
United States Patent (19) 
Hehl 

54 HYDRAULIC DRIVE FOR THE DIE 
CLOSING UNT OF AN NJECTION 
MOLDING MACHINE 

76 Inventor: Karl Hehl, Arthur-Hehl-Strasse 32, 
7291 Lossburg, Fed. Rep. of 
Germany 

21 Appl. No.: 86,320 
22 Filed: Oct. 19, 1979 

Related U.S. Patent Documents 

Reissue of 
64) Patent No.: 3,935,791 

Issued: Feb. 3, 1976 
Appl. No.: 546,036 
Filed: Jan. 31, 1975 

51) Int. Cl. .............................................. F15B 11/16 
52) U.S. C. ........................................ 91/519; 91/416; 

91/422; 91/437; 91/533 
58 Field of Search ................. 91/519, 422,437, 438, 

91/416, 533 
56 References Cited 

U.S. PATENT DOCUMENTS 

2,755,779 7/1956 Muller ................................... 91/438 
3,340,756 9/1967 Mize ...................................... 91/519 
3,456,297 7/1969 Ake Andreasson . 
3,663,140 5A1972 Hehl .................................... 425/154 
3,818,801 6/1974 Kime ..................................... 91/519 

31 17 

Y 
334/s. & le K. 7. lasts 

Y 3 V % 10 302:29 % %3AE4 

11 E Re. 30,934 
45 Reissued May 18, 1982 

3,916,766 11/1975 Huelskamp ........................... 91/519 

FOREIGN PATENT DOCUMENTS 

1776188 12/1971 Fed. Rep. of Germany . 
22.36094 8/1973 Fed. Rep. of Germany . 
1293390 6/1961 France .................................. 9/422 
2193940 2/1974 France . 
462,575 9.1968 Switzerland . 

Primary Examiner-Abraham Hershkovitz 
Attorney, Agent, or Firm-Schwartz, Jeffery, Schwaab, 
Mack, Blumenthal & Koch 
57 ABSTRACT 
A hydraulic drive for the die closing unit of an injection 
molding machine in which at least one power cylinder 
and power piston with a coaxially attached auxiliary 
cylinder opens and closes the molding die by executing 
the opening and closing travel with a differential piston 
action in the power cylinder and/or with the auxiliary 
cylinder, while valve-closable bypass channels in the 
power piston are kept open. The closing of these chan 
nels switches the drive from an accelerated travel mode 
to a high-pressure die clamping mode. 
An annular valve plunger cooperates with a valve seat 
on the power piston to open and close the bypass chan 
nels, several alternatives of guiding and hydraulically 
moving the valve plunger being contemplated. 

27 Claims, 19 Drawing Figures 
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HYDRAULC DRIVE FOR THE DIE CLOSING 
UNIT OF AN INJECTION MOLDING MACHINE 

Matter enclosed in heavy brackets I appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to injection molding 

machines, and in particular to hydraulic drive means for 
the opening and closing of the two halves of a molding 
die into which plastic or metallic raw material is in 
jected. More specifically, the present invention relates 
to hydraulic cylinder operated die closing units of injec 
tion molding machines in which the cylinder rods ex 
tend in the direction of the opening and closing motion 
of the movable die plate, which latter may be directly 
attached to the cylinder rods. 

2. Description of the Prior Art 
A prior art hydraulic drive for a die closing unit of 

the type mentioned above is disclosed in my U.S. Pat. 
No. 3,663,140. This drive consists of at least two parallel 
hydraulic power cylinders to which two auxiliary cylin 
ders are coaxially connected. While a comparatively 
moderate force is normally sufficient to separate and 
approach the die halves, a much larger force is required 
to keep the die closed during the injection process. The 
known device takes advantage of this difference, by 
using the smaller auxiliary cylinders to produce the 
opening and closing travel of the unit, and using the 
power cylinders only to create the closing pressure. 
Under certain special circumstances, the power cylin 
der is also used to assist in the initial portion of the 
opening motion, when the molded part offers a resis 
tance against die opening. 

In the prior art device, this is accomplished by ar 
ranging the pistons of the power cylinders so as to oper 
ate both as pistons and as bypass valves which, when 
open, permit the power piston to execute the opening 
and closing travel, without removing all the fluid from 
one side of the power cylinder and simultaneously tak 
ing in a comparable amount of fluid on the other side of 
the cylinder. Instead, the hydraulic fluid simply flows 
through bypass channels arranged inside the power 
piston from one side of the piston to the other, as a result 
of the valve action of the piston. At the end of the 
closing travel, for example, the power piston valve is 
closed, whereupon the effective area of the power pis 
ton, subjected to the full fluid pressure, exerts its maxi 
mum force against the die halves as a closing pressure. 

In the above-mentioned prior art arrangement, the 
power piston itself is the moving part of this internal 
bypass valve. The valve seat is provided in the form of 
an upstanding radial shoulder on the piston rod, the 
piston being seated against this shoulder in the closed 
valve position. This design has certain shortcomings, 
among them the material and machining costs of the 
piston rods with their radial shoulders, the manufactur 
ing and assembly costs of the axially movable power 
pistons with their internal flow chamber and valve clos 
ing face. Another disadvantage relates to the consider 
able weight of the piston which, being the moving valve 
body, causes the latter to respond comparatively slowly 
to a reversal of movement direction, and which also 
creates a rather hard impact, when the power piston 
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2 
moves against its valve seat. Lastly, the entire closing 
pressure is transmitted from the power piston to the 
piston rod through the valve seat, meaning that the 
valve seat has to be comparatively large in area, with 
the result that the flow through the open valve seat is 
more restrained and not as straight and even as would 
be desirable. 

SUMMARY OF THE INVENTION 

Underlying the present invention is the primary ob 
jective of improving upon the above-described prior art 
die closing unit drive, by eliminating or at least reducing 
the mentioned shortcomings to the extent that savings 
are realized in the manufacture and assembly of the 
parts, while the possibility for operation at considerably 
higher speeds is afforded through the elimination of the 
power piston as a moving valve body and the rearrange 
ment of the bypass channels inside the power piston for 
a fluid flow with a minimum of throttling action and 
with the least possible change in flow direction. 
The present invention proposes to attain the above 

objective by suggesting a hydraulic drive for the die 
closing unit of an injection molding machine in which 
the valve for controlling the bypass flow through the 
piston of the hydraulic power cylinder is constituted by 
an hollow valve plunger which is arranged to move 
axially on the pressure side of the power piston in coop 
eration with a cylinder surface which concentrically 
surrounds the piston rod, whereby the power piston 
itself is fixedly attached to the piston rod and has a valve 
seat for cooperation with the valve plunger which, 
when engaged against the seat, closes the bypass chan 
nels in the power piston. 
The primary advantages resulting from this improve 

ment are: a simplification of the constituent parts which 
reduces the cost of manufacture, especially in large 
quantities; a considerable increase in operating speed, 
due to the greatly reduced weight of the valve plunger, 
with the additional benefit of greatly reducing the im 
pact forces on the valve seat and hence the contact area 
on the latter; greater longevity; and improved adapt 
ability of the design to varying design requirements. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Further special features and advantages of the inven 
tion will become apparent from the description follow 
ing below, when taken together with the accompanying 
drawings which illustrate, by way of example, several 
embodiments of the invention, represented in the vari 
ous figures as follows: 

