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HYDRAULIC CYLINDER PHASING SYSTEM 

BACKGROUND .OF THE 1 INVENTION 

1. Field of the Invention 
The present invention pertains to hydraulically oper 

ated lift truck uprights in general and more particularly 
to those uprights having a plurality of cylinders which 
extend sequentially. . 

2. Description of the Prior Art 
Two common methods for controlling the phasing of 

sequentially operating hydraulic cylinders are disclosed 
by the prior art. The first employs mechanical latches 
and the second relies on the difference in effective 
pressure of the different cylinders. Mechanical latching 
mechanisms are positive but lack reliability and require 
careful adjustment. . 

Effective pressure difference between the cylinders is 
a useful method within a narrow temperature range. 
But as temperature drops, oil viscosity increases and 
hydraulic line losses begin to overcome the cylinder 
pressure differential. M isphasing will then occur. Space 
limitations and acceptable speed differences between 
the cylinders make it difficult to increase the effective 
cylinder pressure differentials sufficiently to cover the 
range of operating temperatures within which the sys 
tem must function. 

SUMMARY OF THE INVENTION 
The invention is directed to improvements in the 

construction and operation of lift truck uprights having 
a plurality of hydraulic hoisting cylinders which oper 
ate sequentially. To overcome the prior difficulties as 
sociated with cylinder phasing, the present invention 
utilizes a small differential in cylinder operating pres 
sure along with line loss pressure sensing to automati 
cally signal a hydraulic valve to route oil to the cylin 
ders in proper sequence. 
A primary object of the invention is to provide cor 

rect phasing of the cylinders during raising and lower 
ing over a wide range of temperature variations. 
A further object of the invention is to provide a mini 

mum time delay between the reaching of full extension 
of the first stage cylinder and start of extension of the 
second stage cylinder. This provides a smooth transi 
tion with a minimum of bounce and noise. 
A further object of the invention is to provide a mini 

mum of restriction to ?ow for both cylinders during 
their lifting and lowering modes. 
Throughout the following description the further ob 

jectives of the invention will become apparent to those 
skilled in the art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a hydraulic schematic of the circuitry in 
cluding the phasing valve of a lift truck having two lift 
ing cylinders. 
FIG. 2 shows the internal construction of the phasing 

valve. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the drawings, FIG. 1 shows a hy 
draulic circuit which has an oil reservoir 1, a pump 3 
which draws oil from the reservoir 1 and routes it to a 
spool control valve 5 via line 7. A pressure relief valve 
9 is contained in the circuit and will allow oil to return 
to reservoir 1 when the pressure exceeds a preset level. 
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From valve 5 the pressure oil is applied to phasing valve 
11. This valve routes oil to a ?rst stage cylinder 13 
through a line‘ 15. Valve 11 senses the pressure drop 
due to flow restriction in line 15 via pilot line 21. Valve 
11, under conditions to be described below, controls 
the routing of oil ?ow through line 17 to the second 
stagecylinder 19. Within phasing valve 11 is contained 
a control spool 23 having an ori?ce 25 and a plurality 
of openings 14. This spool is operatively connected to 
pilot line 21 and to line 17. The check valve 29 within 
passageway 18 is contained within valve 11. Oil from . 
line 7 enters the valve via supply port 31 and moves 
through passageway 12, and line 15 to the ?rst stage 
cylinder 13. At the same time, oil flows through open 
ings 14 into passageway 16 and on through line 17 to 
the second stage cylinder 19. Oil is blocked from How 
ing from line 12 through passageway 18 by check valve 
29. Spool 23 is biased to the open position via spring 
22. Pilot line 21 runs from the ?rst stage cylinder 13 to 
pilot port 26. 

OPERATION 

Pump 3 draws oil from reservoir 1 and sends it via 
line 7 to valve 5. When valve 5 is in the neutral position 
oil passes through line 8 and ?lter 10 back to reservoir 
1. When the operator chooses to raise the lift truck up 
right (not shown) he positions the valve so that oil 
flows into line 7 and to phasing valve 11. Oil is routed 
via passageway 12 and through line 15 to first stage cyl 
inder 13. At the same time, oil pressure is directed by 
spool 23 through openings 14 and to passageway 16 to 
second stage cylinder 19 via line 17. Flow in line 17 will 
not normally exist because the second stage cylinder’ 19 
requires a higher operating pressure. When the rate of 
flow to cylinder 13 via line 15 is high, or when the tem 
perature is low so that oil viscosity is high, a drop in. 
pressure will occur in line 15. This pressure drop is 
sensed by valve 11 via pilot line 21. At a predetermined 
pressure drop, spool 23 begins to restrict openings 14 
leading to passageway '16 and line 17. When the pres 
sure drop exceeds a predetermined maximum, spool 23 
will highly restrict openings 14 and remain in that posi 
tion independent of any further line loss. This will pre 
vent misphasing of the second stage regardless of the 
load on the cylinders. 
While spool 23 is in the restricting position, upward 

creep in the second stage cylinder must be prevented. 
This is accomplished by including an orifice 25 in the 
end of spool 23. This orifice is used to maintain a fixed 
differential between second stage pressure in‘ line 17 
and ?rst stage pressure in line 15. This fixed differential 
is lower than the operating pressure difference of the 
two cylinders. A small controlled oil flow will pass 
through ori?ce 25 and pilot line 21 to first stage cylin 
der 13. This controlled orifice flow is regulated through 
the restriction of openings 14 and spool 23. Therefore, 
spool 23 is maintained at its minimum overlap position 

