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ABSTRACT OF THE DISCLOSURE 
The hydraulic lift system of a materials handling 

vehicle is arranged to lift a load uniformly though it may 
be unevenly distributed. The hydraulic fluid is divided and 
supplied in equal parts to each of the lifting members for 
uniform movement of the load in both the lifting and 
the lowering operations. A method of providing equal 
flow includes the steps of withdrawing a plurality of sup 
plies of hydraulic fluid from a reservoir, subdividing each 
Supply into equal parts, intermixing an equal part from 
One Supply with an equal part from another supply, and 
directing the intermixed supplies to each of the hydraulic 
cylinders. 

CROSS REFERENCE TO RELATED APPLICATIONS 

This is a division of application Ser. No. 677,609, 
filed Oct. 24, 1967. 

SUMMARY OF THE INVENTON 

The present invention is directed to an improved meth 
od of operating a materials handling vehicle and, more 
particularly, to providing an improvement in lifting ma 
terials to be transported. 

In conventional materials handling vehicles, the ve 
hicle is positioned over the materials to be transported, 
then the materials are lifted, moved to a predetermined 
place, and then lowered and released. To perform these 
operations, the vehicle is generally provided with a ver 
tically extending open space within its frame. However, 
in known vehicles of this type the following drawbacks 
have been noted: 

(1) To provide the required open space for handling 
various materials the side and cross frames of the ve 
hicle have been unsubstantial and the ends of the side 
frame have had the tendency to move relative to one 
another when the vehicle is turning; 

(2) The location of the hydraulic motor for lifting 
the materials and of the cross support members has often 
made it difficult for the driver to obtain an unobstructed 
view of the lifting operation; 

(3) The means used for laterally positioning the lifting 
member has provided further obstacles in the path of the 
driver's vision; and 

(4) The mechanically or hydraulically driven lifting 
apparatus often has been inadequate and has required 
excessive down time for repairs. 
A primary object of the invention is to provide a 

method of operating the lifting means of a materials 
handling vehicle whereby the lifting frame may be main 
tained in a plane parallel to the surface on which the 
vehicle is positioned in spite of any uneven distribution of 
the load. 

Another object of the invention is to supply equal 
quantities of hydraulic fluid to each of the lifting de 
vices in the vehicle. 

Therefore, the present invention is directed to a ma 
terials handling vehicle having a frame structure pro 
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viding an open space for receiving and handling the 
materials to be transported. Preferably, the support frame 
comprises a pair of spaced end frames of an inverted 
U-shaped configuration formed by a pair of spaced up 
right members secured at their upper ends by an in 
tegrally attached cross member. Side members secured 
to the end frames provide additional rigidity without 
encroaching on the open space within the frame or ob 
Structing the view of the operator. A lifting member is 
located within the open space in the frame and is adapted 
to extend generally parallel with the surface on which the 
vehicle is positioned. The lifting member is arranged to 
be moved laterally as well as upwardly and downwardly 
within the open space. Lifting means are mounted on the 
upright members of the end frames for raising and lower 
ing the lifting member. In addition, control means are 
provided for the lifting means to assure that the lifting 
member is maintained in a position substantially parallel 
to the Surface on which the vehicle is positioned during 
lifting, regardless of any uneven distribution of load upon 
the lifting member. 

For a better understanding of the invention, its operat 
ing advantages and specific objects attained by its use, 
reference should be had to the accompanying drawings 
and descriptive matter in which there are illustrated and 
described preferred embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 
FIG. 1 is a perspective view of a somewhat schematic 

arrangement showing a conventional type of materials 
handling vehicle used in the prior art; 

FIG. 2 is a perspective view of a materials handling 
vehicle embodying the present invention; 

FIG. 3 is a rear view of the vehicle shown in FIG. 2 
with a container shown in phantom arranged to be lifted 
by the vehicle: 

FIG. 4 is a partial perspective view of the vehicle 
illustrating a device for laterally positioning a lifting 
member; 

