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The objectives of this study were to clarify the vibration characteristics of the frame and operation
handle of the stump cutting machine, and to establish a reasonable simulation model. Using the
professional modal testing system with post-processing software and CAE software ( Ansys Workbench) ,
we carried out model test and finite element analysis of the frame and operation handle, and compared
their results. The results of model test and finite element analysis can well match each other. For both
methods, the error of natural frequency in the first six stages can be controlled within 10% , and the mode
of vibration for each stage is basically the same, suggesting that the results of the model test and the finite
element analysis can well reflect the actual characteristics of structural vibration. The finite element mode
built for the frame and operation handle has a high credibility that it can be used trustingly in statics and
dynamics analyses. The link part between the front of the frame and the cutter head shaft, as well as the
holding part in the handle, are prone to large amplitude of vibration. Measures like adding vibration
isolation material, changing rigid connection to elastic one, and increasing the fatigue strength of
vulnerable parts, can be taken to isolate and decrease vibration.
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Fig. 1 Structural representation of the stump cutter
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Tab.1 Major parameters of the stump cutter

i H BifH

Items Numerical value
ROF S8 (K x 98 x &)
Size (length x width x height) /cm

250 x 74 x 100

BB Quality/kg 264
EINHUIRKIIZR Max power/kW 18
R BIHLEE 4 #E Rated speed/ (remin~") 3600
VI JI#E % Cutter diameter/cm 35.5
JIH5 %% Number of blades 12
F R MR Max digging depth/cm 55
Hiu iR A R VI 75 B Max digging height/cm 61
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Fig. 6  Superposition of the frequency-response curves for each test point and the fitting frequency-response curve
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Tab.2 Descriptions of the frequency, damping ratio and mode shapes for the first 6 stages

A AL

LIES FHJE LE IRBY Sk

Modal order Frequency/Hz Damping ratio/ %

Modal descriptions

1 28.7 5.55
2 38 3.09
3 97.1 1.23
4 149 0.97
5 159 0.90
6 172 0.73

BARTERIZ D7 3 1 IR, HiJE P AR JE 5K The whole structure twists once along axis, and
maximum deformation occurs on both ends
AR A i 1 W, B B, 3B ZE T ik K The whole structure bends once

along axis,both ends up,and maximum deformation occurs on the holding part in the handle
AT T 1 25 il 2 U, AR R B SE T A EE R U The whole structure bends twice
along axis, the middle part of the frame is convex,and the middle part of the handle is concave
AR Ty 1) ZE R4 3l 2 W AT 5 ZE B S5 1141 3) 2 IR The frame twists once along axis,
and the handle twists once against the frame direction

ARV i 3 Wk, ZE A HE LA 1B & The whole structure bends three times along axis,
and deformation in left side is more obvious than the right

BB Bl AN AR JEHA A5 JE The front of frame twists once, the right

side of frame bends once, and the rest is not obvious
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Tab.3  Descriptions of the frequency and mode shapes for the first 6 stages

RSB IS PRAL R
Modal order Frequency/Hz Modal descriptions
XY ST NV X J7 1) AL 1 IR, B JE WS Z [ FS 5 K The whole structure twists once along X axis in
! 26. 088 XY plane ,and maximum deformation occurs on both ends along Z axis
XY ST N X J7 18 B AR i BT S Wi ER Z 1E 181148 K The whole structure bends once along X axis in
2 > XY plane, and maximum deformation in forward displacement of Z axis occurs on both ends
; 101,71 XY 1 AR il 2 vk, BB ) L™, 38 [E] R M The whole structure bends twice in XY plane,
the middle part of the frame is convex, and the middle part of the handle is concave
4 15115 WX I ERAETFHEh 2 W, Z [n) fie KA 76 42 28 P i FHE T 1 (] The whole structure twists twice
along X axis, and maximum deformation in Z axis occurs on both ends of the frame and middle of the handle
W X 77 AR i 3 Uk, S A W s R R RV Z 1E 1316585 K The whole structure bends three times along X
5 161.5 axis, and maximum deformation in forward displacement of Z axis occurs on both ends and middle of the
whole structure
6 172,35 Z [ ARIE /NS, — M F0 X w5 il 1k, 4R R XY T4 35 Deformation along Z axis is tiny, one

side of the handle bends once along X axis, and the front of frame twists in XV plane
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Tab.4 Comparison of natural frequency for the first six stages
HEAS B AL Modal order 1 2 3 4 5 6
RIEILZS Experimental modal/Hz 28.7 38 97. 1 149 159 172
PR ZS Finite element modal/Hz 26. 09 35.44 101.71 151. 15 161.5 172.35
Xf i 22 Error/ % 9.1 6.7 4.7 1.4 1.6 0.2
Test model Test model Test model
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Finite element model

Y
X 4—*
a 1A REL 1 model vibration mode
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Finite element model
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Finite element model
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Fig.8 Comparison of modal vibration modes
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