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2,310,930 

LEVELING DEVICE 
Luther E. Blanchett, South Milwaukee, Wis., as signor to Bucyrus-Erie Company, South Mi 
waukee, Wis., a corporation of Delaware 
Application August 17, 1939, Serial No. 290,591 

(CI. 280-6) 22 Claims. 

My invention relates to new and useful im 
provements in leveling devices and more particu 
larly to automatic leveling devices for very large 
revolving power excavators which have four inde 
pendent sets of caterpillar traction units; each of 
which is placed at one of the four corners of the 
base, and which supports its corner by means of 
a power actuated jack. It is desired to control 
the automatic action of these jacks by means of 
a level responsive control. 
As such machines use a very great amount of 

power, even when working under the best condi 
tions, it is desirable that the power consumption 
shall not be unnecessarily increased by an Out 
of-level state; for example, if, in swinging to 
dump, the boom, dipper, and load had to be 
SWung over the highest corner of the excavator. 

I shall describe my invention as having hy 
draulic jacks, but it will be obvious that it can be 
equally well applied to a system using any variety 
of power actuated means for raising and lowering 
the COrnerS. 
In actual practice it has been found that there 

are certain other desirable functions (hereinafter 
referred to as “extended leveling' and “equaliz 
ing') intimately bound up with the function of 
leveling. 
The control of these three functions ought not 

to be left to the operator Who manipulates the 
specific excavating implements; as the control of 
the latter already occupies Inis hands and his feet, 
and above all his attention, to such an extent 
that no such machine is ever entrusted to any 
other than an experienced operator. Nor ought 
We to delegate the manipulation of non-auto 
matic leveling devices to the care of another than 
the operator of the excavating implements, as 
this Would invite disaster. The larger and heavier 
the machine, the greater the disaster. 

It is the principal object of my invention to 
remove all such danger by entirely freeing the 
operator from any need of attention to the level 
of the machine or to the allied problems. This 
I accomplish by making the leveling, and alji ac 
tions subsidiary thereto, such as those I have 
enumerated above, entirely automatic. 
To this end I make use of the leveling device 

described and claimed in my U. S. Patent Num 
ber 2,101,837, dated December 14, 1937, to which 
I refer for complete particulars. 

It is a further object of my invention to effect 
an improvement over the device shown and de 
scribed in the copending Patent No. 2,202,009 to 
Samuel L. G. Knox, dated May 28, 1940, which 
patent is owned by my assignee. 
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The Knox device is basically sound, and con 
stitutes a solution of the leveling problem appli 
cable to all but exceptional situations. Yet those 
situations do occur in field practice, and can be 
met by my modification of the Knox device. 

It can be mathematically demonstrated that, 
in a closed four-jack System with a constant oil 
supply, the center of the machine can be neither 
raised nor lowered, and the raising or lowering of 
any given corner can be accomplished only by 
an exactly equal lowering or raising of the Op 
posite corner. Accordingly if the jack at a low 
corner becomes fully extended before complete 
leveling occurs, or if the jack at a high corner 

5 becomes fully contracted before complete leveling 
occurs, then further leveling on the diagonal 
through that corner is impossible. 
Accordingly it is one object of my invention to 

meet this situation by what I shall call "extended 
leveling.' To this end, I provide means whereby, 
when the jack at a low corner becomes fully ex 
tended, the other three jacks are permitted to 
contract, and when the jack at a high corner 
becomes fully contracted, the other three jacks 
are extended. This expedient will meet the situ 
ation on any terrain except one Cn. Which the 
only solution would be the use of longer jacks. 
The reasons for this limitation on the solution of 
the problem Will hereinafter appear. 
A further object of my invention is to make 

provision that the feet of all four jacks shall 
always be firmly planted upon the terrain. This 
I call “equalizing,” although it is to be under 
stood that my device does not necessarily ever 
render exactly equal the pressure between two 
adjacent jacks. My automatic pressure regula 
tion ensures that the pressure in each jack in 
dividually shall remain Within prescribed limits, 
determined by the settings of adjustable valves. 

It is a further object of my invention to in 
prove the details of the enumerated functions. 

In addition to the stated objects, I have worked 
out a number of novel and useful details, which 
will be readily evident as the description pro 
greSSeS. 
My invention consists in the novel parts, and in 

the combinations and arrangements thereof, 
Which are defined in the appended claims; and 
of which one embodiment is exemplified in the 
accompanying drawings, which are hereinafter 
particularly described and explained. 
Throughout the description, the same refer 

ence number is applied to the same members or 
to Similar members. Figure 1 is a diagrammatic representation of 
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the hydraulic System. The jacks, which are 
placed at the four corners of the main base of 
the machine, are shown in elevation, while the 
piping System, Valves, pump, etc., are shown in plan. 
Figure 2 shows a jack and its traction unit, 

With the adjacent portion of the main base. 
Figure 3 is a wiring diagram showing the 

automatic control System. 
Referring particularly to Figure 1, I shall con 

sider the lower, left hand jack as being jack 
number ; the remaining jacks being numbered, 
as shown, counter-clockwise around the figure. 
In mentioning the corners, I shall consider 
them numbered to correspond with the jacks. 
Thus, jack is at corner , etc. 
In this figure, P is a pump, driven by electric 

motor M, or any equivalent source of power. 
The Working fluid reaches the pump on the suc 
tion side by pipe , and is delivered to valves 
Wf, W2, W3 and W4 by the pressure pipe 2. Suc 
tion pipe communicates directly with a pipe 
3 to the Suction side of the four valves VI, etc. 
Pipe also communicates with a pipe 4 to a 
Sump S. A valve 5 in pipe f4 allows flow from 
the Sump to pipe f, but prevents flow in the 
contrary direction. A pipe 6 goes from pipe 3 
to the sump by Way of a valve f. This valve is 
normally closed, but when coil 8 is actuated, 
free flow from pipe 3 to the sump via pipe 6 
is allowed. At 9 is symbolically shown a means 
for adjustably constricting pipe 6. This is for 
adjusting the rate of flow, to prevent a too rapid 
Settling down of the machine, in the extended 
leveling by lowering, to be later explained. 
Walves W, W2, etc., are shown in Figure 1 as 

Special double-acting valves, which are solenoid 
governed. Valve Vi is shown in the position it 
takes when Solenoid 20 is actuated. Walve W2 
is shown in the unactuated position, i. e., there 
is no current passing in Solenoid 2. Valves W3 
and W4 do not show details, but for the case of 
Simple leveling first discussed below, they may 
be considered as having momentarily the same configuration as V2. 

