CHAPTER 2

Motor
Graders
and Pull
Graders:
From
Horses to
Joysticks

(photo on previous page)
A Caterpillar motor grader specially outfitted for
snowplowing duty. There’s the traditional circle
and blade under the center of the machine, a
wing blade toward the rear, and a push blade
in front.
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G

raders have come a long way since they
were pulled by horses and mules, and relied
on a man’s muscle for control. Early efforts with
wooden boards merely fell apart when married
with the pull power of new traction engines.
Tractors began to pull graders but still relied on
manpower for control. Early systems employed
two operators, one for the tractor and one for
the grader.
As graders evolved, the need for an operator’s
brute strength subsided, only to be replaced by
the need for great skill. Multiple controls for the
machine, blade direction, angle, pitch, and more
led to an “antler rack” of controls. Multiple
levers, almost one for every finger, joined a
steering wheel and pedals on the floor. “Blade
men,” an old term for motor grader operators,
usually had to be the most accomplished
operators on a job site.
This chapter recounts the company’s presence
at virtually every step, including the historic
No. 12, and the 140G from the best-selling,
long-lasting G Series. It also covers the 24M.
Caterpillar caused quite a stir in the construction
industry when it launched its M Series graders
with electro-hydraulic joystick controls that
replaced most all the levers, making fingertip
operation possible. But perhaps the biggest M
Series development was that joystick steering
replaced the traditional steering wheel.
In addition to researching and testing the
revolutionary system with operators, Caterpillar
also offered and continues to offer extensive
operator training. In addition to roving
instructors, much of the training is available on
simulators. No doubt more than a few grader
operators learned the finer points of the M
Series on Cat simulators.

Caterpillar simulators provide an easy-touse, cost-effective training method. Before
training operators on valuable equipment and
running the risk of a mishap, initial training
can take place in the always-safe environment
of a simulator. No fuel is used, there are no
engine-use hours, the actual machinery is
kept available for work, and training can take
place any time, day or night, regardless of
weather conditions.
Simulators feature large screens that enable
crisp views of work environments. At the
seat, there are the actual machine controls
found in the cab. The floor plate features fully
functioning machine pedals. It combines high
technology with realism.
M Series motor grader training modules
cover controls familiarization, square track
roading, and a figure-eight rodeo. For controls
familiarization, trainees learn and understand
the controls, including the left- and right-hand
joysticks. The inching, braking, and accelerating
pedals are also covered.
Square track roading helps the operator
master the controls by navigating a square
corridor, beginning with a 33-foot trial and
moving to 26- and 19-foot versions. The
figure-eight rodeo has trainees navigate a
figure-eight corridor that is 33 feet wide. In
both scenarios, operators train on execution
times, blade and ground contacts, number of
times in reverse, speeds, collisions, blade and
tire contacts, and more. Results are measured
and scores are tallied. It isn’t long before
a first-time operator can graduate to the
M Series seat.
No simulator, however, could have prepared
an operator for pull-type grader duty.

The Caterpillar Ten
Pull‑Type Grader
P

ull-type graders were essentially the first
modern type of construction equipment;
“modern” meaning propelled by something
other than a man’s muscle, that is. The earliest
pull-type graders were boards mounted on
simple frames that were pulled by horses
or mules.
It took some time before the Industrial
Revolution trickled its way down to the

earthmoving business. By the end of the
nineteenth century, mechanical power in the
form of steam tractors replaced the animals,
but not without some downtime. The pulltype graders designed for use with horses
often disintegrated when coupled with big
traction engines.
Manufacturers eventually built stronger steel
frames that also proved strong enough for the

The Caterpillar Ten pull-type grader was pulled
by a Cat 20 tractor, but the pulling power didn’t
help the grader operator all that much; muscle
was still needed to control the grader’s blade
functions. The operator also was at the mercy
of the elements and at risk for a nasty jolt if the
blade struck a buried rock or other object.
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This vintage Russell ad touts “Caterpillar Two

Examples from Russell Manufacturing’s early

Ton Power” in its No. 4 Motor Patrol.

grader product line, including the “Russell
Kid,” described as a small, one-man two-horse
machine for light work. Horse power in the
literal sense!

