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UNITED STATES

1,556,595

PATENT OFFICE.

WILLIARD R. EWING, OF CHICAGO, I’LLI'IV\?OZES',',ASVS\IGN‘QR"I‘O"MQW_I:iJI;IAM"S‘ DREDGING
COMPANY, OF CHICAGO, ILLINOIS, A CORPORATION OF ILLINOIS. '

EXCAVATOR-CONTROLLING APPARATUS.

Application  filed Tune 8,

To'all whony it may concern

Be it known that I, Witrtaro Ri Ewixe,:
@ citizen: of the United Stites; and'a resident
of Chicago, in the county of Cook and' State
of Illinois; have invehted certain’ new and
useful Improvements' in Excavator-Control-
ling Apparatus, of which' the following is a
specification: »

[y invention relates to-excavator control-
Ling apparatus and is particularly useful I
cofitiection with excavators in' which the
bucket controlling boom is swung- through
maximuii range and to a long reéich inorder
to: deposit- excavated material at great dis-
tances from thie point of eéxcavition, as for
example in- dragline excdvators o' in exca-
vators where the  bucket travels directly
aloiig tlie booni. _

In excavators of this type where the
bucket i of large capacity and considerable
weiglit' the overcoming of the’ inertia is’a
seriotis problem.  Where a-steam enging or
othet variable speed engine isused for diiv-
ing’ the: booiti swinging: druims- thie boom' can
be readily gradually started sind stopped.
tlowever, gasoline aiid oil explosive engines
are comifig into use oneXcavators and such

éiipines have: of themselves practically no

speed coritrol and. for this: reason’ the length
¢t boont Hag been' necessarily limited:: The
usual arrangenient has beén to interpose for-
ward-and reverse gearing traiiis between the
enghie #iid the swing controlliiig apparatus,
the connection of the traing with the driving’
shaft being controlled by clutches operated
by air pressure. With a- sibgle forward
driving train and a single reverse driving
train- the friction’ clutches will not hold on
accdunt of the tremendous inertia wheré the
Looni is long and the buckets of large capac-
ity. One of the important objects of my in-
vehtibii- is' therefore to provide for more
dradually and powerfully starting aid
swinging the boom and for st'opfﬂihg it. In
accordince with my inveition I provide a
low speed’ gearing train and a high speed
gearing train for controlling the swing of

fhe boori ifi° one diréction’ and also a' low

speed gearing train’ dnd a high speed gear-
ing train’ for controlling the swiig in the
opposite direction, the connection of each
train: with: the engiie drive shait being con-
trolled by a brake band or chitch: operated
by air’ pressure with the available pressure
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for the low speed: train' controlled- so’ that.
it will: be’ impossible to' start or’ stop: the’
boom too suddenly. With' my improved ar-
rangement ech' set’ of low and high gearitig:
trains may be used to pesitively swing’ the
boom' in one ditection’ or 'to gradially brake
the swing and:to bring:the booii to & stop.
Another important object 6f my invention
is to efficiently control the- operation: of the
clutches' and gearing’ trains in' proper  se-
quence’ by means of a single lever. The
above and other featurés of my invention:
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gre’ ircorporated in the structure shown: on’

the accompanying drawing, in’ which—

Fig: 1 ig'a side elevational view of an ex-
cavator,

Fig. 2 is an enlarged plan: view more or
less’ diagrammatic of the controlling ma-
chinery, : '

Fig. 8 is an eilarged side elevational view
of the air pregsure controlling mechanism
and’ its connection with' the: clutchi mecha-
nism, '

Tig: 4 ig an’enlarged’side elevational vieir
of thig: valve stritctures and coiitrolling mech:
anism Wwith' parts broken:away,

Tig. 5 is a' plani view of the parts shown'
i Figt 4,

Fig. 6 is « sectioiial view on’ plane 6—6;
Fig. 4 showing the arrangement of the valve
controlling levers on the valve stems, and’
Fig. 7 18 a séctional view on plane 7—T7,
Fig. 5 showing' the valve construction and
operation. »

The excavator shown in Fig. 1 is of the
drag litie' type,; the base 10 supporting the
plattorm 11 which is pivoted for rotational
movenient at 12 by any suitable mechanisi.
The boomi: 13 is hinged at its inmer eid to
the front end of the platform’in: any suit-
ablé manner, its outer end being' coniected
by suitable tackle 14 with the tower 15
mounted on the pliatform: The bucket 1618
raised and’ lowered’ by means of tackle 17
anid its excavating operation-is controlled by
the drag line 18 all in' the well' known
manner. ¥ )

On' the platform- ist mhounted the gasoline
or oil engine E- whose driving shaft 19 1s
connected by belt 20" with the counter shaft
91 which is journaled in the framework 22.
In this framework dre journaled the various
hoisting and loading drum structures de-
sighated as a whole' ﬁ, and the various gear’-
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ing trains G which connect the drum struc-
tures with the counter shaft 21.

