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['5 7] ABSTRACT 

A-system comprising a ?uid motor and a valve unit 
having a movable slide connecting in its end‘positions, 
one side of the ?uid motor to a ?uid source under 
pressure and the other side of the ?uid motor to ex— 
haust and connecting in its central position, both sides 
of the ?uid motor to the ?uid source under pressure. 
Solenoid valves actuate the movable slide so that, 
when tie-energized, the slide is caused to move into its 
central position so that the ?uid motor is immediately 
supplied with ?uid under pressure on both sides of the 
slide and retained in every intermediate and end posi 
tion. ' 

2 Claims, 4 Drawing Figures 
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VALVE UNIT FOR CONTROLLING DOUBLE 
ACTING FLUID OPERATING CYLINDERS 

This is a division, of application Ser. No. 54,915, filed 
July 15, 1970. 
This invention relates to valves with a five-way three 

position slide for the control of double-acting operating 
cylinders with pneumatic or hydraulic drive, the pistons 
of which are capable of being stopped quickly upon‘ 
operation of a proper protective device and capable of 
being‘maintained in this stop position. 
Valves with five-way three-position slides have been 

used for the control of double-acting operating cylin 
ders. The middle position of the slide is normally used 
to arrest the operating piston. In known structures, 
both sides of the piston are acted ‘upon in this middle 
position with the full network or grid system of pressure 
whereby a satisfactory stopping and stability of a posi 
tion cannot be achieved because the forces developing 
by outside weights and varying piston surfaces are not. 
compensated for. In other designs, all channels of the 
valve are closed in the middle stopping position of the 
slide, such valve exhibiting a good stopping behavior 
even for substantially large masses because a unilateral 
increase in the braking pressure is made possible. The 
resiliency resulting from such design is, however, unde 
sirable and, moreover, because ‘of a one-sided dead 
load or because of varying piston surfaces with accom 
panying leaks in the lines or in the piston, it is impossi 
ble to maintain ‘the stop position. The greatest draw 
back of such valve, however, is that, with continued 
travel after a prolonged stop position, the air necessary 
for the action of the exhaust air throttles and so that the 
damping‘ effect escapes because of leaks thereby caus 
ing an unintended rapidity of movement. 
A further disadvantage of known valves having ?ve 

way, three-position slides is that, in the event of an 
emergency stop, the cylinders of an installation are no 
longer capable of receiving or absorbing outside forces 
and will possibly leave their end position which has 'al 
ready been reached. 

It is therefore an object of the present invention to 
provide a‘ valve which permits the adjustment of the 
pressures at the sides of the cylinder necessary to effect 
a'stable stop position of the operating piston so as to 
correspond with the pertinent load and piston condi 
tions in such‘ a manner that the required equilibrium 
condition will be fulfilled and will be maintained, even 
in the event of leakage. Besides, the piston must be ca~ 
pable of receiving outside forces in its end positions. 
Further objects of the invention will become appar 

ent from the following description of the invention 

2 
k or sealed system. Neither of the two end positions 
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which is 104 ‘(position d) and 105 (position a) is oper 
ated. 
For a downward movement in direction (b) slide 100 

must assume the left-hand position, whereby channels 
P are connected with B and A is connected with R and ‘ 

the exhaust air throttle 107 determines the speed. In 
the downward position of piston 102, the end position 
switch 104 will be operated. 

In the same manner, but conversely, the upward 
movement is triggered in the direction a by the right 

~ hand end position of'slide 100, whereby there exists a 
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when considered in conjunction with the accompany-_ 
ing drawings wherein: > 
FIG. I is a sectional diagrammatic view of the valve 

system of the invention; 1 ' “ 

FIG. 2 is a wiring diagram used in conjunction there 
with; > 

FIG. 3 is an enlarged detail view of each of the sole 
noid valves of FIG. 1; and 
FIG. 4 is an enlarged detail view of each of the sole 

noid valves of, FIG. 2. t 
In the valve system of FIG’. 1, piston 102 of double 

acting operating cylinder 101 of the ?uid motor is pro 
vided with a weight 103 controlled through connecting 
plate 106 by a slide 100 movable within a slide housing ' 
109 (constituting a ?ve-way valve unit). In the middle 
position of 'the slide as shown, piston 102 is braked 
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down and is maintained as in the case of a leak-proof 

connection ‘from P to A and from B to S with an adjust— 
‘ment in speed through the exhaust air throttle 108. In 
the upward position of the piston, the end position 