Each of these V-valves is provided with two 
check valves, each of which check valves allows 
fluid to pass in only one direction. For ex 
ample, when the V valve is set as shown, check 
Valve 22 will allow flow from pressure pipe 2, 
through W and via pipe 24, to jack f, but not 
in the contrary direction. When the W2 valve 
is set as shown, check valve 23 will allow flow 
from jack 2, via pipe 25, through W2, to the suc 
tion pipe 3, but not in the contrary direction. 

If it Were not for check valves 22, then when 
ever two of the V-valves are energized (i. e., in 
the configuration shown for VI), a free flow 
through these two V-valves, from that one of 
the two iacks having higher pressure to that one 
having lower pressure could occur for every in 
materially small difference of pressure in the 
two jacks in question. If it were not for check 
valves 23, then whenever two or more V-valves 
are deenergized (i.e., in the configuration shown 
for W2), a similar free flow between the corre 
Sponding two or more jacks would be possible. 
Both of these possibilities are undesirable, as 
they would render nugatory the controls estab 
lished for the V-valves, which controls are pri 
marilv for the purpose of preventing instability. 
Although these V-valves are shown in Figure 1 

as being special double-acting valves, they 
might each be replaced by two valves, of which 
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2,310,930 
jack, and the other Would only allow passage of 
fluid from the jack. Similarly each of the two 
check-Valves could be built either integral with, 
Cr Separate froin, the valve or valves above men 
tioned. 
Each of the pipes from the W-valve to the jack, 

as 24, is provided with a short branch leading 
to a closed box 26, which contains a pressure re 
Sponsive element, so adjustable that, when the 
preSSure in the pipe 24, for example, falls below 
a prescribed amount, a circuit, later to be dis 
cussed, is closed, as by contactor 2. 
The pipe from some one of the four W-valves 

to a jack, as, for instance, pipe 25 to jack 2, and 
the corresponding pipe 28 to one of the adjacent 
jacks are connected by a pipe 29, containing a 

Walve 3) is normally closed, but is 
open to allow free communication between pipes 
25 and 28, whenever solenoid 3 f is energized. 
The purpose of this will be explained later. 
Turning now to Figure 2, it may be seen that, 

each traction unit 32 supports a piston 33 
through a universal joint 34, and that the pis 
tons Support the main base 35 of the excavator. 
Piston 33 operates in cylinder 36, the operating 
fluid being admitted to the space 37. The piston 
33 is shouldered, as indicated at 38, so that 
When, relative to the cylinder 36, the piston is 
forced down far enough for shoulder 33, to abut 
element 39, the piston and cylinder will be pre 
vented from separating further. This extreme 
extended position of the piston with respect to 
the cylinder is shown by dotted lines, and is the 
position hereinafter referred to as the “all out' 
position. The full line position, with the jack 
contracted to its limit, will be referred to as the “all in' position. 
Attached to a convenient part of the traction 

unit 32, as at 49, Figure 2, is a wire rope 42, 
which passes through a hole 42 in the lower 
plate of the main base of the excavator, to a, 
pulley 43 supported by the upper plate of the 
main base, and thence to a switch actuating 
Weight, 44. This weight slides on a vertical 
guide 45, and serves to actuate limit switches, 46 and 4. 
The upper limit switch 43 is so placed that it 

will be contacted by the weight 44, only when 
the piston 33 is at its “all out' position, which 
will be when the particular corner of the main 
base 35 of the excavator is as far above traction 
unit 32 as the mechanical construction allows. 
The lower limit switch 47 is so placed that it 

will be contacted by the weight 44 only when the 
piston 33 is at its “all in' position, which will be 
when the particular corner of the main base 35 
is as near the traction unit 32 as the mechanical 
Construction Will allow. These switches, which 
are normally open, Serve, when closed, to actuate 
certain relayS, as Will be hereinafter explained. 

If it is desired to avoid metal to metal contact 
of piston and cylinder, these Switches 46 and 47 
may be placed just short of the critical position, 
45 being just below, and 47 just above, the posi 
tions pertaining respectively to “all out' and "all 
in' positions of the piston. In the claims, when 
ever I refer to a jack being “fully extended' or 
"fully contracted,' I intend not necessarily a 
metal to metal contact, but rather the ultimate 
position (possibly just short of metal to metal 
contact) predetermined by the maker of the ma 
chine. And, whenever I refer to “preventing the 
expanding' or "preventing the contracting' of 
a jack, I of course exclude the mere physical but One Would only allow pumping fluid into the 75 ting up of the piston against one end or the 
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other of its cylinder, and intend rather the pre 
venting of the application of further force tend 
ing to expand or contract the jack, as the case 
may be. 
The mechanism of such switches is well known 

and therefore not further described. 
In the right hand margin of the electrical dia 

gram, Figure 3, I have placed opposite certain of 
the instrumentalities the capital letters, A, B, C, 
D, E, F, G, H. Each of these letters refers col 
lectively to the instrumentalities that are to be 
found across the page on a level with the par 
ticular capital letter. All the instrumentalities 
opposite any one letter are of the same kind, and 
Serve the same purpose, but for different corners. 

