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This invention relates to compressors and pumps of the 
diaphragm type, and more particularly to a warning and 
protective system for a pump or compressor of the type 
employing an oscillating diaphragm driven by an operat 
ing fluid as the means for compressing or pumping a gas. 
A main object of the invention is to provide a novel 

and improved warning and protective system for use with 
a diaphragin pump, the system being arranged to detect 
leakage of operating fluid associated with the pump and 
to provide a positive warning of such leakage as well as to 
deenergize tie pimp and cut off the supply of gas thereto, 
whereby to prevent the contamination of gas undergoing 
compression. 
A further object of the invention is to provide an im 

proved protective system for a diaphragm pump which is 
automatically operated to stop the pump and cut off the 
Supply of gas thereto when any leakage of operating fluid 
occurs therein, whereby to prevent contamination of gas 
undergoing compression, the system involving relatively 
simple parts, being highly sensitive, and providing a 
giantitative visual indication of the presence and amount 
of such leakage as well as an automatic alarm when there 
is leakage. 
A still further object of the invention is to provide an 

iinproved automatic operating fluid leakage detecting and 
alarm systern, as well as an automatic supply valve con 
troiling system for a diaphragm pump, said system in 
voiving relatively inexpensive components, being reliable 
in operation, and greatly amplifying the usefulness of such 
plenips. 

Further objects and advantages of the invention will 
becorae apparent from the following description and 
claims and from the accompanying drawings, wherein: 
FiGURE 1 is a diagram showing the schematic piping 

and electrical connections of an improved diaphragm 
pump protective system constructed in accordance with 
the present invention. - 
FIGURE 2 is a perspective view of the leak detector 

employed in the system of FIGURE 1. 
FIGURE 3 is a diagram showing a plan view of the 

optical arrangement employed in the leak detector of the 
protective system of FIGURE 1. 

Referring to the drawings, 1 generally designates a 
diaphragm pump of generally conventional construction, 
said pump comprising a pair of plates 12 and 53 defining 
between them a biconical compression chamber 4. The 
plate member 2 is provided with suitable gas intake and 
delivery valves (not shown) provided in ports communi 
cating with the gas supply and delivery conduits shown 
respectively at 5 and 16, while the plate 13 is formed 
with perforations or ports 17 through which an operating 
fluid, such as oil or water, is alternately discharged and 
Sucked, by a piston, not shown, acting in the pump body 
8. Mounted across the chamber 4 is a composite dia 
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a housing 32 having the inlet conduit 33 and the outlet 
conduit 34 opposite inlet conduit 33, as shown, the hous 
ing being generally rectangular, for example. The inlet 
conduit 33 may be connected to the central portion of 
one side wall 23 of the housing and the outlet conduit 
34 may be connected to the opposite side wall 21 thereof 
at a point offset forwardly relative to the inlet conduit 
33, as shown in FIGURE 3. - - 
A suitable source of exciting radiation, such as an ultra 

violet or visible light source 36, is mounted to emit radia 
tion into the housing through an admission tube 37 con 
nected to the intermediate portion of the front wall 38 of 
the housing substantially perpendicular to the path of 
gas flowing through the housing. Tube 37 is provided 
with a window 43 transparent to the radiation from source 
35 and with an optical filter 23 to pass only a desired 
wavelength or narrow wavelength range of the radiation 
from said source. 
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Mounted obliquely in the housing 32 in a position to 
receive radiation from the source 36 and also to receive 
the gas flow from the inlet conduit 33 is a plate member 
24 which is coated with non-reflective material, for ex 
ample, lustreless black lacquer such as Lustreless Black 
Lacquer No. E-27, manufactured by Lenmars Lacquers, 
Inc., Baltimore, Maryland. The plate member 24 may be 
mounted at approximately an angle of 45 to the axis of 
tube 37 and to the axis of conduit 33, in the path of the 
incoming gas from conduit 33, as shown in FIGURE.3. 
A detector tube 48 is connected to the corner portion 

of housing 25 between the front wall 38 and side wall 
26, said tube extending in a direction normal to the plate 
member 24, namely, at an angle of 45 to the walls 38 
and 28. A photosensitive device 43, such as a photocell 
or a photomultiplier tube, is mounted to receive radia 
tion excited in material collected on plate member 24 as 
a result of impinging direct radiation thereon from the 
so:3rce 36. 
As shown in FIGURE 1, the gas inlet and outlet con 

duits 33 and 34 are connected to spaced points along the 
pump outlet conduit 6 so as to circulate a sample of the 
gas discharged from the pump through the leak detector 
27. - 

