
2,674,950 A. F. UNDERWOOD 
FUEL INJECTION PUMP 
Filed Aug. 26, 1948 

April 13, 1954 

===ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ?)? | T***——? ?!—? 
3 ú w YAY 

-(? ? Ottorntegs 

  

  

  

    

    

  

  

    

  

  

  

  





2,674,950 3 
of the recess expand less than the wall portion 
intermediate the ends and an annular wedge 
shaped lubricating film of compressed fuel is 
formed between the internal surface of the cyl 
inder and outer surface of the plunger adjacent 
the leading edge or end face 29 through which 
the plunger moves to provide improved lubrica 
tion of these surfaces and to retain the plunger 
concentric to the cylinder. 
AS best shown in Figure 4 if it is desired to 

decrease the volume of the plunger recess 2 a. 
plug 35 is threaded into an enlargement in the 
axial plunger passage 32 and axial and radial 
passages 38-3 are provided in the plug for es 
tablishing communication with the axial and 
radial piunger passages 32-32". The diameter 
of the plug is less than that of the outer end of 
the plunger recess 27 so that an annular recess 
is provided between the ellipsoidal surface of the 
recess and the outer surface of the plug therein. 

It will be evident that the advantages of the 
plunger structures disclosed may be obtained by 
providing recesses in the working face of different, 
forms and by reinforcement of the plunger walls 
adjacent the recesses by other means than by 
Varying the thickness of the Wall. 

claim: 
1. In a liquid fuel pump, a pump cylinder hav 

ing a closed end and a pressure discharge pas 
Sage extending outwardly therethrough, a pump 
plunger slidable in the cylinder and having a 
resilient Wall formed by an axial recess in the 
inner end of the plunger, the recess having re 
duced diameter end portions forming the inter 
inal end Surfaces of the resilient plunger wall so : 
that the expansion of the thicker end portions 
of the resilient Wall by the fuel pressure in the 
I'ecess is less than the expansion of the thinner 
intermediate wall portion in order to reduce leak 
age of fuel past the plunger and to provide proper 
lubrication and centering of the plunger by the 
fuel in the clearance space between the external 
Surface of the plunger immediately adjacent the 
inheir end of the plunger upon inward movement 
thereof on the pressure discharge stroke. 

2. In a fluid pump, a pump cylinder having 
a closed end and a pressure discharge passage 
leading outwardly therethrough, a cylindrical 
pump plunger having a resilient wall formed by 
an axial recess in the inner end of the plunger 
of annular form, said resilient wall having a thin 
intermediate portion and thicker end portions 
expansible by the pressure in the annular recess 
to cause the thin wall portion to expand more 
and more closely conform to the internal surface 
of the cylinder. vm 

3. In a fluid pump, a pump cylinder having 
a closed end and a pressure discharge passage 
extending outwardly therethrough, a cylindrical 
pump plunger having a resilient wall formed by 
an annular recess in the inner end of the plunger, 
said resilient wall having thick end wall por 
tions and a thinner intermediate wall portion 
expansible by the fluid pressure in the recess to 
cause expansion of these wall portions inversely 
With respect to the thickness to reduce the clear 
ance and fluid leakage past the outer surface of 
the intermediate wall portion and for maintain 
ing the plunger coaxially with the cylinder upon 
movement of the plunger on the fluid discharge Stroke. 

4. In a fluid pump, a pump cylinder having 
a closed end and a fluid pressure discharge pas 
Sage leading outwardly therefrom, a cylindrical 
pump plunger having a resilient wall formed by 
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4. 
an axial recess in the inner end of the plunger, 
the inner Surface of the resilient Wall decreasing 
in diameter from the outer end of the recess to 
ward the transverse midplane of the recess in 
order to limit expansion of the wall portion ad 
jacent the inner end of the plunger and to cause 
the outer surface of the wall to increaSe in di 
ameter from the inner end of the plunger toward 
the intermediate portion of the Wall by the pres 
Sure in the recess. 

5. In a fluid pump, a pump cylinder having 
a closed end and a fluid pressure discharge paS 
sage, a pump plunger having an externally cy 
lindrical surface slidably fitting the cylinder and 
having an axial recess in the inner end of the 
plunger Subjected to fluid pressure, said receSS 
and cylindrical surface cooperating to form an 
expansible plunger wall of variable expansibility, 
said wall having a thickened portion Surround 
ing the pressure entrance of Said recess to re 
duce the expansion of said inner end of the 
plunger relative to remaining portion of Said Wall. 