FIG. 1 is a plan view of a die closing unit, shown in 
partial longitudinal section, with a hydraulic drive en 
bodying the present invention; 

FIGS. 2 and 3 show in an enlarged cross section the 
power piston and valve assembly of the device FIG. 1, 
the valve being shown open in FIG. 2, and closed in 
FIG. 3; 
FIGS. 4 and 5 are similar to FIGS. 2 and 3, featuring 

a modified version of a power piston and valve assem 
bly; 

FIG. 6 is a typical end view of a power piston, such 
as the one of FIG. 7, showing the piston bypass chan 
nels as seen from the low pressure side of the piston; 

FIG. 7 shows a further embodiment of a power piston 
and valve assembly according to the present invention; 
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FIG. 8 shows a die closing unit similar to that of FIG. 
1, but with a further version of a power piston and valve 
assembly; 

FIGS. 9 and 10 show the piston and valve assembly 
of FIG. 8 at an enlarged scale, the valve being closed in 5 
FIG. 9 and open in FIG. 10; 
FIGS. 11 and 12 show a small modification of the 

arrangement of FIGS. 9 and 10; 
FIG. 13 shows a third embodiment of the die closing 

unit according to the invention; 
FIGS. 14 and 15 show the main piston and valve 

assembly of FIG. 13 at an enlarged scale, the valve 
being closed in FIG. 14 and open in FIG. 15; 
FIGS. 16 and 17 represent a modification of the as 

sembly of FIGS. 14 and 15; 
FIG. 18 shows a portion of a push-type die closing 

unit, with a power piston and valve assembly represent 
ing a still further embodiment of the invention; and 
FIG. 19 shows at an enlarged scale a main piston and 

valve assembly similar to those shown in FIG. 18. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 
A first embodiment of the invention is illustrated in 

FIG. 1, where a movable die plate 12 carries one half of 25 
the injection molding die 13, while the other half is 
attached to a block-shaped cylinder mount 10 which 
also serves as a base for the die closing unit. In this 
cylinder mount are arranged two parallelly spaced cyl 
inder bores defining cylinder pressure spaces 75 and 76 30 
on the front and back of two identical power pistons 24. 
It should be understood, that the proposed die closing 
unit may also be equipped with four power cylinders, 
for example, or, in the case of the push-type unit to be 
described further below, with only one such power 
cylinder. The power pistons 24 are attached to piston 
rods 16 extending axially from the cylinder mount 10 in 
both directions, the forward extremities of the piston 
rods 16 carrying the movable die plate 12 with the 
movable half of the molding die 13. The rearwardly 
extending piston rod portions 16' extend into two coaxi 
ally aligned auxiliary cylinders 11, thereby forming 
annular cylinder chambers 80 and 81. The longitudinal 
guidance of the piston rods is obtained by means of 
guide bores in a pair of guide bushings 17 and 18 ar- 45 
ranged in the forward wall of the cylinder mount and 
by similar guide bores in a pair of suitable connecting 
flanges of the auxiliary cylinders 11. To the rear extrem 
ity of one of the piston rod portions 16' is attached a 
piston 14. 
The cylinder space 75 which is located ahead of the 

power piston 24, hereinafter referred to as the high 
pressure space, is connected to the hydraulic system of 
the injection molding machine via an inlet 19 at the 
front end of the power cylinder, while a similar inlet 20 55 
at its rear end leads to the rear cylinder space 76, herein 
after referred to as the low pressure space. Hydraulic 
lines lead from these inlets to the hydraulic controls of 
the injection molding machine (not shown), which se 
lectively connect one or the other, or both inlets, to a 60 
source of pressure fluid, while one or the other inlet 
may be connected to the fluid tank of the machine. 
Similar inlets 21 and 22 lead to the cylinder spaces 80 
and 81 of the two auxiliary cylinders 11. From FIG. 1 it 
can readily be seen that a pressurization of the cylinder 65 
space 80 of the right-hand auxiliary cylinder - as seen 
from behind the unit - produces a closing travel of the 
unit, while pressurization of the cylinder space 81 of the 
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left-hand auxiliary cylinder produces an opening travel 
of the unit. Both auxiliary cylinders are thus single 
acting cylinders, in contrast to the double-acting power 
cylinders; one auxiliary cylinder serves exclusively as 
an opening cylinder, while the other serves as a closing 
cylinder. A bore 23 allows air to enter and exit from the 
outer extremity of the right-hand auxiliary cylinder. 
A central flow channel 31 leads from the cylinder 

space 81 of the opening auxiliary cylinder to its associ 
ated power piston and through a cross connection in the 
movable die plate 12 from the left-hand piston rod into 
the right-hand piston rod and to the right-hand power 
piston. As can better be seen in FIGS. 2 and 3, the 
central channel 31 opens into an annular valve plunger 
pressure space 29, located axially between the power 
piston 24 and a hollow valve plunger 25, which latter is 
arranged for axial sliding motion on the piston rod 16. 
While the inner diameter of the valve plunger 25 en 
gages the piston rod 16, a concentric outer diameter 
thereof engages a matching recessed bore in the power 
piston 24 so that the valve plunger is not only respon 
sive to the pressure created in the plunger pressure 
space 29, but also to the pressure to which the high 
pressure space 75 of the power cylinder is subjected. 
Suitable gaskets 36 and 37 in the valve plunger 25 and in 
the piston rod 16, respectively, provide a seal for the 
inner and outer cylinder surfaces of valve plunger 25. 