FIG. 5 is a partial sectional top view of the lower 
portion of the vehicle shown in FIG. 2; and 

FIG. 6 is a schematic arrangement showing a control 
apparatus for the lifting devices on the vehicle shown in 
FG, 2. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

In FIG. 1 an arrangement is shown of a conventional 
materials handling vehicle, as known in the art, compris 
ing a pair of side frames a, b and a cross frame c at 
one end. In transporting material, as the vehicle turns, 
the rear ends d of the side frames a, b have a tendency 
to move either apart or toward one another since there 
is no means for adequately spacing them and the side 
frames are not sufficiently rigid to assure that they will 
remain in proper spaced parallel relationship. The hy 
draulic lifting cylinders e and f located at either end of 
the vehicle and the gate or cross frame members g and 
h form obstructions in the line of sight of the operator 
of the vehicle as he sits in its cab i. Additionally, the 
cross frame c is another obstruction which makes it dif 
ficult for the operator to see the materials being han 
dled within the open space in the vehicle. Where a motor 
unit or other apparatus is provided for laterally posi 
tioning the lifting frame i, this also obstructs the vision 
of the operator. 

In a materials handling vehicle 1, shown in FIGS. 2 
to 6, a vertically extending open space is formed within 
the frame construction of the vehicle. The vehicle frame 
is comprised of two spaced end frames 2 and 3 having 
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generally inverted U-shaped configuration. The end 
rames 2 and 3 are interconnected by longitudinally ex 
ending lower beams 4 and upper beams 5. The lower 
ind upper beams do not encroach on the vertical Open 
pace within the frame. The end frames 2 and 3 are 
ormed of upright members 19 and 20 and cross mem 
sers 19a and 20a, respectively. Since the end frame is 
ormed of an integral construction, it is sufficiently rigid 
o withstand the various forces exerted on it in the lift 
ng operation and in the movement of the vehicle. More 
ver, since there are no cross members below the upper 
members 19a, 20a, there is no obstruction in the open 
pace within the frame for the vertical movement of ma 
erials to be transported. 
Extending upwardly from the lower beams 4, outwardly 

rom the uprights 20 of the end frame 3, are a pair of 
vertical support members 6 and knee brace members 7 
which support a horizontally arranged plate 8. A cab 9 
or the operator of the vehicle is located on the plate 8 
long with a motor 10 and a differential gear 11 for driv 
ng the vehicle. A cantilever support member 12 extends 
rom the plate toward the end frame 3 and Supports the 
lifferential gear 1. It will be noted that there is no cross 
member of the vehicle disposed in the path of the differ 
ntial gear. With this arrangement, the operator has an 
nobstructed view from his cab into the open space with 
in the frame of the vehicle wherein the materials lift 
levice is located. The operator is able to view the entire 
ifting frame 13 as well as the hooks 14 which are lo 
:ated at its cornerS. 
The differential gear 11 is mounted on a shaft 15 and 

irives sprocket wheels 16 at the outer ends of the shaft 
which, in turn, transmit the driving motion through chains 
7 downwardly to driving wheels 18 located at the lower 
end of the frame. Other wheels 18a for the vehicle are 
secured to the lower beam 4 and are located between 
he end frames 2, 3. The driving mechanism just de 
scribed does not form an essential part of the present 
nvention, accordingly, further detailed explanation of its 
zonstruction is not set forth. 
Each end of the vehicle has a pair of double acting 

hydraulic piston cylinders 21, 21' and 22, 22", a sepa 
late cylinder is positioned on each of the uprights 19, 
20 of the end frames 2, 3. As shown in FIG. 2, the cyl 
inders 21, 21 have vertically movable pistons 23, 23' 
provided with wheels 24, 24 on the upper ends of the 
piston arms. Chains 25, 25' are secured to the hydraulic 
cylinders and extend over the wheels 24, 24. 
Within the vertically extending open space in the frame, 

