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ABSTRACT 0F THE DISCLOSURE 

A hypodermic syrin-ge having a thin-walled, expandable 
barrel and a permanent, enlarged expandable storage 
pocket formed and cooperating with a piston or stopper 
which includes a convex, annular traveling, seal-forming 
portion tapered away from an oppositely- tapered dis 
charge outlet, and in which the piston insures substan 
tially complete exhaustion of liquid being administered 
with minimum resistance to piston movement and pre 
vents leakage of liquid past the piston during its entire 
range of movement. 

This invention relates to a disposable hypodermic 
syringe, and particularly to a syringe having an improved 
thin-walled barrel and an improved all-plastic stopper, 

Rubber has been used to make hypodermic syringe 
Stoppers in the past because it is very resilient and seals 
Well within the syringe barrel. However, plastic is a 
more desirable material for a stopper because it does not 
contain vulcanizing and curing agents and is compatible 
with certain drugs that are deleterious to rubber as, for 
instance, ethyl iodophenylundecylate. Plastic Stoppers have 
not been widely used in the past because of their rigid 
nonresilient character. A plastic stopper that fits tightly 
enough within a barrel to prevent leakage is difficult to 
slide longitudinally through the barrel. 

Various attempts have been made to render the plastic 
stopper sufficiently ñexible so that it can conform to the 
size, shape, and discontinuities of the inner barrel sur 
face. Two such designs are described in U.S. Patents Nos. 
2,902,034 and 3,135,260. However, the inherent proper 
ties of the plastic Stoppers, combined with the dimension 
al variations and discontinuities of the molded parts, have 
made leakproof syringes difficult in large quantities. 
More recently, it has been proposed to use a thin ilex 

ible-walled barrel with a plastic stopper. By thus build 
ing resilience into the barrel, many of the previous prob 
lems are remedied. This invention is described more 
thoroughly in an application filed June 8, 1962, by Heinz 
A. von Pechmann, Serial No. 201,192, entitled “Plastic 
Syringe.” However, storage must be carefully controlled 
to avoid a permanent deformation of the barrel which 
can cause leakage in subsequent use. 

It is an object of this invention to provide a thermo 
plastic stopper which forms a hermetic sliding seal with 
a bore of a thermoplastic syringe barrel, which stopper 
slides easily in the barrel. ' 

Another object of this_invention is to provide a thermo 
plastic syringe that can be stored for considerable time 
and still be easily operable without leakage. 
Another object is to provide a thermoplastic stopper 

configuration that slides smoothly through a syringe barrel. 
Still another object of this invention is to provide a 

method of making a disposable thermoplastic syringe 
that is easily operable without leakage. Y 

Other objects of this invention will become apparent 
upon further -description and the following'illustrations, 
in which: 
FIGURE 1 is a perspective view, partially cut away, 

of the syringe barrel; 
FIGURE 2 is a side elevational View, partially cut 
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away, of the syringe showing the stopper and barrel re 
lationship; 
FIGURE 3 is a side-elevational view, partially cut 

away, showing the stopper longitudinally progressing 
through the syringe barrel; 
FIGURE 4 is a fragmentary side elevational view 

showing the stopper as it is molded with a cylindrical 
sealing surface in a mold die; 
FIGURE 5 is a fragmentary side elevational View of 

the stopper showing the stopper shape after it is cooled 
but before the stopper is reshaped by the syringe barrel; 
and 
FIGURE 6 is a perspective view of the stopper. 
Referring now to the drawings, syringe 1 has a barrel 

2 with a bore in which a plunger 17 is axially slidea-ble. 
The barrel 2 has connecting means 16, which preferably 
is a Luer tapered adapter, associated with a partially 
closed end 3 for connecting the syringe to a medical de 
vice. The syringe also has a finger grip 6 adjacent an op 
posite open end 4 of the barrel 2. This finger grip 6 may 
comprise two parallel side plates 24, 24 integral with 
barrel wall 20, and rounded angular end walls 25, 25 
connected at one end to barrel wall 20, and along their 
sides to side plates 24, 24. The end walls 25, 25 diverge 
angularly outwardly from said barrel wall 20 to provide 
a comfortable sloping finger gripping area. The thin cyl 
indrical barrel wall 20 has an enlarged storage pocket 5 
adjacent the partially closed end 3. 

Plunger 17 includes a rigid stopper 7 in sliding engage 
ment in the barrel bore 20, and a handle 8 which con 
nects to stopper 7 and extends out through open end 4 
of barrel 2. Handle 8 is shown as being generally X 
shaped with raised rib portions 27 which closely follow 
the 'barrel wall 20 without excessive friction. The handle 
configuration insures that the stopper will align with the 
barrel bore and not cant to break its seal particularly 
When stopper 7 is near the rear o_r open end of barrel 2. 

