus which Voltage or maintain said device in this po 
is particularly suitable for the radiological tion. . . . . . . . . . . . . . . 
examination of the structure of crystals. This is effected in a simplemanner by p. 
The apparatus may, however, be utilized for yiding the devices for the connection to the 

S many other purposes both in the field of the fixed part. (this should be understood to mean 
testing of materials and of therapeutics. ... that part of the apparatus which contains. 
The apparatus according to the invention. . . . 

essentially consists of a part comprising a Whi 
high-voltage transformer contained in a 
(hetal case and of an X-ray tube surrounded 
by a conducting envelope. The X-ray tube is 
detachably secured to the transformer case, 
which acts as a carrier of the tube, by means 
with the aid of which the contact member 
or the electric connection of the tube and the 
transformer are united. . . . . . . . 
The transformer casing preferably i 
udes a head-piece which carries the X-ray 

tube and encloses conductors leading from...asp 
the transformer to the points for the attach 
ment of the tube. This attachment may be 
ffected at openings in the head-piece of the 
transformer case, and of the envelope of the 
tube, which openings are in a linement. One 
set of openings serves for the anodes C 

is a second set ode-side of the tube 
while the insulated electric conductors pas 
through these openings... . . ... . 
The lead-piece of the tran 

it may be employed fo . . . 
motor with a fan for 
tube. . . . . . . ... . . . . . . . . . . . 

. The apparatus may be equippe 

or again by 
member and 

- L. . . . . . with in- ment of the tubes. : : . . . ." 
terchangeable tubes for different voltages and In order to preventith cting contac 
be provided with a device for adjusting the from being at a high potential when a tube 
appropriate value of the voltage. The fact has not yet been secured to the apparatus, the 
that the tube and the transformer case are primary circuit of the transformer may con 
combined in the manner as above described prise switch Which is adjacent the connec 
so as to form a unit renders it possible to Ellef which is brought go 
employ a device by means of which the ad- SA Essex the tubes justment of the correct voltage is automati E. eing mounted by a device connected to a TE the means for the attachment. . . . . . . cally effected. In fact, the device for adju :------- Al- . . . . . . . . . . . . . . is . . . . ing the different voltages may be combined Such a switeh may be similar to the de ... with than ! Yotages lay becomined scribed device for adjusting the right voltage. 45 with the means for the attachment of the Tasii, tube in such manner that the connecting d In apparatus embodying the invention the vices to th tub anner that the connecting cle- use of electric high-tension conductors out. ..." "E" she apparats properisentirely avoided EE"E.E.E. While changing the tube which is necessary :- switching-in : e 1, ifferent voltages into the for the irradiation. - . .'' th different . wave 

to position required for the corresponding lengths, and the substitution of one tube 
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another becomes extremely simple Owing to 
the combination of the means for the attach 
ment with those for the electrical connection 
and may be even combined with those for the 
adjustment of the correct voltage. This will 
distinctly appear from the description of the 
accompanying drawings which represent, by 
way of example in two projections an appa 
ratus according to the invention and which 
shows some details thereof on an enlarged 
scale. In the drawings: 

Figure 1 represents the apparatus partly 
in section, in a vertical position, the till be be 
ing parallel to the plane of the drawings. 

Figure 2 represents, likewise partly in Sec 
tion, a lateral elevation of the same appa 
ratus and 

Figures 3 and 4 show details. 
As shown in the drawings, a preferred con 

struction embodying the invention comprises 
a metallic transformer casing having a por 
tion 1 enclosing the high-tension transformei' 
and a hollow extension, head-piece or ped 
estal 2 through which pass the insulated cur 
rent conductors 8 and 9 leading to the X-ray 
tube. The envelope 3 of an X-ray tube 4 is 
provided with openings registering with 
openings in the top of the head-piece 2. The 
ends of the conductors 8 and 9 leading from 
the transformer extend into the openings in 
the envelope 3 of the X-ray tube and are pro 
vided with terminals forming transformer 
contact terminals adapted to contact. With co 
operating contact terminals on the X-ray tube 
as described below. 
The attachment of the tube is effected with 

