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5 Claims. (Cl 248-—280)

This invention relates to flexible arm means for sup-
porting X-ray tubes and other objects requiring adjust-
ment to different positions of use and, more particularly,
to an arm of this character adapted to be carried by a
pedestal wall or other support and provided with means
for counterbalancing the weight of the object in its dif-
ferent positions of vertical adjustment, one object of the
invention being to provide an improved mechanism of
the above character having a more simple, practical and
economical type of construction.

Another object is to provide a supporting mechanism
of the character described adapted to provide more uni-
form counterbalancing support for the object to support
it stationarily in any desired position for use.

Still a further object is to provide a counterbalanced
supporting mechanism having the above advantages, with
fewer parts and more simple construction and capable
of being readily manufactured and assembled at lower
cost.

To these and other ends the invention resides in cer-
tain improvements and combinations of parts, all as will
be hereinafter more fully described, the novel features
being pointed out in the claims at the end of the specifica-
tion.

In the drawings:

Fig. 1 is a side elevation of a counterbalanced support-
ing mechanism embodying the present invention and show-
ing an X-ray tube supported in a raised position;

- Fig. 2 is an enlarged elevation of portions of the mech-
anism in the same position, as shown in Fig. 1, and partly
broken away for better disclosure;

Fig. 3 is an enlarged sectional view on the line 3—3
in Fig. 5;

Fig. 4 is a view generally similar to Fig. 2 but show-
ing the parts as arranged in a lowered position of the
X-ray tube; .

Fig. 5 is a top plan view of the parts shown in Fig. 4,
partly in section, and

Fig. 6 is a fragmentary, sectional view on the line 6—6
in Fig. 5.

The invention is disclosed in the present imstance in
an embodiment adapted for supporting an X-ray tube on
a pedestal, wall or other support, in uniformly counter-
balanced condition so that it may be readily moved to and
stationary adjusted in any position in its range of move-
ment. Referring more particularly to the drawings, there
is shown at 10, Fig. 1, a bracket which may be fastened
on a floor pedestal, or a wall surface, or other suitable
support. This bracket has spaced bearings 11 and 12 for
a pivot bolt 13 supporting the spaced bearings 14 and 15
of a plate 16 so that the plate may be swiveled horizontal-
ly about the axis of the bolt 13 and relative to the sup-
port or bracket 10. Plate 16 forms part of the flexible
arm means for adjustably supporting the X-ray tube and
forms, more particularly, a part of an inner parallel mo-
tion linkage of the arm indicated generally at 17 which
will now be described.

Linkage 17 comprises a pair of parallel links 18 and 19
having their lower ends preferably bifurcated to em-
brace projecting edge portions or lugs of the plate 16,
being pivotally connected thereto at 20 and 21, respective-
ly. The upper end of link 18 is pivotally connected, as
at 22, between a pair of spaced and rigidly connected
plates 23, the end of the link being somewhat extended
beyond the pivot as at 24 for a purpose hereafter de-
scribed. The upper end of arm 19 is pivotally connected
at 25 with the plates 23 and it is apparent that such
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parts 16, 18, 19 and 23 form a parallel motion linkage
such that the arms 18 and 19 may be swung in a vertical
plane but in parallel relation, with the pivots 22 and 25
of plates 23 remaining parallel with the pivots 20 and 21
of the plate 16.

A second parallel motion linkage, indicated generally
at 26, comprises a pair of links 27 and 28. Link 27 has
its upper end pivoted at 25 to plates 23 and is extended
somewhat beyond the pivot as at 29. Link 28 has its up-
per end pivoted at 284 to the plates 23. A link 30 is
pivoted to extension 24 of link 18 and to extension 29
of link 27, to preserve symmetrical inclination in a vertical
plane as the pairs of links are pivoted about the plates
16 and 23 and moved apart to extend the arm and move
the X-ray tube horizontally. A lug 31 on arm 27 is posi-
tioned to engage arm 18 to limit the upward movement
of the parts in the retracted position shown in Fig. 1.

