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INTH{ODUCTION

an has always been surrounded by sreat resources,
but it is only to the extent that he could use these
resources that they have been of value to him. The
first great step in the utilization of these resources
was the application of simple hand tools to nis every-
day necessities. Today, complex and powerful machines
roar across the face of the earth bullding roads,
moving mountains, digging great holes and turning the
centuries old courses of rivers,

Machinery has not yet reached its maximum development
but it has reached a point wnere the degree of intelligent
application of tools, detailed efficiency in their use
and continued striving for hirher production are the
fundamental considerations deciding the extent to which
a user is successful,

Althouzh fundamental in scope, 1t is hoped that the
material in tais thesis will create interest and under-
standing in the theory and application of surface earth

moving machines.



POWZR SHoUVaLs AnD ChARES

To properly discuss the theory of the design of a
piece of equipment one should have at least some know=-
ledge of the basic operations of the machine. In the case
of power shovels and cranes, the four basic owperations may
be swmmed up as follows: (1) crowdinz, the forcing of the
dipper into tne eartn, (2) hoisting, the pulling of the
dipper throush the earth and 1lifting of it above the dizging
level, (3) swinging, the horizontal transfer of the dipper
from one point to another, (l}) travelin;, tae movinz of the
machine from one place to anotiner. These four basic oper=
ations apply to all power shovels and cranes, but there are
many ways of accomplishing them.

To start on a discussion of the machines tinemselves it
would probably be best to divide them into their major com-
ponents. The first major component to be taken into consid=-
eration is tThe revolving superstructure., Tne revolvin:
superstructure is a platform on which are mounted the engine
and tne mechanism which permits hoistin~ and swinging as well
as the transmission of travel power. The superstructure as
a whole is made up of tne followin; elements.

(1) The bed plate is tine foundation on which is mounted

all of tne operating mechanism. This plate may be of cast



steel or welded construction, Boom hingje brackets are pro-
vided at the front end of the bed plate for attacnin . the
front end operating equipment.

(2) On the bed plate is erected the A rrame and machinery
frame.

The A Irame consists of a triangular structure nade up
of the bed plate, a vertical member, and slantin:; front struts.
The A Frame provides an elevated position for the boom der-
ricking lead sheaves and cables which support the boom equip-
ment. It also helps absorb tne stresses of the boom pull,

The Iachinery rame furnisies the means of attachin:; the
power shaftinz, the opneratinz equipment, etc.

(3) Tue power equipment may be gasoline, Diesel or elec-
tric. These internal combustion en;ines are of the hich
toraue, industrial tyve with speeds of 800 to 1300 R.P.il.

Any standard commercial type of electric motor may be used.

(l4) The power take off and transmission furnishes the
means wherceby the power from the power eculpment may be
transmitted to the operating equipment. The first step is a
power take off which may be throusth a plate disc clutch or a
hydraulic coupling. The powver then soes tihroush a speed re-
duction assembly consistingz of a train of 7iears, a chain drive
or a coribination of the two.

To further explain tne operations of the revolvinz super-
structure the operation of the equlipment mounted on tne bed

plate should be explained. The boom on any macnine may be
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raised or lowered through an arc, pivotinsz about its soint
of attachment at tne front of the bed plate. This is !mowm
as boom derricking or lowerins, and a boom hoist or derrick-
ing device must be installed on the revolving sugerstructure.

The hoisting mechanism providés a method of 1liftin; or
lowerin : loads in a verticsl glane., Tne hoisting wecnanism
usually consists of two drums wnich may be mounted side by
side on one shaft or on two shafts in tandem.

Bach hoist drun is controlled independently by a clutch
and a brake. The controls actuating tne clutches may be
strai ht mechanical, mecnenical withh booster clutches, hydrau-
lic air or vacuum. Usual liftin - operations may reguire only
one drum wnich i1s called tuae [lain Holst. However two drums
are provided to accommodate clamsnell and drazline service .
and tne second drum 1s called tne Secondary ioist drum.

The entire supgerstructure or turntable may be revolved
throu:h 300 de rees in eitner direction. This is accomplishe-
ed tnroush the swin: mechanism. The swin; mechanism consists
of a vertical swing shaft and the proper mechanism and swing
clutches on the suverstructure so that the vertical shaft
and consequently the suoerstructure may be rotated in either
direction.

The povier mecnanism and control clutcnes for propelling
the traveling crawler or wheel mountings are provided by the
travel mecnanism on the superstructure.

