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This invention relates to instruments in 
cluding a capillary fluid transmission system 
and more particularly to apparatus of the 
type disclosed in the patent to Hodgkinson 
No. 1,063,349 dated June 3, 1913. 
It has been generally recognized as a de 

sideratum to reduce the size of the capillary 
for transmitting the fluid pressure from the 
bulb to the pressure element so far as this is 
compatible with the pressure requirements at 
the latter. 
Aside from the point of cost, there is an 

other even more cogent reason for reducing 
the volume of the transmitting liquid, or 
mercury in particular, to a practical mini 
mum; Mercury, for instance, has a high co 
efficient of expansion. Changes in the tem 
perature surrounding the transmission sys 
tem cause a change in the volume of the 
transmitting liquid, with the result that this 
expansion or contraction, as the case may be, 
reacts upon the pressure condition in the pressure responsive element, which pressure 
condition should be and is intended to be 
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solely a function of the changes in the vol 
ume of the liquid in the bulb in response to 
changes of the temperature conditions to 
which the bulb is subjected. The greater 
the volume of the transmitting liquid, the 
greater is the influence of changes in its tem 
perature upon the indication of the instru 
ment. In all cases where the transmission 
system is subjected to material variations 
in temperature it is necessary to compensate 
for the changes in the volume of the transmit 
ting fluid caused thereby. 
Compensation may be obtained to a certain 

extent by using a filler wire, such as disclosed 
in the patent mentioned, of a material having 
a smaller co-efficient of expansion than the 
material of the capillary tube. Due to the 
differential expansion and contraction the 
variable interspace between the wire core and 
the walls of the tube thus may have a com 
pensatory effect for the variations in the vol 
ume of the transmitting liquid. However, 

50 

the compensation afforded is, in the usual 
case, not entirely satisfactory. 

It is the primary object of this invention 

to provide a simple transmission system 
which may afford complete compensation. 
Another, more general object is to produce 

a transmission conduit having a substantially 
uniform cross-sectional area. 

Still another particular object is a method 
of forming a capillary transmission system 
of a substantially uniform and smaller ef 
fective cross-section than was heretofore pos 
sible. . . . . . . . . 
Up to the present time it was the gen 

eral practice, with systems having a filler 
core, to obtain a capillary having as Small 
a bore as possible and then feeding as large 
a core as possible into it. A tube having a 
bore about .020' diameter together with a 
wire having a diameter of about .012' may 
be considered as typical in the prior art. The 
clearance is about .004. . . . - 

. The bores of capillaries, as a general rule, 
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are comparatively irregular. The diameter 
as a whole varies within widelimits and there 
are many deformations, such as furrows, de 
pressions and other cavities, all tending to 
increase the interspace and thereby the vol 
ume of the transmitting liquid. In addition 
to these cavities which directly increase the 
interspace, there are rough spots distributed 
along the walls of the capillary, all having 
the tendency to impede or obstruct the pas 
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Sage of the wire through it. The largest wire 
which may be fed into any tube is consider 
ably smaller in diameter than the bore. It is 
thus practically impossible to enter a filler 
core of less than .006' difference in diameter. 
All these inconveniences, and disadvan 
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tages may be overcome by my invention, 
which, briefly expressed, consists in draw 
ing or Swaging a tube down upon a core to 
any desired extent. 
For a full understanding of the inven 

tion, reference is made to the accompanying 
drawing in which 

Fig. 1 is a diagrammatic view of an in 
strument embodying the invention; 

Fig. 2 is a sectional view on a relatively 
large scale, of a tube and a wire in assem 
bled relation prior to the drawing or Swag ing operation; 
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Fig. 3 is a similar view of the same after 
the drawing or Swaging operation; and 

Figs. 4 and 5 are views similar to Figs. 2 
and 3, showing a modified form of the in 
wention. 
In the drawing 1 represents a temperature 

responsive bulb such as is generally used in 
connection with indicating, regulating and 
recording instruments of the class involved. 
The Bourdon tube 2 represents, in a general 