, switch 105 is operated. The two additional pre-control 
‘ or servo-pistons, comprised of parts 111, 113, I15 and 
117 for the left-hand side, and comprised of parts 112, 
1 14, 116 and 118 for the right-hand side, have been ar 
ranged on or in the ends of slide 110. As compared to 
the use of two springs in known slide designs, they serve 
to move slide 100 into the middle position by pressure 
on the pre-control chambers 123 and 125, as well as on 
the chambers 124 and 126. Pressure in chambers 124 
and 126 and relief of chambers 123 and 125 brings 
about a left-hand slide position Y. Conversely, pressure 
on 123 and 125 and relief of chambers 124 and 126 
brings out of the right-hand slide position X. The di 
mensions of the control surfaces have been intention 
ally designed such that surfaces F(D_) are more than 
twice as large as surfaces ?d), so that the force corre 
sponding to the surfaces F(D) minus f(d) for move 
ment of the slide into the middle position is larger than 
theforce bringing about the end positions and corre 
sponding to the surfaces ?d). With this measure, the 
assurance for reaching the middle position is considera 
bly increased because a sluggishly moving slide or a 
slide having a tendency to stick would not reach the 
end position with ‘a smaller force, but it is assumed that 
with the greater force the middle position for stopping 
the piston will still be safely achieved. 
A further important characteristic of the slide ar 

ranged in such manner is that it maintains its end posi 
tion achieved at any one time through friction of pack 
ings 113, 115, 114 and 116 when all control chambers 
123, 125, '124 and 126 are without pressure. This char 
acteristic is exploited for the stability of the end posi 
tions. ‘ 

For a description of the function of the pre-control 
or pilot unit 164 and the solenoid valves 154, 155, 156 
and 157,,reference is made to FIGS. 2 and 3. Of these 
valves, 154 and 155 detsignatepa first pair, and 156 and 
157 designate a second pair. 
The pilot pressure comes‘ from channel P through 

channel 131, the‘ recess in packing 135, ?lter 133, 
channel 136, storage valve 146, standing in the left~ 
Ehand position into the channel l43,>and from there via 
the not-operated pilot or shifting valves 137 and 138, 
and via the channels or supply passages 129 and 130 
into the pre-control chambers 123 and 125 or 124 and 
126. As a'result, the middle position of the slide will be 
achieved and the operating piston 102 will be stopped. 
(Channels 136 and 143 are designated as main ?uid 
supply channel means). Furthermore, there is a pres 
sure below the solenoid valves 154 and 155. All other 
channels are without pressure. 
Now, if movement of the operating piston is to take 

place in the direction a, the solenoid valve 155 is ener~ 
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gized by manual or operatic operation of a key 160, as 
a result of which pressure will reach solenoid valve 157 
which at first is still locked or closed. The pressure 
reaches channel 148 as well as into channel 127 via 
throttle 140, which channel 127 is closed at its end by 
a middle position stop 117 acting simultaneously as a 
valve disc so that the pressure can build up on the con 
trol piston of pilot valve 138 which, as a result thereof, 
assumes a left-hand switching position. Thus, channel 
130 and control chambers 124 and 126 are relieved so 
that slide 110 and piston l 12 will be shifted to the right 
toward stop 120 by the pressure in chamber 125 ap 
pearing on the left, as a result of which the movement 
of piston 102 in direction a takes place. Disconnection 
of key or knob 160 again brings about the starting con 
dition. Through short time manual operation, piston 
102 can therefore be moved into any desired position 
slowly by way of short partial movements. 
Now, if piston 102 has reached its lowermost position 

with an energized solenoid valve 155 and operates the 
pilot end position switch 105, and thus solenoid valve 
157 is energized, channel 152, the right side of the bore 
member OR 150 obtains pressure or is placed under 
pressure, as a result of which channel 151 is closed. 
The large left-hand piston of storage valve 146 is acted 
upon through channel 149 and said valve is pushed to 
the right although pressure appears on the right-hand 
small piston surface by means of the OR member 144 
and channel 145. In this position, channel 143, channel 
129 and the left-hand pre~control chambers 123 and 
125 are relieved so that the end position X of the slide, 
and thus the pressure chamber A is maintained. After 
a drop in pressure has taken place, key 160 and plug 
161 or the energized switch 162 or the main switch 163 
may be disconnected, whereby channels 148, 127, 145, 
152 and 149 and thus both sides of storage valve 146, 
will be relieved through solenoid valve 155 and particu 
larly also solenoid valve 157 without, however, the 
storage valve changing its position. The right-hand end 
position of slide 100 thus will be maintained. The sub 
sequent switching back of'valve 138 will likewise be 
without any effect. , _ 

Piston 102, being under pressure in the end position 
A is therefore in a position now to absorb outside 
forces. > 