The transference of the propellin’; power from the super-

structure into the mounting requires a vertical travel shaft



much like the swin;; shaft. This shaft is located at the axis
or center of rotation of tne superstructure. Through suit-
able clutches tne operator may select the proger direction of
rotation for forward or reverse travel.

The second major component of the shovel 1s the mount-
ing. There are three types of mountings: crawler mountings,
truck nountings, and wheel mountings,

In general, crawler mountings are those of the track
laying type with two parallel continuous crawler or tread
belts. Tne crawler mounting consists of four primary varts
as follows,.

(1) Tnhe crawler car body which transfers the revolving
superstructure and weight into the crawler frame. It also
houses the vertical and horizontal propellins shafts, and
the clutches or brakes which control crawler steering.

(2) The crawler frame, on which the crawler car body
rests and is secured, includes the side frames, rollers, and
final end drive mechanism., The crawler frame serves the
further purpose of distributing the weisht loads over a mﬁch
greater area,

(3) The crawler tread consists of tread shoes or links
which are pin hinged together in a continuous belt and which
fit around the side frames. The length and width of the
tread belt provides considerable ground bearing area winich
gives further weight distribution resulting in the low ground

pressure that enables the crawler mounting to overcome many
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soft-ground conditions.,

(4) The power flow or final drive to the crawler tread
belts may be cheins or gears. Either method transmits the
propelling unit along the ground, Crawler mounting speeds
usually range from 1/2 to 2 miles per hour and one or more
travel speeds may be available.

In addition to the crawler mountings just discussed,
the revolving superstructures or turntables of power shovels
and cranes may be mounted on rubber tired mountings of which
there are two main classifications: truck mountings and wheel
mountings

Truck mountingsmay be heavy duty cormercial motor-truclks,
reinforced and modified as necessary for the mounting of
shovels and cranes, or they may be chassis specially desi ned
by crane manufactures for this purpose. Generally the
chassis is called a carrier.

Sucnh units of either type are lmovm as two-en;ine truck
mountings because a separate and second engine is provided
to propel the mountings on which the turntable is mounted.
There is also a desisgn in which the carrier engine is used
to drive the mechanism on the superstructure,

Truck mountings may be supported by two or tuaree axles
end the method of cdrivin: the carrier wheels may de cunain
or gear drive. Drives are designated by standard automotive
nomenclature as follows: (1) two axles with rear axle driven

is hx2, (2) two axles with front and rear axles driven is lxl,
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(3) three axles with the two rear axles driven is 6xly,

(1) three axles with three axles driven is 6x6. In other
words the first nunber in the desi_nation is tue total number
of wheels, and the second number in the designation is the
nwiber of driven wheels,

Two enzine truck mountin.-s usually have 2 ran:e of
four to ten speeds forward and two speeds reverse., The top
speed of the above truclk mountinzs is usually avout 30 miles
per hour.

Wheel mountin;~, that is, sinrle en-ine mountings are
also rubber tired mountings., They differ from the truck
mountings just discussed in that they have only one engine
for powerin; both the su.erstructure ecuipment and to propel
the carrier. Tnis enctine is mounted on the sugerstructure,
Different mountinss are described as 06x6, Oxl, Lxl, Lx2,
following the same manner of designation as described for
truck mountings,.

“heel mountings require a specially designed chassis,
Also all controls for steering, brakin-~, rear saifting, ete.
are located In the operator's cab.

YWheel mountings also differ from truck mountin:s in that
they usually afford a ran-e of one to four speeds with a top
speed of approximately ten to twenty miles per hour,

In addition to the types of mountincs alread; discussed
there are several types of special mountinzs which are
designed to do a specific type of job. Tihres of these special

mountings are (1) the pier or stationary mountings, (2) the
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portal or gantry mountins wnich is a hi;ih structual steel
mounting taat travels on rails, (3) barge mountings.

The next major coﬁponent of tiae power snovel to be dis-
cussed is the front end oseratin; equipment. Tnere are five
basic types of front ends wnich are intercaan;eable. They
are the shovel, crane, clamshell, drasline, and baci hoe.

Since tne saovel boom is ?robably tne most fundamental
and most widely used type of front end it will ve described
first.