For the purposes of my invention I extend
one of the shafts 23 from the housing 22 and
journal its outer end in the bearing frame-
work 24. A gear 25 at the end of this shaft
meshes with the gear 26 on the end of the

shaft 27 which is parallel with the shaft 23

and is journaled in the framework 24 and
framework 22. Between these shafts is the
drum shaft 28 journaled in the framework
22 and 24 and supporting the boom swing
controlling drum 29. The shaft 23 is driven
at substantially constant speed and through
the gears 25 and 26 the shaft 27 is rotated
in the opposite direction. Normally loose
on the shaft 23 is the gear 30 which meshes
with the pinion 31 secured on the drum
shaft 28, and on the reverse shaft 27 is the
gear 32 normally loose on the shaft and
which also meshes with the pinion 31. Nor-
mally loose on the shafts 28 and 27 are the
gears 33 and 34 which mesh with the gear
35 secured to the drum shaft, this gear being
larger than the pinion 81 and the gears 33
and 34 being smaller than the gears 30 and
32. Suitable friction clutch mechanisms 36,
37, 38 and 39 are associated with the gears
30, 33, 84 and 32 respectively and air rams
40, 41, 42 and 43 are associated with the
clutches 36, 37, 38 and 39 respectively for
controlling the operation thereof to couple
the respective gears with the shafts 23 and
27 so that either forward or reverse rotation
of the drum may result at either low or
high speed, and the boom swung laterally
accordingly. As will be disclosed more
clearly later the clutches can be operated to
gradually connect the gears to the respective
shafts or gradually release them therefrom
and the clutches may also act as friction
brakes.

Secured on the base 10 concentric with the
pivot connection 12 is the track 44 around
which engages the cable 45, the cable being
guided around suitable pulleys 46 to the
upper side of the platform where it loops
around the drum 29 as clearly shown in
Tigs. 2 and 3. 'When the drum 29 is rotated
the platform with the boom thereon will be
swung around in the corresponding direc-
tion in a manner well understood in the art.

In Figs. 3, 4 and 5 my improved control-
ling system and apparatus for the various
pneumatic clutch mechanisms is shown. On
the supporting framework 47 are mounted
the slide bearings 48 and 49 in which is
slidable a bar 50 having rack teeth 51 on its
upper edge. On the bearing 48 is the
standard 52 at whose upper end is pivoted
the operating lever 53, the lever having the
segmental lower end 54 provided with gear
teeth 55 which mesh with the teeth of the
pinion 56 on the shaft 57, the shaft support-
ing also the gear 58 which meshes with the
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rack teeth 51, 'When the lever is swung the
b?r 50 will therefore be reciprocated later-
ally.

Intermediate the bearings 48 and 49 the
bar 50 has secured to it the frame 59 which
at its upper side journals the abutment
roller 60 on the pin 61. At its lower corners
the frame has the pins 62 and 63 which jour-
nal the abutment rollers 64 and 65 respec-
tively, between these rollers the cam plate
66 depends from the frame.

At one side of the bar 50 is a row of valve
structures 67, 68, 69 and 70 each constructed
as shown best in Fig. 7. Within the body
of each valve structure is a cylindrical valve
71 having the diametral port 72 and the
side port 73 at right angles thereto. At its
lower end each valve body has the exhaust
port 74 and these ports all connect with the
exhaust manifold 75 leading to the exhaust
pipe 76. At its upper end each valve body
has the outlet port 77, these ports communi-
cating with the pipes 78, 79, 80 and 81 re-
spectively which lead to the pneumatic rams
40, 41, 42 and 43 respectively which control
the clutch mechanisms for the respective
forward and reversing gearing trains con-
trolling the boom swinging drum.

Below the bar 50 there is a row of pres-
sure regulating valve structures 82, 83, 84
and 85 connected at their outlet ends by
pipes 86 with the inlet ports 87 of the valve
structures 67, 68, 69 and 70 respectively, a
manifold 88 connecting with the inlets of
the pressure regulating valve structures, the
manifeld being connected by pipe 89 with
the air compressor C shown on Fig. 2. The
pressure regulating valve may be of stand-
ard construction and I have shown only the
valve stems 90, which project upwardly in
the path of the cam plate 66 on the frame
59, the cam edge of this plate being beveled
at its ends in order to gradually press down
the valve stems with which the plate co-
operates during shifting of the bar 50, sc
that the pressure will be gradually released
and gradually shut off.