6. In a fluid pump, a pump cylinder having 
a closed end and a fluid discharge passage, a 
pump plunger having an externally cylindrical 
surface slidably fitting cylinder and having an 
axial recess of circular cross section in the inner 
end of the plunger subjected to fluid pressure, 
said recess and cylindrical surface being in coop 
erative relation to provide an annular, pressure 
expansible plunger wall of variable expansibility, 
said wall having thickened end portions to re 
duce the expansion of the end portions relative 
to the portion of the wall intermediate said end portions. 

7. In a fluid pump, a pump cylinder having 
a closed end and a fluid discharge passage, a 
pump plunger having an externally cylindrical 
external surface slidably fitting the cylinder and 
having an axial recess of circular cross section 
in the inner end of the plunger subjected to fluid 
pressure, said recess and cylindrical surface being 
in cooperative relation to provide an annular, 
pressure expansible plunger Wall of variable ex 
pansibility, the thickness of said expansible Wall 
being a minimum at a distance inwardly of Said 
recess from said plunger end. 

8. In a fluid pump, a pump cylinder having 
a closed end and a fluid pressure discharge pas 
Sage, a pump plunger slidable in the cylinder 
and having an axial recess in the inner end of 
the plunger subjected to fluid pressure and form 
ing an annular plunger Wall of Variable expan 
sibility, the internal surface of said plunger wall 
having an inwardly curved portion surrounding 
the entrance to the recess to reduce pressure ex 
pansion of said Wall portion relative that of the 
plunger wall inwardly of the recess from said por 
tion. 

9. In a fluid pump, a pump cylinder having a 
closed end and a fluid pressure discharge pas 
sage extending outwardly therethrough, a plunger 
slidable in the cylinder and having an axially 
disposed recess of annular form in the inner end 
of the plunger Subjected to fluid pressure and 
forming a pressure eXpansible, annular plunger 
wall of variable expansibility cooperating with 
the cylinder wall and a central plunger portion 
extending axially with respect to said wall, said 
Wall having reinforced end portions adjacent the 
ends to reduce the expansion by fluid pressure 
of said end portions relative to the wall portion 
intermediate said end portions and thereby main 
tain greater clearance between the cylinder wall 
and the external surface portions of the plunger 
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wall adjacent said reinforced end portions thereof 
than between the cylinder wall and the external 
Surface portion of the plunger wall intermediate 
said reinforced end portions. 

10. In a fluid pump, a cylinder having a closed 
end and a fuid pressure discharge passage ex 
tending outwardly therefrom, a pump plunger 
slidable in the cylinder and having an annular 
recess disposed axially in the inner end of the 
plunger subjected to fluid pressure to form an 
annular plunger wall of variable expansibility 
cooperating with the cylinder Wall and a plunger 
portion disposed axially with respect to said 
plunger wall, the internal surface of said plunger 
wall having inwardly curved end portions to re 
inforce Said Wall and decrease the expansion 
thereof by pressure relative to the Wall portion 
intermediate the ends and thereby provide an 
annular Wedge shaped clearance Space between 
the cylinder wall and the end portions of the 
plunger wall and less clearance between the cyl 
inder wall and the portion of the plunger Wall 
intermediate the ends to reduce fiuid leakage. 

11. In a fluid pump having a pumping cylin 
der with a side port, a plunger reciprocable in . 
the cylinder having an end Subjected to cylin 
der pressure below Said port and an external 
groove Spaced from Said end for controlling said 
port during plunger reciprocation, said plunger 
having a recess extending into said end and ter 
minating belloW said, groove, said recess being of 
sufficient depth and transverse dimension that 

2 5 

30 

6 
the transversely surrounding plunger walls will 
expand under the force of fluid pressure within 
Said recess during the pumping stroke, the Walls 
of Said plunger defining said recess being of dif 
ferent thicknesses longitudinally of the plunger 
axis. Whereby the rate of said expansion of said 
walls by fluid pressure varies longitudinally of 
the plunger axis. 

12. The combination set forth in claim 11, to 
gether With means for reducing the volume of 
the recess and extending thereinto coaxially of 
the plunger axis and Spaced from the sides of the 
eCeSS. 
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