Pressurization of the cylinder space 75 thus causes the 
valve plunger 25 to move to the right until an enlarged 
flange portion 25' on the valve plunger 25 comes to 
axially abut against a matching valve seat 30 of the 
power piston 24. The latter is mounted on the same 
diameter of the piston rod 16, being axially restrained 
against the effect of the hydraulic pressure in the high 
pressure space 75 by a split abutment ring 27 seated in a 
groove of the piston rod. If the line 31 and the pressure 
space 29 are pressurized higher than the pressure which 
exists inside the cylinder space 75, then the valve 
plunger 25 moves to the left, away from the valve seat 
30, until it is stopped by a retaining ring 26. In this 
retracted position, the valve plunger 25 opens an axial 
recess 28' in the power piston 24. The latter in turn is in 
communication with a series of axially oriented bypass 
channels 28, which thus connect the low pressure side 
of the power piston to its high pressure side, when the 
valve plunger is in the open position (FIG. 2). For a 
smooth flow path of the hydraulic fluid through the 
bypass channels 28 and through the valve itself, the 
valve seat 30 of the power piston and the mating face of 
the flange portion 25' of the valve plunger are prefera 
bly inclined at an angle of approximately 45° against the 
cylinder axes a-a. The outer diameter of the flange 
portion 25", which is preferably also the outer diameter 
of the valve seat 30, is approximately identical to the 
center circle on which the axes b-b of the bypass chan 
nel 28 are located. 
The operative sequence of this die closing unit drive, 

starting from a closed die position and assuming that the 
molded part is ready for ejection, is as follows: 

In order to open the die halves 13, pressurized hy 
draulic fluid is pumped into the cylinder space 81 of the 
opening auxiliary cylinder 11, via its intake 22. This 
pressurization causes the piston rod portion 16' to act 
itself as a piston, pushing both piston rods, which are 
rigidly interconnected at the movable die plate 12 to 
form a moving assembly therewith, to the left in FIG. 1. 
However, since the valve plunger pressure spaces 29 
are hydraulically connected to the cylinder space 81, 
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the pressurization of the latter also causes both valve 
plungers 25 to move to the left, thereby opening the 
bypass valves of the two power pistons 24. With the 
power piston valves thus opened (FIG. 2), the pistons 
are free to move to the left inside their power cylinders, 
as the hydraulic fluid simply moves from the high pres 
sure side of the power pistons to their low pressure side, 
without leaving the cylinder. This produces a rapid 
opening motion of the die closing unit, while a compar 
atively small volume of pressure fluid is used, as deter 
mined by the diameter of the piston rod portion 16' and 
the required opening stroke of the molding die 13. 

It may be desirable to remove and renew at least a 
portion of the hydraulic fluid in the power cylinders 
during each cycle. This is accomplished either through 
appropriate controls in the hydraulic lines connected to 
the intake openings 19 and 20, or it may be a built-in 
feature, if the piston rods 16 have rear piston rod por 
tions 16' which are larger or smaller in diameter than 
the remainder of the piston rods. 
The closing travel is accomplished by means of the 

closing auxiliary cylinder on the right-hand side of the 
unit which, when the cylinder space 80 is pressurized, 
cause the auxiliary piston 14, and with it the entire mov 
ing assembly, to move rearwardly, thereby approaching 
the mold halves 13 against each other. In this case, the 
valves of the power pistons are again in their open 
positions (FIG. 2), the hydraulic fluid flowing freely 
from the low pressure side to the high pressure side of 
the power pistons 24. In this case, the power piston 
valve is held open either as a result of an axially fixed 
connection between the power piston 24 and the piston 
rod 16, or as a result of a certain residual pressure inside 
the valve plunger pressure space 29, which latter may 
be obtained through a throttling action against the hy 
draulic fluid being expulsed from the cylinder space 81 
of the opening auxiliary cylinder. As soon as the die 
halves 13 are closed against each other, the high pres 
sure spaces 75 of the power cylinders are pressurized. 
This pressure causes the valve plungers 25 to move to 
the right, thereby shutting off the bypass flow through 
the power pistons 25. The latter now become pressur 
ized over their entire area, and the resultant force is 
transmitted to the piston rods 16 and to the die 13 via 
the split abutment rings 27 in the piston rods. 

In FIGS. 4 and 5 is illustrated a slightly modified 
embodiment of the power piston and valve assembly 
just described. Here, the annular space which previ 
ously served as a valve plunger pressure space is elon 
gated in the axial direction, accommodating therein a 
compression spring 47 which gives the valve plunger 25 
a bias toward its open position (FIG. 4). The central 
bore 60 serves in this case merely as a relief bore for the 
evacuation and supply of air from and to the annular 
space occupied by the spring 47. Thus, the valve is 
automatically maintained open during the closing and 
opening travels of the guide closing unit, and it is closed 
only, when the high pressure cylinders space 75 is pres 
surized, while a certain counter pressure is created in 
the low pressure space 76. This pressure creates a clos 
ing force on the hollow valve plunger 25. 

Both the first-described embodiment (FIGS. 1-3) and 
its modification (FIGS. 4 and 5) have essentially the 
same hollow valve plunger 25 which is seated for slid 
ing axial motion on the outer diameter of the piston rod 
16 and which has an outer cylindrical surface that seal 
ingly engages a recessed bore of the power piston 24. 
This arrangement renders the valve plunger 25 respon 
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6 
sive to the pressure in the high pressure space 75 of the 
power cylinder, which pressure forces the valve 
plunger into its closed position. The valve plunger re 
turns to its open position, as soon as the space 75 is 
de-pressurized, moving either under the action of the 
spring 47 (FIGS. 4 and 5), or in response to a hydraulic 
opening pressure reaching the pressure space 29 
through line 31 (FIGS.2 and 3). 
A different operative response is provided in all the 

other embodiments of the invention, as exemplified by 
FIGS. 8–12, for example. Here, the annular valve 
plunger 61 is made responsive to a valve plunger pres 
sure space 77 which is arranged on the opposite axial 
end of the valve plunger, between the latter and a cylin 
der sleeve 71. Thus, the valve plunger is urged into its 
open position (FIG. 10), whenever a pressure exists in 
either the high pressure space 75 or the low pressure 
space 76, as long as the valve plunger pressure space 77 
and the supply line 31 are not pressurized. As can be 
seen in FIG. 9, for example, the hollow valve plunger 
61 has again a tapered contact face engaging a matching 
valve seat 62 on the periphery of an axial recess 73 of 
the power piston 72. However, in this case the valve 
diameter is slighty smaller than the hydraulically effec 
tive outer diameter of the valve plunger 61. Thus, the 
closing motion of the power piston valve can be con 
trolled and timed independently of the opening and 
closing travel motions, making it possible to slow down 
the closing motion just before the die halves 13 meet, by 
closing the valve slightly before the end of closing 
travel. Similarly, the full power piston force could be 
used to initiate the opening travel, by holding the power 
piston valve closed during an initial pressurization of 
the low pressure space 76. 
A modified embodiment is again illustrated in FIGS. 