10 s Way, all forms of pressure responsive de 
vices adapted to operate under fluid pressure. 
and 3 is a capillary transmission system. 
In practice I select a wire 3a, which has 

Substantially the desired diameter and then 
enter it into a tube 35 sufficiently larger in 
bore so as to readily pass into and through it. 
In fact, the clearance between the walls of the 
capillary and the core may be considerably 

26 larger than the usual tolerance, because the 
tube is to be reduced in size any way. How 
ever, as a matter of common sense, in order to 
avoid all unnecessary waste of energy and 
expense, it is preferable to use a wire which 

2 just readily enters the tube or a tube which 
just slips over a core. In this way the op 
eration of entering the wire into the tube does 
not consume much time and at the same time, 
the amount of drawing or swaging required 

35° is reduced to a relatively small amount. 
With the wire in position in the tube, the 

latter is drawn or swaged upon it. The 
drawing or Swaging operation may be con 
ducted and controlled to obtain any desired 3 degree of fit, as will be readily understood. 
However, so far as the particular purpose 
is concerned, it is preferably so conducted as 
to leave just enough clearance to allow a film 
of mercury to form therein. In practice I 

4 find that a good fit is obtained when it re 
quires a considerable force to move the wire 
by pulling. So long as the wire can be 
moved, the interspace is ordinarily not too 
small. The capillary may be tested by forc 

*ing air through it under a definite pressure, 
say about 4 pounds per square inch, into a 
body of water, and counting bubbles per 
unit of time. The proper setting of the 
drawing or Swaging may be empirically de 
termined for any size of tube and wire cor 
related therewith and the clearance or in 
terspace may be varied for different prac 
tical requirements, having reference to the 
pressure conditions desired at the pressure 
responsive element i. e. the Bourdon tube or 
the like. In other words the allowable pres 
sure gradient between the two ends of the 
transmission line may vary between certain 
limits, depending also to some extent upon 
the length of the line. - 
By measuring the volume of liquid in a capillary of a given length, prepared accord 

ing to this invention, I found that the clear 
ancehay be made as small as .0004 and even " .0002'. Clearances lower than .0002' are, 
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So far as my experiences have shown, in 
operative. 
At any rate, by reducing the clearance or 

interspace, through the instrumentality of a 
drawing or Swaging apparatus, to a definite 70 
minimum for each particular set of condi 
tions, the volume of the transmission liquid 
is reduced to a practical minimum and the 
extent of compensation called for is a mini 
mum. This is in contradistinction to the 75 
prior art which had to accept as the minimum 
clearance or interspace that which was 
formed by entering as large a wire as was 
possible. 
Not only is the interspace reduced in a 

general way, but the irregularities in the 
bore, the furrows, depressions and cavities 
which are present in tubes as unavoidable in 
cidents are reduced in size and extent or even 
more or less eliminated. Especially the 
swaging operation has a peculiar equalizing 
effect in this respect. . . . . . '. 
The result of the drawing or Swaging op 

eration, aside from the net reduction in diam 
eter, is the more particular and important 
leveling or smoothing out of the rough, irreg 
ular surface of the bore and the elimination 
of a previously unavoidable space, which 
from the standpoint of operation was un 
necessary and merely required more compen 
sation than would have been necessary with 
out it. 
It is needless to emphasize that a relatively 

Smooth interspace makes it possible to obtain 
a minimum of resistance to flow for a mini 
mum of volume of fluid. This translated in 
to practical parlance, means that it is possible 
to obtain a fast instrument with a minimum 
of transmission fluid. ... . . 105 Whenever a very fast instrument is de-, '' 
sired, the resistance to flow may be precisely 
determined by the provision of a groove 4b, 
in the surface of the core 4a, as indicated in 
Figs. 4 and 5. The groove may vary from 
a fine thin capillary thread to a groove of 
more substantial size depending upon the 
speed desired. The tube is drawn or swaged 
upon the core as before to eliminate substan 
tially all the waste space and reduce the in 
terspace to a relatively smooth clearance 
space allowing a film to form. 