the aid of coupling nuts 5 and 6 which are 
screwed on to a projecting rim 7 of the head 
piece 2 as shown in Fig. 3. The transformer' 
contact devices comprise insulating men 
bers 10 at the ends of the conductors 8 and 9. 
These insulating members carry at their end 
contact members which cooperate with the 
contact members secured to the poles of the 
tube. For the anode terminal of the tube this 
electrical connection is shown in Section in 
Figure 1. in this figure 11 is the end of the 
supply conductor of the anode. A resilient 
contact piece 12 is secured to the connecting 
piece 10 and comes into contact with the end 
11 when the tube is mounted. Furthelmore 
there is a pressure switch 13 which is included 
in the primary circuit of the transformer. 
This switch is closed by screwing on the nut 
5 which depresses the pin 14 (see Fig. 3). So 
long as this has not occurred no high volt 
age can consequently be applied to the con 
necting contacts and there is thus no danger 
of the operator receiving an accidental shock 
from the high-tension terminals of the trans 
former. Instead of the Switch 13 a locking 
device of a switch in the primary circuit may 
be actuated by the securing member owing 
to which the closure of the circuit is only pos 
sible after the tube has been mounted. 

sired than with the use of a tube in which the 
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The securing device on the cathode-side is 
provided with a similar switch 15 which 
serves another purpose. Within the head 2 
is arranged a resistance i6 which is included 
in the primary circuit of the transformer but 
which may be short-circuited with the aid of 
the switch 15. By screwing-on the nut 6, the 
pin terminating this switch at the top is 
pushed-in. This movement does not take 
place however, when the coupling nut has the 
shape shown in Figure 4. The nut repre 
sented in this figure has a groove to receive 
the pin of the switch 15 so that the latter is 
not actuated when for the attachment of the 
tube the nut, is screwed-on. Such a nut is 
present, with the tube for the Operation of 
which the primary circuit of the transformer 
needs an extra-resistance (the resistance 16) 
so that the voltage applied to the tube is auto 
matically adjusted at the required value. It 
is evident that this device may be extended at 
will with more such contact devices so that 
different combinations are possible. Such 
devices may also serve to adjust the voltage 
on the incandescent cathode at different 
valies. 

For a radiological examination with X 
rays emitted by a tungsten anti-cathode, a 
higher tension across the electrodes is de 
active surface of the anode consists of copper. 
The securing device of a tube of the latter 
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kind is consequently such that the resistance 
16 serving to reduce the voltage remains in 
cluded in the primary circuit. When mount 
ing tubes of the former kind, on the contrary, 
this resistance must be short-circuited and 
for this reason tie groove in nut 6 is omitted 
with these tubes. 
The head-piece 2 carries a table 17 having 

secured to it instruments 18 for making 
crystallographic diagrams, for example ac 
cording to the method Debye-Schere!'. 
These instruments are slidable, over project 
ing arms 19 and, if required, they can be re 
moved therefrom. The X-ray tube 4 has two 
windows 20 and 21 for the passage of the 
rays to the outside. 
A fan 22 nourated together with a driving 

motor 23 within the head piece 2 serves to cool 
the X-ray tube. Air is drawn-in by this fan 
through a screen 24 and blown thi'ough an 
air channel 25 into the space comprised be 
tween the X-ray tube and the envelope Sur 
rounding the latter. The air current passes 
then along the anode (see the arrows) and 
finds at the end of the envelope an opportu 
nity to reach the outside by passing through 
apertures 26. Simultaneously with the 
transformer, the motor 23 is connected to the 
available network so that it requires no sepa 
rate switch. 