All the instrumentalities shown in Figure 3 are 
diagrammed as in their unenergized configura 
tion. 
The diagram naturally divides itself into four 

Vertical columns or bands, each associated with a 
particular one of the four jacks; and the instru 
mentalities in the various columns are to be con 
sidered as numbered accordingly. Thus, of the 
A. B. C. E, G and H instrumentalities, the ex 
treme left hand One of each of them, being in the 
first of the four columns, may be considered as 
relating to corner 1; and similarly the Successive 
columns, proceeding to the right, may be consid 
ered as relating to corners 2, 3 and 4, respectively. 
Some of these instrumentalities may be actually 
located at their respective corners. Accordingly, 
When I wish to designate any particular One of 
the four instrumentalities, I shall designate it by 
both its letter and the number of the column in 
which it occurs. Thus A will designate the sole 
noid and its associated relay in the first Column 
and at the top of the diagram. The similar sole 
noids and their associated relays to the right of 
A will be called A2, A3, A4, respectively. Beiow 
A are B, C , etc. Similarly, when I wish to 
Specify a particular contact of one of the relayS, 
I shall affix to the designation of the relay a digit 
corresponding to the place that contact occupies 
in the relay, beginning from the left. Thus the 
left hand contact of relay A, shown normally 
closed, will be called A-, the next contact to 
the right, A-2, etc. 

If Figure 2 represents the assembly at corner 1, 
A represents a solenoid and the aSSociated relay 
actuated thereby, whose primary purpose is the 
government of valve W. 
B is a relay which shifts to its actuated posi 

tion whenever jack is “all in'; that is, when 
ever weight 44, Figure 2, contacts, and thereby 
mechanically closes, switch 47. Such actuation of 
B calls for a very simple circuit, which besides 
the power source, comprises only the mechani 
cal Switch A and the Solenoid which actuates 
relay Bf. To avoid complicating the drawing, 
the corresponding circuits to actuate relays B2, 
and B3 and B4 have not been shown in Figure 3. 
C is a relay which shifts to its actuated posi 

tion whenever jack is 'all out'; that is, When 
ever weight 44 contacts, and thereby mechani 
cally closes, switch 46. Such actuation of C calls 
for a very simple circuit, which, besides the power 
source, comprises only the mechanical switch 46 
and the solenoid which actuates relay C. To 
avoid complicating the drawing, the correspond 
ing circuits to actuate relays C2, C3, and C4 have 
not been shown in Figure 3. 
Of the D elements, there are only two, for 

the reason that each is associated with two Op 
posite corners, Thus the left hand one is as 
sociated with corners 1 and 3, and the right hand 
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one with corners 2 and 4. I shall therefore call 
the left-hand D element Di-D3, and the right 
hand one D2-D4. Each of these D-elements, 
like the A-elements, consists of a solenoid and the 
relay actuated thereby. Their purpose Will ap 
pear later. 
E is the Solenoid, shown as 20 in Figure 1, 

which, when energized, sets valve W as there 
shown, to allow passage of fluid from the pres 
sure pipe 2, through W to jack . When the 
Solenoid is unenergized, a Spring, or equivalent 
device, shifts the plunger of valve W to a posi 
tion like that in which I have shown W2, the 
valve being then set to allow passage of fluid 
through it from the jack to the Suction line 3. 
The F-elements are four mercury switches, the 

two elements of each pair being oppositely tilted 
and being held in fixed relation to each other, 
though the pair may be tilted either way as a 
unit. It follows therefore that current may pass 
through either one of a pair or through neither, 
but never through both members at the same 
time. These depart from the numbering System 
used above, in that, beginning at the left, the 
individual switches must be numbered F, F3, 
F2, F4. 
The pair of switches, F-F3, comprise a switch 

unit used to bring corners 1 and 3 to the same 
level. They might be merely rigidly set on the 
main base in the diagonal between those corners, 
but in that case, because of the shortness of the 
individual elements, it would require a very con 
siderable difference of level to cauSe them to func 
tion at all. Therefore i make use of the device 
shown and described in my patent Number 2,101,- 
837, dated December 14, 1937. This device, by 
multiplying the difference of level of the ends of 
a much longer "base line,' set in the line be 
tween corners 1 and 3, will tilt my mercury switch 
unit, F-F3, into operative position, for a dif 
ference of level of only a few inches between 
Corners 1 and 3. 
The switch unit, F2-F4, is similarly arranged 

With respect to the diagonal from corner 2 to 
corner 4. 
The G elements are push-buttons, all placed 

at the operator's station. Each provides optional 
manual control for raising its correlative corner, 
irrespective of the automatic leveling system. 
Their action will be better understood after the 
automatic leveling has been explained. 
The H elements are pressure Switches, of Which 

one is shown at 26, Figure 1, which are adjust 
able to respond, by closing the contacts shown, 
whenever the pressure in the line from the W 
valve to the jack falls below a prescribed mini 
all. 
The single heavy line 5, at the lower right 

hand corner of Figure 3, represents a three phase 
power line to the motor M, which actuates the 
pump P. This power line is provided with a mag 
netic switch 52, normally open, but closed when 
ever Solenoid 53 is energized. 

Power for the control circuits shown in Fig 
lure 3 is supplied through wire 54 at the top, and 
Wire 55 at the bottom of the diagram. 
The Symmetry of the circuits shown Will ren 

der unnecessary a complete discussion for each 
corner individually. I shall therefore, as far as 
may be, confine my discussion to the circuits of 
column 1 of the diagram and those which inter 
lock thereWith. 