Shovel boomn ecuipment includes tne shovel, tine boom
orogser, the dipoer stick and the dipper stick trip mechanism.
In addition it includes some mecnanism on the superstructure
for crowdin; and retractin: the dipper stick,

The dipper stick is mounted about halfway up thne boom
on the shipper snaft, and slides back and forth relative
to the boom. The front end of the stick, carrying the
dipper, may be raised or lowered as tne stick may be pivoted
about the shipoer shaft at any point alonz tne lenzth of the
sticke.

Tne operations involved in shovel work are:

(1) The hoisting operstion by which the dipper
is pulled throush tae material bein: duc,.

(2) The crowding operation by which the dipper
is thrust or forced throu;h the material
bein; duzg.

(3) The retracting operation by which the dipper

is withdrawvn or pulled out of trne material
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belng dug.
(u) Hoisting and crowdinz are usually employed

simultaneously in the dizsing cycle to

force the dipper into the material at the

same time it is beinn pulled throuch the

rnaterial,

mxcept when an individual electric motor is used, power

for crowdins and retracting is transmitted from tne super-
structure to the boom by a system of chains or cables or a
combination of the two. In order to give a clearer picture
of the three main types of crowding mechanisms a more de-
tailed explanation is necessary. The first type, the inde-
pendent or positive cnain crowd recuires the use of only one
drum on the suverstructure. This is the holist drum which
controls the hoist cable used to raise and lower the dipver,
This metnod does reqgquire that the superstructure be eculpped
with a separate crowd shaft or some type of reversable shaft
which may be rotated in either direction so it can actuate
the chain drive in either direction. The chain crowd drive
extends from the crowd shaft or reversing mechanism on the
superstructure to the boom foot and then up the boom to the
shipper shaft. Thus by controlling the direction of the crowd
shaft on the superstructure, the shipper shaft pinion may be
rotated in elther direction so that the dip;er stick may be
crowded or retracted. 1In this desizn hoistins may be inde-
pendent of crowding or retracting, or may bve used in combin-

o9

ation with either crowding or retracting.
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In this type of crowd, power is transmitted from the
shiprer shaft to tne diprer stick, and thus to the dipper,
by a rack and pinion drive which consists of a geared pinion
on the shipper snaft which meshes with a rack or flat gear
on the dipper sticke.

The second type of crowd mecnanism is tne independent
cr positive cable crowd., The cnaracteristics of this me-
chanism are very similar to those of the cnain crowd. In
this desi;;n, however, cables replace the cnains, and two cablk
drums are reauired on tne surserstructure. One of tne drums
is used to hoist the dipver by means of tne noist cable.
Tne other drum 1s reversible and is used to operate the crowd
and retract cables. The drum to which the separate crowd
and retract cables are attached must be reversible so as to
provide for the »pull of the cables in either direction to

effect crowding or retracting; the dipper. In this case when

the crowd cable is wound on the drum, 1t crowds or forces
out the diwper stick. Vhen the drum is reversed the retract
cable is wound on the drum thereby causing the dipper stick
to retract.

Since, in this type of crowd, tne power is usually
applied by cables to tile ends of tne dipprer stick, it is only
necessary to provide a guide or sleeve at tiie shipper shaft
tarough wnich the stick slides freely in elther direction.
This sleeve is mounted on and pivots about the shipper shaft.

A third type of crowd mechanism is the combination
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cable crowd which differs from the previous two types in
that (1) it uses both hoist drums on the superstructure but
does not require any reversing drum or mechanism and (2) the
crowding motion may only be effected automatically and
simultaneously with hoisting opcrations. As the combination
hoist and crowd cable is wound on the drum, the disper is
nolsted, and because the front end of this cable is brought
down and dead ended on the rear of the dipper stick, the
stick is simultaneously forced out or crowded., This design
pernits straight hoisting, without crowding, but crowding
can never be effected without hoisting.

The retract cable is attached to tihe second drum, with
the front end of the cable dead ended at the dilprer end of
the dipper stick. Thus as this cable is wound about th
drum it will pull back or retract the dipper stick.

This type of crowd may be used with either the rack and

rinion drive at the shipper shaft, or if the cables are

attached te the ends of the dipper stick, the zuiding sleeve

may be used,
Other types of crowds include (1) a compination of the
independent cable and tne independent chain crowd; (2) a
dual crowd which combines both the independent cable crovwd
and the combination cable crowd and (3) tne use of individual
electric motors to drive each operation,
Another type of front end equipment is the lifting

crane. Liftin3 cranes are primarily units for liftin~ an
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object, transferring the object to a new location by swing-
ing of the superstructure or traveling the entire unit, then
lowering or placing the object in its new location.