Kach of the air valves 67, 68, 69 and 70
has a valve stem 91 extending laterally
therefrom toward the bar 50, the stems hav-
ing lever mechanisms secured thereto in the
paths of the rollers 60, 64 and 65. On the
stem for the air valve 67 is mounted the
bell crank lever having the forward and
reverse arms 92 and 93 for cooperating with
the roller 60 to effect opening and closing
of the valve, the arm 92 extending normally
upwardly and the arm 93 inwardly. On the

valve stem of the valve 70 is secured a simi- -

lar lever having the forward and reverse
arms 94 and 95 extending respectively up-
wardly and inwardly to be engaged by the
roller 60 to effect opening or closing of the
valve. These valves 67 and 90 receive air
supply from the regulating valve structures
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82 and 85 and deliver the gir to the high
speed elufeh structures 36 and 39 of the
beom swinging drum contralling mechanism.

The squared end of the valyve stem of the

- air yalve 68 has secured thereto. a hub 96
(Fig. 6) from which extends the lever arm

97, the arm extending normslly laterally
outwardly as shown in Fig. 4. Retatable en
the hub. 96. is the pawl arm 98 engaged by
one end of the spring 99 coiled areund the
hub 96 and seeured at its other end thereto.

The spring tends te hold the pawl arm 98 at
right angles to the lever 97 and against the
abutment pin 100 extending from: the lever

97. The pawl arm nermally extends up-
wardly in the path of the upper abutment
roller 60. ‘ :

The valve stem for the valve 69 has the
same lever arrangement thereon as the valve

. 68, the arm 101 being secured to the valve

stem and extending normally laterally out-
wardly, while the pawl arm 102 is rotatable
on the lever 101 and extends normally up-
wardly and is held by its spring in engage-
ment with the abutment pin 103.
Describing now the operation, the econ-
trolling lever 53 is normally in vertical posi-
tion with the frame 59 pesitioned to hold

the abutment roller 60 midway between the.
upwardly extending pawl arms 98 and 102

and: with: the abutment rollers 64 and 65 be-

low the levers 97 and 161, the cam plate 66

being midway between the pressure regulat-
ing valve structyres 83 and 84, all as shown
in Figs. 3, 4 and 5. The valves 67, 48, 69
and 70 gre normally closed to. compressed air
flow and in position to exhaust the respees-
tive eluteh comtrolling rams. Tf it is de-
sized to swing the boom 13 to the right (Fig.
2y the lever 53. (Fig. 8) 1s swung toward
the right. The frame 59 will then be ear-
ried toward the right by the bar 50 and the
roller 60 will abut against the pawl arm 98.
As this pawl arm abuts against the lever 97
the stem: and valve of the air valve: strue-
ture 68 will be rotated to effect communiea-

tion hetween the pipe 79 and the pipe 86
leading to the pressnre regulating valve
structure 83. As the frame 59 continues to’
) travel the valve 68 will be completely opened

and the lever 97 will extend downwardly.
After opening of the valve 68 the cam plate
66 will gradually engage the stem 90 of the
regnlator valve 83 and as the cam plate is
beveled it will gradually depress the valve
stem: so. that air under gradually inereasing

pressure will flow threngh the air valve 68
and through pipe 79 to the air ram 41 which-

controls the pneumatie clutch 37, and the
cluteh will he operated to gradually couple
the gear 33 fio the shaft 23. The drmm 29

will then be powerfully and slowly started

to. ¢ause travel of the ‘cable 45, and as this

cable engages the track 44 secured on the
5 base 10 the platform 11 will he revolved fo

cause the boom to swing toward the right.
When the lowermost peint of the capm plate
66 engages with the stem of the regulating
valwe: 83 the valve will be wide open and
will deliver the maximum pressure for which
itis designed. After the bepom has thus been
slawly and powerfplly started from a state
of rest through the low speed train 33, 35,
apgd: the plate 6G continues to travel to- the
right the regulating valve 83 will be gradu-
ally elosed, and then the abubment roller 63
will engage with the depending lever 97
and will rotate the lever structure back to
nermal pesition so-that the air flow to the
low speed gearipg train 33—35 is shut off,
The ahutment reller 60 will then engcage
with the arm 92 of the air valve 67 gad this
valve will be opened so that when the cam
plate 66 travels over the stem of the regu-
lating valve 82 air at gradually increasing
pressure will flow through pipe 78 te the
air ram 40 which controls the operation of
the clutch 36, apd the high speed gearing
train 30—31 will become effective to rotgte