a lifting member or open frame body 13 is positioned 
substantially parallel to the surface on which the vehi 
cle rests. At each of its ends, the lifting member 13 is at 
tached to the chains 25, 25' extending downwardly from 
the cross member 19a of the end frame. The Support of 
lifting chains 25, 25' extend vertically upward from the 
Lifting member and pass over wheels 32, 32' located on 
Ehe cross member 19a, of the end frame and then pass 
downwardly around another wheel 33, 33' mounted on 
the uprights 19, 19 of the end frame 2. From the wheels 
33, 33, which are located below the wheels 24, 24' in 
their lowermost position in the hydraulic cylinders 21, 21, 
the chains pass upwardly over the wheel 24, 24' and then, 
as mentioned previously, are secured to the body of the 
hydraulic cylinder 21, 21. A similar lifting chain arrange 
ment (not shown) is provided for the opposite end of 
the lifting member 13. With this chain and wheel ar 
rangement, the lifting member 13 is designed to move 
vertically at the rate of 2 to 1 compared with the move 
ment of the piston within the hydraulic cylinder. 

In the hydraulic system, a hydraulic fluid equalizer is 
provided, as will be explained subsequently, to assure an 
equal feed of hydraulic fluid to each of the hydraulic cyl 
inders mounted on the vehicle. Due to the manner in 
which the hydraulic fluid is fed to each of the cylinders, 
the lifting member 13 will be moved upwardly and down 
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4. 
wardly in a plane substantially parallel to the plane in 
which the vehicle is positioned. 
As can be seen in FIGS. 2 and 5, a pair of spaced Sup 

port brackets 27 extend laterally outward from one of 
the longitudinally extending members 26 of the lifting 
member or frame 13. Near the outer end of each bracket 
a grooved wheel 28 is positioned. Mounted on the vehi 
cle frame are a pair of vertically extending guide rails 
29 with which the grooved wheels are engaged. 
As shown in FIG. 4, a double-acting piston 34 having 

a piston rod 35 is connected through an arm 37 to the 
shaft 36 on which the laterally movable guide rail 29 
is mounted. By displacement of the piston arm, the shaft 
36 is rotated and the end of the rail in contact with the 
grooved wheel 28 can be moved laterally either outwardly 
from or inwardly toward the frame of the vehicle. 
At each corner of the lifting member 13, a box member 

30 is provided with a hook 14 depending downwardly 
from the lifting member. In FIG. 3, a container 31 is 
shown in phantom and the hooks 14 are designed to en 
gage a recess component (not shown) provided in the top 
corners of the container 31. The construction of the hook 
for such a use is well known and further description is 
not considered essential to the disclosure of the present 
invention. 
When the lifting member 13 and any load attached to 

it are raised or lowered, the member is lifted by the 
chains 25, 25 and is guided in its vertical path with a 
low frictional resistance by the rollers or grooved wheels 
28 and the vertical guide rails 29 provided on one side of 
the lifting member. 

In its normal position within the vehicle, the lifting 
member 13 is symmetrically arranged with respect to 
the sides of the vehicle, as shown in full line in FIG. 5. 
If, in a lifting operation, the vehicle 1 is symmetrically 
arranged with respect to the container 31 to be lifted, 
then the lifting member 3 is lowered on the lifting chains 
until its hooks 14 engage the recessed components on the 
container. However, if the vehicle is not symmetrically ar 
ranged with respect to the container 31, as is often the 
case, then the position of the lifting member 13 can be 
adjusted in the horizontal plane by means of controls 
located in the cab 9 of the vehicle. By means of these con 
trols, the vertical guide rails 29 can be displaced laterally 
so that the hooks are properly positioned over the con 
tainer. An example is shown in FIG. 5 where the right 
hand guide rail is moved outwardly (see the dashed lines), 
and the lefthand guide rail is moved inwardly whereby 
the lifting frame assumes an oblique position with re 
spect to the sides of the vehicle. 