11 and 12, where a compression spring 47 is arranged 
between the cylinder sleeve 75 and the valve plunger 
61. In this case, the spring provides a closing bias on the 
valve plunger 61, which bias adds itself to the closing 
pressure from the line 31, but which can be overcome, 
in order to open the valve, when both power cylinder 
pressure spaces 75 and 76 are under pressure during the 
opening and closing travels. 

It will be noted that the die closing unit of FIG. 8 
does not have two different auxiliary cylinders 11 as is 
the case in the unit if FIG. 1. Here, both auxiliary cylin 
ders operate simultaneously to provide the opening 
travel only. The closing travel, on the other hand, is 
obtained through a pressurization of both power cylin 
der spaces 75 and 76 which, due to different diameters 
of the piston rod 16 on the front and rear of the power 
piston 72, produces a differential pressure on the power 
piston 72 in the sense of a closing motion. As mentioned, 
this pressure also automatically opens the power piston 
valve. 
A similar, but somewhat modified embodiment is 

shown in FIGS. 6 and 7, where the cylinder sleeve 71 of 
the previously described embodiment is replaced by an 
integral cylinder extension 45" of the power piston 45, 
the open end of the cylinder extension 45" being closed 
off by means of an end cover 63, thereby confining the 
valve plunger 61 inside the power piston 45. A plurality 
of radial bores 28' complete the flow path of the fluid 
through the power piston 45 from the bypass channel 28 
and the axial recess 28, when the valve plunger 61 is in 
its open position. The central channel 31, leading to the 
valve plunger pressure space 64 inside the cover 63, 
supplies the pressure which closes the valve, while the 
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pressure inside the power cylinder spaces 75 and 76 
causes the valve to open. The operative characteristics 
of this assembly are thus similar to those of the embodi 
ment described in connection with FIGS. 8-12. 
A still further embodiment of the invention is illus 

trated in FIGS. 13-17. Here, the hollow valve plunger 
61 defines a valve configuration with the power piston 
72 which is similar to that of the embodiment of FIGS. 
8-10 but, instead of being surrounded by a cylinder 
sleeve 71, the valve plunger 61 encloses a fixed ring 71", 
in order to form the desired valve plunger pressure 
space 77. The piston rods 16 are again shown of a uni 
form diameter over their entire length, rather than with 
differential diameters as in FIG. 8, which means that the 
power piston 72 is positioned against the piston rod by 
means of a split ring 27. It further requires that one of 
the auxiliary cylinders serves again as a closing cylin 
der, while the other serves as an opening cylinder, 

It will be readily recognized that the operative char 
acteristics of the embodiment of FIGS. 13-17 are quite 
similar to those of the embodiment of FIGS. 8-12. The 
major difference between these two embodiments is one 
of analogous inversion of certain portions of the hollow 
valve plunger 61 and its cooperating part, which to 
gether form the valve plunger pressure space 77. This 
cooperating part - cylinder sleeve 71 in one case, and 
ring 71" in the other case - is axially positioned on the 
piston rod 16 be means of retaining rings 26 and 74. The 
outer diameter of the valve plunger pressure space 77 is 
in both cases the same and, because it is larger than the 
diameter of the valve seat 62, the valve opens under 
pressurization of the high pressure space 75, unless the 
valve plunger pressure space 77 is likewise pressurized, 
in which case the valve plunger closes against the 
power piston 72. With the exception of the piston rod 
shoulder 70 of the split ring 27 of this embodiment, the 
power piston 72 is essentially the same in both cases. 
For practical purposes, the radial width of the valve 

plunger pressure space 77, i.e. the radial step between 
the inner and outer effective diameters of the valve 
plunger 61, is preferably approximately between one 
eighth and one-sixth of the diameter of the piston rod 
16. 

In FIGS. 16 and 17 is again shown a modified version 
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of the embodiment of FIGS. 14 and 15, the closing of 45 
the valve plunger 61 being assisted by a compression 
spring 47. In this case, however, the valve plunger has 
to be axially longer, in order to accommodate the spring 
inside an axially extended valve plunger pressure space 
77. A small shoulder 95 limits the opening travel of the 
valve plunger 61 against the fixed ring 71". 

In order to open the molding die 13, the cylinder 
space 81 of the opening auxiliary cylinder 11 is pressur 
ized via the inlet 21, so that the piston rod portion 16 
acts as a piston, pushing the movable assembly into the 
open position. During this opening travel, the power 
cylinder spaces 75 and 76 are both pressurized just 
enough to cause the valve plunger 61 to move against 
the non-pressurized valve plunger pressure space 77, i.e. 
to open, so that the power piston 72 can move freely 
through the pressure fluid contained inside the power 
cylinder. As can readily be seen from the drawing, the 
flow path of the fluid to the bypass channels 73 of the 
power piston 72 has a minimum of directional change. 
The closing travel of the movable assembly is 

achieved by pressurizing the pressure space 80 of the 
closing auxiliary cylinder 11, via its inlet 22. The auxil 
iary piston 14, which is attached to the rear extremity of 
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the piston rod portion 16, then causes the movable as 
sembly to travel rearwardly, until the molding die 13 is 
closed. The valve plunger 61 is again kept open through 
a slight pressurization of the power cylinder spaces 75 
and 76. Upon termination of the closing travel, the 
valve plunger pressure spaces 77 are pressurized via the 
fluid channels 31, so that the valve plunger 61 closes the 
bypass channels 73 of the power piston by contacting its 
valve seat 62. 
As stated earlier, the diameter of the valve plunger 

pressure space 77 is somewhat larger than the diameter 
of the valve seat 62 on the edge of the axial recess 73" on 
the high pressure side of the power piston 72. This 
difference in diameters signifies that the valve plunger 
61 is not only urged into its open position (FIG. 15), as 
long as it is axially spaced from the valve seat 62, but 
also when it contacts the latter, because the hydrauli 
cally effective area on the valve plunger which is lo 
cated radially outside the valve seat 62 is larger than the 
oppositely oriented effective area of the valve plunger 
which is located radially outside the fixed ring 71". 
As can be seen especially in FIGS. 1, 8 and 13, the 

three major embodiments of the invention described so 
far are very similar in regard to their die mounting 
configurations. In each case the movable die plate is 
pulled closed, leading to the designation of this type of 
die closing unit as a "pull-type' die closing unit. This 
piston rods extend axially past the molding die 13, 
thereby pulling the movable die plate against the sta 
tionary die plate. 
A different type of die closing unit is shown in FIGS. 