The Russell Grader Manufacturing Company
of Minneapolis, Minnesota, was an early
contributor of power controls for graders,
and in 1919 it also came up with one of the
industry’s first self-propelled graders. The
Caterpillar Tractor Company provided many of
the tractors that moved Russell graders, so a
relationship was all but inevitable. After the
companies joined forces in 1928, Caterpillar
remanufactured the entire grader line, and most
of the earlier Russell graders disappeared.

Russell was a force in early grader development
before teaming with Caterpillar in 1928. This
is a Russell Motor Patrol No. 4 clearing snow
off a city street. As late as 2003, this author
encountered a grader operator who referred to
graders as “Motor Patrols.”
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early 1900s crawler tractors that replaced the
traction engines. The first pull-type graders were
then used primarily for road maintenance, just
in time for the infancy of the automobile.
The blades of the pull-type grader mimicked
the blade movements seen on graders today.
The big difference was in how they were
controlled. The blades had to be worked by
hand, with cranks or racks and pinions that
relied, once again, on a man’s muscle power.
The operator would stand at the rear of the
machine, pushing, pulling, and no doubt aching.
There was no cab to protect him from the
dust or elements, and nothing to protect his
hands if the blade hit a buried rock or other
immovable object.
The 1920s saw the development of
power controls for the blades, with small
gasoline engines mounted on the graders.
Russell Grader Manufacturing Company
of Minneapolis, Minnesota, was an early
contributor of power controls, and in 1919 it

also came up with one of the industry’s first
self-propelled graders.
The Caterpillar Tractor Company provided
many of the tractors that moved Russell graders,
so a relationship was all but inevitable. After
the companies joined forces in 1928, Caterpillar
remanufactured the entire grader line. Most of the
earlier Russell graders disappeared. The Caterpillar
Ten pull-type grader survived from 1928 to 1930. It
had hand controls, but straight, nonleaning wheels.
As Caterpillar Tractor Company started
in 1925 with just two products, tractors and
combine harvesters, the Russell purchase added
two important products to the young Caterpillar
portfolio: pull-type and self-propelled graders.
Motor graders remain a key product today. Pulltype graders as a category disappeared by the
mid-1950s. Crawler tractor and pull-type grader
combinations (requiring two operators) simply
proved too slow compared to motor graders
with diesel engines, wheels, and one person at
the controls.

They love operating old-time equipment at the
Historical Construction Equipment Association
in Bowling Green, Ohio. This is a Caterpillar
Sixty, in the company’s original gray color,
pulling a Russell elevating grader. It’s easy to
envision how a tracked unit would have to pull
a grader with such thin steel wheels to get
through difficult terrain.
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The Caterpillar
No. 12 Grader
T

A No. 12 tackles a windrow of material.

he Caterpillar No. 12 grader was one of the
company’s most successful graders, enjoying
a long run from 1938 to 1959.
After purchasing the Russell Grader
Manufacturing Company in 1928 and adding
graders to its initial product line of tractors and
combine harvesters, Caterpillar redesigned and
modernized Russell’s original products.
Caterpillar developed a completely new range
in the 1930s. Interestingly, Cat engineers had
experimented with hydraulic controls and found
them unreliable at that time. When more than
one control was used at once, they leaked and
operation was uneven. For raising, lowering, and
turning a grader blade, often simultaneously,
this just wouldn’t do. The company went with a
mechanical system that used screwed rods and
worm drives with universal joints and shafts to
execute the blade movements.

Hydraulic control didn’t even come into play
for Cat graders until the G Series in 1973.
The No. 12, with its mechanical controls,
was destined to become one of the company’s
most famous graders. It had a 12-foot blade, a
Caterpillar diesel engine, and 70 horsepower
when introduced in 1938. It weighed
21,140 pounds and was designated the
9K series.
The No. 12 grader grew more efficient as
the years ticked on. By the time the last series
came off the production line in 1959, it had
115 horsepower, a gain of 45 horses, yet it
weighed only 1,000 pounds more.
In 1959, the No. 12 was replaced with a
12E, which was heavier at 24,400 pounds.
The 12F followed in 1965. The next major
developments in Caterpillar graders came
in 1973.