The movement of operating piston 102 into the op 
posite or left-hand direction is introduced by operation 
of key 159 and energization of solenoid valve 154. The 
pressure in channel 147 made possible by throttle 139 
and the blocked non-returned valve 141, will ?rst of all 
have an effect on the right-hand piston surface of stor 
age valve l46 via the OR member 144 blocking chan 
nel 148 and via channel 145. Since the larger left-hand 
piston surface is without pressure, (solenoid valves 155 
and 156 are not energized) the piston of valve 146 
again assumes the left-hand position and channel 143 
obtains pressure or is placed under pressure which also 
reaches the right-hand pre-control chambers 124 and 
126 via the not-operated valve 138 and channel 130 
(solenoid valves 154 to 157 are shown more clearly in 
FIG. 3). The left-hand pilot valve 137 will at ?rst not 
yet be switched because channel 128 is still connected 
with the relief channel 122 in the pre-control chamber 
124. Therefore, chambers 123 and 125 also obtain 
pressure via pilot valve 137 and channel 129. The pis- . 
ton ‘of pre-control valve 112 with its stop 1 18, and slide 
110 therefore assume the middle position for a short 
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4 
time. Only when channel 128 is closed by stop 118 act 
ing as a valve packing and when the pressure is being 
built up, valve 137 is shifted to relieve channel 129 and 
chambers 123 and 125, as a result of which slide 100 
moves to the left because of the pressure in chamber 
126 and causes the movement of piston 102 in the di 
rection B. The opening of the end position switch 105 
caused thereby and releasing of solenoid valve 157 in 
that case, remains without effect. Now, at every point 
of the stroke, a stop is possible again through opening 
of 159, 161, 162 or 163, and a short time actuation by 
way of key 159 is again possible. Only the end position 
switch 104 closing in the end position B again effects 
or brings about the right-hand position of storage valve 
146 by means of solenoid valve 156 and the OR mem 
ber 150, as a result of which slide 100 will maintain its 
position Y because of relief on both sides and the pres 
sure prevailing in channel B also stabilizes piston 102 
against outside forces in this end position with simulta 
neous relief of the piston side A. The counter 
movement can then be triggered again only by key 160, 
solenoid valve 155 via back-switching of storage valve 
146, middle position of the slide, shifting of valve 138 
and movement of slide 100 to the right. At first, this in 
deed seems to be a time-comsuming process. However, 
by correspondingly large dimensioning of values 137, 
138 and 146 as well as of channels 131, 136, 143, 129 
and 130, it is possible to maintain the time for this pro 
cess within reasonable limits. 
The requirement that a perfect functioning of all 

movable parts be a prerequisite for a normal operating 
function will be ful?lled regarding pilot pistons 11 1 and 
112 necessary for the middle position by the above 
described method, in such a manner that a counter 
movement can take place from the end position of the 
piston only when the middle position has been reached 
previously satisfactorily for a short period of time. 
There, for example, valve 137 does not shift back, then 
slide position B cannot be left. If it does not switch, 
then position B will not be reached and the same is true 
for valve 138 with effects on position A. ' I 

Whenever storage valve 146, after operating solenoid 
valves 154 or 155, does not shift back'into' the left-hand 
position, slide 100 can no longer change its position be 
cause the control pressure is missing and a piston 
movement is no longer possible. If it does not shift 
toward the right in the end position of the piston, then 
there follows the harmless or not dangerous middle po 
sition after discontinuance of the approach and in the 
case of an outside power effect on piston 102, the latter 
will leave its end position and thus its pilot end position 
safety switch 104 or 105. This likewise leads to a harm 
less operational breakdown. If solenoid valve 154 does 
not shift back in the stabilized end position B of the cyl 
inder, a shifting into the opposite position A is no 
longer possible because the large left side of storage 
valve 146 is still under pressure by means of 156, 151, 
150 and 149, with the result that the storage valve 146 
cannot be shifted back. This is likewise true for sole 
noid valve 155. 7 

Whenever solenoid valve 156 or end position, switch 
154 no longer shifts back, movement in direction a and 
the stabilization in the uppermost position is still possi 
ble whereby storage valve 146 has assumed its right 
hand position. In the case of the next actuation of key 
159 and solenoid valve 154, however, storage valve 
146 will receive pressure also on the large left-hand op 
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crating surface so that it cannot shift to the left and a 
movement of slide 100 is no longer possible. Logically, 
the same is true for solenoid valve 157 and end position 
switch 105. Thus, the valve on the basis of the enumer 
ated characteristics may be called “intrinsically safe.” 

In order to keep impurities away from the pilot or op 
erating medium which can disturb the function of the 
storage valve 146 executed predominantly as a slide 
without sealing, an exchangeable ?lter 133 is provided. 
By a turn of packing 135 throughout 180 degrees, it 

is possible moreover to feed in the pilot medium sepa 
rately at connection 134 of plate 132 whenever main 
slide 100 is to be operated with a higher pressure. 