18 and 19, where the movable die plate is pushed against 
the stationary die plate in a so-called "push-type' die 
closing unit. Unlike the pull-type die closing unit, where 
at least two power cylinders are necessary, the push 
type die closing unit can operate with a single power 
cylinder, if appropriate guides are provided between 
the die halves 13 and/or the die plates of the die closing 
unit, FIG. 18 shows the power piston and bypass valve 
configuration to be essentially the same as in the last 
described embodiment (FIGS. 13–17), except that the 
valve is arranged at a larger diameter, with the fixed 
ring 71" having a tubular axial extension 83 reaching 
against the power piston 72. The fixed ring 71" thus can 
serve a dual purpose, by clamping the power piston 72 
against a clamping shoulder 84 of the piston rod 16 
(FIG. 19) - or, alternatively, against a split ring while 
serving as a guide for the valve plunger 61 on two con 
centric cylindrical surfaces and thereby defining the 
valve plunger pressure space between these two parts. 
The fixed ring 71" and the corresponding length portion 
of the piston rod 92 are preferably provided with 
threads 97, so that the ring 71" can be axially tightened 
against the power piston 72. The fully tightened ring 71" 
is lastly secured in place by means of a retaining ring 86 
seated in a groove of the piston rod 92. 
A very favorable bypass flow path is obtained in the 

configuration of FIG. 19, where the smaller guide diam 
eter of the fixed ring 71" is approximately aligned with 
the diameter of the piston rod 92 on the low pressure 
side of the power piston 72 and the axially oriented 
bypass channels 73 in the piston have their innermost 
wall portion likewise located in alignment with the 
aforementioned diameters of the ring 71" and rod 92. 
The flow path of the hydraulic fluid through the power 
piston 72 thus has a virtually straight inner contour, 
until it reaches the valve plunger 61, where a 45 out 
ward deviation takes place. The center circle at which 
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the axes b-b of the bypass channels 73 approximately 
coincides with the diameter of the axial recess 73' of the 
power piston 72 and the valve seat 62 has approximately 
the same diameter. Lastly, the outer diameter of the 
fixed ring 71", which determines the outer guide surface 
between the valve plunger 61 and the ring 71", is like 
wise approximately the same as the diameter of the 
valve seat 62, or it may be somewhat larger, as will be 
explained further below. The power piston 72 itself has 
a planar inner clamping face 83 for clamping contact 
with the extension 72" of ring 71"; axially offset outer 
planar faces 88 and 89, with a tapered intermediate face 
portion provide a smooth flow path for the hydraulic 
fluid into and out of the bypass channels 73. On the 
outer periphery of the power piston 72 are two annular 
grooves, one of them accommodating a thin guide 
sleeve 34, and the other holding a piston seal 35. 

It will be noted that, when the diameter of the valve 
seat 62 and the outer diameter of the ring 71", defining a 
cylinder surface 96, are identical, a pressurization of the 
high pressure cylinder space 75 does not automatically 
retract the valve plunger 61 from its closed position on 
the valve seat 62. However, because the high pressure 
space 75 has a larger effective area than the low pres 
sure space 76 behind the power piston 72, a pressuriza 
tion of both spaces will move the power piston to the 
right in FIG. 19, i.e. in the direction of die closing. This 
also means, however, that the valve plunger 61 receives 
additional opening pressure from the low pressure side 
of the power piston, on its area which is located inside 
the valve seat 62. This additional pressure and the im 
pingement of the fluid flow through the bypass channels 
73 against the plunger 61 will maintain the latter in its 
open position, until the valve plunger pressure space 77 
is pressurized via the channels 31 and 91. As soon as the 
valve is thus closed, the power cylinder space 75 can be 
fully pressurized to produce the closing pressure. 

In FIG. 18 is shown an auxiliary opening cylinder 96 
which is coaxially attached to the power cylinder of the 
cylinder mount 10. This auxiliary opening cylinder is 
basically similar in design to the opening cylinders of 
the pull-type embodiment of FIGS. 1 and 13, having a 
piston 94 attached to the far extremity of the piston rod 
portion 92". Pressurization of this cylinder causes the 
movable assembly to travel to the left in FIG. 18, until 
it reaches the fully open position shown in that figure. 

Certain types of molding dies and raw materials may 
require considerable forces for the initial separation of 
the die halves. In such a case, the valve plunger pressure 
space 77 is maintained under pressure during the initial 
portion of the opening stroke, while the low pressure 
side of the power cylinder is pressurized, in order to 
create an opening force on the power piston 72 itself. 
This force is then transmitted to the piston rod 92 
through the fixed ring 71" and the thread connection 97. 
Following the initial separation of the die halves, the 
pressure space 77 can be de-pressurized, whereupon the 
valve plunger 61 opens under the pressure exerted 
against it through the fluid in the recess 73' which is in 
communication with the low pressure space 76 of the 
power cylinder. The full force potential, e.g. 20 tons, 
which is available for the creation of a closing pressure 
on the die halves can thus also be utilized for the initial 
opening travel, the auxiliary opening cylinder produc 
ing the remainder of the opening travel in an acceler 
ated motion. 

For the closing travel, the power piston 72 itself acts 
as a differential-diameter piston, because the low pres 
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10 
sure space 76 is smaller in effective area than the high 
pressure space 75. This is due to the fact that the diame 
ter of the piston rod 92 is larger than the diameter of the 
piston rod portion 92" reaching into the auxiliary open 
ing cylinder. Thus, if both power cylinder spaces are 
pressurized evenly, with the bypass channels 73, open, 
an effective piston area equal to the difference between 
the two piston rod cross sections is obtained under this 
pressure, producing an accelerated closing travel mo 
tion. The diameter of the piston rod 92 is preferably 
equal to the inner diameter of the auxiliary cylinder, 
with the result that identical effective piston areas are 
available for both the opening and closing travel. 

In order to obtain an automatic opening motion on 
the valve plunger 61 under the effect of the pressuriza 
tion of the high pressure space 75, as soon as the pres 
sure in the valve plunger pressure space 77 is relaxed, 
the outer diameter of the pressure space 77, i.e. the 
outer diameter of the fixed ring 71", may be chosen 
somewhat larger than the diameter of the valve seat 62, 
meaning that the valve plunger has a larger effective 
area subjected to the pressure of pressure space 75 in the 
direction of opening motion, viz. the area located out 
side the valve seat 62, than the area which is subjected 
to the same pressure in the direction of closing motion. 
Once the valve plunger is thus retracted into its open 
position, the high pressure space 75 is in communication 
with the low pressure space 76. But even in this condi 
tion, a certain closing pressure can be maintained 
through the differential-piston effect of the power cylin 
der. Removal of the pressure from the power cylinder 
spaces 75 and 76 and pressurization of the auxiliary 
piston space 93 causes the assembly to execute the ac 
celerated opening travel. It follows that, because this 
opening travel, as well as the closing travel, are pro 
duced with relatively small effective piston areas, they 
can be executed very rapidly, without the need for a 
large pumping capacity. 
As can readily be seen from FIGS. 18 and 19, the 