Why does the cab on a Caterpillar No. 12 Motor
Grader look disproportionately tall compared

The Caterpillar No. 12 Grader Evolution
Caterpillar’s famous No. 12 grader lasted through World War II, the postwar building boom, and
into the beginnings of the interstate highway system. It saw a number of improvements and power
increases over the period.
1938–1945: The 9K series, 70 horsepower
1945–1947: The 7T series, 75 horsepower
1947–1957: The 8T series, 100 horsepower
1957–1959: The 70D series, 115 horsepower

to the cabs of today’s graders? The operator
had to pilot the machine standing up. One
reason was the leverage needed to operate
mechanical controls.

A Caterpillar No. 12 Grader in an airfield
application. The No. 12, with its mechanical
controls, was destined to become one of
Caterpillar’s most famous graders. It had a
12-foot blade, a Caterpillar diesel engine, and
70 horsepower upon introduction in 1938. It
weighed 21,140 pounds.
A Caterpillar No. 12 grader grades a roadside
ditch for drainage purposes. No longer a slave to
being pulled, the No. 12 featured a Cat diesel
engine that made it more mobile and more
powerful. The No. 12 was manufactured from

A Caterpillar No. 12 grader without a cab,

1938 to 1959.

painted U.S. Army green.
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There was no prettier sight to a grader
operator in 1973 than a Caterpillar 140G with
hydraulic controls. It felt good, too. Echoing
the equipment we see today, the operator’s seat
was suspended and adjustable, with vertical

The Caterpillar 140G
Grader and the G Series

and lateral supports that were fully cushioned.
There were also adjustable armrests. The entire
control console adjusted to the operator’s reach.

The Caterpillar 140G Motor Grader was a
member of the G Series that debuted in 1973—
the first Cat graders to use hydraulic controls.
It was also the first in the industry to feature
articulation. This allowed operators to maneuver
more skillfully along curved curbs, and also
allowed offset, or “crab,” steering, where the

T

he G Series, launched in 1973, was
Caterpillar’s first line of articulated graders
and its first with hydraulic controls, replacing
mechanical controls. There were six models,
including the 150-horsepower 140G.

The original lineup in 1973 had operating
weights from 25,000 to 54,000 pounds
and outputs ranging from the 120G’s 125
horsepower to the 16G’s 275 horsepower. They
were so well designed that no major revisions

blade could be operating in a wet ditch while
the drive wheels stayed dry and clear.

were necessary until the H Series replaced
them in 1995, and even then the upgrades were
relatively minor.
The G Series was a long way from the pulltype graders that required operator muscle and a
long way from the mechanical graders that were
easier to work but required the operator to stand.
With the G Series, there was an enclosed cab, and
the user could work sitting down 100 percent of
the time while still being able to see the blade.
Echoing the equipment we see today, the
operator’s seat was suspended and adjustable,
with vertical and lateral supports that were fully
cushioned. There were also adjustable armrests.
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The entire control console adjusted to the
operator’s reach.
The transmission control, parking brake,
center shift lock control, ignition, and light
control were all at the operator’s right hand.
A single lever controlled speed and direction.
A foot pedal was used to release or engage the
differential lock. The rear tandem drive had a
differential lock (optional on the 120G, 130G,
and 140G) for faster turns, better traction, and
less tire scuffing.
A second foot pedal modulated the
transmission, allowing the user to inch the
machine in tight areas for precision blading.
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The Caterpillar 120G Motor Grader, part of
the company’s legendary G Series, Cat’s first
graders with hydraulic controls and articulation.
Operators loved them. The G Series had six
models, including the 120G’s larger sibling,

A diagram of the Cat 16G provides an excellent
primer on grader components. The 16G—part
of the company’s pioneering G Series in the
1970s, which included the 140G—is the
forerunner to today’s 24M in that it was the

