16 / STUDENT WORKBOOK
Sit-Down Counterbalanced Products

SECTION 2

SECTION 2
STABILITY, BALANCE, AND CAPACITY

Section 2 Objectives

At the end of this section, you will be able to;

1. Explain the Principle of Balance.

Define the terms “center of gravity” and "load center.”
Describe the information on the capacity plate.
Explain the Principle of Stability.

Explain how a Iiit truck can tip over and what causes can lead to a tip-over.

= R

Know how attachments affect the capacity and stability of a }ft truck.

Importance Statement
It is impartant that you:

1. Reduce the risk of tipping & truck over and injuring yourself or ather employees.

2. Understand the concepts of keeping a truck stable and in balance.




The Principle Of Balance

Alift truck acts much like a child's teeter-totter. The weight of the load must be balanced by the weight af

the truck. This is known as the Principle of Balance.

In the example below, the distance from the balance point {fulerum) times the weight of object A must equal
the distance from the balance peint {fulcrum) times the weight of object B to stay in balance.

Any change to the distance from the balance point or weight of object A must be affset by an equal changs

1o the distance from the balance point or weight of object B to remain in balance.

Distance x Weight =
Mament

The same holds true for a lift truck, The balance raint is the drive axle. The load carried in front of the

Distance x Weight:
Moment

. vehicle must be offset by the weight of the vehicle behind the drive axle,

Because the truck and its weight are fixed, when you increase the load distance from the balance point or

increase the weight of the load, you will decrease the capacity rating of the truck. We will discuss more

about capacity and stabiiity a little later in this section,
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SECTION 2 Internal Combustion Trucks

e Counterweight {primary weight)
e Engine

¢ Transmission

. e Frame

e Steer axls.

Electric Lift Trucks

e Industrial battery {primary weight)
& Control panel

¢ Motors and pumps

¢ Frame

e Steer axle

e Counterweight.

Center Of Gravity

The imaginary goint in an ohject around which ali weight is evenly distributed.

These three objects all weigh the same, but because they have different shapes, they have different centars
of gravity. : '

Alift truck atso has a center of gravity.




The lift truck’s center of gravity does not remain static.
e Tha center of gravity maves up as the mast is raised and moves dewn as the mast is lowered.

e The center of gravity moves forward as the mast is tilted forward and moves back as the mast is tilted back.

When a §ift truck picks up & load, the center of gravity of the truck and the center of gravity of the load
produce a combined center of gravity. The combined center of gravity is indicated by the star.

Load Center

Load center is defined as the distance from the face of the forks to the load's centsr of gravity.

Maost lift trucks are rated using a 24-inch load center. That means the load’s center of gravity must be
24 inches or less from the face of the forks. This is both a vertical and horizontal measurement.

24"
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Static Conditions And Dynamic Forces

Lift truck stabitity and balance are affected by both static conditions and dynamic forces.

Static Conditions

-]
L ]
]

Load size

Load shape

Load paositicn on forks
Tire prassure on air-filled
tiras

Capacity Plates

Dynamic Forces — Thase Created By Motion

L2

Acceleration

Speed

Braking

Ramps or other uneven surfaces
Amount of tilt

Lift Height

By law, every lift truck must have a legible capacity plate securely attached to the truck.

The plate includes:

O @ N m O AN

Model number
Serial number

Truck weight in kilograms and pounds
Maximum fork {lift] height in inches and millimetars

Load center
(Offset dimension

Maximum weight truck can lift with forks or permanently installed attachment (if equipped)

Maximum weight truck can lift with intermittent use attachment (if equipped)
Attachment medel number (if equipped)

O

MPROPER OPERATION OR . \Q
COULD RESULT

A TNTENANCE
N INJURY OR DEATH
3 ] MAX < WASTtVERTICAL
[MODEL 5 FORK A
[SERIAL NO3 || HEIGHT |3 P
[ATTACH 1: il I T i
in :

[ATTACH 23 7 1= Cniied
AFRONTHATE XLON CNTER_ | B~ OFFSET | GAPACITY
TRUCK WEIGHT mn | in | wm ] in| kg | lbs
3 8

|

@ MEETS DESIGN SPECIFICATIONS OF ASME BS6.1 @




On electric trucks, additional information includes: 21/ STUDENT WCRKBOOK
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1. Truck weight without battery SECTION 2
2. Truck voitage
3. Minimum baitery weight
4. Maximum battery weight
5. Amp hours
s ™
IMPROPER OPERATION OR MAINTENANCE
WARNING COULD RESULT IN INJURY OR DEATH.
|MODEL; | SERIAL NO: ' ||, masT: veRTIcAL
TRUCK WEIBHT WITH ATTACHMENT 5% i i %
lwnHour BATTERY kg 1 ihs MAX FORK HE,EHT J_ } |
BATTERY INFORMATION: | ] } .
IDENTIFICATION: | “
[VOLTAGE. 5 | A-LOAD CENTER| B-OFFSET | CAPACITY -
m— - mm| in | mm | in kg | Ibs
WEIGHT kg 3 bs]
Bl kg 4 los|
[AMP HOUR CAPACITY(B HOLR RATE): 5 ]
MEETS DESIGN SPECS. ANSI/TSOF B56.1 [ATTACH 1: j
MITSUBISHI CATERPILLAR FORKLIFT AMERICA INC. -
\ HOUSTON, USA ENGLISH 97E61-08501 MTTACH 2: L

In order for the lift truck to lift the weight indicated on the capacity plate, the battery must weigh
between the minimum and maximum battery weight,

v
i

Given the capacity plate shown below, what is the lift truck’s weight,
load center, lifting capacity, and [ift height?