The lower ends of links 27 and 28 are preferably bi-
furcated and embrace and are pivotally connected at 32
and 33, respectively, to spaced edge lugs of a supporting
part or plate 34, to complete the linkage 26. It is ap-
parent from this construction that as links 27 and 28
are swung horizontally about their pivots on the plates
23, away from linkage 17, they are maintained in paral-
lel relation with each other and maintain the plate 34
in the same relation in a vertical plane with the plates
16 and 23.

A third arm part of parallel motion linkage indicated
generally at 35, comprises links 36 and 37 the lower ends
of which are preferably bifurcated and pivoted at 38 and
39, respectively, to spaced edge portions of plate 34. The
opposite ends of links 36 and 37 are pivoted at 40 and
41, respectively, to spaced edge portions or lugs of an
object to be supported such as a head 42 having a bear-
ing portion 43 in which the trunnion portion 44 of the
X-ray tube housing 45 is supported for rotary adjustment
of the tube in a horizontal plane, as well understood in
the art. It is apparent from this construction that as the
outer ends of links 36 and 37 are raised and lowered
about their. pivotal connections with the plate 34, they
are maintained in a paralle] relation and maintain the
vertical position of the head 42 and X-ray tube as the
latter is raised and lowered to different operation posi-
tions. Preferably the links 18 and 28 are mainly of hol-
low construction and the electrical cable 46 for the X-ray
tube is preferably carried partly through and housed
in these links and thence to the head 42, as partially shown
in the drawings.

Counterbalancing means are required to support the
weight of the X-ray tube and associated parts including
the linkage 35. As head 42 and the X-ray tube are moved
from the upper position shown in Figs. 1 and 2 through
the intermediate position shown in Fig. 3 and to a lowered
position, as shown in Figs. 4 and 5, their distance from
the pivots on plate 34 is varied so as to .vary the torque
force due to the weight of the parts. It has been found that
resilient counterbalancing means exerting suitable force
for holding the tube stationary in its upper positions
above that of Fig. 3 tends to lose its efficiency and exert
insufficient force to counterbalance the tube in its lower
range of positions below that of Fig. 3. It has been a
known practice heretofore to provide resilient spring
means adapted to counterbalance the tube in its upper
positions and to include an arrangement for increasing
the resistance of such spring means in the lowered posi-
tions of the tube. Such compensated counterbalancing
mechanisms have not been wholly satisfactory, however,
because of their complicated, cumbersome and expensive
constructions. ¢

I have found that this problem can be solved by a
more satisfactory type of construction comprising in
part a-first resilient spring means pivotally connected to
the plate 34 and to the head 42 and operating to coun-
terbalance and support the parts in their upper positions.
I preferably employ for this purpose a pair of connected
cylinders 47 and 48 connected together at one end by a
bridge 49 (Fig. 5). Each cylinder has fixed on its inner
side a clip 50 having one end 51 spaced from this cyl-
inder and formed with an opening 52 connected with
a smaller opening 53. The plate 34 carries pins 54 pro-
jecting from opposite sides and having ends of suitable
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size for entering clip openings 52. Each pin is grooved

circumferentially adjacent its head to a diameter equal
to that of the smallér clip opening 53 and it is appatent
from this construction that each cyhnder may be detach-
ably connected to its pin 54, the sprmg tension on the
¢ylinder “servifig ‘to’ normally ain gin ‘the pins in the
smaller openings 53 and so maiitain the pivotal mount-
mg of the'eylinders on the plate.”

“Bach cylindet has a plunger rod 55 extending ftele-
scoplcally through one end thereof and thréaded at its
opposite end, as” at 56, {0 receive a nut 57 and washer
58. Surroundmg the plunger rod is a coiled compres-
sion spring 59 bearmg at one end against washer 58 and
its other end against a cupped washer 60. Interposed
between the latter and the end of the cylinder is a wash-
er 61 of ‘substantial thlckness for strengthemng the end
of the cylinder ‘against the pressure of the spring ‘which
may be adjusted by turhing nut 57. The outer end of

62 (Fig. 5) extendmg through a lug on the ‘head 42 for
fHe K-ray tube and it is evident from this construction
and the relative locations of the pivots of the parts that
lowering of thé X-ray tube head tends to pull rods 55
out of thelr cylinders, compress sprmos 59 and increase
the’ coufiterbalancing force, as the gravitational torque
in¢réases and thus counterbalance’ the weight of the parts
in a substantially yniform manner in the upper positions
of the parts. However, as the tube and associated parts
approxunate the substantlally horizontal position shown
in Fig. 3, the spring and cyhnder means described above
approaches a dead cénter position’ (Fig. 4) with the re-
sult that the counterbalancing force becomes inadequate
to support the parts. " I have found that this difficulty
can be overcome in a simple and practical way by pro-
viding an aux1hary or second spring counterbalancing
means which is automatically brought into action in the
lowered positions of the parts, so as to compensate for
the decreasing effect of the counterbalancmg means de-
séribed above.

