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Springfield, Mass., a corporation of New York 
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2 Claims. 

The present invention relates to improvements 
in fuel injection pumps of the suction-metered 
type. 
One of the objects of the present invention is 

to provide a new and improved fuel injection 
pump in which fuel is metered in an adjustable 
predetermined quantity into the pump chamber 
Without variation regardless of changes in the 
fuel temperature. 
Another object is to provide a novel Suction 

metered pump having thermostatic means auto 
matically operable to compensate for changes in 
fuel temperature so as to maintain the fuel input 
constant. 
A further object is to provide, in a suction 

metered fuel pump having a metering throttle 
controlling the rate of fuel supply, a pressure 
relief valve for normally maintaining a prede 
termined pressure at the up-stream side of the 
throttle, and operable to vary said pressure in 
response to and accordance with changes in the 
temperature of the fuel passing therethrough, 
Whereby to maintain a Substantially constant 
preSSLIre drop across the throttle regardless of 
temperature induced pressure fluctuations at the 
down-stream side. 
Other objects and advantages will become 

apparent as the description proceeds. 
Figure 1 is a side elevational view of a fuel 

injection pump embodying the features of my 
invention. 

Fig. 2 is a plan view of the pump. 
Fig. 3 is a longitudinal Sectional view taken 

along line 3-3 of Fig. 2. 
Fig. 4 is a tranSverSe Sectional View taken along 

line 4-4 of Fig. 3. 
Fig. 5 is a longitudinal Sectional view taken 

along line 5-5 of Fig. 1. 
Fig. 6 is a transverse Section view taken along 

line 6-6 of Fig. 5. 
Fig. 7 is a diagrammatic representation of the 

fuel System constituting the pump. 
Fig. 8 is an enlarged Sectional detail view. 
Referring more particularly to the drawings, 

the pump, constituting the exemplary embodi 
ment of the invention, is of the Section-metered 
type, in which a pump plunger is reciprocable in 
a cylinder 2, and in which a variable quantity of 
fuel is Supplied under Suction through an adjust 
able throtte 3 to the cylinder during the intake 
stroke of the plunger, and is discharged there 
from to a delivery port or passage during the 
pressure stroke of the plunger. An excess of 
fuel is supplied to the System by a transfer pump 
4, and is available at the inlet of the throttie 
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3 at a predetermined pressure maintained by a 
relief valve 5. The fuel in excess of the quantity 
supplied through the throttle 3 to the pump cyl 
inder 2 is diverted or by-passed through the 
relief valve 5, preferably back to the inlet of 
the pump 4, 

During the intake stroke of the pump plunger 
f, the pressure in the cylinder or pump chamber 
2 and hence at the outlet of the regulating 
throttle 3 is less than the pressure at the inlet of 
the throttle. Under all conditions When the 
quantity of fuel Supplied to the chamber is less 
than the volumetric displacement of the plunger 
, the intake pressure is the absolute vapor pres 
Sure of the fuel at the prevailing temperature. 
It will be understood that the pressure differen 
tial across the throttle 3 for any given throttle 
area, determines the rate of fuel flow, and for a 
given time the quantity of fuel Supplied, to the 
pump chamber 2. 
In a broad Sense, the pump comprises a pump 

ing chamber, herein disclosed as the cylinder 
2, and a pumping element, herein ShoWn as the 
plunger , operable therein to take in fuel through 
the throttle 3 in metered quantities equal to or 
less than the pump displacement, and to dis 
charge the fuel under pressure to the delivery 
passage. 
Changes in temperature of the fuel, particu 

larly high volatile fuels, such as aviation gasoline, 
will result in changes in the fuel vapor pressure, 
thus altering the pressure differential across the 
throttle 3, and thereby varying the actual quan 
tity of fuel supplied for any given adjustment. 
For example, the fuel pump Will experience a 
decrease in effective capacity or quantity of de 
livery upon an increase in the fuel temperature. 
Such variation in actual fuel delivery upsetS or 
disturbs the calibration of the fuel quantity con 
trol mechanism, and results in an objectionable 
and unpredictable change in the established air 
fuel ratio. 
To overcome the foregoing difficulty, the pres 

ent fuel pump is provided With novel means Which 
is automatically operable to maintain the quan 
tity of fuel delivery constant for any given volume 
adjustment regardless of changes in the tem 
perature of the fuel, and which, more specifically, 
is temperature responsive to effect a compensa 
tion for any changes in the fuel vapor pressure 
so as to maintain an established pressure drop 
across the throttle 3. Such compensation may 
be accurately obtained in a simple and convenient 
manner by varying the pressure at the inlet to 