In the case of use of the valve in a purely pneumatic 
or hydraulic system, solenoid valve 154 and 155 may 
be omitted. The distribution then takes place directly 
to channels 147 and 148. Solenoid valves 156 and 157 
must then be replaced by valves that can be controlled 
pneumatically or hydraulically and which are then op 
erated by pilot end position valves. The function is oth 
erwise the same. _ 

Whenever solenoid valves 154 and 155 fail to oper 
ate, no control takes place. lf solenoid valve 156 or 157 
fail to operate, the same harmless effect is present as 
already described as though storage valve 146 is ob 
structed in its movement toward the right. 
Thus, the requirement has already been ful?lled, 

namely that the perfect functioning of all the movable 
parts is the prerequisite for the normal operation and 
that in the case of breakdowns, a piston stroke is no 
longer possible, nor does a stopping occur. 
For a further smooth operation, the valve therefore 

has to be exchanged. Beyond that, perfect functioning 
of pilot end switches 104 and 105 will be checked by 
this valve during every operating cycle because a move 
ment out from an end position can be effected only 
when the end position switch of the opposite end posi~ 
tion is not operated. An electrical control, which in 
other instances is normally required, is not needed 
here. . . 

Obviously, many modi?cations and variations of the 
invention are possible in the light of the above teach~ 
ings. It is therefore to be understood that within the 
scope of the appended claims, the invention may be 
practiced otherwise than as speci?cally described. 

I claim: 
1. A system comprising, a fluid motor formed by a 

double-acting operating cylinder (101) having two 
pressure chambers on different sides ofa piston (102), 
a conduit connected to each of said pressure chambers, 
a ?ve-way valve unit, said unit comprising: channel 
means (P) containing ?uid under pressure; further 
channel means (R, 8) leading to exhaust means; a hous 
ing (109); a slide (100) having recesses therein and 
being disposed for sliding movement in said housing; 
said fluid motor and said channel means and said fur 
thcr channel means being operatively interconnected 
via said conduits and said recesses in said'slide, said 
channel means and said further channel means opening 
into said housing respectively through said recesses; 
said housing at both ends of said slidede?ning pre 
control chambers (123 and 124), pre-control pistons 
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6 
(111, 113, 115, 117: 112, 114, 116, 118) being respec 
tively located in said pre-control chambers (123 and 
124) for sliding movement within said housing, equal 
pressure within said chambers effecting a normally cen 
tered position of said slide within said housing; 
two pair of solenoid valves (154, 156; 155, 157) pro 
vided to selectively connect, when selectively ener~ 
gized, said precontrol chambers to one of said 
channel means and said further channel means, 
said slide moving into one of its end positions when 
one of said pre-control chambers is connected to 
said channel means and into the other of its end po 
sitions when the other of said pro-control chambers 
is connected to said channel means thereby selec 
tively connecting one of said‘pressure chambers of 
said fluid motor to said channel means and the 
other of said pressure chambers to said further 
channel means, a ?rst pair (154, 155) of said valves 
being energized by switches (159, 160), main ?uid 
supply channel means (136, 143) containing fluid 
under pressure and being interconnected with said 
pre-control chambers through supply passages 
(129, 130), said ?rst pair of valves being connected 
to said main channel means, the second pair (156, 
157 ) of said valves being energized by end~position 
switches (104, 105) actuated by said ?rst pair of 
valves; 

a storage valve (146) provided in said main channel 
means (136, 143) downstream of the connection 
between said main channel means (136, 143) and 
said solenoid valves, said storage valve being inter 
connected with said ?rst and second pair of said 
valves and being shiftable into its valve opened po 
sition when one ‘of said ?rst pair of said solenoid 
valves (154, 155) is energized to open said main 
channel means (136, 143) and into its valve closed 
position when one of said second pair of said sole 
noid valves (156, 157) is energized to shut off said 
main channel means (136, 143) to thereby connect 
said supply passages (129, 130) downstream of 
said storage valve (146) leading to said pre-control 
chambers, and; 

two shifting valves (137, 138) respectively provided‘ 
in said supply passages (129,, 130), each of said 
shifting valves being spring-biased into their valve 
opened position to open said supply passages (129, 
130), and each of said shifting valves being con 
nected to one of said ?rst pair of said solenoid 
valves (154, 155) and being shiftable by energizing 
said ?rst pair of said solenoid valves (154, 155) 
into a valve'closed position to shut off said. supply 
passages (129, 130) and to connect one of said pres 
control chambers to said further channel means. 

2. A system according to claim 1, wherein said stor 
age valve (146) is a piston valve having two pistons in 
terconnected by a rod, said pistons. having different op_ 
erating surfaces, the greater surface of which is con 
nected to said second pair of said solenoid valves (156, 
157) and the smaller surface of which is connected to 
said '?rst pair of said solenoid valves (154, 155). 

* * * * * ‘ 
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