For this purpose I preferably form in the plate 34 a
bore 63 (Fig. 3) having at one end a somewhat reduced
portion 64 forming a shoulder 65. The opposite end

of the bore is enlaroed and threaded as at 66 for the
reception of a screw plug 67 carrying a guide rod 68 ex-
tending Ionu1tud1na11y in the bore. This rod, ad]acent
the plug is enlarged and formed with a groove 69 seat-
ing a rubber bufler ring 7§ for a purpose hereafter de-
scribed.” Slidably seated in bore 63 is a cylinder 71
having an outer end 72 reduced in diameter to slidably
fit ‘the reduced end 64 of the bore 63, thus retaining
the ‘cylinder in the bore. A coiled compression spring
73 in'the bore and in cylinder 72 bears at one end against
the cylinder and at the other end 1ga1nst ‘the "enlarge-
ment of guide rod 68 in which the ring 69 is seated. It
will be seen from this ‘construction that cyllnder 7% may
be’ moved 1nwardly in its bearmg from its outer position
shown in Fig, 3, 1ncreasrngly tensronrng spring 73, until
it reaches an inner position in which its inner end 1s
stopped and cushioned by the rubber ring 76. " The pro-
jecting end of the cylinder is positioned for engagement
by a Tug 74 on link 36 as the latter reaches a substan-
tially horizontal position as shown in Fig. 3. "It i§ evi-
dent from 'this’ descrlptron that as the tube and links 36
and 37 are moved dewnwardly past a substantially hori-
zZomntal position, lug 74 on link 36 engages and depresses
cylinder 72 in bore 63 against spring 73 to produce in-
crédsing resistance to the further descent of the parts,
thus taking up the connterbalancing function in that por-
tion of the movement in which the’ sprmg and cylinder
means connected with the head 42 is of decreasmg ef-
fect. The’ resrstrng compression of spring 73 may be
varied by turning the screw plug 67 to thereby adjust
the coordination of ‘the first or initial counterbalancing
means and the auxiliary or s’upplemental counterbalanc-
ing means. The lgwer link 37 carries a cushioning stop
75 arrangéd to ergage Iug 74 of the other link so as to
hmxt the upward movement of the links as shown in Fig.
The spring and cylinder means connectmg the plate

34 and the tube head 42 and the spring and cyhnder
device comnecting plate 34 with link 36 thus forming
complementary means wh1ch, in effect, operate sicegs-
srvely {0 maintain a substantlal]y umform counterbalanc-
ing action throughout the range of movement of the tube.
Both means are of relatrvely simple construction capable
of being manufactured and assembled at relatively low
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4
cost and of being readily adjusted and maintained in ef-
ficient operatmg condition with a mlmmum of attention.

"It will thus be seen that the invention accomplishes ifs
objects and while it has been herein disclosed by reference
to the details of a preferred embodiment, it is to be under-
stood that such disclosure is intended in an illustrative.
rather than a limiting sense, as it is contemplated that vari-
ous modifications in the construction and arrangement of
the parts will readily occur to those skilled in the art,
within the spirit of the invention and the scope of the ap-
pended claims,

Y claim:

1. A mechanism for movably supporting an ebject com-
prlsmg a supporting part, an object part to be supported,
an arin part having pivotal connections with said siipport-
ing and object parts, respectively, extending substantially
transversely to said arm part for supportmg said object
part for upward and downward movement in a substan-
tially vertical plane, a first resilient counterbalancing
means contmuously connecting two of said parts and hav-
ing a connection with one of said parts at a point thereof
spaced from said connection of said part with said arm
part, for counterbalancing said ob]ect part during an initial
portion of downward movement thereof, and an auxiliary
counterbalancing means havmg members connected with
two of said parts, respectlvely, in spaced inactive’ relatlon
with each other during said initial portlon of downward
movement of said object part and in position for engage-
ment with each other during a subsequent portion of said
downward mavement of said gbject part, one of said mem-
bers having resilient means stressed by said engagement
for cooperation with the ather of said members to supple-
ment the counterbalancing action of sajd first means.