5 the throttle 3 automatically in direct proportion 



3. 
to changes in the temperature of the fuel Sup 
plied by the transfer pump 4, and therefore in 
direct proportion to the absolute vapor preSSure 
in the cylinder 2, so as to maintain the preSSure 
drop or differential constant. 
The pump, in the particular type and form 

shown for purposes of illustration, comprises a 
suitable housing 6 adapted to be mounted on a 
support, such for example as an engine block 
(not shown). The housing 6 is formed with a 
bore T in which a tubular sleeve 8 is inserted to 
define the cylinder 2. One end of the sleeve 8 
is suitably closed by a plug 9, and the other end 
receives the plunger . In the present instance, 
only one plunger is shown, but it is to be under 
stood that any desired number of such pumping 
units may be provided. 
The plunger serves not only as the pumping 
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element, but also to control alternate communi 
cation of the cylinder with the fuel inlet and out 
let ports, and to perform the last function is ro 
tatable in timed relation to the reciprocation. 
The pump may have any desired number of 

delivery lines, depending for example on the 
number of engine cylinders that are to be Served, 
and where more than one such delivery line is 
provided, the plunger in its rotation operates 
as a distributor. In the present instance, the 
cylinder sleeve 8 is formed in one transverse plane 
with four uniformly peripherally spaced delivery 
ports O connected respectively to discharge lines 

(Fig. 4). The cylinder sleeve 8 is also formed 
in another transverse plane (Fig. 6) With a corre 
sponding number of inlet ports 2 connected in 
common through a peripheral groove 3 to an 
inlet or supply passage 4. 

Preferably, the plunger f is formed with a pas 
Sage for connecting the pump chamber 2 in Se 
quence to the delivery ports O during successive 
pressure strokes, and alternately to the inlet ports 
2 during successive suction or intake strokes. 
This passage comprises an axial bore 5 opening 
to the chamber 2, and connected at the inner end 
to a radial distributor port 6 in the general 
plane of the delivery ports 0, and intermediate 
its ends to radial supply ports 7 in the general 
plane of the inlet ports 2. The porting is of such 
angular phase relationship that communication 
for fuel inlet and discharge is uniformly alter 
nated. 
The pump plunger f is adapted to be continu 

ously rotated through a gear 8 rigid therewith, 
and meshing with a wider gear 9 on a stub shaft 
20 journalled in a bearing 2 in the housing 6. 
A drive shaft 22, which may be connected to a 
suitable source of power, such for example as an 
engine (not shown) adapted to be served by the 
pump, also is journalled in the bearing 2, and is 
keyed for joint rotation to the shaft 20. 

Reciprocation may be imparted to the pump 
plunger f by any suitable means in timed relation 
to the rotation. So that the ports 7 will connect 
with certain of the inlet ports 3 during each out 
ward stroke and likewise the port f6 will com 
municate with One of the delivery ports during 
each inward or pressure stroke. 

It will be understood that the number of re 
ciprocations during each revolution should con 
form to the number of delivery ports O. In the 
present instance, reciprocation is effected by an 
annular end face cam 23 rigid and concentric with 
one side of the gear 8, and formed with four. 
uniformly peripherally spaced lobes. The calm 23 
is held by a coil compression spring 24 in oper 
ative engagement with a follower roller 25 jour 
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4. 
nalled in the housing 6. The rise of the cam lobes 
determines the volumetric displacement of the 
plunger f, this displacement or travel being fixed 
in the present instance regardless of whether or 
not the cylinder space is filled in each suction 
Stroke. 