A suitable fluorescent tracer material may be provided 
in the cperating fluid, such as Fluorescein or 4-Methylum 
beliferone, or it is possible to utilize; the natural lumi 
nescence of commercial oils. Such fluorescent indicat 
ing material, if used, may be dispersed in a medium which 
is soluble in the operating fluid, so that in the event of 
leakage of said operating fluid into the detecting housing 
32, the indicating material, depositing on the plate mem 
ber 24, will fluoresce when excited by a radiation from 
source 36, and such fluorescence will activate the photo 
sensitive device 43 and generate an electrical signal... The 
output of device 43 is amplified in a suitable amplifier 44 
and is applied to an indicating meter 45 of the relay type. 
The meter 45 is provided with a conductive indicating 

arm 46 which is engageable with a stationary contact 47 
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phragm assembly is consisting of several thin diaphragm 
elements arranged one upon the other, clamped together 
at their periphery between the plates 2 and 13, and mov 
able in vibratory reciprocation as a single unit under the 
action of the operating fluid within the compression cham 
ber 14, thus causing correlated suction and discharge of 
the gas on the face of the diaphragm assembly opposite 
from that subjected to the action of the driving fluid. 

Designated at 27 is a detector device, which comprises 
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at a signal valve corresponding to the appearance of 
leakage, or to a maximum limit of leakage, whichever is 
desirable. 
As shown diagrammatically in FIGURE 3, the housing 

32 is provided with the suitable low-fluorescence windows 
transparent to ultraviolet light, shown at 48 and 49, such 
as silica windows, for transmitting the radiation from the 
source 36 to the interior of the housing and from the 
fluorescing indicating material to the photosensitive de 
vice 43. 
An optical cut-off filter 26 is provided in tube 40 to pre 

vent the exciting radiation from source 36 from reach 
ing the photo-sensitive device 43 but permitting lumines 
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cence of hydrocarbons depositing on plate member 24 to 
reach said device 43. 
A visual or audible alarm device 50 is provided, said 

device being connected in circuit with a battery 51, or 
other suitable current source, and with the contact ele 
ments 46 and 47. Thus, the conductive indicating arm 46 
is connected by a wire 52 to one terminal of the current 
source 51. A wire 53 is connected to the stationary con 
tact 47. One terminal of the alarm device 50 is connected 
to wire 53 and the other terminal thereof is connected to 
a wire 54, which is connected in turn to the remaining 
terminal of source 51. 

Wires 53 and 54 are connected to the winding of a relay 
55 having a first armature 56 which normally engages a 
contact 57. A solenoid valve 58 is provided in the gas 
supply conduit 15. The winding of valve 58 is connected 
to a pair of current supply wires 59 and 60 through 
armature 56 and contact 57. Valve 58 is open when ener 
gized and closed when deenergized. Therefore, when 
arm 46; engages contact 47, relay 55 becomes energized 
through a circuit comprising source 51, wire 52, arm 46, 
contact 47, wire 53, the winding of relay 55 and wire 54, 
disengaging armature 56 from contact 57. This deener 
gizes the solenoid valve 58, causing it to close and to cut 
off the supply of gas to the conduit 15. 

Relay. 55 is provided with a second armature 61 nor 
mally engaging a contact 62. The compressor motor may 
be connected to supply wires 59 and 60 through armature 
61 and contact 62, as shown, so that said motor becomes 
deenergized responsive to the energization of relay 55. 
The alarm device 50 becomes energized simultaneously 

with the energization of relay. 55, providing the warning 
signal indicating that there is leakage of the operating 
fluid. 

If desired, valve 58 and its control circuit may be : 
omitted, but the basic operation of the indicator will re 
main unchanged. 
The meter 45 provides a continuous indication showing 

the amount of leakage so that it is possible to ascertain 
at all times whether or not the pump is in a safe condi 
tion and to detect the failure or deterioration of the dia 
phragm element 21. 

If desired, the meter scale may be eliminated and the 
device may be used simply to cut off the pump or to pro 
vide an alarm at a predetermined leakage point. 

In a typical detection device according to the present 
invention, the excitation radiation from source 36 mono 
chromated by and passing through the filter 23 had a 
wavelength of 3280 Angstrom units; the emission radi 
ation (from the leakage material deposited on plate mem 
ber 24) passing through the filter 26 had a wavelength 
of 4100 Angstrom units; the filter 26 was designed to 
block all radiation, having a wavelength below 3500 
Angstrom units. 
While a specific embodiment of an improved protective 

system for a diaphragm pump or compressor has been 
disclosed in the foregoing description, it will be under 
stood that various modifications within the spirit of the 
invention may occur to those skilled in the art. 
fore, it is intended that no limitations be placed on the 
invention except as defined by the scope of the appended 
claims. 
What is claimed is: - 
1. In combination, a fluid operated device of the type 

comprising a chamber, a flexible diaphragm mounted in 
said chamber and defining a driving fluid space on one 
side thereof and a pumping space on the other side there 
of, a driving fluid containing fluorescent material in said 
driving fluid space, a sampling chamber communicatively 
connected to said pumping space, a collection plate 
mounted obliquely in said sampling chamber and hav 
ing a substantially non-reflective face located in a posi 
tion exposed to fluid from said pumping space, whereby to 
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4. 
event of leakage of the driving fluid into said pumping 
space, a source of exciting radiation, means to irradiate 
said face from said source, and photo-sensitive means 
mounted to receive fluorescent radiation from the parti 
cles of fluorescent material collecting on said face. 