@/ IMPROPER OPERATION OR Q Truck weight
|~ MAINTENANCE COULD RESLLT
- 2| 1N INJURY OR DEATH o
08as Center
[mopeL:  P5000 |[uAX. e v
IsERIAL NO: [|HEIGHT |3 re Lifting capacity
[ATTACH 13 Sideshifter ]E[i__'in | i Lift height
[ATTACH 2: | —
FPROXIMATE AL0M0 CENTER | B~ OFFSET | CAPACITY
TRUCK WEIGHT mm in | mm in kg 1bs
kg ibs , 24 4500
8,580
@ MEETS DESIGN SPECIFICATIONS OF ASME BSB. I fg
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The Principle Of Stability

Lift trucks have a three-point suspension - the two drive tires and the center of the steer axle. This forms
the base of the Stability Trianale. This is known as the Principie of Stability.

When you move the center of gravity outside this pyramid, you create imbalance resu!ting in:

» Loss of steering

* Loss of traction

e Unstable loads

e Potential for a tip-over.

About 25 percent of alf lift truck accidents cccur when the truck tips over.

L
"




Lateral stahility is lost when the center of gravily moves too far w either side and crosses over the Stability
Pyramid, causing the truck to tip sideways.

Longitudinal stability is lost when the center of gravity mavas too far forward or backward and crosses over
the Stability Pyramid, causing the truck to tip forward or backward. '

Which truck will resist tipping over laterally — the one with a lead or the ane without a load?

The one with the load. As you can see, the center of gravity of the truck with the load is closer to the
base of the Stability Triangle. It has more roem to travel side to side before it crosses over the edge of the
Stahility Triangle. The center of gravity of the truck without a load is closer to the edges of the Stability
Triangle and does not need to travel far before it crosses over the edge of the Stability Triangle.
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Causes Of Tip-Overs

¢ (verloading the truck

@ Traveling with the load too high
e Traveling or stacking with the mast tilted forward beyonﬂ vertical
e Sharp tumns

¢ Braking abruptly

s Excessive speed

¢ Potholes

s (verhead obstructions

e Wet or uneven.surfaces

e Turning while driving on ramps

» Low tire pressure on pneumatic tire trucks

Remember - it is your responsibility to maintain the cénter of gravity inside the Stability Triangle
and Pyramid.

Attachments And Effect On Capacity And Stability

Sometimas, lift trucks are equipped with attachments other than forks.

Lift truck capacity is affected in two way's when equipped with an attachment:

1. The weight of the attachment further reduces the Iifting capacity of the truck. You should cansider your
truck partially loaded.

7. The attachment increases the load center, moving the load farther away from the balance point, or fulcrum.

If vou add an attachment to your truck after the truck is received, Federal (SHA regulations state that:
e You must have prior written approval from-the lift truck manufacturer.

o The lift truck manufacturer must issue a new capacity plate to be installed showing the correct capacity.

End of Section 2




Stability, Balance, And Capacity: Course Review

1. The halance point, or fulerum, on a LIFT TRUCK is the:
A. Steertire
B._ Battery
C. Drive tire
D. Mast.

2. The imaginary point in a load around which all weight is evenly distributed is known as the:

A. Center of gravity
8. Stability Triangle
C. Principle of Balance
D

. Load center.

3. The load center is:

A. The distance from the enc of the Ioad to the face of the forks
B. The distance from the face of the forks to the load's center of gravity
C. The distance from the mast to the operator's compartment

D. The distance from the load's center of gravity to the drive tire.

4. Alift truck is designed much like a child’s teeter-totter. This design is based on the:

A. Principle of Gravity

B. Principle of Rear End Swing
C. Principle of Balance

D. Principle of Stability.

5. The center of gravity of a lift truck always stays in the same place.

True False

B. A lift truck WITH A LOAD is less likely to tip over sidaways than a truck WITHOUT A LOAD if bath trucks
turn 100 quickly.

True False

7. Which is NOT one of the supporting points of the Stability Triangle on a lift truck?

A. Center point of the steer axle
B. Left drive tire

C. Right drive tire

D

. Center poinf of the drive axle.
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SECTION 2 A. Turning too sharply at excessive speeds

B. - Traveling with load too high
C. Overloading the truck
D. All of the above.

9. If you add an attachment to your truck after it ships from the factory, you must have PRICR WRITTEN
APPROVAL from the lift truck manufacturer.

True_ . False______

10. Fill in the blanks:
A, Vehicle weight
B. Load center
C. Lifting capacity
0. Maximum fork {lift) height

( ' N\
Q/ IMPROPER OPERATION OR. O
MAINTENANCE COULD RESULT
IN INJURY OR DEATH
IMODEL: P5000
[SERIAL NO: »\) :
" [ATTACH 13 Sideshifter
[ATTACH 23
APPROXIMATE [ wLOW (BTER | B~ OFFSET | CAPACITY
TRUCK WEIGHT mm in | mm | in kg b
ke los 24 4,500
8.710

R MEETS DESIGN SPECIFICATIONS OF ASME BS6.1
© I