Depending on the volume of mercury, the 
diameter of the core and the bore may be in 
creased to obtain the differential movement 
necessary for the accommodation of the ex 
panding mercury. The higher the speed i. e. 
the quicker the response desired, the greater 
must be the cross-section of the transmission 
conduit, and the greater is consequently the 
volume of mercury. For this reason the dif 
ferential movement must be correspondingly 
great and this can be easily obtained by using 
a core and a bore of relatively large diameter. 

80 

85 

90. 

95. 

00 

110 

120 

25 

Instead of using a wire of a diameter between l30 
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.012'-015', the core may have a diameter 
of .060'-065', or even higher. 
At any rate, by providing a groove in the 

wire core, it is possible to precisely determine 
the speed of the instrument with a minimum 
of volume of mercury. 

Instead of providing the groove in the sur 
face of the core, it may be formed in the bore 
of the tube during the process of drawing. 
However, I prefer to score or groove the wire 
core, as shown. 
The invention not only has the advantages 

described, but also the outstanding commer 
cial advantage that it is no longer necessary 
to use tubes of an extremely small bore with 
or without wire filler. Tubes with larger 
bore, which are easier to make and are less 
expensive, are now available for the purposes 
described. 

It is understood that in place of a solid 
core a tubular core may be used. However, for practical purposes a solid core is pref. 
erable. 
In the foregoing, the invention has been . 

described in the light of its principal object 
of producing a wire-filled capillary. It is 
understood, however, that it is equally im 
portant for producing the usual form of 
capillary tube without filler wire. 
I claim: 
1. In apparatus of the character described, a capillary tube having a uniformly smooth 

bore of substantially circular cross-section 
and containing a filler core of uniformly 
Smooth surface, the difference in diameter 
byen the bore and the core being less than 

2. In apparatus of the character described, a capillary tube having a uniformly smooth 
bore of substantially circular cross-section 
and containing a filler core of uniformly 
Smooth surface, the difference in diameter 
between the bore and 
002/. 

8. In apparatus of the character described, 
a capillary tube having a uniformly smooth 
bore of substantially circular cross-section 
and containing a filler core of uniformly 
Smooth surface, the difference in diameter 
between the bore and the core being no more 
than .0015'. 

4. In apparatus of the character described, 
the combination with a bulb containing an 
expansible fluid and a device sensitive to 
variations in fluid pressure, of a metal capil 
lary tube for interconnecting the bulb and the 
said device, said tube having a capillary bore 
substantially free from furrows and ridges 
such as are incident to the usual drawing operation. 

5. In apparatus of the character described, 
the combination with a bulb containing an 
expansible fluid and a device sensitive to 
variations in fluid pressure, of a metal capil 
lary tube for interconnecting the bulb and 
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the said device, said tube having a capil 
lary bore of uniform circular cross-section 
throughout its length and substantially free 
from furrows and ridges such as are incident 
to the usual drawing operation. 

6. A metal capillary tubing for fluid trans 
O 

mission systems, having a capillary bore sub 
stantially free from furrows and ridges such 
as are incident to the usual drawing oper 
ation. 

7. A metal capillary tubing for fluid trans 
mission systems, having a capillary bore of 
uniform circular cross-section throughout its 
length and substantially free from furrows 
and ridges such as are incident to the usual 
drawing operation. . . . 

8. In apparatus of the character described, 
the combination with a bulb containing an 
expansible fluid and a device sensitive to 
variations in fluid pressure, a capillary tube 
for interconnecting the bulb and said device, 

5 

85 

said tube being provided with a capillary bore 
adapted to receive a filler core having a 
smooth uniform surface throughout its 
length, the surface of said bore having sub 
stantially the same degree of smoothness as 
the surface of said filler core. 

9. A capillary tubing for fluid transmis 
sion systems provided with a capillary bore 
adapted to receive a filler core having a 
smooth uniform surface throughout its 
length, the surface of said bore having sub 
stantially the same degree of regularity as 
the surface of said filler core. 
In testimony whereof I affix my signature. y 

DURWOOD D. ROSENBURGH. 

the core being less than 
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