fixed ring 71", with its extension 71", and the hollow 
valve plunger 61 form a convenient sub-assembly which 
is readily removable from the piston rod. The valve 
plunger no longer needs to have a sliding fit on the 
piston rod itself. Also, because the piston rod diameter 
in the rod portion which carries the power piston 72 
and the fixed ring 71" is greater by the height of the 
thread connection 97, these parts are easier to slide in 
place on the piston rod. A gasket 36 between the valve 
plunger 61 and the ring extension 71' serves as a seal for 
the pressure space 77, similar gaskets being provided in 
all other embodiments. The power piston itself is again 
equipped with a guide sleeve 34 and a piston seal 35. 
The construction of the power cylinder as a differen 

tial pressure cylinder has the additional advantage of 
providing unequal capacities in its high pressure and 
low pressure spaces 75 and 76, respectively. This means 
that, during each operating cycle, a portion of the hy 
draulic fluid contained in the power cylinder is evacu 
ated during the opening stroke and fresh hydraulic fluid 
is re-introduced during the subsequent closing stroke. 
The hydraulic fluid thus removed is passed through the 
cooling circuit of the injection molding machine, while 
cooled fluid enters the power cylinder. This feature 
prevents an undesirable heat buildup in the power cylin 
ders of the die closing unit. 
The embodiments of FIGS. 13-17 and of FIGS. 18 

and 19 have the additional advantage of being more 
compact in the axial direction than the embodiment of 
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FIGS. 8-12. This makes it possible to obtain a longer 
opening stroke with a given length of the power cylin 
der, or to correspondingly shorten the power cylinder 
for a given opening stroke. The fact that the power 
piston 72 is axially clamped against the shoulder 84 of 
the piston rod 92 further makes it possible to considera 
bly reduce the axial length of the power piston, thereby 
accordingly shortening the length of the bypass chan 
nels 73 and thus reducing the flow resistance there 
through during opening and closing travel. The reduc 
tion of this flow resistance, in turn, makes possible a 
corresponding increase in the speed of opening and 
closing travel. The combined features of the higher 
flow speed through the power piston and the much 
smaller weight of the moving part of the power piston 
valve thus make it possible to greatly increase the oper 
ating speed of this closing unit, thereby correspondingly 
shortening the duration of an injection molding cycle, 
for a higher productivity of the injection molding ma 
chine. 
A preferred differential ratio for the piston rod diam 

eters at the rod portions 92 and 92 is 15 to 12. As stated 
earlier, this same ratio is preferably also maintained 
with respect to the diameters of the auxiliary piston 94 
and the associated piston rod portion 92", in order to 
obtain identical opening and closing travel conditions. 

It should be understood, of course, that the foregoing 
disclosure described only preferred embodiments of the 
invention and that it is intended to cover all changes and 
modifications of these examples of the invention which 
fall within the scope of the appended claims. 

I claim the following: 
1. In a hydraulic linear actuator of the cylinder and 

piston type, whose motion is switchable from a travel 
mode in which a movable assembly is advanced or 
retracted at accelerated speed and with comparatively 
little force to a power mode in which the assembly is 
subjected to a greatly increased pressure, when the 
piston is at or near one end of its travel stroke, which 
actuator is advantageously applicable as a drive for the 
die closing unit of an injection molding machine, the 
combination comprising: 

a closed power cylinder with hydraulic connections 
at both extremities for double-acting operation; 

a power piston fixedly seated on a piston rod and 
arranged for longitudinal travel inside said cylinder 
over the length of a piston stroke; the piston rod 
having a forward rod portion extending from the 
forward end of the power cylinder, which rod 
portion is connected to a movable assembly ar 
ranged for travel between an open position on one 
end of the piston stroke and a closed position on the 
other end of the stroke, and a rear rod portion 
extending from the opposite end of the power cyl 
inder; and the power piston further dividing the 
space of the power cylinder into a high pressure 
space on that side of the piston which needs to be 
pressurized to urge the movable assembly into its 
closed position and a low pressure space on the 
opposite side of the piston; 

a plurality of bypass channels extending generally 
axially across the body of the power piston from 
the high pressure side thereof to the low pressure 
side; 

an annular valve seat on the power piston, on its high 
pressure side, arranged so as to surround the open 
ing of the bypass channels; 
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12 
a hollow valve plunger sealingly surrounding a cylin 

drical guide surface on the piston rod on the high 
pressure side of the power piston, said plunger 
being guided for axial motion toward and away 
from the power piston, between a closed position in 
which a shoulder of the valve plunger sealingly 
abuts against the valve seat and an open position 
located a distance away from said seat, and the 
valve plunger has at least one axial end face ex 
posed to the fluid in the high pressure space; 

means for moving the valve plunger between its open 
and closed positions in response to fluid pressure; 

the valve plunger including an area partially defining an 
expansible valve plunger pressure space which is hy 
draulically isolated from both the high and low pres 
sure spaces of the power cylinder, the valve plunger 
moving means including the expansible valve plunger 
pressure space, the valve plunger pressure space being 
connected to a selectively actuable source of hydraulic 
pressure via a channel in the piston rod, whereby 
pressurization of the valve plunger pressure space 
effects expansion thereaf to, in turn, effect movement 
of the valve plunger with respect to the power piston 
independently both of the movement of the power 
piston in the power cylinder and also of the pressuriza 
tion of the high and low pressure spaces of the power 
cylinder, and 

an auxiliary cylinder cooperating with the rear piston 
rod portion so as to define a coaxial auxiliary linear 
actuator capable of driving the same movable as 
sembly via the piston rod; and wherein: 

the auxiliary cylinder has a much smaller hydrauli 
cally effective cross section than the power cylin 
der, so that, when the auxiliary cylinder is supplied 
with pressurized fluid while the valve plunger is in 
its open position, the piston rod and the movable 
assembly travel at a comparatively high rate of 
speed, while the power piston moves through the 
fluid contained inside the power cylinder, as the 
latter passes through its bypass channels from side 
to side of the power piston. 

2. A hydraulic linear actuator combination as defined 
in claim 1, wherein: 

the movable assembly is in its closed position when 
the power piston has reached the rear end of its 
stroke; 

the high pressure space in the power cylinder is that 
portion of the cylinder space which is located for 
ward of the power piston; and 

the pressurization of the high pressure space, with the 
power piston bypass channels closed, causes the 
piston rod to pull the movable assembly towards its 
closed position. 