’ The stopper 7 has a front wall 9 and a rear wall 10, 
which terminate at their peripheries in a leading edge 13 
and a trailing edge 14, respectively. From leading edge 13 
and trailing edge 14 a sealing surface 11 curves out 
wardly to provide a slightly convex center portion 12 for 
engaging the barrel wall 20 and forming a travelling seal 
21 therewith. In the front wall 9 is a recess 1S concentric 
with and spaced radially inwardly from the leading edge 
13, which recess 15 surrounds a conical nose section 18 
which preferably is complementary to the partially closed 
end 3 of barrel 2. 

Stopper 7 is much more rigid than a rubber stopper 
and has a larger diameter than the -bore of barrel 2. 
Thus, the stopper 7 temporarily expands the thin barrel 
wall 20 radially outwardly as it passes along the barrel 
to form a travelling bulge 19, as shown in FIGURE 3. 
The bore diameter of barrel» 2 fore and aft of stopper 7 
is smaller than the stopper diameter because the barrel 
wall 20 springs back to a smaller diameter after the stop 
per 7 has passed. This travelling bulge feature is similar 
to a snake swallowing an egg,'and a person grasping bar 
rel wall 20 can actually feel the the travelling bulge 19 
as the stopper 7 progresses along the barrel 2. 
The thickness of barrel wall 20 and the amount stopper 

7 diameter is greater than the bore diameter of the barrel 
depends on the size of the syringe which, in practice, can 
range between l cc. to 50 cc. capacity. For example, sy 
ringes with a maximum calibrated capacity in the range 
from 2 cc. to 6 cc. preferably have a wall thickness of 
from .015 to .040 inch and have a stopper 7 diameter that 
is .001 to .008 inch larger than the bore diameter of bar 
rel 2. 
With the very thin barrel Wall 20, the barrel can flex 

slightly outwardly or stretch to eject from a mold core 
pin. Therefore, the barrel can be molded with a constant 
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bore diameter, or at least with a bore diameter that de 
creases no more than .0010 inch per inch of barrel length 
from the open end of the barrel to its partially closed end. 
If the bore is tapered slightly, its bore diameter is to be 
measured immediately rearward o'f and adjacent to the 
enlarged storage pocket 5. The empty storage pocket 5 
has a diameterrthat is slightly less than the stopper diam 
eter by, for example, .0001 to .0009 inch. Thus, the stor 
age pocket can always form a seal with the stopper. 

Adjacent the partially closed end 3 of barrel 2, a unique 
relationship is provided between barrel wall 20 and stop 
per 7. The permanent enlarged storage spocket 5 receives 
the stopper 7 before it is used for an injection or other 
medical procedure. Thus, the stopper 7 can retain its 
diameter larger than the bore diameter of barrel 2 and 
form an easily slideable seal with barrel wall 20 even 
after long storage periods. The enlarged storage pocket 5 
has a maximum diameter section which is approximately 
the width of sealing surface 11 and which blends smooth 
ly into a portion of the barrel adjacent and rearward of 
the enlarged storage pocket 5. When the syringe 1 is used 
the stopper 7 is merely pulled rearwardly out of the en 
larged storage pocket 5 by handle 8 and proceeds along 
the barrel, forming a travellingbulge 19. For the purposes 
of illustration, the enlarged storage pocket 5 and ‘travel 
ling bulge 19 have been exaggerated throughout the draw 
ings. As in the thickness of barrel wall 20 and the differ 
ences between the stopper 7 diameter and barrel 2 bore 
diameter, the difference between the diameter of the en 
larged storage pocket 5 and adjacent portion of barrel 2 
varies with sizes of syringes from 1 cc. to 50 cc. capacity. 
For a syringe with a maximum calibrated jcapacity in the 
range of 2 cc. to 6 cc., the enlarged storage >pocket diam 
eter is preferably from .001 to .008 inch larger than the 
bore of an adjacent portion of barrel 2. 
No leakage occurs in the enlarged storage pocket 5 de 

spite its larger diameter than the adjacent portion of the 
barrel because of a “shifting seal” feature of this inven 
tion. When stopper 7> travels along barrel 2l it forms the 
seal 21 at a center portion 12 of the slightly> convex seal 
ing surface ll'of stopper 7. Although the seal 21 is only 
formed when stopper 7 is in barrel 2, for illustrative pur 
poses the position of this seal is shown on the stopper in 
FIGURE 6. As the stopper 7 approaches partially closed 
end 3 of barrel 2, it drops into the enlarged storage pocket 
5. As this happens the hermetic ̀seal 21 shifts without leak 
age to the leading edge 13 of stopper 7, where it forms a 
very thin line contact betweenthe leading edge 13 and 
partially closed end 3 of barrel 2.*Preferably, leading edge 
13 contacts partially closed end 3 before the conical nose 
section 18 when the stopper falls into enlarged storage 
pocket 5, thus insuring a contact with partially closed end 
3 for the shifting seal. This “shifting seal” feature is easily 
observed through the transparent barrel wall 20., 
The method of making the syringe of this invention in 