Thouzh the lifting crane boom is not used for excavation
by itself, it will be described here since it is a part of
draegline and clamshell equipment.

Basic 1liftin; crane equipment consists of a comnon
crane boom, hoist drum lag;in: for tne desired line speeds
and pulls, and a hoolk block to provide the required parts of
line for the 1liftin;; service specified.

The common crane boom is usually made in two sections
separable at the center into upper and lower sections,
with a boom head and a system of sheaves located at the upper
end of the upper section.

he crane boom upper and lower sections may be fastened
tozether by three methods: (1) by pin and clevis connections;
(2) by splice plates:; (3) by bolted flange plates.

The standard lengths of the conmon crane boom will often
not be sufficient for the job to be done. There are, there-
fore, two methods by which the lenstn of the boom may be
increased to increase the working rances and reaches,

One of these is the use of a boom extension or jib.

This consists of an extension winich can be added to tine head
of the boom and is usually added for steel erecting or
single line work. Boom tip extensions may be used as

straizht extensions, that is as straight extensions of the



15

boom, or may be used as gooseneck extensions in which case
they are offset from the center-line of the boom.

The second method of lengthening the boom 1s by the
insertion of intermediate center sections between the top
and lower sections of the boom proper. Usually intermediate
center sections may be used in multiples up to eny maximum
boom length specified by the manufacturer. The method of
connecting center sections is by the same method of connec-
tion as used on the common crane boom,

Wnen booms are lengthened to a certain point, some
manufacturers reguire tne installation of a gantry or high
A-Frame. This 1is simply an extension added to the standard
A-Frame to elevate the derricking lead sheaves.

One type of front end equipment of a speclalized nature
is the clamshell., The name "clamshell" is derived from the
seneral shape and operation of the bucket used on this machine.
In general, the clamshell buckets consists of two halves or
shells, hin:ed together at the top so that the bucket can be
opened, or so that the two can be drawn together to form a
sort of bowl-like arrangement. At the start of the digging
cycle the bucket rests on the material with the shell open.
As the hoist or closing line is wound up on the drum, the
two halves of the bucket come together, dizgins thelr way
through the material and filling the bucket as they come to-
gether, "While the bucket 1s closing the weight of the bucket

helps bite into and penetrate the material being dug. This
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is the only "crowding" action available with a clamshell,

Clamshells consists of a common crane boom, & tagline,
hoist drum laggings for the proper line pulls and speeds,
and a clamshell bucket and proper cables,

The teazline is a small cable under tension which kceps
the bucket from spinning, swaying, twisting, or drifting.

Both hoist drums are used for clamshell work, one for
the cable which (1) closes the bucket when it is digcoing
into the material and (2) then hoists it to dumping height.
This is known as the closing line whichh is reeved in the
bucket. The cable from the ot her drum is fastened to the
top of the bucket, and serves to hold the bucket suspended
wnen dumping. This is known as the holding line. Dumpines
is effected by releasin~- the closing line.

The fourth common type of front eauipment is the drag-
line. The dragline derives its name from the dracline
bucket. The dragline bucket may be described as a bucket
which is tossed away from the machine onto the material and
is then dragged toward the machine, fillinz the bucket with
material as it is dragged in and pulled throuch the material.

Dragline equipment consists of a standard common crane
boom, the fairhead, hoist drum lagzings for proper line
pulls and speeds, dragline bucket, and proper cables.

The fairhead is & device of sheaves or rollers, the
purpose of wnich is to zuilde the drag cable from the bucket

to the drag drum. The fairhead is located usually near the
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foot of the crane boom,

The draszline unit requires the use of both hoist drums.
One cable goes over the head of the boom and is used to raise
and lower the bucket. The other cable is the dragline cable
and runs from the secondary hoist drum through the fairhead
and to the bucket. It is used to pull the bucket in throurh
the material durin; the dizging operation and releases it
for dumping after it has been raised to the proper position.

The fifth type of front end equipment is the back-hoe,
This equipment 1is so named because its digzging action re-
sembles thst of the garden hoe in that the dipper 1s on an
arm which is pulled toward the machine.

The hoe consists of a boom with a dipver stick pivoted
at the end of the boom, a dipper attacned to the lower end of
the dipper stick, proper drum lacg~inzs and a mast or A-Frame
that is located at or near the boom hinges to provide proper
hoist cable leads.