2. In combination, a fluid operated device of the type 
comprising a chamber, a flexible diaphragm mounted in 
said chamber and defining a driving fluid space on one 
side thereof and a pumping space on the other side there 
of, a driving fluid containing fluorescent material in said 
driving fluid space, a sampling chamber communica 
tively connected to said pumping space, a collection plate 
mounted obliquely in said sampling chamber and having 
a substantially non-reflective face oriented so as to be 
exposed to fluid from said pumping space, whereby to 
collect particles of the fluorescent material thereon in the 
event of leakage of the driving fluid into said pumping 
space, a source of exciting radiation, means to irradiate 
said face from said source, and photo-sensitive means 
mounted to receive fluorescent radiation from the parti 
cles of fluorescent material collecting on said face. 

3. In combination, a fluid operated device of the type 
comprising a chamber, a flexible diaphragm mounted in 
said chamber and defining a driving fluid space on one 
side thereof and a pumping space on the other side there 
of, a driving fiuid containing fluorescent material in said 
driving fluid space, a sampling chamber, means to pass 
fluid from said pumping space through said sampling 
chamber, a collection member mounted in said sampling 
chamber and having a substantially non-reflective collec 
tion surface oriented obliquely in said chamber so as to 
be exposed to fluid passing through said sampling cham 
ber, a source of exciting radiation, means to irradiate said 
collection surface from said source, and photo-sensitive 
means mounted to receive fluorescent radiation from par 
ticles of fluorescent material deposited on said collection 
Surface. 

4. In a leak detector, a housing, a gas inlet conduit con 
nected to one end of the housing, a gas outlet conduit 
connected to the opposite end of the housing at a loca 
tion offset from the gas inlet conduit, whereby to pass 
gas through said housing, a collection member in said 
housing having a substantially non-reflective surface ori 
ented obliquely so as to be exposed to the gas passing 
through said housing, whereby to collect particles of flu 
orescent material carried by the gas, a source of exciting 
radiation, means to irradiate said surface from said 
Source, and photo-sensitive means mounted directly op 
posite said surface to receive fluorescent radiation from 
particles of fluorescent material deposited on said surface. 

5. The structure of claim 4, and wherein said collec 
tion member comprises a plate obliquely arranged relative 
to the direction of gas flow through said, housing. 

6. The structure of claim 5, and wherein said irradi 
ation means is located so as to direct radiation onto said 
plate at an acute angle thereto and said photo-sensitive 
means is located to receive fluorescent radiation travel 
ling in a direction substantially perpendicular to said 
plate. 

7. The structure of claim 4, and first filter means inter 
posed between said source and said surface limiting the 
exciting radiation to a first predetermined wavelength 
range, and second filter means interposed between said 
surface and said photo-sensitive means limiting the flu 
orescent radiation reaching said photo-sensitive means to 
a second predetermined wavelength range. 

8. The structure of claim 5, and wherein said plate is 
mounted at an angle of approximately 45 to the direc 
tion of gas flow through the housing. 

9. In combination, a fluid operated device of the type 
comprising a chamber, a flexible diaphragm mounted in 
said chamber and defining a driving fluid space on one 
side thereof and a pumping space on the other side there 

collect particles of the fluorescent material thereon in the 75 of, a driving fluid containing fluorescent material in Said 
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driving fiuid space, and fluid inlet and discharge conduit 
means connected to said pumping space, a leak detection 
chamber, conduit means connecting opposite ends of said 
leak detection chamber to spaced portions of said dis 
charge conduit means, a collection member mounted in 
said leak detection chamber and having an oblique sub 
stantially non-reflective face oriented in a position to re 
ceive leakage driving fluid flowing through said leak detec 
tion chamber, a source of exciting radiation mounted to 
irradiate said face, and photo-sensitive means mounted 
directly opposite said face to receive flucrescent radiation 
from particles of fluorescent material collecting on said 
face. 

10. The structure of claim 9, and valve means in said 
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means responsive to the reception of fluorescent radi 
ation by said photo-Sensitive means. 
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