It appear's from the above that the appa 
ratus has no unprotected high-tension con 
ductors accessible from the outside. Even 
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is no risk of coming into contact with parts 
under high tension owing to the fact that the 

5 conductors leading from the transformer to 
the connecting devices for this tension are in 
sulated. Besides, owing to the fact that the 
contact plug 28 for the electrical connection 

0. 
before being able to open this cover. It is 
advantageous to connect the mid-point of the 
secondary winding of the transformer to the 
transformer casing so, that relatively to the. 

is casing, which during the operation of the 
I apparatus is connected to earth, each of the 
transformer poles possesses half the voltage 
existing across the electrodes of the tube. . . . , . . . . . . . . winding and a secondary high-tension Wind 

ing, an X-ray tube, an enclosing envelope for 85 
said tube, insulated conductors leading from 

What we claim is:-... 

thereof adapted to register with said trans 
former terminals when the tube is mounted 
on the transformer casing, circuit-control 
ling means in circuit with said transformer and means for detachably securing said X 
ray tube to said transformer casing with the 

50 terminals of said tube in engagement with . 
the transformer terminals, said securing 
means being arranged to control said circuit 

tube is controlling means when the X-ray 
mounted on the transformer casing. . . . . 

85 2. In , combination, a high-voltage tran 
former, a metal casing for said transforme 
an X-ray tube, a conductive envelope Sur 
rounding the same, contact members connect 
ed with the tube, contact members and in 
sulated conductors connecting the same. With 
the transformer, said first contact members 
cooperating with said, second contact mem 
bers, and means for mechanically securing. 

- the envelope of the tube to the casing of the 
45 transformer, said means comprising thread 

nuts surrounding said. 

40 

ed rims and coupling 
insulating conductors. . . 3. In combination, a transformer, a metal 
casing therefor including a hollow head 

9 piece, a conductive envelope, an X-ray tube 
enclosed by the same and in partial spaced 
relation there with, said envelope being 

piece, insulated conductors connecting said 

90 tween the X-ray tube and its envelope. 

of the apparatus is located in front of the 
cover 27 one is obliged to remove this g 

1. In combination, a transformer, a casing 
therefor, spaced contact terminals on said: 
casing connected to said transformer, an:X. 
ray tube having contact terminals at the ends former with the X-ray tube, said envel 

ubes and said headpiece hav- ' 

insulated conductors, project, 
tubes carrying gland nuts having 
shaped front surface opposed to the ends- ... . . . 

glé - - - - - - - - 

upright threaded rim. 
6. An X-ray insta 

former having : 

mounted on said head-piece, means detach 
ably connecting said envelope with said head 
X-ray tube with said transformer, means: 
comprising an electrically driven fan within 
said headpiece and a communicating tube 
between said fan and the inter-space be 

4. An X-ray installation comprising a cas 
ling including an extension, a transformer en 
closed in said casing having a primary low 
tension winding and a secondary high-tension 
winding, a conductive envelope detachably 

member when 

3 
when the cover 27. affording access to the mounted on said extension, an X-ray tube in 
space enclosed by the head 2 is opened, there said envel - - - - - - - - - - - - is . . . . . . . from said secondary winding through said . . . 

said envelope, insulated conductors leading 
extension of the casing connecting the trans 
former with the X-ray tube, means for estab: 

tors, and a switch connected in series with 

of the casing so, as to be closed when said 
connection is made. 

70 . . . . 

lishing a mechanical connection between said envelope and said extension including co 
axial rimson the extension and the envelope respectively and surrounding. Said conde- is 
said primary winding and cooperating. With . 
a part of the means for mechanically secur 
ing the conductive envelope to the extension 

5. An X-ray installation comprising a cas: . 
ling including a head-piece, a transformer en closed thereby having a primary low-tension 

said secondary winding through said head 
piece and electrically connecting the tral 
having branch 
ing circular apertures through 

Poo 

face of the head-piece, and said apertures be-' 
ing surrounded by a threaded flange fitting 
said gland nuts, and a push-button Switch 
connected in series with said primary wind 

it by the ring 

lation either of two X-ray tribes designed for differ 
ent operatin 
ing and a second 
metal casing enclosing ing a supporting pedestal, an X-ray tube en- 1. 
closed in a conductive envelope, means for securing said envelope on said supporting 

ounted at the side of one of the up 
of the head-piece and project ' ... 
m in the direction of the axis of ; 
gland nutso as to be pushed 
shaped front surface of said 

indnut when the latter is screwed o the log 

oltages comprising a trans 
110 

pedestal and means including electric con '' 
ductors disposed in said supporting pedestal 
for connecting the X-ray tube to said sec 
Ondary winding, said first means comprising 
a fastening member on the conductive enve 
lope of the tube, a resistance connected in se 120 
ries with the primary winding of said trans 
former and disposed in said supporting ped 
estal and a switch for short-circuiting the 
same, said switch being mounted on the said is - supporting pedestal adjacent the fastening.'" . . 
member of the tube envelope so as to be moved to its closed position by the fastening 