In operation, (1) the boom, with dipper arm extended,
is lowered into the excavation: (2) then the dipper is pulled
or dragzed toward the machine with the drag cable; (3) when
the dipper is filled, the entire boom assembly is raised by
the hoist cable; and (L) the load is dumped by extending
the dipper stick. If you will think of your hand as the
dipper, your forearm as the dipper stick, and your upper arm
as the boom, and remember how you used to dig holes on the

beach, you'll have a good idea of how the hoe works.
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Examples of the basic types of

front-end equipment
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TRACTORS

The type of tractor most widely used in earthmoving
is the crawler tractor. The crawler tractor is primarily
the result of a need for a machine to tow, push, pull,
power or mount construction equipment. It is designed to
withstand the abuse and rough handling encountered on jobs
where it is used., It is a basic "pioneer" tool of construc-
tion work and it serves as a prime mover for pullinz and
pushin~ loads, power for winches and hoists, and a moving
mount for side booms, bulldozer blades, and front end
buckets., 1Its main distinguishin; feature, the crawler tracks,
are used because they give the maximum tractive effort for
the soil and ground conditions in which they operate, and
because the length and width of the traclks bridge many ruts
and ground irrecularities.

The crawler tracks are made up of connected ricid
steel plates. The plates, or track shoes as they are called,
are of varying design, depending on the use to which they
are put. The characteristic ridge on the shoe which digs
into the ground for gripping action is called the grouser.
The gzrouser varies in heizht from 2 1/L" to 2 3/L" depend-
ing on the tractor size., Semi~-grousers are so called

because their height is aporoximately 1/3 the heizht of the
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standard grouser. They are used wnere good dig-in traction
is neecded and thre tractor work requires much pivotinz with
little forward motion of the tractor. The reduced heicht
of the ~rouser reduces the pover nceded and stresses set
up in turning. They also permit track slippage before ex-
cessive stress can be placed on tiae tractor or attached
ecuipment. Semi-srousers arc also used where a full grouser
wvould injure the surface on which the track is riding.
Track treads vary in width from 7" to 20", depending
on the size of tractor, and the use to wnich 1t 1s to be
put. If a track is wide it gives reduced ground loading
per sguare inch and improves flotation. If the track is
narrow, the cround pressure per sauare inch is r~reater and
in soft ground there is a tendency to sink in. Track slip-
pare is a shearinc action. On some soils such as a firm
clay loam, increasing the ground pressure per sauare inch
increases the density of the soil and decreases the tendency
of the soil to shear. Iowever, many soils such as a dry
powdery earth, do not compact well and to reduce track
slippagse it is necessary to use a wide track which will
present more area to ve sneared even tnouth it reduces the
ground pressure., There 1is for cach weignat of tractor and
use of tractor on given scil conditions one track width
which best fits the operation., In general the ground pres-
sure in pounds per square inch of crawler tracks varies

approximately between 6.50 to 3.25. This is about equal to
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the pressure per souare inch exerted by a man standing on
the ground., Tracks should not be wider than mnecessary to
effectively verform the iob to be done. DBecause the track
is sunvorted near its centerline, extreme widths increase
wear due to creater twisting action wnen tihe load is carried
on the side of the track. IZxtreme widths or lenzths also
increase the difficulty of stecring.

Track shoes are furnished with rubber surfaces, flst
metal surfaces and for use in ice and snow. They may also
be nheat treated for extremely rough operation on hard sur-
faces such as rocks, or to reduce abrasion wear as in fine
hard sand.

Crawler tractors are usually steered by means of mul-
tiple disc clutches connecting the power to each track.
Disengaging the clutch stops the power to a track, and when
the tractor is opulling a load, causes the tractor to turn
in the direction of the traclz waich has stopred.

Yhen the tractor 1s being pushed by the load, as when
the tractor 1s going down grade with the engilne braking the
load, disensagzing a clutch causes the tractor to turn away
from that track. Sharpness of turning can be increased by
braking tne track on the side in whicn it is desired to turn.

In addition to the two steering clutches, there is also
a master clutch similar to the clutcih in a car whici connects
the engine power to tire transmission.

Speed control 1is done by means of a throttle lever.
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Clutches are also actuated by nand levers instead of foot
pedals.