The G Series also had a direct-drive powershift transmission, with eight forward and
reverse speeds on the 16G and 14G, and six
on the 140G, 12G, 130G, and 120G, all with
single-lever shifting. This transmission allowed
faster directional changes on short pass grading
and more efficiency in performance, as there was
no torque converter reducing engine horsepower
or causing uncontrollable blade surging that
could affect the grade.
Articulation was a completely new concept
for graders. The G Series’ frame featured
20-degree articulation left and right, and when
coupled with a 50-degree front-wheel turning
angle, operators were able to work around
obstacles like curbs and manhole covers.
Articulation also made three steering modes
possible: straight, for long pass windrow
blading; articulated, for more maneuverability

in curved and contour blading; and crab, for
putting the blade in an offset position, such as
in a wet ditch, while the drive wheels stay on
dry ground.
The turning radius of the 140G and other
G Series machines was reduced about 40 percent
compared to the company’s previous generation
of graders. Maintenance was simplified, as
well. Despite all the movements made possible
by articulation and blade positioning, there
were only sixteen lubrication points on the
G Series motor graders, a fourth of the number
found on previous models. The front axles and
blade-control linkage joints featured sealed,
nonlubricated bearings, so no daily lubrication
was necessary.
Only one type of oil was needed for the
engine, transmission, final drive, hydraulic
system, and brakes.

the 140G.

largest grader in the Cat line at the time. It had
274 horsepower.

Operator
Compartment
(Cab)
Engine
Compartment

Saddle

Tandem

Front Frame

A Caterpillar 140G Motor Grader doing

Circle
Moldboard
(Blade)

blade work. Grader operators, also known as

Drawbar

Front Bolster

particularly for finish grading to spec. Back in

Front Axle
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“blade men,” must master multiple controls,

the 140G’s heyday, there were no lasers or GPS
systems for grade control.
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The Caterpillar 24M
Grader and M Series
C
The Caterpillar 24M motor grader is a
533-horsepower behemoth designed primarily
for mining applications. Its blade is 24 feet
wide. The M Series brought joystick controls

aterpillar’s M Series, which debuted in
2007, is the company’s current grader line,
and it introduced an industry-first for graders:
push-button joystick controls. The joysticks also
controlled steering functions, actually replacing
the steering wheel.

It wasn’t clear at the time how veteran
operators would accept the change, as graders
are traditionally the most difficult piece of
construction machinery to operate, and grader
operators tend to be the most experienced. But
as usual, Caterpillar had done its homework

to graders and eliminated the steering
wheel entirely.

The Caterpillar 24M is the company’s largest
grader at 533 horsepower—the moldboard

with extensive customer research. The joystick
controls that replaced levers reduced operator
hand and arm movement by a whopping
78 percent. Operators around the world
reported they were intuitive and easy to learn.
Replacing the control levers and the steering
wheel with two joystick controls also had the
effect of creating a more open, spacious cab with
extra leg and footroom. Multiple adjustment
possibilities for the armrest, wrist wrest, and
joystick pods add to operator comfort.
The M Series is anchored by the 24M, a
533-horsepower behemoth that is much larger
than the average grader. Its moldboard is 24 feet
wide, and the unit weighs 137,694 pounds.
It is used in mining, for haul roads in larger
quarry and aggregate operations, and in other
large-scale grading applications where a more
mobile machine than a large crawler dozer
is required.
Key control and steering features include
electronic throttle control, which provides the
operator with precise and consistent throttle
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operation. An automatic and manual mode,
controlled by a single switch, allows the
operator to choose a preference for different
applications. An infinitely variable roller switch
controls the rear ripper.
Additional machine control system,
performance, and durability features for the
24M are listed below:
n

n

n

is 24 feet wide. It’s often found in mining
applications, working on haul roads.