7. ..An X-ray "installation for utilizing " 
said envelope is attached to the . . . . 
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either of two X-ray tubes, designed for differ 
ent operating voltages comprising a trans 
former having a primary low-tension wind 
ing and a secondary high-tension winding, 
a metal casing for said transformer includ 
ing a supporting pedestal, an X-ray tube en 
closed in a conductive envelope, means for 
Securing Said envelope to said supporting 
pedestal and means comprising insulated 
electric conductors disposed in said Support 
ing pedestal for connecting the X-ray tube 
to said secondary winding, said first means 
comprising upright threaded rims on the Sup 
porting pedestal and gland nuts cooperating 
with said rims and carried by the conductive 
envelope of the tube, the ends of said insu 
lated conductors leading through said rims 
and gland nuts when a tube is operatively 
Secured to said supporting pedestal, a resist 
ance connected in series with the primary 
winding of said transformer and disposed 
Within said supporting pedestal and a push 
button switch for short-circuiting the same, 
Said push-button switch being mounted on 
said supporting pedestal adjacent one of said 
upright rims, so as to be pushed in by the 
corresponding gland nut of said tube en 
velope. 

45 

50 

60 

8. In combination, a metal casing includ 
ing a hollow head-piece having an apertured 
top portion, a transformer within said cas 
ing and having terminals, a conductive en 
velope, an X-ray tube in said envelope, said 
envelope having tubular extensions in co 
operative relation with the apertures in the 
top portion of said head-piece, insulated con 
ductors disposed within said head-piece and 
leading through said apertures and tubular 
extensions and connected to said terminals 
of the transformer, and conductive means 
for connecting said terminals with the X-ray 
tube. - , 

9. An X-ray apparatus comprising a 
transformer, a metal casing enclosing the 
same and including a hollow head-piece, a 
Substantially cylindrical X-ray tube, a con 
ductive envelope therefor having a restrict 
ed waist portion and enlarged end portions, 
Supports at the waist, portion and two end 
portions of the envelope to support the lat 

1,917,090 

ter on the head-piece of the transformer cas 
ing and insulated supply conductors disposed 
in said hollow head-piece and connecting 
said X-ray tube to the transformer. 

10. An X-ray installation for utilizing 
either of two X-ray tubes designed for dif 
ferent operating voltages comprising a trans 
former having a primary low-tension wind 
ing and a secondary high-tension winding, 
a metal casing enclosing said transformer 
and including a supporting pedestal, an X 
ray tube enclosed in a conductive envelope, 
means including conductors for connecting 
said X-ray tube to the secondary winding 
of said transformer when the envelope of the 
tube is mounted on said supporting pedesial, 
means connected with the primary wind 
ing of said transformer for varying the 
Voltage to be applied to the tube and co 
Operating means on said envelope and pedes 
tal for controlling said voltage-varying 
In earnS. 

11. An X-ray installation for utilizing 
either of two X-ray tubes designed for dif 
ferent operating voltages comprising a 
transformer having a primary low-tension 
Winding and a secondary high-tension wind 
ing, a metal casing enclosing said trans 
former and including a supporting pedestal, 
an X-ray tube enclosed in a conductive en 
Velope, means for securing said envelope on 
said supporting pedestal, means including 
electric conductors disposed in said support 
ing pedestal for connecting the X-ray tube 
to said secondary winding, said first means 
comprising a fastening member on the con 
ductive envelope of the tube, a resistance con 
nected in series with the primary winding of 
said transformer and a switch for short 
circuiting said resistance, said switch being 
mounted on said supporting pedestal adja 
cent the fastening member of the tube en 
velope, said fastening member being so 
shaped that it does not actuate said switch 
when the envelope is attached to the pedes 
tal. - 

In testimony whereof we have signed our 
names to this specification. 

ALBERT BOU WERS. 
WILLEN HONDUS BOLDINGH. 
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