Tractors are rated by size and rower. Size 1s im-
portant because, as an important rule of thumb, a tractor
with adequate power can exert on its drawbar a pull ecual
to approximately $0% of its weight. ©Pulls in excess of
this cause the tracks to slip.

The pull developed on the drawbar 1is usually expressed
in pounds or as drawbar horsepower. Ingzine horsepower is
also used as an index, however, because of various fric-
tional losses between tnhe engine back to the tracks, the
engine horsepower will not indicate the pulls and speeds
available. Drawbar horsepower will also not indicate the
speed and pulls availlable,

Tractor balance is an Important characteristic of
tractor desisn. If the tractor is heavy on one end, it
tends to dig in at that end. Addin- more length of track
to offset this condition makes it more difficult to steer
and increases track wear. fartnermore some tractors have
fromt equipment, such as bulldozers, while others carry; the
load on the rear, such as in scraper pulling.

Tnere is no perfect "all purpose' design, but rather
all desizns are the result of compromises wita what is
needed and taast which is practical.

One of the most 1lmportant recent developments in

crawler tractors is the epplication of the hydraulic torque
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converter. Thnis device installed between the master clutch
and the transmission serves two main purposes:

(1) As a device permitting the elimination of most

of the transmission ;ears, and to increase or
decrease the torcue,

(2) As a fluid coupling between the engine and the

transmission.

The toraue converter usrinciple is not new, having been
used for ;ears in hundreds of power installations such as
boats, trucks, and busses where a strongz, smnooth power flow
of rapid flexibility was needed.

As a prime mover tne crawler tractor is superior to
rubber tired hauling units in its ability to travel rou:her
terrain and exert stronger drawbar pull. The versatlility
and the characteristics of the hydraulic toraque converter
have increased the variety of the operations that a crawler
can perform and have improved the effectiveness witn which
it can perform many ol these operations,

Characterized by the fluid ebsorption of shock loads
and tne impossibility of stallin-; the en;jine, this converter
enavles the tractor to develop its maximum drawvbar pull when
most needed. Automatically adjustiny itself to the load,
the torque converter develops a greater and greater output
as the load on the, tractor is increased, malzing it no longer
necessary to slip tae clutch to maintain engine speed as

with the all gear transmission.



The followin: is a 1list of some of the advantazes of

the torgue converter over the all gear transmission.

(1)

(2)

(3)

(7)

The converter automatically develops in-
creased turning force on the tracks as the
tractor is loaded.

Drawbar pull is limited only by the traction
of the crawler tracl:s,

Eliminates the overloadinz of the engine
resulting when its speed is "lugged" down,

by permitting the engine to operate at a
speed range wvhere it develops high toraue

and horsepower,

The fluid in the converter absorbs shock
loads. This reduces tractor wear.

On soft footin:, smooth speed and power flow
improves flotation by reducing jerking of the
tracks when the master clutch is engaged.
Ynen the tractor is used to power & winch or
noist it enables the development of high line
pull at low line speed. The ensine can be
throttled so tanat the line speeds are low, yet
the engine speed is kept sufficiently hish so
that it cdoesn't "lug" dovm or stall,

inen the tractor is used as a pusher tractor,
it tenis to synchronize its speced and power

with the unit beins pushed and results in a



steady, continuous pusiin. action.

() Greatly reduces thne amount of gear shift-
ing cdone., This saves on clutch wear, re-
duces operator fatipue, and simplifies
tractor oweration.

The most important trend in types of earthmoving
equipment in recent yeers has been the application of
rubber tired ecuipbment for both the tractor or power unit
and tne units used with tractors. Like any ecuipment, it
has its advanta~es and disadvantazes. In general it may
be said that on lonz hauls, over 1000 feet, the rubber
tired unit will haul more dirt at a lower cost than will a
crawler tractor. The haulinz; spveeds of crawler tractors
are considerably less than the rubber tired tractors. With
this increase of speed in the rubber tired tractors there
is also a marked decrease in the pounds of pullin; power.