First, Suppose that corner 1 is lower than the 
opposite corner 3, and that all four pistons are 
in intermediate positions, neither all out nor all 
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in. This will tilt downward the left hand end of 
mercury switch unit F-F3, thereby allowing 
current to pass from the F mercury switch to 
the A Solenoid over any One of four CourSeS. 
The four courses consist of the Various combi 

nations obtainable from a double path from the 
mercury switch Fit to a junction marked 56 on 
the diagram (which point is just below B3-3); 
and a double path from this point to A relay. 
Thus we can go from the mercury switch F, 
either via wires 57, 53, contact C1-3, wire 59 to 
junction 56; or fron mercury Switch Ff, Via Wires 
5, 68, contact B2-, wire 6?, contact B4-4, 
wires 62, 63 to junction 56; and from junction 
56 we may proceed either by B3-3, and wire 64, 
to the Solenoid of Af; or from junction 56, via 
wire 63 to C4-f, wire 65, C2-A, wire 66, C-4, 
wires 67, 68 to Solenoid A. 

It is to be noted that all paths to Solenoid A? 
go through mercury Switch, Fl, so that any A re 
lay can only be energized. When the correspond 
ing mercury switch is tilted into action. Also, 
comparison of the circuits that energize the A's 
of two corners that are not on the same diagonal 
shows that ordinary leveling of One diagonal is 
entirely independent of anything occurring on the 
other diagonal; SO that independent Ordinary 
leveling of both diagonals can occur simultane OuSly. 
The four paths from F to A Solenoid will then 

pass through the following contacts, all normally 
closed, as ShoWn: 
Path a : C-3; B3-3. 
Path b : C-3; C4-; C2-f; C-4. 
Path C: B2- ; B4-f; B3-3. 
Path d: B2- ; B4-f; C4-f; C2-4, C-4, 
Any One of the above tabulated contacts Will 

be opened Whenever the corresponding relay is 
actuated. Thus, for example, contacts C-3 and 
C-4 are opened, when relay C is actuated. We 
therefore note that: 

EPath a is broken if jack is all out and/or 
jack 3 is all in, as then relay C and/or relay 
B3, respectively, is actuated. 
Path b is broken if any one (or more) of jacks 

, 2 and 4 is all out, as then the corresponding 
one (or more) of relays C, C2 and C4, is actu 
ated. 

Path c is broken if any one (or more) of jacks 2, 
3 and it is all in, as then the corresponding one 
(or more) of relays B2, B3 and B4, is actuated. 
Path d is broken if any one (or both) of jacks 

2 and A is all in; and/or if any One (or more) of 
jacks , 2 and 4 is all out; as then the corre 
sponding one (or more) of relays B2, B, C, C2, 
C4 is actuated. 

It is to be noted any one of the condi 
tions stated is sufficient to break the circuit in 
which it occurs. Also that path a is concerned 
only with the conditions on the 1-3 diagonal; 
and therefore, as the circuits for actuating sole 
noid A. are Symmetrical to those for actuating 
any other A Solenoid, not even extreme condi 
tions at the ends of One diagonal can prevent 
the actuation of the A Solenoid for the low end 
of the other diagonal, when there is no extreme 
condition at either end of said other diagonal. 
The necessary and Sufficient conditions for the 
breaking of all paths to solenoid A are seen 
to be: either jack f is all out and one (or more) 
of the other three is all in; or jack 3 is all in and 
One (or more) of the other three is all out. In 
each of these cases, further leveling on the 1-3 
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2,310,930 
diagonal would only be obtainable on the given 
terrain by longer jacks. 
A reason for the multiplicity of circuits to sole 

noid A can be shown as follows. 
For simple leveling, in which only One diagonal 

participates, the low corner, which I have Sup 
posed to be corner 1, must be pumped, drawing 
fluid only from the opposite corner 3. Obviously 
simple leveling cannot take place if 1 is all out 
and/or 3 is all in. Therefore simple leveling 
could, in such cases, be prevented by having the 
circuit actuating Al Solenoid pass through both 
C and B3. Hence for this purpose, circuit a 
Would be sufficient. If jack is not all Out and 
jack 3 is not all in, then regardless of conditions 
at jacks 2 and 4, current Will energize Solenoid 
A? via path a, and jack will be pumped. But, 
When 1 is low and all out, while no other corner 
is all in, we must have a course by-passing C, 
in order to lower all corners to the level of corner 
1. (It is to be noted that, even when corner 1 
is low, Solenoid Al is unenergized if any other 
corner is all in, and therefore in this case jack 
will not be pumped.) Similarly, when corner 3 

is higher than corner 1, and is all in, while no 
other corner is all out, we must have a course by 
passing B-3, in order to raise the other corners 
to the level of corner 3. (In this latter case, 3 
being high, W3 will not be set to allow pumping 
into jack 3, but Will be set to drain jack 3.) 

If 1 is all out and lower than 3 the consequent 
actuation of C bars all paths except path C. 
Therefore A Solenoid can still be energized if 
neither 2 nor 3 nor 4 is all in. The reason for 
this possibility is that, under these conditions, 
jack Will not be pumped, as the opening of Con 
tact C-6 will prevent the starting of the pump; 
but We shall be able to lower the other three cor 
ners to the level of 1. This action requires that 
the A Solenoid of that corner which is all out 
shall be energized, in order that solenoid 8, Fig 
ures 2 and 3, may be energized, to cause the gen 
eral lowering, later described as “extended level ing by lowering.' 
The reason for the all in condition of any other 

corner prohibiting this leveling by lowering is: 
if, while 1 is all out and lower than 3, we also 
have 3 all in, obviously the 1-3 diagonal cannot 
be leveled. As before pointed out, this condition 
does not indicate a defect in my invention, since 
with any leveling device whatever, only a machine 
With longer jacks could be leveled on the given 
terrain. Or if, instead of 3, jack 2 or 4 is all in, 
While the 2-4 diagonal is level, evidently there 
cannot be a general lowering, to bring 3 to the 
level of 1. If jack 2 or 4 is all in and the 2-4 
diagonal is not level, leveling of the 2-4 line will 
automatically occur, if the terrain permits, before 
the controls attempt to level the 1-3 line. 