A full electronic clutch pressure control
system optimizes inching modulation for
smooth shifts and directional changes,
reducing stress on gears.
A standard programmable AutoShift
simplifies operation by allowing the
operator to program the transmission
to shift at optimal points to match
the application.
A lockup clutch torque converter permits
the machine to operate in direct drive for
more efficient operation at higher engine
speeds and in converter mode for more
low-end torque.
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A close-up look at the moldboard and circle of

The Caterpillar 24M Motor Grader may not have

the 24M.

a steering wheel, but it does have offset steering
controlled by the left-hand joystick, which also
controls articulation, wheel lean, gear selection,
and the left moldboard lift cylinder and float.

n

n

n
Some mining operations work 24/7, making

Six forward and three reverse gears
are specifically designed for the wide
operating range needed for maximum
productivity in all mining applications.
A balanced planetary transmission
provides superior load distribution
and heat dissipation for longer
transmission life.
Engine over-speed protection prevents
downshifting until an acceptable safe
travel speed has been established.

n

Stall speed protection limits engine speed
at high stall ratios to help protect the
driveline and machine systems.

Articulation return-to-center, likely inspired
by the return-to-dig feature on loaders and
backhoes, is a feature that automatically returns
the grader to a straight-frame position from
any articulation angle with the mere touch of a
button. This frees the operator to concentrate
more fully on moldboard control and the grade.

good work lights a must. The Caterpillar 24M
features a complete lighting package.
Two Caterpillar 24Ms work in tandem. That’s a
full 48 feet of two-fisted blade action!

Blade float is built into the blade lift control
valves. The blade float feature allows the blade
to move freely under its own weight. By floating
both cylinders, the blade can follow the contours
of haul roads. Floating only one cylinder lets
the blade toe follow a hard surface while the
operator controls the slope with the other
lift cylinder.
For grading, the 24M’s long wheelbase allows
the operator to use aggressive moldboard angles,
which help make material roll more freely
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across the blade. The moldboard’s curvature and
large throat clearance also help move material
quickly. Heat-treated moldboard rails and
hardened cutting edges and end bits prepare it
for tough applications.
For hard and rocky soils, and difficult
materials like caliche, the 24M has a ripper that
includes three shanks. There is room for four
additional shanks if needed.
The 24M motor grader has frame and
drawbar components designed for severe
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The Caterpillar 24M spreads a windrow of dirt
and rock.

mining applications. A one-piece forgedsteel circle stands up to high-stress loads,
and a sacrificial wear system is engineered
to help keep service time and costs down.
The articulation hitch features a large

tapered roller bearing to carry loads
evenly and smoothly. It is sealed to prevent
contamination, and a locking pin prevents
articulation for safety during service
or transport.

A wise equipment operator once said, “It is far,
far better to be the moldboard than the dirt.”

A series of shims, strips, and wear inserts
for the drawbar-circle moldboard components
are easy to add or replace, and it keeps them
factory-tight for higher quality work. An
adjustable rear circle drive reduces service
time and loading to help increase system life.
Six bolt-on tooth segments on the circle can
be individually replaced to reduce cost and
downtime for maintenance.

On the axles, the sealed spindle keeps front
axle bearings lubricated and protected from
contaminants. The Cat “Live Spindle” design
places the larger tapered roller bearing on the
outside, where the load is greater, extending
bearing life. A bolt-on modular rear axle
improves serviceability and contamination
control, and provides easy access to
differential components.

What a difference technology makes. The
rearview mirror view behind the big Cat 24M
Motor Grader (bottom) and the panoramic view
afforded by the rearview camera (above).

Look Ma, No Steering Wheel!

If there’s one grader that can make short work

The Caterpillar M Series marked the industry’s first graders without a steering wheel. Here’s how the
joysticks’ multiple functions break down.
The left joystick controls steering, articulation, return-to-center, wheel lean, gear selection,
left moldboard lift cylinder, and float. The right joystick controls drawbar, circle and moldboard
functions, electronic throttle control, and manual differential lock and unlock.
Joystick lean angle mirrors steer the tires’ turning angle. A brake tensioning system holds the
joystick in position until the operator moves it. The steering control automatically reduces steering
sensitivity at higher ground speeds for predictable control. Infinitely variable roller switches control
the rear ripper or front lift group (when equipped).

of a long haul road, it’s the Cat 24M.
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