The standard type of wheel tractor is made by several
manufacturers, some of the leadin~z ones being International
Harvester Company and liinneapolis-}Moline,

There are several manufacturers thet make specialized
pulling tractors. Tnese tractors have two larce rubber
tired drive wheels and are used to »ull scrapers and dump
wagons, They can not be used without the unit they are
designed to »ull since the balance of the tractor depends
on the two drive wheels and the balancin~ weight of the
load. Tne steerin< of these machines is much the same as

that of the crawler type tractor. In order to turn, less



power 1s apolied to the wheel on the side of the turn,
thereby causing the other wheel to turn faster and push the
tractor toward the other side. The main difference in the
steering mechanism of the crawler type and the two wheeled
type of tractor is that the tracks on the crawlers are con-
trolled either by clutches or a powver steering mechanism
while the two wheeled tyoes are almost always steered by an
electrical or mechanical power steering mechanism., The two
main sellin~ points of these two wheeled tractors are the
short turnin~ radius and the increased speed., Tne maximunm
loaded speed of these units is about 16 miles per hour.

The latest development in heavy duty tractors is a
tractor manufactured by the Le Tourneau Co. It has four
large rubber tired driving wheels. The tractor is steered
in the same manner as a crawler type. One unique feature
of this tractor is that the operator sits in front of the
enzine directly behind the blade., These tractors are made
in two sizes with diesel power plants of 130 to 300 horse-
power. The pulling power of these tractors comes much
closer to that of an eaquivalent sized crawler than any
other tyrze of rubber tired pulling unit and still speeds
up to 16.3 miles per hour are obtainable, Naximum speed

can be obtained in both forward and reverse travel,



Rubber tired "Tournadogzer"tractor



TRACTOR MOUNTIED E. UIPLLNT

The bulldozer is tne traditional "work horse" of
earth moving ecuipment. ©No other one piece of ecuipment
offers such a variety of loading, pushing, or lifting
operations and can apply these in so many different wayse.

The "dozer family" consists of anrledozers, tiltdozers,
pushdozers, dozecasters, and trailbuilders, which are var-
ious trade names for bulldozers vhich may be tilted, angled
out on one corner, or will permit one corner to drop lower
than the other for better penetration, or for side hill
cutting.

The bulldozer is basically a slightly curved pushing
blade mounted on the front of a tractor, It is attached to
the tractor by two lon: pusa beams, and may be raised or
loviered eitner hydraulically or by cable controls. Since
the bulldozer depends on more or less "brute strength" to
move the dirt or objects in front of it, it is made of
heavy gauze steel plate. Tne steel is usually heat-treated
to give it extra toughness,

For clearing land a special blade is used, It has ad-
justable teeth protruding from the bottom of the blade,
These teeth help dig uy. roots and large boulders.

One tyoe of tractor ecuipment that is becoming very
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popular is the "tractor shovel." The tractor shovel con-
sists of either a crawler tyve or a wheel ty.e tractor with

a hydraulically operated bucket mounted on tne front end.

The bucket may be dumped at any neicht, quickly or slowly,

in part or all at once., The unit is ideally sulted for
basement excavation, loading trucks, maintaining stock piles,
snow removal, and a multitude of miscellaneous jobs. Buckets
are most zenerally of 3/l, 1, and 2 cubic yard capacity.

The 2 yard buckets are used for snow removal. For bull-

dozer work a cuickly interchangeable bulldozer is available.
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TRACTCR-DRAVN BLUIPVENT

The tractor drawn scraper is designed to dig, load,
haul, dump, and spread. The main parts of the scraver are
as Tollows:

(1) The bowl wnich holds tne dirt. In some

scrapers the bowl is hinged and tips for-
ward to roll tie dirt out.

(2) The apron, a curved wall in front of the
bowl which opens and closes to operate the
flow of dirt in and out of the bowl,

(3) In some scracers, a tailgate, which is a
wall in the rear of the bowl used to push
the dirt out of the bowvl,

() The cutting edge which is lowered into the
dirt to make a shallow cut,

These machines dig their own load during thne forward
motion of the accompanying tractor. A cutting blade which
may be raiscd or lowered to maintain any dizging depth dow
to about 8 inches is pulled throu;h the earth and the dug
material travels up its face into a carryin:z bowl, and falls
forward into a carrying apron. hen the two are loaded thne

apron is allowed to drop and enclose all of the loaded dirt.
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The apron having closed, the entire bowl is then raised
away from the ground throush a sheave and cable arrangement
to allow carrying the lcad to its resting place. Great
pneuwmatic tires cushion the shoclk to reduce hauling worlk,
At the 111, droppling the cuttin;; edge to a desired heipht
above the ground, the blade forms & strike-off control
under which 21l of the load is spread,

The front a>ron opens first, dumping its load on the
zround in front of the blade. forward motion of the tractor
allows all dumped dirt to roll under the blade Into tnhe area
between the bottom of the blade and the jround level. A
rear gate, forming the back of the carrying bowl, is then
pulled forwvard to push out all the remaining dirt and allow
its spread under the blade.