In addition to affording the correct positioning of the 
lifting member over a container to be transported, as 
shown in FIG. 5, the means for laterally moving the lift 
ing member may also be employed when the container 
is in a lifted position for placement on another container 
or for proper placement in a new location. Further, the 
control means for operating the piston cylinder 34, which 
moves the vertical guide rails, can be employed to lock 
the position of the lifting member 13 so that it does not 
move during the transporting operation. 

During the lifting operation, the pistons within the 
hydraulic cylinders are uniformly set in motion using a 
hydraulic fluid quantity equalizer. If the center of gravity 
of the container 3 or other materials to be lifted are 
displaced closer to one end of the vehicle, than to the 
other, then the pistons on one end would be subjected 
to more load than those at the other end. Even in such a 
case, however, the hydraulic fluid is fed equally to each 
of the cylinders by means of a divider valve arrangement 
so that all four pistons have the same relative motion. 
Moreover, the hydraulic fluid quantity equalizer apparatus 
contains means whereby a single hydraulic cylinder 
can be operated by the driver of the vehicle. 

In FIG. 6, the arrangement of the hydraulic fluid quan 
tity equalizer apparatus is illustrated. A container 38 forms 



3,494,259 
S 

a reservoir of hydraulic fluid for the operation of the 
lifting member 13. From the reservoir 38, the hydraulic 
fluid is taken into the equalizer apparatus by means of 
two pair of strainers 39 and oil pumps 40. The number of 
pumps employed is dependent upon the hydraulic fluid 
quantity required for the apparatus and the capacity of 
the pumps. Branch pipes 40a, 40'a extend from each of 
the pumps 40 and combine in a single delivery pipe 40b, 
40’b which extends to a flow divider valve 41, 41. The 
hydraulic fluid leaves the flow divider valve 41, 41' through 
two outlets and the quantity of hydraulic fluid is equal 
at each outlet. Accordingly, even if a difference in pres 
sure exists within the discharge passages from the out 
lets, the quantity of hydraulic fluid fed from the valve 
is equal. Downstream of each of the flow divider valves 
41, 41' is a four way valve 42, 42. These four way valves 
42, 42 control the movement of the pistons 23, 23' in the 
two cylinders 21, 21, respectively, at one end of the 
vehicle while the other valve 42" controls the movement 
of the pistons 24, 24 in the other cylinders 22, 22, re 
spectively, at the opposite end of the vehicle. The four 
way valves 42, 42 normally are controlled by the opera 
tor from the vehicle cab. 
A conduit 43 is connected to the lefthand outlet of the 

valve 41 and extends to the four way valve 42 and sim 
ilarly, a conduit 46 extends from the righthand outlet 
of the valve 41' to the four way valve 42. From the other 
or righthand outlet of the flow divider valve 41, a con 
duit 45 extends to the conduit 46 and similarly from the 
lefthand outlet of the flow divider valve 41' another con 
duit 44 extends into connection with the conduit 43. Ac 
cordingly, due to the arrangements of the flow divider 
valves 41, 41', the quantity of hydraulic fluid flowing 
through the passages 43 and 45 from one of the valves is 
equal to that flowing through the conduits 44, 46 from 
the other valve, regardless of any difference in pressure in 
these conduits. Because of this conduit arrangement, the 
quantity of hydraulic fluid entering each of the four way 
valves 42, 42' is equal. 
The four way valves 42, 42 have three positions for 

controlling the pistons in the hydraulic cylinders. When 
the piston is to remain stationary, the hydraulic fluid 
flowing from the divider valves 41, 41 through the pas 
sage ways 43, 46 to the four way valves 42, 42 is by 
passed through the lines 43a, 46a to the reservoir 38. 
With the flow bypassed, there is no passage of hydraulic 
fluid into the cylinders and the position of the piston re 
mains unchanged. If the pistons 23, 23, 24, 24' are to 
be moved upwardly the hydraulic fluid from the four 
way valves 42, 42 is fed into the lines 42a, 42'a and 
passes upwardly through another flow divider valve 47, 
47' into the cylinders. At the same time, the hydraulic 
fluid on the opposite side of each piston flows out through 
the upper end of the cylinder and passes through a con 
duit 48 for its return into the four way valve. 

