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(A Study on Modal Analysis of a Crankshaft)

v H 2)x A
Youn-sik Park, Yang-Gyu jei, Dong-Yup Oh

F Fr 2 E g

Abstract

An analytical and experimental modal analysis is carried out upon a crankshaft of a
four cylinder internal combustion engine for studying dynamic characteristics of the shaft.
Influence coefficient method is adopted in modelling the object and the calculated
dynamic properties are directly compared with the experimentally obtained torsional and
bending natural frequencies and mode shapes, It is found that the test results are well
agree with the outputs from analytical model especially in low harmonics.
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Fig. 1. Schematic drawing of a crankshaft
of a four cylinder engine
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Fig. 2. Crankshaft model for torsion and
bending analysis
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Table 1. Equivalent mass moment of inertia and stiffress for torsion analysis
( pulley and flywheel are included)

Moment of Inertia( x 107*) h L 5 X % fs I
(ki ) 9.88 | 38.42 | 66.24 | 66.24 | 66.24 | 36.52 | 1194.9
K, K, K, Ky K, K,
Stiffness(x107%)(N-m. rad) -
0.102 | 0.337 | 0.337 | 0.337 | 0.337 | 3.852
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Fig. 3. Reactive forces and moments upon y—
direction force( Fy) and z-direction
moment(M,)
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Table 2. Obtained crankshaft natural frequen
cies from theoretial model

Harmonice(Hz)
Condition 1st | 2nd| 3rd
Free -Free 875.6| 1384.2| 2620
On Engine ol o
Block 1096.2 | 2023.8) 2645

TORSION| On Engine

Block with
Pulley and 445.2 1 1151.9/1601.9

Flywheel

Free -Free
o o . 293.5| 653.1]1029.8
BENDING 0° direction

Free-Free
90° diractio 434.6| 941.6(1492.1
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Fig. 4. Overall apparatus for experimental
modal analysis




W 5) B 2ol FY AFE WA A&E
Az AT ATE FH 89 ot M FSE
=AY A&BAE A A AT VBT
Az A, o9 ol FU 7t Az
THALE AHgst] F344 FRTSE Tt
A AAANES U REEE Fagvh T
A A3t SFU4 T A 29 6) o Yo
o 4 Aol e Fa $YFLE T 7

Impact

A
(8)

Accolerometer

Accoloromoter

t Acceleromeater
Impact

a) Bending (W Torsion

Fig. 5. The accelerometers position for
bending and torsional vibration
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Fig. 6. A sample of obtained frequency
response function
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Table 3. Comparision between theoretical and experimental natural frequencies
Harmonics(Hz) 1st 2nd 3rd
Conditions Exp. Theo. | Exp. | Theo. Exp. | Theo.
TORSION |Free-Free 884.4 | 875.6 | 1154.7 1 1384.2 | 1362.5 | 2620
Free - Free ‘
BENDING (0° direction) 290.4 | 293.5 647.6 | 653.1| 689.8 |1029.8
BENDING | On Engine block 849 1023 1146
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