Also enclosed in the housing 6 is the transfer 
pump 4 which may be of any suitable type and 
driven by any desired means to supply fuel at low 
pressure and in an amount in excess of the volu 
metric displacement of the plunger f. In the 
present instance, the pump 4 comprises a chamber 
26 having an inlet paSSage 2 and an outlet paS 
sage 28, and two inter-meshing spur gears 29 and 
30. The passage 27 is adapted to be connected 
through a line 3 to a suitable fuel source (not 
shown). The gear 30 has a shaft 32 coupled for 
joint rotary drive to the stub shaft 20. 
The outlet passage 28 of the pump 4 is connected 

through the regulating valve 3 to the pump inlet 
passage 4, these passages constituting the Suc 
tion-metered supply passage for the pump , 2. 
The valve 3 preferably is of the Orifice type 
adapted to govern the rate of fuel Supply in ac 
cordance with the difference in pressure at the 
inlet and outlet, i.e. in accordance with the differ 
ence between the effective delivery preSSure of 
the pump 4 and the lower liquid or absolute vapor 
pressure in the pump cylinder 2 during each intake 
stroke of the plunger f. In its preferred form, 
the valve 3 comprises a sleeve 33 fixed in a bore 
34 in the housing 6 and having a radial port 35 
open to the passage 4. Rotatable in the sleeve 
33 is a valve member 38 which is formed with an 
axial bore 37 open to the passage 28. The valve 
member 36 is also formed in the periphery with 
a tapered partial circumferential groove 38 con 
nected to the bore 37 and in registration with the 
port 35. It will be seen that the port 35 and 
groove 38 define a restricted flow orifice. To pro 
vide means for adjusting the effective flow area of 
the orifice 35, 38, and thereby to control its rate 
of fuel supply to the cylinder 2, the valve member 
36 is formed with a shaft 39 extending to the 
exterior of the housing 6 for connection to a 
suitable throttle control linkage 40. 
The pressure at the inlet to the throttle 3 is 

normally maintained at a predetermined pressure 
by the relief valve 5 for a given fuel temperature. 
As a consequence, a pressure drop or differential is 
established across the throttle determining the 
rate of fuel flow to the cylinder 2 in accordance 
With the flow law of orifices. The relief valve 5 
may be of any suitable character, and in the 
present instance comprises a valve passage 4 
formed with a tapered valve seat 42. One end 
of the passage 4 at the upstream side of the seat 
42 is connected to the passage 28 via a bore 43 
to one end of the bore 34 and a port 4.3a to the 
bore 37 opening to the other end of the bore 34, 
and the other end is connected to a line 43b 
adapted to lead to a fuel sump (not shown), 
adapted to receive excessfuel spilling through the 
valve 5. Preferably, this sump is the source of 
fuel supply for the pump 4. 
The valve passage 4 consists of a bore en 

larged at the down-stream side of the seat 42. 
Slidably disposed in the enlarged portion of the 
bore 4 is a valve member 44 having a cylindrical 
pilot extension 45 in the reduced portion of the 
bore and a conical valve face 46, Fig. 7, adapted 
for engagement with the seat 42. One side of 
the extension 45 is formed with a groove 46a 
defining a flow passage when the valve 5 is open. 

5 The valve member 44 is formed with a stepped 
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bore 47 opening through a port 48 to the seat 
42 So as to provide a free path of fuel flow from 
the seat to the line 43b. Preferably, the bore 
47 is connected to the passage 28 through a 
Small aperture 49 So that a restricted quantity of 
fuel Will flow through the valve 5 at all tinnes. 
The valve member 44 is normally urged toward 

and into engagement with the seat 42 by a Spring 
means 50 in the enlarged portion of the bore 4. 
In the present instance, the Spring means is SO 
constituted that its action will vary automatically 
in response to variations in the temperature of 
the fuel passing through the valve 5. In other 
words, the spring means 50 is temperature 
responsive so that the valve closing force and 
hence the pressure in the passage 28 will rise 
as the fuel temperature rises, and will decrease 
as the temperature drops. 
To this end, a bi-metallic spring means is 

provided. Preferably, the spring means 50 com 
prises a series of bi-metallic resilient disks 5 
confined in the passage 4 in pressure engage 
ment with the valve member 44. Each disk 
comprises a composite of two layers of metal 5 a. 
and 5 lb (Fig. 8) having different coefficients 
of temperature expansion, and is circular in out 
line and centrally dished or concave. Suc 
cessive disks 5? are oppositely disposed so as to 
contact with each other either at the periphery 
or alternately at the center in axially aligned 
series. Preferably, each disk 5 is formed with 
a series of apertures 52 to permit the free flow 
of fuel therethrough, thus maintaining them in 
direct contact with the excess fuel by-paSSed 
by the valve and sensitively responsive to 
changes in fuel temperature. 
Upon an increase in fuel temperature, the 

concavity of each disk 5 will increase, thereby 
tending to increase the overall length of the 
disk assembly, and the valve closing Spring pres 
sure. Upon a decrease in pressure, the opposite 
effect will be obtained. 