If the pistons in the cylinders are to be moved down 
wardly, then the hydraulic fluid passed through the con 
duits 42b, 42'b into the passage ways 48, 48' and thence 
into the upper ends of the cylinders, and the oil or 
hydraulic fluid contained at the opposite side of each 
piston is forced out through the lines 47a, 47b and returns 
to the four way valve in a manner to be described sub 
sequently. 

In the path of flow of the hydraulic fluid from the four 
way valve 42 to the lower ends of the cylinders 21, 21, 
it passes through the flow divider valve 47 which separates 
the fluid into two halves for passage through the lines 
47a, 47b to the cylinders 21, 21'. 

Accordingly, an equal amount of hydraulic fluid is 
delivered to each of the cylinders 21, 21. A similar flow 
divider valve 47' is provided for the fluid passing from the 
four way valve 42 to the cylinders 22, 22' and the hy 
draulic fluid delivered to each of these cylinders is equal. 
Due to the arrangement of the hydraulic fluid equalizer 
apparatus passing first through the flow divider valves 41, 
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41' and then through the flow divider valves 47, 47' an 
equal quantity of fluid is fed into each of the four cyl 
inders and the pistons can therefore be moved upwardly 
within the cylinders at the same speed. 
Though flow divider valves 47, 47' are provided in 

the path of flow of the hydraulic fluid from the four way 
valves to the lower ends of the cylinder 21, 21, 22, 22' 
there is no such divider valve in the path of the hydraulic 
fluid to the upper ends of the cylinders. Accordingly, the 
flow through the cylinders has to be controlled to assure 
proper operation. For controlling the flow of the fluid 
through the cylinders when the piston is being moved 
downwardly, the hydraulic fluid instead of flowing through 
the flow divider valves 47, 47' is blocked by the check 
valves 49, 49' and passes through bypass conduits 50, 
50' and flow limiting valves 51, 51 and then through 
the conduits 52, 52' into the four way valves. In normal 
operation, the flow limiting valves 51 are closed by means 
of springs to prevent any passage of hydraulic fluid 
through them. If, however, the hydraulic fluid pressure 
is applied to the upper sides of the pistons 23, 23, then 
this pressure plus a pressure due to the weight of the 
piston exerts a pressure in the conduits 50, 50' which 
is sufficiently high to overcome the spring action within 
the flow limiting valve 51, 51'. As a result, a small piston 
(not shown) within the valve is shifted and the hydraulic 
fluid is fed to the four way valve through the conduit 52. 
The position of the small piston within the flow limiting 
valves 51, 51' is designed so that the passage of hydraulic 
fluid may be regulated whereby the quantity of the fluid 
flowing through the valve 51, 51' is dependent on the cross 
sectional area of the valve opening and in this way, the 
four pistons may be moved at the same speed regardless 
of the load which is being supported. Therefore, the pis 
tons within the cylinders may be moved upwardly or 
downwardly in a uniform fashion by employing the flow 
divider valves 47, 47 or the flow limiting valves 51, 51 
depending on the direction of travel. 
There may be instances where less than the full number 

of four cylinders are to be used and in such a case, the 
circuit illustrated in FIG. 6 operates in the following 
manner. For purpose of explanation it will be assumed 
that cylinder 21 is the only one to be used. The operator 
sets the four way valve 42 in the desired position and 
also actuates one of a series of buttons (not shown) for 
the flow limiting valve 51. Four of these buttons are pro 
vided in the cab of the vehicle and are connected to the 
four flow limiting valves, respectively. An electric current 
is Supplied to each of the valves when its corresponding 
button is actuated and solenoid is operated which with 
draws the Small piston which limits the flow through the 
Valve. In this way, the hydraulic fluid passage in the by 
pass about the flow divider valve 47 is opened. 

