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Structural Optimization of the Knuckle Crane Installed in Truck

Lim Hun Bong*, Shin Moon Kyun', Yang Hyun Ik

Abstract

The knuckle crane design in Korea has been performed by assuming a cantilever beam type structure and numerically
analyzing design data and finally improving the stiffness by replacing material.

In our study, a complete finite element model of the knuckle crane is constructed and finite element analysis is conducted
using Optistruct.

Structural optimization to reduce the weight of the knuckle crane is processed by applying maximum loading condition
at the largest radius of motion, which is the worst case of loading condition.

As the results, existing over stiff design in a knuckle crane is corrected to meet a desired design limit and overall weight

is reduced, which eventually leads to a reduction of CO, emission.
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Table 1 Specification of The Knuckle Crane

maximum lift capacity 11,400kg- m
maximum working distance 7.8m
2m / 4,450kg

4.4m / 2,500kg
6.1m / 1,810kg
7.8m / 1,430kg

load capacity
(work dimension / load)

Boom angle 81°~-38°
Boom shape Hexagonal, 2 Stage Boom
rotation range 410°
rotation velocity 35° / sec
rotation type DOUBLE RACK
B 1

Fig. 1 Finite Element Model
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Table 3 Design Variables

Name T Upper Lower
Ex. Boom 1(up) 3.6 6 1.2
Ex. Boom 1(Bottom) 4.5 8 2.0
Ex. Boom 2(up) 4.5 8 2.0
Ex. Boom 2(Bottom) 4.5 8 2.0
Outer Boom(up) 4.5 8 2.0
Outer Boom(Bottom) 4.5 8 2.0
Plate 1 4.5 8 2.0
Plate 2 10 3.0
Plate 3 10 3.0
Plate 4 10 14 7.0
Plate 5 10 14 7.0
Rein Plate 1 12 5.0
Inter Boom(up) 10 3.0
Inter Boom(Bottom) 10 3.0
Rein Plate 2 12 5.0
Rein Plate 3 12 16 9.0
Rein Plate 4 8 12 5.0
Rein Plate 5 20 24 17.0
Mid. Plate 1 6 10 3.0
Mid. Plate 2 4.5 8 2.0
Mid. Plate 3 10 14 7.0
Link 1 20 24 17.0
Link 2 16 20 13.0
Column(front) 6 10 3.0
Column(Back) 12 5.0
Plate 6 10 3.0
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Table 4 Conditional Values of Discrete Design Variable

From To Increase
1.2 2.0 0.2
2.0 2.3 0.3
23 2.9 0.6
2.9 3.0 0.1
3.0 32 0.2
32 4.5 1.3
4.5 5.0 0.5
5.0 30 1.0
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Fig. 3 Change of Design Variables thru Repeated Process
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Fig. 4 Maximum VonMises Stress thru Repeated Process
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Fig. 5 Objective Function
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