Still considering that corner 1 is lower than 3, 
and that therefore mercury switch F- is now 
paSSing current via One or more of the four paths 
described above to the solenoid A, thereby clos 
ing four of the contacts of the relay and open 
ing the remaining one, I shall state the function 
of each of the A relay contacts, beginning wit 
the right hand contact, as that order will present 
the matter in the most easily understood man 
le. 

When A relay is actuated, that is, when one 
Or more of the four paths a, b, c, d, is not broken, 
A-5 closes, thereby sending current via wire 

69, through solenoid Ef, which is shown in Fig 
lure 1 as Solenoid 20 of valve W. This contact 
therefore Sets jack f open to the pressure side of 
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the pump. It is to be inoted that the closing of 
this contact, while necessary for the pumping 
of jack , does not necessarily mean that corner 
1 is being pumped up, as an additional require 
ment is that the pump shall be started. 
A-4 closes, sending current via wire 10, Ci-6, 

Wire T, to solenoid 53 which starts the pump 
motor M, unless jack is all out, in which case 
this circuit is broken by the opening of the C-6 
Contact. 
A-3 closes. If jack f, though lower than 3, is 

all out, and therefore C is actuated, current will 
pass from A-3 via wire 72, C-5, wire T3, to 
Solenoid 8, which, as described in connection 
With Figure i, opens the Valve 1 from the suction 
pipe to the Sump. This action, which I am call 
ing "extended leveling by lowering,' drains all 
jacks whose W-valves are not actuated, and there 
fore brings all corners down to the level of cor 
iner 1. The setting of the V-Valves Will then be 
as shown in Figure 1, so that energizing of sole 
noid 8 will allow jacks 2, 3 and 4 simultane 
Ously and directly to drain into the sump. If 
in this process the level of the other diagonal is 
disturbed, say, by 2 becoming lower than 4, the 
A2 solenoid will be energized, and will shut off 
W2 from the suction pipe; SO that no more fluid 
Will be drawn from jack 2 until the lowering of 
corner 4 has again brought the 2-4 line level, 
Whereupon Solenoid A2 will be deenergized, and 
the lowering of both will be resumed. When 3 
reaches the level of 1, or if 3 becomes all in be 
fore reaching the level of the all out corner 1, 
the lowering action ceases. In the latter case 
3 all in While 1 is still all out-the situation is 
again seen to be one which only longer jacks can 
Cle, . 
A-2 closes, and if i is low but not all out, while 

3 is all in and the 2-4 line is not being leveled, 
that is, B3 is actuated, while solenoids A2 and 
A4 are not energized, current will pass from 
A-2, by wire 74, B3-4, wires 75, 76, A2-, wire 
77, A4-, wire 78, Solenoid D2-D4, to power line 
55. The solenoid will close relay D2-D4, and 
current will flow from control feed wire 54 (top 
of diagram), via wires 79, 80, through relay 
D2-D4, Where it divides and energizes both sole 
noids E2 and E4. These Solenoids set W2 and 
W4 open to the pressure side of the pump, and as 
A-4 has started the pump, corners 2 and 4 will 
be raised towards the level of corner 3, Which is 
Supposed to be high and allin. This is "extended 
leveling by raising.’ 

It is to be noted that current to energize 
D2-D passes through both A2-, and A4-, 
normally closed, so that if either of these is ener 
gized by reason of diagonal 2-4 being out of level, 
the general raising will be postponed until 2-4 
is first leveled. “Extended leveling' by raising 
One diagonal can therefore only occur when that 
diagonal is level, and, of the other two corners, 
One is low and the other is allin. It is to be noted 
that, in such a case, all three low corners are 
pumped; for, in addition to the pumping of cor 
ners 2 and 4 due to 'extended leveling' just de 
Scribed, the mere lowness of corner 1 also simul 
taneously causes the pumping of jack by what 
I have called "simple leveling.' 
A-, normally closed, will open when Al 

Solenoid is energized. This contact and the 
A3- contact bear the same relation to the 
D-D3 "extended leveling by raising,' as con 
tacts A2-, and A4- do to the D2-D4 raising, 
discussed just above. That is, as all paths from 
the Solenoid of D-D3 go through both Al 
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5 
and A3-, general raising to meet a possible all 
in and high Condition of corner 2 or 4 will be 
postponed until after the 1-3 diagonal has been 
leveled. I have provided optional manually controlled 
means for "extended leveling by lowering,' by 
the push button 8, Figure 3. When this button, 
Which is at the Operator's station, is pressed, 
current flows via wires 79, 82, push button 8, to 
Solenoid 8, also shown in Figure 1. Then any 
jack Whose A Solenoid is unenergized can drain 
into the Sump; that is, any corner that is not 
lower than its opposite, Will settle down to a 
lower position. 
I have also provided optional manual means for 

raising any corner that is not all out. These 
are the G push-buttons, which are also at the 
Operator's Station. Thus, if G is pressed, current 
passes to A Solenoid via wires 83 and 68; and 
as Al-5Sets W to allow flow to jack , the A-4 
starts the pump if f is not all out, this raises cor 
ner 1. 
These various push-buttons can at times be 

used to accelerate the process of leveling. 
The pressure SWitches, such as 26, Figure 1, 