In operation, the pressure at both sides of 
the throttle 3 will remain constant as long as 
the fuel temperature remains unchanged. 
Should the fuel temperature vary, the vapor 
pressure in the cylinder 2 and hence the pres 
sure at the down-stream side of the throttle 3 
will vary accordingly. Thus, an increase in 
fuel temperature will increase the vapor preS 
sure in the cylinder 2 if the throttle 3 is set for 
a partial charge less than the maximum dis 
placement of the plunger , thereby tending to 
reduce the pressure differential across the 
throttle, and hence the quantity of fuel Supplied 
for each charge. 

However, this rise in temperature will effect 
an increase in the closing force of the Spring 
means 50 to cause a corresponding rise in the 
pressure at the inlet of the throttle 3, thus main 
taining the pressure differential resulting in 
fuel flow substantially constant. Since this 
pressure differential is maintained for any given 
setting of the throttle 3, a constant quantity of 
fuel Will enter the cylinder 2 as a charge dur 
ing each intake stroke of the plunger regard 
less inf variatinns in filel temperature. 
I claim as my invention: 
1. A liriulid fual iniection pimir comprising, 

in comhinatinn, a housing having a pump cham 
her with a fuel inlet, and a dis?harge nutlet, a 
ornning element, Onerative in Said chamher and 
adapted to induce the ST1 poly of fuel into said 
chamher thrmgh Said inlet, and to discharge 
fuel under pressure from said chamber through 
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6 
said outlet, conduit means for supplying fuel 
to said inlet under pressure, a preSSure relief 
Valve communicating With Said conduit, a tem 
perature responsive control operatively associat 
ed. With the pressure relief Valve to vary the re 
lease pressure of the valve proportionally to 
the fuel temperature, said pressure relief valve 
serving to regulate the fuel pressure in the con 
duit iin Such a manner that said pressure Will 
vary proportionately to the fuel temperature. 

2. it he fuel pump of claim 1 having an adjust 
able throttle orifice in the conduit between the 
pressure relief valve and the fuel inlet to the 
pump chamber for varying the rate of fuel 
flow into the pump chamber. 

3. A fuel pump comprising, in combination, a 
housing, a pump cylinder in said housing and hav 
ing a suction inlet port and a delivery outlet port 
in peripherally Spaced relation, a pump plunger 
being reciprocable in said cylinder, and each com 
plete reciprocation comprising an intake stroke 
and a pressure Stroke, and being simultaneously 
rotatable in timed relation to said reciprocation 
to connect Said cylinder to Said inlet port during 
an intake Stroke and to Said outlet port during 
a pressure stroke, means for reciprocating and 
rotating said plunger, a transfer pump in said 
housing and having an inlet passage and a de 
livery passage connected to said inlet port, an 
adjustable regulating valve interposed in said 
delivery passage and defining a throttle orifice 
for controlling the flow of fuel to said cylinder, 
and a by-pass pressure relief valve opening 
from said delivery passage between said trans 
fer pump and said regulating valve for divert 
ling excess fuel back to said inlet passage, said 
relief valve comprising a valve passage having an 
outwardly facing valve seat, an outwardly open 
ing valve member adapted for engagement with 
said seat, and a plurality of resilient bi-metallic 
disks stacked in abutting face-to-face relation 
within said valve passage and exerting a Spring 
action against said Valve member tending to 
close the latter. - 

4. A liquid fuel injection pump comprising, 
in combination, a housing having a pump cylin 
der defining a chamber having a Suction inlet 
and a pressure outlet, a pump plunger recipro 
cable in Said cylinder to induce the Supply of fuel 
through said inlet during an intake stroke and 
the discharge of a complete or partial charge 
of fuel under pressure through said outlet dur 
ing each pressure stroke, a Supply passage 
adapted to receive liquid fuel under pressure and 
opening to said inlet, a flow metering device in 
terposed in said passage and adapted to create 
a pressure differential in the flow of fuel to 
said inlet during each intake stroke, and a relief 
valve opening from said passage at the up 
stream side of said device normally to maintain 
a predetermined pressure for a given tempera 
ture in said passage, said valve comprising ther 
mostatic spring means tending to close said 
valve and adapted to vary in Spring force in ac 
cordance with changes in the temperature of the 
fuel passing therethrough. 