. the drum 29 at increased speed se that the

boom which has been slowly and pewerfully
started will be rapidly swung toward the

position desired. . ,
After the boomn with the heavy loaded

‘bueket thereon has aeguired considerable

speed it has also acquired a corresponding
inertig apd it must be gradually stopped be-
fore the bucket is ynloaded, and then gradu-
ally and pewerfully staried in refurn diree-
tion for anether loading eperation. After
suflicient driving feree has been applied to
swing the boom toward the place desired the
attendant swings the lever 53 in the opposite
direction to eause the frame 59 to meve to-
wgrd its nermal position. During such
movement the cam plate 66 is first removed
frem the stem of the regnlating valve 82 to
shut off the air, and then the abutment roller
60 engages with the new upstanding arm
93 of the valve 67 so that this valve will be
returned to closed pesition. After leaying
the valve 67 the rgller 60 will engage with
the pawl arm 98 of the valve 68 which was
reclosed by the roller 65 when it traveled
to the right. The arm 98 when thus engaged
by the roller 60 will merely swing away
from the pin 100 against the force of the
spring 99 and as soon as the roller has
traveled past the arm 98 will be restored by
the spring to normal position in abutment
with the pin. During this back travel of
the frame 59 the cam plate 66 traveled
against the stem of the regulating valve 83.
but as the valve 68 was closed during that
time there was no flow of air. '

As the frame 59 continues toward the
left the. cam roller 60 will eooperate with
the lever 102 of the valve 69 and this valve
will he opened preparatory to opening eof
the regulating valve 8¢ by the cam plate
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66, and air will then flow through the pipe
80 to the air ram 42 which controls the
pneumatic clutch 38 for the gear 34 on the
reverse shaft 27. DBefore the valve 69 was
opened the boom was swinging along under
inertia, but as air is gradually applied
to the clutch 38 braking effort will be
gradually applied to the drum 29 through
the low speed gearing train 34—35. After
this plehmlnflry br aklno effort the roller 60
will cooperate with the lever arm 94 of the
valve 70 and this valve will be opened and
air gradually admitted as the cam plate
travels over the stem of the regulating valve
85, and this air is delivered throucrh the
pipe 81 to the ram 43 which controls the
pneumatic clutch 81 for the high speed
gearing train 32—31. Thus the operator
after having started the braking operation
through the low speed train can shift to
the high speed train to increase the brak-
ing effort and quickly bring the boom to
rest. The boom having been brought to
rest and the bucket having been unloaded
the operator swings the lever 53 back to
normal position, this movement causing the
valve 70 to be closed by cooperation of the
roller 60 with the lever 95, and the cam
plate 66 to be released from the valve 85.
The travel of the cam plate over the valve
84 produces no air flow as the valve 69 was
reclosed by cooperation of the roller 64
with the lever 101 immediately after the
cam plate left the valve 84 on its travel to
the left. The travel of the roller 60 toward
the right has no effect on the valve 69 as
the pawl 102 will merely rotate relative
to the valve stem and against the force of
the spring, to be returned to normal posi-
tion by the spring after the roller has re-
leased it.

The Iever 58 and frame 59 are now back
to normal position and to positively swing
the boom 13 toward the left for another
loading operation the lever 53 is swung to-
ward the left. The valve 69 will first be
opened by the roller 60 and air controlled
by the valve 84 is delivered through the
pipe 80 into the clutch mechanism 38 and
the gear trai 35 becomes effective to
positively, powerfully and slowly start the
boom swinging toward the left. The valve
69 is then-reclosed by the voller 64-and the
regulating valve 84 is closed, the roller 60
then causing opening of the valve 70 and
the cam plate cooperates with the regulator
valve 85 to admit air to the clutch mech-
anism 39 so that the high speed gearing
train 82—31 becomes effective to take up
the swing of the boom at increasing speed.
The lever is then shifted back to the right
to reclose the valves 85 and 70 and the boom
is then pneumatically braked first through
the valve 68 and then through the valve 67,
and after it has come to rest the lever 53

“control.
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is swung back toward the left to normal po-
sition and the excavator is ready for an-
othér loading operation. Under certain
conditions it will be necessary only to use
the low pressure low speed drum driving
trains, as for example where the boom is

70

swung slowly or through short distances, -

the operator then Shlftlno' the controlhncr
lever 53 only a sufficient distance to cause
operation of the valves 68 and 69 and their
pressure regulating valve structures 83 and
84. However when greater speed is de-
sirable the valves 67 and 70 are brought
into play and the high speed gearing trains
utilized, and then the low speed trains will
necessarily cooperate and prevent extraor-
dinary inertia strain and thus protect the
apparatus besides enabling the boom to be
started with greater power and without slip-
page at the clutches particularly when the
load is heavy.