For jobs requirin: a smaller scraper there are several
kinds of two wheel scrapers made. lost of the two wheeled
scravers are similar in overation to tie already described
four wheeled models. The Heil Company manufactures a tiwo
wheeled scraner that dumps its load from the rear of the
bowl., In all models of two wheeled scrapers tne load is
more or less balanced over the vineels wiien it is in the
carrying position. The capacity range of these scrapers is
from two to four cubic yerds.

Tne tractor dravm dump wason is similar in many respects
to the tractor drawn scraper except that it can merely haul

and dump its load. The most widely used tyre of dump wagons
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is the bottom dump type. Thne construction of tiicse wacons
is such that the bottom of the carrying bowl consists of
two doors which open from the center outward. Thnese doors
are operated by a single cable from the cable power control
on the tractor. Since these wagons do not have to load
themselves, it is possible for them to have enou;h clearance
so that the bottom doors maj be drosped completely open and
still not interfer with the operation of the unit by dragging
in the dirt,

Another type of dump wazon is the side dump. Dumping
to the side is accomplished by tiltinz the whole carrying
box. The capacities of these dump wamons ranre from six
ubic yards to the huge coal haulers of li0 ton capacities.

With the advent of hisgn speed rubber tired hauling
ecuipment, 1t became apparent that the conventional methods
of loadins sometimes Impaired the efficiency of the hauling
unit. Large capacity and speed on the haul road were in
maeny cases offset by limitations of loading ecuipment. 1In
order to reduce haulinz costs to the lowest possible figure,
the Buclid Road lachinery Company nas desi:ned a loading
machine that has proved to be one of the most Important de-
velopments for the eartn moving industry in recent years.
Built to match the efficiency of other large earth moving
eaquipment, the largest unit made weishs epproximately 50,000
pounds. It has its own 150 horsepower en-zine to operate an

endless belt. The belt is angled up and out so as to dump



the dirt into a truck underneath.

For efficient use the quantities of dirt to be moved
should be lar:e, the sround fairly level, and the distance
of travel area sufficiently great so that not much time 1is
lost in turning; the unit around and maneuverin- the trucks
or wacons under the belt.,

The soil must be of a type that the cuttinzg edge and
belt can handle., Scarifying or breaking up the soil may
ease the load on the cutting; edze and help give an even
flow of dirt on tine belt. Ground conditions should be such
that the trucks or wagons being loaded have good traction
and do not get stuck easily.

It 1s extremely important for maximum production that
the output of the belt be balanced with the number of trucks
or wagons so that the trucks will not "bunch up" wnile wait-
ing to get a load or time be lost because a truck is not
available.

Because of the zreat weight of this unit and the power
required to talte an even, deep cut, only the largest size
tractors made are suitable for pulling the unit. In this
vorlt the toraque converter tractor is valuable not only be-
cause of its size, but because it is the only tractor tnat
uses a hydraulic torque converter. The use of this converter
eliminates t-e necessity of hundreds of disengajements of the

tractor master clutcn as one truck pulls away and another

noves up.
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Positive controls permit instant adjustment of width,
depth and an~le of cut and male it possible to grade slopes
and ditches. All loader opecrations are controlled by the
tractor operator. The control lever assembly, consisting of
three levers mounted on the rear of tuhe tractor are within
easy reach of the operator. The speed of the enzine is
controlled by a clutch to refuce the encine speed when the
belt is stopped and to open tre throttle when the belt is
started.

A rooter is in reality an extra neavy duty plow. Since
it is used to brealr up ~round that is tco heavy or herd for
otner types of eguipment, 1t must be able to withstand the
roughest kind of treatment. Illost rooters are made of heavy
steel plate welded into a box type frame. The wheels are
of the nonclogging, steel tread type to talie the severe
shocks subjected to tnem and still give good flotation.

The number of teeth varies from one to three, and the max-
imum depth is about 30". The frame may be filled with water
or sand to give extra weight. The depth of the furrow is
controlled by the tractor opecrator by either a hydraulic

or cable control systen.
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KOTOR GRADIRS AND CATRCL GRADZRS

The motor grader was originally developed for grading
and maintenance of «ravel or rock surfaced road<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>