5. A fuel pump comprising, in combination, a 
housing, a pump cylinder in said housing and 
having a suction inlet port and a delivery out 
let port in peripherally spaced relation, a pump 
plunger being reciprocable in said cylinder, and 
each complete reciprocation connrising an in 
take stroke and a pressure stroke, and being 
simultaneously rotatable in timed relation to 
Said reciprocation to connect said cylinder to 
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Said inlet port during an intake stroke and to 
said outlet port during a pressure stroke, means 
for reciprocating and rotating said plunger, a 
transfer pump in Said housing and having an 
inlet paSSage and a delivery paSSage connected 
to Said inlet port, an adjustable regulating Walve 
interposed in said delivery passage and defining 
a throttle orifice for controlling the flow of fuel 
to said cylinder, and a by-pass pressure relief 
valve opening from said delivery passage be 
tween said transfer pump and said regulating 
valve for diverting excess fuel back to said inlet 
passage, said relief valve being responsive to vary 
the pressure in said passage proportionately to 
changes in the temperature of the fuel passing 
through said orifice. 

6. A liquid fuel injection pump comprising, in 
combination, a housing having a pump chamber 
with a fuel inlet and a discharge Outlet, a pump 
ing element Operative in Said chamber adapted 
to induce the supply of fuel into said chamber 
through said inlet and to discharge fuel under 
preSSure from Said chamber through Said out 
let, a Supply passage adapted to receive liquid 
fuel under pressure and opening to Said inlet, 
a flow metering device interposed in said passage 
and adapted to create a pressure differential 
in the flow of fuel to said inlet, and a relief valve 
opening from Said passage at the up-stream side 
of said device normally to maintain a predeter 
mined pressure for a given temperature in Said 
passage, said valve comprising thermostatic 
Spring neans tending to close Said valve and 
adapted to vary in spring force in accordance 
with changes in the temperature of the fuel 
passing therethrough. 

7. A liquid fuel injection pump comprising, in 
combination, a housing having a pump chamber 
With a fuel inlet and a discharge outlet, a pump 
ing element operative in Said chamber and 
adapted to induce the Supply of fuel into Said 
chamber through Said inlet and to discharge fuel 
under pressure from Said chamber through said 
outlet, means for Supplying liquid fuel to said 
inlet, an adjustable throttle orifice in said fuel 
supplying means for regulating the rate of fuel 
flow to said pump chamber, and temperature 
responsive means in thermal contact with the 
fuel and Operatively a SSociated With Said Supply 
ing means on the up-stream side of Said orifice 
for varying the fuel pressure in Said Supplying 
means on said up-stream side of Said orifice pro 
portionately to the fuel temperature for main 
taining the rate of flow through Said orifice 
Substantially constant regardless of variations in 
the fuel temperature. 

8. A liquid fuel iniection pump comprising, in 
combination, a housing having a pump cylinder 
defining a chamber having a suction inlet and a 
pressure oiltlet, a pump plunger reciprocable in 
said cylinder to induce the supply of fuel through 
said inlet during an intake stroke and the dis 
charge of a complete or partial charge of fuel 
under pressure through said outlet during a pres 
Sure stroke, a supply passage opening to said in 
let, a control device including an adjustable 
throttle orifice interposed in said passage for 
metering the supply of fuel to said inlet, and 
means for automatically compensating the action 
of said revice in response to variations in fuel 
temperature, whereby to maintain the quantity 
of fuel flow through said orifice substantially 
constant, said last-mentioned means comprising 
a relief valve communicating with a portion of 
said passage on the Side of Said orifice opposite 
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from said inlet, said valve being automatically 
operable to open and divert excess fuel from Said 
portion of said passage in response to an in 
crease in fluid pressure therein above a prede 
termined level, a temperature responsive actuat 
ing member coacting with said valve, and Said 
valve having a diverting orifice of Small flow 
area, permitting a constant minimum diversion 
of fuel to flow over said actuating member, Said 
actuating member being responsive to tempera 
ture changes in the fuel to vary said predeter 
mined pressure level proportionately to varia 
tions in the fuel temperature. 

