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Stress Measurements for Wheel Crane Boom under Operating Conditions*
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Abstract; Life extension of various machines is of great concern in recent years. Material fatigue is a major

factor that influences the lives of machines. The importance of fatigue strength in structural components

therefore increases for construction machines such as mobile cranes. To estimate the fatigue strength of the
components of actual mobile cranes, it is necessary to grasp the load history of the cranes under operating
conditions.

Two types of stress measurements for the booms were conducted on rough terrain cranes. In the first type, the
measurements were made under three typical movements observed in crane operations, in atesting yard. Three
typical movements are; a continuous hoisting and slewing, luffing with simultaneous slewing and hoisting with
simultaneous slewing. The characteristics in histogram of stress amplitude estimated by Rain Flow Method were
investigated and the relationships between speed of movement, or mass of loading and the estimated stress
amplitude were analyzed for each type of movement. In the second type, stress measurements were done in a
construction material center. The aim of this measurements was to clarify the stress changes on the boom during
actual crane operations.

The main results obtained in this study are as follows.

(1) The stresses on the boom change according to the posture of the crane, the mass of loading and the bending
vibrations in the boom. The vibration in the horizontal plane is caused by slewing and that in the vertical
planeis caused by lift off and touch down of the load.

(2) In the case of slow operating speed, the posture of the crane and the mass of loading are the major factors of
stress changes on the boom. The amplitudes of these stress changes are much larger than those of stress
fluctuations caused by the bending vibrations in the boom.

(3) At higher operating speed, bending vibration in the horizontal plane has a great influence upon the stress
fluctuations. Some of the stress fluctuations in the section near the boom root by slewing are comparable to
stress changes by mass of loading and posture shifting. The stress fluctuations by lift off and touch down of
the load are smaller than those by slewing.
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Fig.1 Wheel crane used at the yard
Y— FRAIEICAWEZ 77T L—2TL—>

Table 1 Specifications of the tested crane
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Boom length | (Load) x (Radius}
9.32m 25,000kg x 3.5m
Lifting capacity 16.42m 19,000kg x 4.0m
23.52m 12,500kg x 5.0m
30.62m 7,000kg x 8.0m
Range of boom length 9.32~30.62m
Maximum lifting height 31.9m
Maximum working radius 28.2m
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Fig. 2 Cross sections at which strain gauges are glued
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Fig. 3 Strain gauge arrangement in the section of
boom (View from the root of boom)
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Table 2 Tested condition of the Movements
andLoadings
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Boom | Slewing Load Basic Luffing with 3 Hoisting
length | radius o movement | slewing | with slewing
7000kg| O - | ©
BOm | 35300kg o] — O
3,500
30.62m ,500kg © ©
2.200kg O O @]
20.0m | 1,700kg O C @]
1,100kg @ @ @
19,000kg (o] — o
4.0m
9,500kg @ — @
16.42m
T.050kg O O O
10.0m
3,500kg @ @ @]
25,000k O @]
3.5m
12,500kg @ — @
9.32m
16,300kg O C @]
6.0m
8,200kg @ @ ©

O: Movement with moderatle speed,  @: with moderate and fast speed
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Fig.4 Stress measurement of the boom
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Fig.5 Time series of stresses during basic
movement (1.1ton, moderate speed)
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Fig.6 Time series of load during basic movement (moderate
Speed) calculated from pressure of derrick cylinder
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Fig.7 Time series of stresses during basic
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Fig.8 Time series of stresses during luffing with
slewing (moderate speed)
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Fig.9 Time series of stresses during hoisting with
slewing (moderate speed)
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Fig.10 Time series of stresses during basic

movement (1.1ton, fast speed)
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(1.1ton, moderate speed)
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Fig.12 Stress histograms for basic movement
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(1.1ton, fast speed)
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Fig.14 Stress histograms for luffing with slewing
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Fig.15 Stress histograms for hoisting with slewing
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