Since only the cylinder 21 is to be used, the flow of 
hydraulic fluid is opened between the lower end of the 
cylinder and the four way valve 42. Further, the passage 
or conduit 48 extending from the upper end of the cyl 
inder 21 to the four way valve is also opened for passage 
of the hydraulic fluid therethrough. However, the cylinder 
21 which receives hydraulic fluid from the same four 
way valve is subjected to resistance to flow in its return 
passage by means of the divider valve 47, the flow limit 
ing valve 41 and the check valve 49. Because of this 
arrangement, the hydraulic fluid which is discharged fron 
the four way valve only enters the cylinder 21 and di 
rects the piston in the desired direction. 

It is to be understood that the present invention is not 
limited to the various embodiments illustrated and various 
modifications may be possible within the scope of the 
invention. 

In view of the foregoing, it will be appreciated that the 
present invention as compared with the conventional ap 
paratus shown in FIG. 1 has the following advantages: 

(1) As the integral end frame members are connected 
to each other by means of both upper and lower beams, 



3,494,259 
7 

le vehicle body is strong in construction; and because 
f this construction, any deformation or relative move 
ent of its side members at the rear of the vehicle is 
mited to a point where it is not in any way a problem 
the operation of the vehicle. This construction is par 

cularly useful for the design of large sized materials 
andling vehicles. 
(2) The position of the lifting cylinders on the upright 
embers of the frame provide an unobstructed path of 
tew for the operator in handling materials. 
(3) Since the hydraulic fluid quantity equalizer appa 

atus moves the pistons equally, the location of the lift 
g member is maintained in a plane parallel with the 
rface in which the vehicle is positioned and smooth 
peration is achieved during the transportation of the 
laterials. 
What is claimed is: 
1. A method of providing equal flow of hydraulic fluid 
rom a reservoir to a plurality of hydraulic fluid piston 
ylinders comprising the steps of withdrawing a plurality 
f supplies of hydraulic fluid from the reservoir, sub 
ividing each Supply of hydraulic fluid into equal parts, 
litermixing an equal part from one supply with equal 
arts from the other supplies and selectively directing 
qual quantities of the intermixed supplies to each of the 
ydraulic cylinders. 
2. A method, as set forth in claim 1, wherein the step 

f selectively directing equal quantities comprises divid 
lg each intermixed supply into equal parts and supply. 
ng each equal part to a different hydraulic cylinder. 
3. A method of providing equal flow of hydraulic fluid 
rom a reservoir to a plurality of double acting hydraulic 
uid piston cylinders comprising the steps of withdrawing 
plurality of supplies of hydraulic fluid from the reser 

oir, combining the Supplies of hydraulic fluid into two 
ources, Subdividing each Source of hydraulic fluid into 
Wo equal parts, intermixing one equal part from one 
ource with an equal part from the other source, and 
electively directing equal quantities of the intermixed 
ources to each of the hydraulic cylinders. 
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4. A method, as set forth in claim 3, and comprising 

the step of withdrawing hydraulic fluid from the cylinder 
on the opposite side of the piston from the supply to the 
cylinder. 

5. A method, as set forth in claim 3, wherein the step 
of selectively directing equal quantities comprises divid 
ing the intermixed sources into two equal parts, and sup 
plying each equal part to a different cylinder and with 
drawing hydraulic fluid from the cylinder on the oppo 
site sides of the piston from that receiving the equal parts 
for effecting the displacement of the piston within the 
cylinder. 

6. A method, as set forth in claim 3, wherein the step 
of Selectively directing equal quantities comprises afford 
ing a supply of intermixed hydraulic fluid to each of the 
cylinders on one side of the piston, regulating the with 
drawal of equal amounts of hydraulic fluid from the 
cylinder on the other side of the piston for affording equal 
quantities of hydraulic fluid into each of the cylinders. 
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