are shown in Figure 3 at H. If the pressure in 
jack falls below the value for which the switch 
is Set, Switch H, which is the contactor 27 of 
Figure l, closes, allowing current to pass via 
Wires 84, 83, and 68, to solenoid Al, thereby clos 
ing relay A and sending current through Ei, 
thus having the same effect as the pressing of 
the push-button Gil just previously discussed. 
The only path from control feed wire 55 to the 

four mercury SWitches Ff, etc., is through hand 
SWitch 85, Wire 86, upper contact of relay 87 (to 
be described), wire 88 to a wire 89. The Wire 89 
Connects with a Wire 90 Connecting the normally 
low points of the individual mercury switches 
F and F3, which together constitute the switch 
unit F-F3; and with a similar wire in the 
SWitch unit F2-F4. Hand switch 85 allows a 
manual cutting out of the entire automatic level 
ing System, for example, during repairs, while still 
leaving the G push-buttons and the H pressure 
SWitches ready to perform their functions. 

Relay 87 is a magnetic relay, actuated by the 
energizing of Solenoid 9, which is in some circuit 
that is energized only when the machine is being 
propelled from one place to another. During 
propelling, the upper contact breaks all connec 
tion to the automatic leveling system; and the 
lower Contact closes, Sending power through Wire 
92, Solenoid 9, wires 93 and 94 to feed wire 54. 
Energizing of Solenoid 3 opens valve 3), Figure 
1, in pipe 29, which allows free communication 
between the pipes from two certain ones of the 
W-Valves to the corresponding jacks. Thus dur 
ing propelling, the automatic leveling being ren 
dered inoperative, the opening of this valve 30, 
Figure 1, Will prevent the machine from at any 
time Standing upon only three feet, owing to some 
unevenness of the ground over which it is passing. 

It is obvious that many features of my device, as 
explained above, could be reversed, while clearly 
remaining within the spirit of my invention. 
Such a reversal could be accomplished in various 
WayS. For example: We might reverse the action 
of the V-valves, by having them “normally’ (i.e., 
When their solenoids, Ef, etc., are unenergized), 
Set to allow pumping, instead of being open to 
draining. The individual mercury switches, Fi, 
F2, etc., would then each require to have a tilt op 
posite to that shown in Figure 3. And in place 
of the D-D3, D2-D4 relays for extended level 



ing by raising, we would have two relays for low 
ering opposite corners in pairs. But all Such 
changes, with the concomitant changes in the 
electrical diagram. Which they require, are Well 
within the ability of any competent engineer, and 
are therefore not herein illustrated, in order to 
avoid undue length of this application. 
Having noW completely described and illus 

trated one embodiment of my invention, it is evi 
dent that I have provided a completely automatic 
System, capable of leveling the largest portable 
machine, on any terrain except such as abso 
lutely demands longer jacks. 

I Wish it to be understood that my invention is 
not to be limited to the Specific form or arrange 
ment of parts hereinbefore described, except in 
sofar as such limitations are specified in the ap 
pended claims. 
I claim: 
1. A heavy mobile machine comprising: a base; 

four ground-engaging units; four jacks each be 
ing connected to and Supported by one of the 
fou; ground-engaging units, and all being con 
nected to and supporting the base; means to ex 
pand each jack; means to release each jack, so as 
to permit it to contract; two level-responsive 
control devices, each responsive to the departure 
from level of one of a pair of mutually perpendic 
ular normally horizontal lines in the base; con 
trols for the eXpanding and releasing of the jacks, 
including means to Set each jack to expand When 
its end of its diagonal is low; characterized by 
having means to prevent the application of power 
tending to expand any jack whenever either (a) 
it is fully extended, or (b) the diagonally oppo 
site jack is fully contracted and either or both of 
the other two jacks is fully extended. 

2. A heavy mobile machine comprising: a base; 
four ground-engaging units; four jacks, each be 
ing connected to and Supported by One of the four 
ground-engaging units, and all being connected to 
and supporting the base; means to expand each 
jack; means to release each jack, so as to permit 
it to contract; two level-responsive control de 
Vices, each responsive to the departure from level 
of one of a pair of mutually perpendicular nor 
mally horizontal lines in the base; controls for 
the expanding and releasing of the jacks, includ 
ing means to Set each jack to expand when its 
end of its diagonal is low; characterized by hav 
ing means to prevent the application of power 
tending to expand each jack Whenever the diag 
onally opposite jack is fully contracted and either 
or both of the other tWo jacks is fully extended. 

3. A heavy mobile unit according to claim 2, 
characterized further by having a Single fluid 
pressure pump to actuate selectively all four 
jacks, and further having means whereby, when 
any given jack is fully extended and its corner 
is low compared with the opposite corner, or 
When any given jack is fully contracted and its 
corner is high compared with the opposite corner, 
and in either case none of the other three jacks 
is in the Opposite extreme position, these other 
three jacks will be directly and simultaneously 
actuated to level the device. 

4. A heavy mobile unit according to claim 2, 
characterized further by having a single fluid 
preSSure pulp to actuate Selectively all four 
jacks, and further having means whereby, when 
any given jack is fully extended and its corner is 
low compared with the opposite corner, and none 
of the other three jacks is fully contracted, the 
Other three jacks Will be directly and simultane 
ously released. 
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5. A heavy mobile unit according to claim 2, 

characterized further by having a single fluid 
pressure pump to actuate selectively all four 
jacks, and further having means whereby, when 
any given jack is fully contracted and its corner 
is high compared With the opposite corner, and 
none of the other three jacks is fully extended, 
the other three jacks will be directly and simul taneously expanded. 

6. A heavy mobile unit according to claim 1, 
characterized further by having means, with re 
Spect to each jack, responsive to the pressure in 
Such jack, whereby, when the pressure in that 
jack falls below a predetermined minimum and 
that jack is not fully extended, that jack will be expanded. 