volves the steps of molding the thin wall barrel and mold 
ing the stopper 7 with a front wall 9 and a rear wall 10, 
each of which terminates at its periphery in its respective 
leading and trailing edges 13'and 14.4 Leading edge 13 
and trailing edge 14 are molded of substantially the same 
diameter so the sealing surface _forms a nontapered cylin 
der. This is shown in FIGURE 4 wherein mold die 26 is a 
part of a cam actuated mold which can integrally mold 
stopper 7 and handle 8 as a one-piece plunger 17. The 
parting lines indicate the parting lines of the mold. The 
front wall 9 of stopper 7 is molded with a recess 15 that 
is concentric with andy spaced from leading edge 13, and 
which surrounds a conical nose section 18. Following the 
molding steps, the stopper 7 is cooled whereby trailing 
edge 14 shrinks more than leading edge 13, thereby giv 
ing a slight frusto-conical shape to the stopper 7, as shown 
in FIGURE 5. This cooling step is preferably carried out 
with an integral handle 8 connected to the rear wall 10 
of the stopper 7, to give a greater mass of thermoplastic 
at rear wall 10, causing it tQ Shïllllí {H_Qfe, than. f_fQKlt Wall 
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9. Recess 15 also aids in causing leading edge 13 to shrink 
less than trailing edge 14. 

Next, the plunger 17 is placed in the barrel 2 with the 
stopper 7 positioned adjacent the partially closed barrel 
end 3. As previously indicated, the stopper 7 exerts a 
radially outward force against the portion of the barrel 
adjacent to closed end 3, a'nd thus causes a temporary 
deformation of the barrel. The syringe is then stored with 
the stopper in this position so that the deformed barrel 
portion takes a permanent set, thus forming a permanent 
enlarged storage pocket 5. While the stopper 7 is stored 
adjacent partially closed end 3, the syringe can be steri 
lized by a gas, such as ethylene oxide, at temperatures 
from 100° F. to 120° F., and these elevated temperatures 
hasten the formation of the permanent enlarged storage 
pocket 5. During the storage step the frusto-conical seal 
ing surface of stopper 7 as shown in FIGURE 5 simul 
taneously and permanently deforms adjacent the leading 
and trailing edges 13 and 14 to form a slightly convex 
sealing surface 11 with a center portion 12, as shown in 
FIGURES 2, 3, and 6. , 
The stopper 7 remains in enlarged storage pocket 5 

until the syringe is ready to use, at which time stopper 7 is 
pulled rearwardly through barrel 2 with a smooth, easy 
motion. 
The entire syringe herein described is made of thermo 

plastic materials. Any thermoplastic may be used for‘bar 
rel 2 that can be molded into a thin transparent wall which 
can flex radially outwardly as herein described. I lhave 
found that polyoleñris, as for example polypropylene, 
work very well for the barrel material. The plunger 17 iS 
preferably molded as a single piece of a material suffi 
ciently rigid to form a handle 8 that will move stopper 7 
in the barrel when axial force is applied to the handle, 
whereby stopper 7 will push barrel wall 20 radiallyv out 
wardly into a travelling bulge 19. A polyoleñn, for exam 
ple linear polyethylene, works very Well for the plunger. 

While I have described my invention with specific ex 
amples, those skilled in the art can make certain changes 
without departing from the spirit and scope of this in 
vention. 

I claim: 
1. A hypodermic syringe comprising: a thin-Walled 

thermoplastic `barrel with a front wall having an inner 
frusto-conical surface sloping toward a central discharge 
opening; and a thermoplastic stopper suñiciently rigid to 
create a traveling sealing-bulge progressively along said 
thin-walled barrel as the stopper slides along the bore of 
said barrel, said stopper lhaving a 'rear wall and a front 
wall respectively bounded by peripheral trailing and lead 
ing edges, said edges having disposed therebetween a con 
vexly curved sealing surface tapering rearwardly substan 
tially from said leading to said trailing edge, said stopper " 
having a centrally located, forwardly tapered nose por 
tion, said barrel having a deformable pocket with an in 
ternal surface that is permanently bulged outwardly re 
gardless of the position of said stopper in said barrel bore, 
said pocket being immediately adjacent the inner frusto 
conical barrel surface and substantially bounding the 
rearward margin thereof, the largest diametrical portion 
of said rearwardly tapered convex sealing surface of said 
stopper progressively bulging said deformable pocket un 
'til the stopper seats at the rear margin of the inner 'frusto 
conical surface of said barrel, said deformable pocket 
having an inner surface configuration complementary to 
the outer periphery configuration of said stopper, said 
forwardly tapered nose portion being so conformed in 
relation to the said stopper leading edge so as to permit 
said leading edge to completely move through said pocket 
in sealed relation and ultimately seat at the rear margin 
of said frusto-conical barrel surface. 

2. The structure las claimed in claim 1 in which the 
, outer surfaceof said tapered nose portionis parallel to the 
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