3. A hyraulic linear actuator combination as defined 
in claim 1, wherein: 

the movable assembly is in its closed position when 
the power piston has reached the forward end of its 
stroke; 

the high pressure space in the power cylinder is that 
portion of the cylinder space which is located to 
the rear of the power piston; and 

the pressurization of the high pressure space, with the 
power piston bypass channels closed, causes the 
piston rod to push the movable assembly toward its 
closed position. 

4. A hydraulic linear actuator combination as defined 
in claim 1, wherein: 
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the rear portion of the piston rod has a larger diame- this piston rod, the movable assembly and the other 
ter than its forward portion, so that the power piston rod to travel to the fore. 
piston operates as a differential piston which, when 9. A hydraulic linear actuator combination as defined 
the power piston bypass channels are open and in claim 8, wherein 
both pressure spaces in the power cylinder are 5 the hydraulically effective cross-sectional areas of the 
evenly pressurized, moves to the rear, together 
with the movable assembly, as a result of the larger 
effective area of the forwardly located pressure 
space; and 

aforementioned two pressure spaces are substan 
tially identical in size, which latter is a fraction of 
the hydraulically effective cross-sectional area of 
the power piston, when its bypass channels are 
blocked by the valve plunger. 

10. A hydraulic linear actuator combination as de 
fined in claim 1, wherein 

the piston rod has the same diameter on its forward 
portion as on its rear portion, as well as on an inter 
mediate portion on which the power piston is 
seated; and 

the power piston rod further includes an annular 
groove near the low pressure side of the power 
piston and a split abutment ring which is seated in 
this groove and radially protrudes therefrom, said 
ring serving to transmit axial forces from the piston 
to the rod, in the sense of urging the movable as 

6. A hydraulic linear actuator combination as defined sembly into its closed position. 
in claim 1, wherein: 11. A hydraulic linear actuator combination as de 

the rear portion of the piston rod has a smaller diame- 25 fined in claim 1, wherein: 
ter than its forward portion, so that the power the power piston further includes an axial recess on 
piston operates as a differential piston which, when its high pressure side located radially inwardly 
the power piston bypass channels are open and adjacent to its valve seat; and 
both pressure spaces in the power cylinder are the bypass channels of the power piston open into this 
evenly pressurized, moves to the fore, as a result of 30 radial recess. 
the larger effective area of the rearwardly located 12. A hydraulic linear actuator combination as de 
pressure space; and fined in claim 11, wherein: 

the piston rod carries on the rear extremity of its rear the valve plunger includes a tapered seating face 
piston rod portion an auxiliary piston engaging the which is oriented outwardly and away from the 
wall of the associated auxiliary cylinder so as to 35 power piston; and 
define a pressure space forward of the auxiliary the valve seat of the power piston has a radially nar 
piston which, when pressurized while the power rower, similarly oriented tapered face. 
piston bypass channels are open, causes the piston 13. A hydraulic linear actuator combination as de 
rod and the movable assembly to travel to the rear. fined in claim 1, wherein: 

7. A hydraulic linear actuator combination as defined 40 the power piston has a central bore with which it is 
in claim 6, wherein fixedly seated on the piston rod, over a first length 

the forward portion of the piston rod has approxi- portion of said bore which is located adjacent to 
mately the same diameter as the auxiliary piston on the low pressure side; 
its rear extremity. a second length portion of the power piston bore and 

8. A hydraulic linear actuator combination as defined 45 the guide surface on the piston rod define together 
in claim 1, further comprising: an annular plunger cylinder, the outer wall of said 

at least one additional parallelly spaced power cylin- cylinder being defined by the piston bore, and its 
der with a substantially identical power piston, concentric inner wall being defined by the piston 
piston rod, piston bypass channels, valve seat, co- rod, said cylinder space being open to the high 
operating valve plunger with valve plunger mov- 50 pressure space; 
ing means, and coaxial auxiliary cylinder; and the hollow valve plunger has corresponding concen 
wherein tric inner and outer walls in contact with the con 

the forward portions of the piston rods are connected centric cylinder walls; and 
to the same movable assembly; one axial end of the annular plunger cylinder is closed 

a first one of the piston rods carries on the rear ex- 55 against the piston rod, thereby defining a the 
tremity of its rear piston rod portion an auxiliary valve plunger pressure space at this end of the 
piston engaging the wall of the associated auxiliary cylinder as part of said valve plunger moving 
cylinder so as to define a pressure space forward of means, said pressure space being connected to a 
the auxiliary piston which, when pressurized while source of hyraulic pressure, via a channel in the 
the power piston bypass channels are open, causes 60 piston rod, so that the valve plunger is moved in 
this piston rod, the movable assembly, and the a direction away from it the piston, when it 
other piston rod to travel to the rear; and the valve plunger pressure space is pressurized. 

a second one of the piston rods has its rear piston rod 14. A hydraulic linear actuator combination as de 
portion freely projecting into the associated auxil- fined in claim 13, wherein: 
iary cylinder so as to define a pressure space 65 the annular plunger cylinder is arranged axially inside 
therein to which the rear extremity of the piston the valve seat on the power piston; 
rod is exposed and which, when pressurized while the valve plunger pressure space is located at the 
the power piston bypass channels are open, causes inner end of the plunger cylinder; 

the rear portion of the piston rod projects freely into 10 
the auxiliary cylinder so as to define a pressure 
space therein to which the rear extremity of the 
piston rod is exposed and which, when pressurized 
while the power piston bypass channels are open, 
causes the piston rod and the movable assembly to 15 
travel to the fore. 

5. A hydraulic linear actuator combination as defined 
in claim 4, wherein 

the difference in the effective areas of the power 
cylinder pressure spaces is approximately equal to 20 
the effective cross-sectional area of the rear portion 
of the piston rod. 
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a portion of the valve plunger length is sealingly 
engaged inside the plunger cylinder and thus lo 
cated axially inside the valve seat; and 

the valve plunger shoulder which cooperates with 
the valve seat is part of an enlarged collar on the 
non-engaged portion of the valve plunger. 
15. A hydraulic linear actuator combination as de 

fined in claim 14, wherein 
the valve plunger moving means further includes a 
compression spring arranged inside the valve 
plunger pressure space, the spring bearing against 
the closed end of the latter and against the near 
extremity of the valve plunger, thereby urging the 
latter toward its open position. 

16. A hydraulic linear actuator combination as de 
fined in claim 13, wherein: 

the annular plunger cylinder is arranged axially out 
side the valve seat on the power piston, the outer 
wall of said cylinder being larger in diameter than 
the diameter of the valve seat; 

the valve plunger pressure space is located at the 
outer, i.e. more distant, end of the plunger cylinder, 
its closed end being constituted by an end cover; 

the near end of the plunger cylinder is open to the 
high pressure space; 

the valve plunger is sealingly engaged inside the 
plunger cylinder between the end cover and the 
valve seat; and 

the valve plunger shoulder which cooperates with 
the valve seat is part of an end face at the near 
extremity of the valve plunger. 