7. A heavy mobile unit according to claim 2, 
characterized further by having means, with re 
Spect to each jack, responsive to the pressure in 
such jack, whereby, when the pressure in that 
jack falls below a predetermined minimum and 
that jack is not fully extended, that jack will be expanded. 

8. A heavy mobile unit according to claim 1, 
characterized further by having means, with re 
Spect to each jack, responsive to the pressure in 
Such jack, whereby, when the pressure in any 
jack falls below a predetermined minimum and 
that jack is not in a predetermined extreme posi 
tion, that jack Will be actuated to assume Such a 
firm contact with the ground as will restore the 
pressure so as not to be below the predetermined 
minimum. 

9. A heavy mobile unit according to claim 2, 
characterized further by having means, with re 
Spect to each jack, responsive to the pressure in 
Such jack, whereby, when the pressure in any 
jack falls below a predetermined minimum and 
that jack is not in a predetermined extreme posi 
tion, that jack will be actuated to assume such a 
firm contact With the ground as Will restore the 
preSSure So as not to be below the predetermined 
minimum. 

10. A heavy mobile machine, comprising: a 
base, four ground-engaging units; four jacks, 
each being connected to and Supported by one of 
the four ground-engaging units, and all being 
connected to and Supporting the base; means to 
expand each jack; means to release each jack, 
SO as to permit it to contract; two level-responsive 
control devices, each responsive to the departure 
fron level of one of a pair of normally horizontal 
lines on the base, which lines are at substantially 
right angles to each other; characterized by hav 
ing means, With respect to each jack, responsive 
to the pressure in such jack, whereby, when the 
preSSure in any jack falls below a predetermined 
minimum and that jack is not fully extended, 
that jack Will be expanded. 

11. A heavy mobile machine, comprising: a 
base; four ground-engaging units; four jacks, 
each being connected to and supported by one 
Of the four ground-engaging units, all being con 
nected to and Supporting the base; means to ex 
pand each jack; means to release each jack, so 
as to permit it to contract; two level-responsive 
control devices, each responsive to the departure 
from level of one of a pair of normally horizontal 
lines On the base, which lines are at substantially 
right angles to each other; characterized by hav 
ing means, with respect to each jack, responsive 
to the pressure in such jack, whereby, when the 
preSSure in any jack falls below a predetermined 
minimum and that jack is not in a predetermined 
extreme position, that jack will be actuated to 
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assume Such a firin contact with the ground as 
Will restore the pressure so as not to be below the 
predetermined minimum. 

12. A heavy mobile machine, comprising: a 
base; four ground-engaging units; four fluid 
pressure jacks, each being connected to and Sup 
ported by one of the four ground-engaging units, 
and all being connected to and Supporting the 
base; means to expand each jack; means to re 
lease each jack, So as to permit it to contract; 
two level-responsive control devices, each re 
Sponsive to the departure from level of one of a 
pair of normally horizontal lines on the base, 
which lines are at Substantially right angles to 
each other; having also one single fluid pressure 
pump to actuate Selectively all four jacks, and a 
fiuid pressure piping System; characterized by 
the fact that the level-responsive control devices 
are electrical, and control the piping System to 
effect the transfer of fluid between the jacks; 
and further characterized by having means 
whereby, when any given jack is fully extended 
and its corner is low compared with the opposite 
corner, or When any given jackis fully contracted 
and its corner is high Compared With the Oppo 
site corner, and in either case none of the other 
three jacks is in the opposite extreme position, 
these other three jacks will be directly and Simul 
taneously actuated to level the device. 

13. A heavy mobile unit according to claim 12 
characterized further by having means, with re 
spect to each jack, responsive to the pressure in 
such jack, whereby, When the pressure in any jack 
falls below a predetermined minimum and that 
jack is not in a predetermined extreme position 
that jack will be actuated to assume Such a firm 
contact with the ground as will restore the pres 
Sure So as not to be below the predetermined 
minimum. 

14. A heavy mobile machine, comprising: a 
base; four ground-engaging units; four fluid 
pressure jacks, each being connected to and Sup 
ported by One of the four ground-engaging units, 
and all being connected to and Supporting the 
base; means to expand each jack; means to re 
lease each jack, so as to permit it to contract; two 
level-responsive control devices, each responsive 
to the departure from level of one of a pair of 
normally horizontal lines on the base, which lines 
are at Substantially right angles to each other; 
having also one single fluid pressure pump to 
actuate Selectively all four jacks, and a fluid pres 
Sure piping System; characterized by the fact that 
the level-responsive control devices are electrical, 
and control the piping System to effect the trans 
fer of fluid between the jacks; and further char 
acterized by having means whereby, when any 
given jack is fully extended and its corner is low 
compared with the opposite corner, or when any 
given jack is fully contracted and its corner is 
high compared with the opposite corner, and in 
either case none of the other three jacks is in the 
opposite extreme position, these other three jacks 
Will be directly and Simultaneously actuated to 
level the device; and by having means to render 
the leveling inoperative during travel of the ma 
chine; and by having means to change the Sup 
port to a three-point support on all four jacks 
during travel of the machine. 

15. A heavy mobile machine comprising: a 
base; four ground-engaging units; four fluid 
pressure jacks, each being connected to and Sup 
ported by one of the four ground-engaging units, 
and all being connected to and Supporting the 
base; means to expand each jack; means to re 
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7 
lease each jack, so as to permit it to contract; 
characterized by having a single fluid pressure 
pump to actuate Selectively all four jacks and by 
having means to level the machine within the 
limits of travel of the jacks, by mere interchange 
of fluid between the jacks; and by having means 
for directly and with complete simultaneity ef 
fecting extended leveling, whenever complete 
leveling by mere interchange of fluid is rendered 
impossible by reason of one jack reaching an ex 
treme position. 

