(6 —28)

AL m XA E 0 EF

=
m 3¢

C#E | New Mechanism of Absorption Collision Energy on Rolling-Over Protective
Structure (ROPS) Using Compression-Expansion Crash box

K 4 |Zefry Darmawan

This paper clarifies the energy absorption mechanism of the cab frame corresponding to the
roll-over protective structure (ROPS) using the compression-expansion thin-walled tube
absorbing member. The summary is as follows.

It is important to protect operators from the impact of falls in heavy machinery. As a safety
protection a rollover protection structure is applied to the cab frame. The cab is required to absorb
the impact energy of a heavy machine fall accident and to keep the operator's survival space at the
same time. Therefore, it is necessary for the cab to absorb energy without lowering the rigidity
and strength with respect to a predetermined amount of deformation. Also, when deformation
cracks occur at the weakest part of the frame, the load decreases rapidly and lost sufficient energy
absorption performance. Since it is difficult to obtain various modifications for preventing the
bending collapse of the frame and a cast member, while develop the cab to satisfy the ROPS
standard for each weight of the heavy machine body. In addition, like the automobile, the energy
absorbing members mainly used for absorbing the collision energy at the accident are not used at
cab. Development cost and resources are required for each cab applied to ROPS in order to
design each heavy machine individually. Simulation based on theoretical analysis improves
efficiency by using the finite element method. In this research, we investigate the characteristics
of the collapse of the cab frame corresponding to the ROPS standard, without considering the
special cross sectional design frame and individual optimized parts to increase performance. A
study on new absorption mechanism for improvement also investigates to enhancing performance
of ROPS.

Chapter 1 present the research on the ROPS structure of the heavy equipment, the impact
absorbing member and the problem of the impact energy absorbing mechanism in the previous
research, and the outline of the research in this paper is shown. In chapter 2, the mechanical
properties of the materials used for analysis and evaluation, and the properties of the newly
proposed compressive expansion type absorbing member and cab frame are shown. In chapter 3,
we showed the analysis environment such as the boundary condition of the simulation, the
theoretical analysis by finite element method used in this research and the investigation result on
ROPS test.

In Chapter 4, the characteristics of the cab frame and the weak points from the evaluation of
the load-deformation curve and the energy-deformation curve in the thickness combination of
each frame is varied based on the typical 6-post cab frame shape. As a result of specifying the
members and parts, local wrinkles which become weak points in the four different regions of the
cab frame are shown. The important part in this cab frame is vertical pillar A, C, and H pillars.

Chapter 5, we investigated the bending characteristics of square tubes with expanded
compression type energy absorption part for the purpose of preventing bending collapse of the
frame member and occurrence of local wrinkles. The collapse form of the square tube was
influenced by the thickness of the member and the dimension of the cross sectional area. The
deformation mode was clarified into 3 type; side, bottom, and flat collapse. Particularly, in the flat




collapse mode, it was shown that high energy absorption characteristics can be obtained because
there is no local buckling.

In Chapter 6, the optimum design shape of the cab frame was investigated based on the
results of the stress distribution specified along the three observation points on the square tube
cross section. Using the basic shape of 6-post ROPS, the change of the stress and strain of the
frame under the different plate thickness condition is investigated using those points. The energy
absorption of the cab frame is increased, and at the same time also reduces the local buckling.

In Chapter 7, we propose a new energy absorbing mechanism using the compression
expansion type absorbing member and compared it with the evaluation data of the preceding
research. As the result, the members using the proposed mechanism have higher energy than the
conventional one. The proposed mechanism is to install the compression expansion type
absorbing member so that the load direction can be reversed to both end faces of the absorbing
member and the energy can be absorbed in the tensile direction. Both end connection are made
from bar with higher rigidity than the absorbing member, so it can be pulled, and the load
transmitted to the frame can be absorbed. In addition, it was shown that attaching the absorbing
member on the rear diagonal line of the cab frame (Chapter 4, H pillar take out) is effective.
Chapter 8 summarizes the results obtained and presented various parameters and conditions for
optimum design of the cab frame using the new energy absorption mechanism for the ROPS

structure.
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