2. A'mechanism for movably supporting an object com-
prrsmg a supporung part, an object part to be supported
arm means having pivotal connections with said parts, re-
spectively, extending substantially transversely to said arm
part for supporting said object part for upward and down-
ward movement in a substantially vertical plane, a first
resilient counterbalancrng means connecting sald parts,
respectively, ‘and having a connection w1th one of said
parts at a point thereof spaced from said connection of sald
part with said arm means, for counterbalancing said ob-
ject part during an initial portion of downward mqvement
thereof, and an auxiliary counterbalancing ‘means having
members located on said supporting part and arm means,
respectively, in 'spaced inactive relation with each other
during said initial poriion of dowuward movement of said
object part and in position for engageément with each other
during a subsequent portion of said downward movement
of said object part, one of said members having resilient
means stressed by said engagement for cooperation w1‘ch
the other of said members to supplement the counterbal-
ancing action of said first means.

3. A mechanism for movably supporting an object com-
prising a supporting part, an object part to be supported,
an arm part having pivotal connections with said support-
ing and object parts, respectively, extendmg substantially
transversely to said arm part for supportmg said ob]ect
part for upward and downward movement in a substan-
tially vertical plane, 2 first counterbaiancrng device having
spring and cylinder means coptinyously connecting two
of said parts and having 'a connéction with one of said
parts at a point thereof spaced from said connection of
sajd part with said arm part, for counterbalancing said ob-
ject part during an initial portion of the movement there-
of, and an avxiliary counterbalancing means having mem-
bers located on two of said parts, respectlvelv in spaced
inactive relation daring said initial portion of downward
movement of said ob]ect part and in position for engage-
ment with each other during a subsequent portion of said
downward movement of said ob]ect part, one of said mem-
bers having spring and cylinder means stressed by said
engagement for cooperation with the other of said mem-
bers to supplement the counterbalancing action of said
first means.

4, A rnechamsm for movably suppomng an object com-
prising a supportmg pert, an omer‘t part to be suunorted
arm means having mvotal conpections with said parts, re-
spect1ve1y, extendmg substantlally transversely to said arm
part for supporting said object part for upward and down-
ubs antlally vertical plane, a first
counterbalancmg deyice ha,vmg spring and cylinder meéans
imuonsly conrecting said paris and having a gcop-
nect;on with one of said parts at' a peint thereof spaced
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from said connection of said part with said arm means,
for counterbalancing said object part during an initial
portion of the movement therzof and an auxiliary counter-
balancing means having memvers located on said support-
ing part and arm means, respectively, in spaced inactive
relation during said initial portion of downward movement
of said object part and in position for engagement with
each other during a subsequent portion of said downward
movement of said object part, one of said members hav-
ing spring and cylinder means stressed by said engagement
for cooperation with the other of said parts to supplement
the counterbalancing action of said first means.

5. A mechanism for movably supporting an object com-
prising a supporting part, an object part to be supported,
an arm part having pivotal connections with said support-
ing and object parts, respectively, extending substantially
transversely to said arm part for supporting said object
part for upward and downward movement in a substan-
tially vertical plane, a first resilient counterbalancing
means continuously connecting two of said parts and hav-
ing a connection with one of said parts at a point thereof
spaced from said connection of said part with said arm
part, for counterbalancing said object part during an initial
portion of downward movement thereof, an auxiliary
counterbalancing means having members connected with
two of said parts, respectively, in spaced inactive relation
with each other during said initial portion of downward
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movement of said object part and in position for engage-
ment with each other during a subsequent portion of said
downward movement of said object part, one of said mem-
bers having resilient means stressed by said engagement
for cooperation with the other of said members to sup-
plement the counterbalancing action of said first means
and means for adjusting one of said members to vary the
resistance of said resilient means and coordinate the action
of said auxiliary means with said first counterbalancing
means.
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