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Equivalent Stiffness Calculation of Coupled Four Bar Linkage
HUANG Shuang, WU Xin, LI Peixing

(School of Mechanical and Automotive Engineering,Shanghai University of Engineering Science , Shanghai 201620, China)

Abstract:In order to correctly solve the vibration characteristics of the rotor system of a tufted carpet loom ( natural
frequency, vibration mode and critical speed, etc. ), the energy method was used to investigate the equivalent linear
stiffness and equivalent rotational stiffness of the needle crank rocker mechanism. Treating the crank rocker mechanism
of the coupling unit between rotors as multiple rigid frames, unit forces and unit moments were applied for each rigid
frame, and the equivalent linear stiffness and rotational stiffness were solved using the energy method. The results show
that the equivalent linear stiffness and rotational stiffness of the needle crank rocker mechanism change greatly, and the
equivalent stiffness that changes periodically with the rotation of the crank cannot be regarded as a constant, and the
influence of time-varying stiffness on the vibration characteristics of the system should be considered. This study provides
a new idea for the solution of equivalent stiffness.
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Figure 1 Structure of tufted carpet loom rotor system
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Figure 2 Schematic of needle crank rocker mechanism
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Figure 3 External force applied when

solving equivalent linear stiffness
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Figure 4  Stress analysis of each rod
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Table 1  Axial force and bending moment of each rod
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Figure 5 External torque applied when

solving equivalent rotational stiffness
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Table 2 Axial force and bending moment of each rod
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Figure 6  Stress analysis diagram of each rod
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Table 3 Angle value
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o B b ‘ a B b4 a B Y

0 59.29 45.76| 120 55.01 36.06 | 240 46.64 44.43
10 60.16 44.75| 130 53.71 36.05| 250 47.09 45.44
20  60.82 43.66 || 140 52.42 36.20 || 260 47.72 46.36
30 61.24 42.54 || 150 51.19 36.51 | 270 48.53 47.15
40  61.40 41.44 || 160 50.04 36.98 || 280 49.50 47.79
50 61.30 40.37 | 170 49.01 37.60 | 290 50.60 48.26
60 60.96 39.38 || 180 48.12 38.35|| 300 51.82 48.52
70  60.38 38.48 || 190 47.39 39.21 | 310 53.11 48.57
80 59.59 37.71 200 46.85 40.18 || 320 54.44 48.40
90 58.62 37.07| 210 46.50 41.21 | 330 55.77 48.01
100 57.51 36.57 || 220 46.34 42.28 || 340 57.05 47.43
110 56.29 36.23 || 230 46.39 43.37 || 350 58.24 46.67
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Figure 7 Curve of stiffness value and crank

angle of K, and K,
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