9. A liquid fuel injection pump comprising, in 
combination, a housing having a pump chamber 
with a fuel inlet and a discharge outlet, a pump 
ing element operative in said chamber adapted 
to induce the Supply of fuel into Said chamber 
through said inlet and to discharge fuel under 
pressure from said chamber through Said outlet, 
a supply passage opening to said inlet, a control 
device including an adjustable throttle orifice 
interposed in Said passage for metering the Sup 
ply of fuel to said inlet, and means for auto 
matically compensating the action of Said de 
vice in response to variation in fuel tempera 
ture, whereby to maintain the quantity of fuel 
flow through said orifice substantially constant, 
said last-mentioned means comprising a relief 
valve adapted to open in response to a rise above 
a predetermined level in the fuel pressure in the 
portion of said passage on the up-stream side of 
said orifice to divert excess fuel from said por 
tion and thereby limit the pressure therein sub 
stantially to said predetermined level, said re 
lief valve having a diverting orifice of Small flow 
area, permitting constant minimum diversion of 
fuel, and a temperature responsive valve actuat 
ing member interposed in the path of fuel di 
verted through said last mentioned orifice, said 
actuating member coacting with said valve to 
vary said predetermined opening pressure level 
proportionately to Variations in the temperature 
of the fuel. 

10. A liquid fuel injection pump comprising, in 
combination, a housing having a pump cylinder 
defining a chamber having a suction inlet and a 
preSSure outlet, a pump plunger reciprocable in 
said cylinder to induce the Supply of fuel through 
Said inlet during an intake stroke and the dis 
charge of a complete or partial charge of fuel 
under preSSure through said outlet during a 
preSSure stroke, a Supply passage adapted to re 
ceive liquid fuel under pressure and opening to. 
said inlet, a flow metering device interposed in 
Said passage and adapted to create a pressure 
differential in the flow of fuel to said inlet during 
Said intake Stroke, and a relief Valve opening 
from Said passage at the up-stream side of said 
device, Said valve having a thermostatically con 
trolled element therein for varying the release 
pressure of the relief valve proportionally to 
the fuel temperature, Said Valve normally main 
taining a predetermined fluid pressure in said up 
Stream Side of Said passage and being operable to 
Vary Said fluid pressure proportionally in re 
Sponse to changes in the fuel temperature. 

11. A liquid pump comprising, in combination, 
a housing having a pump cylinder defining a 
chamber having a Suction inlet and a pressure 
outlet, a pump plunger reciprocable in said cylin 
der to induce the Supply of fuel through said in 
let during an intake stroke and the discharge of 
a complete or partial charge of fuel under pres 
sure through Said outlet during a pressure stroke, 
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a supply passage adapted to receive liquid fuel 
under pressure and opening to said inlet, a flow 
metering device having a variable orifice inter 
posed in said passage and adapted to create a 
pressure differential in the flow of fuel to said 
inlet during each intake stroke, and means com 
municating with said passage on the upstream 
side of said orifice for automatically varying the 
fluid pressure in the contiguous portion of the 
passageway to maintain said pressure differential 
constant for varying fuel temperatures regardless 
of reflected variations in the absolute fuel vapor 
pressure in Said chamber. 

12. A liquid fuel injection pump comprising, 
in combination, a housing having a pump cham 
ber with a fuel inlet and a discharge outlet, a 
pumping element operative in said chamber and 
adapted to induce the Supply of fuel into Said 
chamber through said inlet and to discharge fuel 
under pressure from said chamber through said 20 1,698,947 
outlet, means for supplying liquid fuel to said 
inlet, and temperature responsive control means 
associated with said Supplying means for nor 
mally maintaining a predetermined fluid pres 

O 
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10 
sure in said supplying means for a given temperor 
ature of the fuel therein, said control means be 
ing arranged to have thermal contact with the 
fuel in Said Supplying means and being respon 
sive to temperature changes in the fuel to pro 
gressively vary the fuel pressure in said supplying 
means proportionately to Said temperature 
changes, Said control means thus Compensating 
for variations in the fuel temperature to main 
tain the fuel flow to the pump virtually unaf 
fected by Such temperature changes. 

CAR. E. HGH 

REFERENCES CTED 
The following references are of record in the 

file of this patent: 
UNITED STATES PATENTS 

Number Nane Date 
French et al. ------ Jan. 15, 1929 

1848,031 Spencer ------------ Mar. 1, 1932 
2009,137 Kleckner ---------- July 23, 1935 
2,090,035 Fellows ----------- Aug. 17, 1937 
2,268,359 Tustin et al. ------- Dec. 30, 1941 