17. A hydraulic linear actuator combination as de 
fined in claim 1, wherein: 

the valve plunger is located axially outside the power 
piston in the high pressure space of the power 
cylinder; 

the valve plunger shoulder which cooperates with 
the valve seat is part of a near end face at the near 
extremity of the valve plunger; and 
the valve plunger moving means includes an en 
closed valve plunger pressure space to which an 
opposite, far axial face of the valve plunger is ex 
posed the pressure space being connected to a 
source of hydraulic pressure, via a channel in the 
piston rod, to the valve plunger pressure space, so 
that, when the pressure space is pressurized, the 
valve plunger is moved toward the valve seat on 
the power piston. 
18. A hydraulic linear actuator combination as de 

fined in claim 17, wherein 
the valve plunger moving means further includes a 
compression spring arranged inside the valve 
plunger pressure space, the spring bearing against 
the piston rod and against the valve plunger, 
thereby urging the latter toward the valve seat on 
the power piston. 

19. A hydraulic linear actuator combination as de 
fined in claim 17, wherein: 

the valve plunger has the shape of a sleeve, with a 
guide bore, i.e. an inner cylindrical surface, seal 
ingly engaging the piston rod guide surface and an 
outer cylindrical surface at a diameter which corre 
sponds to the outer diameter of the valve plunger 
pressure space; 

the piston rod includes an annular member having a 
cylindrical surface adapted for sealing and sliding 
engagement with the outer cylindrical surface of 
the valve plunger; and 
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the valve plunger pressure space is defined between 

the piston rod and the valve plunger, the annular 
member of the piston rod including an axial face 
bordering this pressure space in opposition to the 
far axial face of the valve plunger. 

20. A hydraulic linear actuator combination as de 
fined in claim 19, wherein: 

the diameter of the valve seat on the power piston is 
smaller than the outer diameter of the valve 
plunger pressure space, so that a pressurization of 
the high pressure space creates an axial force on the 
valve plunger in the direction away from the valve 
seat; and 

the inner diameter of the valve plunger pressure 
space is smaller than the diameter of the valve seat, 
so that, when the valve plunger is in its closed 
position and both pressure spaces are evenly pres 
surized, the valve plunger is maintained in its 
closed position. 

21. A hydraulic linear actuator combination as de 
fined in claim 20, wherein: 

the annular member of the piston rod includes a re 
movable cylinder sleeve, its outer cylindrical sur 
face being that of a cylindrical bore which is open 
toward the power piston, but closed in the other 
direction at said axial face which borders the valve 
plunger pressure space; and 

the outer cylindrical surface of the valve plunger 
engages said bore from the inside. 

22. A hydraulic linear actuator combination as de 
fined in claim 20, wherein: 

the annular member of the piston rod includes a fixed 
collar on the piston rod, its outer cylindrical sur 
face being that of a short cylinder; 

the outer cylindrical surface of the valve plunger is 
that of an enlarged cylindrical bore portion in the 
valve plunger which is open toward the far extrem 
ity of the valve plunger and axially adjacent its 
guide bore; and 

the valve plunger surrounds and engages the fixed 
collar on the piston rod from the outside. 

23. A hydraulic linear actuator combination as de 
fined in claim 22, wherein 

the annular member of the piston rod is a removable 
ring having a substantially rectangular cross sec 
tion. 

24. A hydraulic linear actuator combination as de 
fined in claim 22, wherein: 

the annular member of the piston rod is removable 
from the piston rod and has the shape of a flange 
bushing, the flange part of the member being said 
fixed collar, and the bushing part of the member 
being a tubular extension seated on the piston rod 
and extending toward the power piston; and 

the cylindrical guide surface on the piston rod is 
constituted by the outer surface of the bushing part 
of the annular member. 

25. A hydraulic linear actuator combination as de 
fined in claim 24, wherein; 

the piston rod and the annular member have match 
ing male and female threads; 

the power piston has a clamping face on the side that 
faces toward the high pressure space; and 

the threaded annular member is adapted to serve as a 
clamping nut, engaging the clamping face of the 
power piston when tightened against it. 

26. A hydrualic hydraulic linear actuator combi 
nation as defined in claim 25, wherein: 
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the high pressure space of the power cylinder and the 
valve plunger are located to the rear of the power 
piston; 

the forward portion of the piston rod is larger in 
diameter than its rear portion, so that the power 5 
piston operates as a differential piston; 

the piston rod has a clamping shoulder engaging the 
forward side of the power piston; 

the power piston and the annular member are seated 
on an intermediate length portion of the piston rod 
which is larger in diameter than its rear portion by 
approximately twice the radial height of said male 
thread, but smaller in diameter than its forward 
portion, so as to define said clamping shoulder; and 

the piston rod carries on its rear portion as an 
auxiliary piston of approximately the same diame 
ter as the forward piston rod portion, which piston 
engages the wall of the associated auxiliary cylin 
der. 

27. A hydraulic linear actuator combination as de- 20 
fined in claim 26, wherein 

the ratio between the diameter of the rear portion of 
the piston rod and the diameter of the auxiliary 
piston is approximately 15 to 12. 

28. A hydraulic linear actuator combination as de- 25 
fined in claim 25, wherein: 

the outer diameter of the bushing part of the annular 
member is approximately equal to the diameter of 
the forward piston rod portion; 
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the power piston further includes an axial recess in its 

rear side radially inwardly adjacent to its valve 
seat; 

the bypass channels in the power piston are bores 
oriented in parallel to the piston rod axis and ex 
tending from the foward side of the piston to said 
recess, the bores being arranged on a center circle 
whose diameter is approximately equal to the outer 
diameter of the valve plunger pressure space and a 
small amount larger than the diameter of the valve 
seat; and 

the bypass channels are bores of a diameter that is 
approximately equal to the difference between the 
diameter of their center circle and the diameter of 
the forward piston rod portion, 

29. A hydraulic linear actuator combination as de 
fined in claim 28, wherein: 

the valve plunger further includes a tapered seating 
face which is oriented at approximately 45 out 
wardly and away from the power piston; 

the valve seat has a radially much narrower, similarly 
oriented tapered face; and 

the power piston further includes a narrow planar 
rear face radially outwardly adjacent its valve seat, 
and a tapered face continuing radially outwardly 
from the latter in parallel to the tapered seating 
face of the valve plunger, so as to define a parallel 
tapered flow gap therebetween. 

k k h 