' to maintain the maximum response rate in controlling 
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the restriction of openings 14. 
When the ?rst stage cylinder 13 reaches the end of 

its stroke a pressure surge will occur at the cylinder. 
This pressure surge will be sensed through pilot line 21 
and will provide a large differential pressure across the 
spool 23. This produces a rapid opening of spool 23 
shorting the pressure surge to vthe second stage cylinder 
19. This rapid shift of spool 23 minimizes the delay 
time for movement of the second stage cylinder 19. 
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Absence of a pressure drop in the line 15 allows 
spring 22 to keep spool 23 wide open as the second 
stage cylinder moves through its stroke. 

In the lowering mode, the second stage cylinder will 
retract first since its operating pressure is higher than 
the ?rst stage cylinder operating pressure. The return 
ing oil will pass through line 17, passageway 16 through 
spool 23 and back to reservoir 1. Since ?ow does not 
pass through line 15 while the second stage cylinder is 
retracting there will be no pressure drop to cause spool 
23 to shift to the restricting position. Oil will also pass 
through passageway 18, through check valve 29 into 
line 7 and back to reservoir 1. Check valve 29 also pro 
vides an alternate path of ?ow in the event that the 
spool 23 should shift to the restricting position during 
transient responses or for any other reason. As soon as 
the second stage is fully lowered the ?rst stage cylinder 
will retract. 
Although we have described and illustrated a pre 

ferred embodiment of our invention, it will be under 
stood by those skilled in the art that modi?cations may 
be made in the structure, form, and relative arrange 
ment of the parts herein disclosed without departing 
from the spirit and scope of the invention. It should be 
understood that the appended claims are intended to 
cover all such modifications and arrangements which 
fall within the scope of the invention. 
We claim: 
1. A hydraulic control system for regulating the ex 

tension and retraction of a plurality of hydraulic mo 
tors, said system comprising: 

a ?rst and second separate hydraulic motors; 
a pump operatively connected to said motors; 
said hydraulic control system including a hydraulic 

control circuit supplied with pressure ?uid by said 
pump and including a pressure fluid reservoir; 

valve means Within said circuit including means for 
sensing viscous flow losses and for sensing pressure 
loss within that portion of said circuit which 
supplies said first hydraulic motor; and means 
within said valve means reactive to said pressure 
loss and viscous ?ow loss to restrict pressure oil to 
said second hydraulic motor. 

2. A hydraulic phasing system for controlling a plu 
rality of hydraulic cylinders comprising: 
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4 
?rst and second hydraulic cylinders, said first cylin 
der being separate from said second cylinder; 

a hydraulic control circuit operatively connected to 
said first and said second cylinders; the circuit in 
cluding a pilot line from the first cylinder to the 
second cylinder; 

an oil reservoir including a high pressure pump for 
supplying pressure ?uid to said hydraulic control 
circuit; 

means within said circuit for selectively extending 
said first and said second hydraulic cylinders; 

and hydraulic phasing means including valve means 
sensitive to viscous flow losses and insensitive to 
?uid ?ow ratewithin said pilot line whereby said 
phasing means permits extension of said second 
cylinder only after said ?rst cylinder has extended 
completely. 

3. A hydraulic cylinder phasing system for control 
ling a plurality of extensible hydraulic cylinders com 
prising: 

?rst and second hydraulic cylinders, said second hy 
draulic cylinder being separate from said first hy 
draulic cylinder; > 

a hydraulic pump operatively connected to said cyl 
inders; 

a hydraulic control circuit supplied with pressure 
?uid from said pump and including a pressure ?uid 
reservoir, said circuit including a first supply line 
furnishing ?uid to said ?rst cylinder and a second 
supply line furnishing ?uid to said second cylinder; 

?rst valve means for selectively controlling ?ow of 
pressure oil from said pump to said hydraulic cir 
cult; ' 

second valve means including means for sensing loss 
of pressure in said ?rst cylinder supply line; the 
valve means being further sensitive to viscous ?ow 
losses; 

and means within said second valve means reactive 
to said pressure loss and to said viscous flow losses 
to restrict pressure oil to said second cylinder; 

whereby said reactive means controls phasing of said 
?rst cylinder and said second cylinder and permits 
extension of said second cylinder only after said 
?rst cylinder has extended completely. 

* * * * * 