With my improved valve controlling ar-
rangement the operator need only swing a
single lever either in one direction or the
other, the sequence of operation of the valve
structures being automatically controlled
and regulated so that there can be no chance
for confusion and the operator will have
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the swinging of the boom under absolute -

My improved arrangement re-
quires no special expensive parts, as stand-
ard valve structures can be utilized. The
present types of excavators can therefore
be readily and inexpensively fitted with my
improved boom swinging controlling ap-
paratus and the capfwlty and range 01eat1y
increased.

I do not desire to be limited to the exact
construction and arrangement shown and
described, as modifications are possible
which would still come within the scope of
the invention.

I claim as follows:

1. In apparatus of the class described, the
combination of a rotary member, an engine,
a forward driving shaft and a reverse driv-
ing shaft connected with said engine, a low
speed transmission {rain and a high speed
transmission train between said forward
driving shaft and said rotary member, a low
speed transmlssmn train and a high speed
transmission train between ald reverse
driving shaft and said rotary member,

means _for connecting said trains with the

respective shafts, and means for preventing
connection of either high speed train until
its associated low speed train has been effec-
tive. '

2. In apparatus of the class described, the
combination of a rotary member, a forward
driving shaft and a reverse d11v1no shaft
for sald rotary member, a low speed trans-
mission train and a high speed transmission
train between each shaft and said rotary
member, pieumatic clutch mechanism for
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each train, an air controlling valve for each
clutch mechanism, said valves being ar-
ranged in a row, and actuator mechanism
for consecutively actuating said valves to
cause operation of the corresponding clutch
mechanisms and the transmission trains
controlled thereby.

3. In apparatus of the class descrlbed the
combination of a rotary member, a forward
and a reverse driving shaft for said rotary
member, a low speed and a high speed trans-
mission train between each shaft and said
rotary member, a pneumatic clutch mecha-
nism for each train, an air valve for each
clutch mechanism, said valves being ar-
ranged in a row with those for the clutch
mechanism of the low speed trains in the
middle, and a valve actuating member nor-
mally positioned between said middle valves

and shiftable between said normal position

and the ends of said row whereby either
high speed train can be connected for opera-
tion only after its associated low speed train
has been operated.

4. In apparatus of the class described, the
combination of a rotary member, a forward
and a reverse driving shaft associated with
said rotary member, a low speed gearing
train and a high speed gearing train between
each shaft and said rotary member, pneu-
matic clutch mechanism for each train for
connecting it in service, air flow controlling
mechanism for each clutch mechanism,
means for consecutively actuating said air
flow controlling mechanisms to cause either
low speed train to become effective before its
assoclated high speed train is connected, and
means for regulating the pressure of the air
delivered to the clutch mechanisms.

5. In apparatus of the class described,the
combination of a rotary member, a dr1V1n0'
shaft associated with said rotary member, a
low speed transmission frain and a hlfrh
speed transmission train between said shaft
and member, pneumatic clutch mechanism

associated with each train, an air valve for
each clutch mechanism for controlling the
flow of air thereto, a pressure regulating
valve associated with each air valve for con-
trolling the pressure of the air, and actuat-
Ing mechanism for actuating said valves and
for causing full opening of the air valves
before operation of the associated regulating
valves, »

6. In apparatus of the class described, the
combination of a rotary member, a driving
shaft for the rotary member, a low speed
transmission train and a high speed trans-
mission train between said shaft and mem-
ber, pneumatic clutch mechanism for each
train, an air valve for each clutch mecha-
nism, a pressure regulating valve associated
with each air valve, and actuating mecha-
nism for said valves restricted in its move-
ments to operate first the low speed train air
valve and its associated regulating valve and
then the high speed train air valve and its
associated regulating valve.

7. In apparatus of the class described, the
combination of a rotary member, a forward
driving shaft and a reverse driving shaft
associated with said rotary member a for-
ward low speed train and a forward high
speed train between said forward drlvmo'
shaft and said member, a low speed reverse
train and a high speed reverse train between
said reverse shaft and said member, pneu-
matic clutch mechanism associated with each
train, an air valve for controlling the flow
of air to each clutch mechanism, a pressure
regulating valve associated with each air
valve, and actuating mechanism associated
with said valves and restricted in its move-
ment to cause operation first of a low speed
train air valve and its associated regulating
valve before the associated high speed train
and its regulating valve can be operated.

In witness Whereof, I hereunto subscribe
my name this 5th day of June, A. D. 1923.

WILLIARD R. EWING.
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