16. A heavy mobile machine comprising: a 
base; four ground-engaging units; four fluid 
pressure jacks, each being connected to and Sup 
ported by one of the four ground-engaging units, 
and all being connected to and Supporting the 
base; means to expand each jack; means to re 
lease each jack, so as to permit it to contract; 
characterized by having a single fuid pressure 
pump to actuate Selectively all four jacks and by 
having means to level the machine within the 
limits of travel of the jacks, by mere interchange 
of fiuid between the jacks; and by having means 
for extended leveling, namely means whereby, 
When any given jack is fully extended and its 
corner is low compared with the opposite corner, 
or when any given jack is fully contracted and 
its corner is high compared with the opposite 
corner, and in either case none of the other three 
jacks is in the opposite extreme position, these 
other three jacks will be directly and simultane 
ously actuated to level the device. 

17. A heavy mobile machine according to claim 
16, characterized further by having means to ren 
der the leveling inoperative during travel of the 
machine, and for then changing the support to 
a three-point Support on all four jacks, by opening 
free communication between two of the jacks. 

18. A heavy mobile machine comprising: a 
base; four ground-engaging units; four jacks, 
each being Connected to and Supported by one of 
the four ground-engaging units, and all being 
connected to and Supporting the base; means to 
expand each jack; means to release each jack, so 
as to permit it to contract; tWO level-responsive 
control devices, each responsive to the departure 
from level of one of a pair of mutually perpendic 
ular normally horizontal lines in the base; con 
trols for the expanding and releasing of the jacks, 
including means to set each jack to release when 
its end of its diagonal is high; characterized by 
having means to prevent the releasing of any jack 
whenever either (a) it is fully contracted, or (b) 
the diagonally opposite jack is fully expanded 
and either or both of the other two jacks is fully 
contracted. 

19. A heavy nobile unit according to claim 18, 
characterized further by having means whereby, 
When any given jack is fully extended and its 
Corner is low compared with the opposite corner, 
or When any given jack is fully contracted and 
its corner is high compared with the opposite 
corner, and in either case none of the other three 
jacks is in the Opposite extreme position, these 
other three jacks will be directly and simultane 
Ously actuated to level the device. 

20. A heavy mobile machine comprising: a 
base; four ground-engaging units; four jacks, 
each being connected to and supported by one of 
the four ground-engaging units, and all being 
Connected to and Supporting the base; means to 
expand each jack; means to release each jack, 
SO as to permit it to contract; tWO level-respon 
Sive control devices, each responsive to the de 
parture from level of one of a pair of mutually 



S 
perpendicular normally horizontal lines in the 
base; controls for the expanding and releasing 
of the jacks, including means to set each jack 
to contract when its end of its diagonal is high; 
characterized by the fact that the jacks are fluid 
pressure jacks; that each jack is normally Set to 
receive fluid; that the controls are electrical; 
that there is a pump to force fluid into Selected 
jacks whenever the pump is actuated; that the 
level-responsive control is set to actuate the pump 
When and only when at least one diagonal is un 
level; that as to each jack there is an electric 
circuit to actuate the pump and to set the jack 
to discharge fluid when the corner at that jack is 
higher than the opposite corner, this circuit con 
sisting of two halves which are in series: the first 
half consisting of two parallels, of which paral 
lels one passes through a Switch hereinafter 
called I, and the other passes through three 
switches hereinafter called II, III, IV, respective 
ly; and the second half of Said circuit consisting 
of two parallels, of which parallels one passes 
through a Switch hereinafter called V, and the 
other passes through two SWitches hereinafter 
called VI, VII, respectively: all said switches be 
ing normally closed, I opening when the jack. 
opposite to the given jack is fully expanded, II 
and W opening when the given jack is fully con 
tracted, III opening when one of the jacks adja 
cent to the given jack is fully contracted, IV 
opening when the other of the adjacent jacks is 
fully contracted, WI opening when one of the ad 
jacent jacks is fully expanded, and VII opening 
When the other of the adjacent jacks is fully ex 
panded. 

21. A heavy mobile machine comprising: a 
base; four ground-engaging units; four jacks 
each being connected to and Supported by One of 
the four ground-engaging units, and all being 
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connected to and supporting the base; means to 
vary the effective length of each jack between 
extreme positions of full contraction and full ex 
pansion; two level-responsive control devices, 
each responsive to the departure from level of 
one of a pair of mutually perpendicular normally 
horizontal lines in the base; controls for varying 
the effective length of the jacks, including means 
to set each jack to vary when its diagonal is un 
level; characterized by having means to prevent 
the application of power tending to vary any 
given jack in the direction of or beyond One of 
its extreme positions whenever either (a) the 
given jack is in that extreme position, or (b) the 
jack diagonally opposite the given jack is in the 
other extreme position and either or both of the 
other two jacks is in the extreme position of the 
given jack. 

22. A heavy mobile machine comprising: a 
base; four ground-engaging units; four jacks, 
each being connected to and Supported by one of 
the four ground-engaging units, and all being 
connected to and Supporting the base; means to 
vary the effective length of each jack between 
extreme positions of full contraction and full 
expansion; two level-responsive control devices, 
each responsive to the departure from level of one 
of a pair of mutually perpendicular normally 
horizontal lines in the base; controls for varying 
the effective length of the jacks, including means 
to set each jack to vary when its diagonal is un 
level; characterized by having means to prevent 
the application of power tending to vary any 
given jack in the direction of or beyond one of its 
extreme positions whenever the diagonally oppo 
site jack is in the other extreme position and 
either or both of the other tWOjacks is in the ex 
treme position of the given jack, 
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