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Linear Analysis of Geared System with a Manual Transmission
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Abstract : Vibro-impacts in manual transmissions result due to several nonlinearities such as multi-staged clutch
characteristics and gear backlashes. For the sake of understanding the torsional system, one specific manual transmission
with front engine and front wheel drive configuration is investigated with a linear model under the several assump-
tions substituting the nonlinear factors. First, this system is examined with the mathematical approaches by expressing
the governing equations to find out the torsional motions. Second, this system is analyzed using the linear model in
order to understand its modal and frequency response characteristics using eigensolution method and the FRF(Frequency
Responses Function) analysis. Third, with the given results from the eigensolutions, several mode shapes are investigated
related to the torsional motion characteristics. Fourth, the system characteristics with the FRFs are studied with the
basic approach, with which the several key parameters will be suggested based upon the results in the further studies.
Key Words : natural frequency, mode shapes, FRF, eigensolutions
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Table 1, Specific stiffness values corresponding to eq. (4)
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Table 2. First five natural frequencies of a 14DOF system,
Also, refer to Figure 2 for mode shapes

Mode Description Natural Freq.(Hz)
0 Rigid body mode(fo) 0
1 Driveline surging mode(f1) 9.1
2 Clutch spring mode( f2) 64.3
3 Clutch + Input Shaft mode(f;) 273
4 Right Axle mode(fs) 442
5 Left Axle mode(fs) 518
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Fig. 2. First five modes of a 14DOF system(Fig, 1).
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Appendix 1. Variable of inertia and numerical vaiue

Appendix

Variable Inertia Numerical Value Unit
If Flywheel 0.13757 Kem®
Th Clutch Hub 0.00576142
Ti Input Shaft 0.003097388
To Output Shaft 0.00532679
Iol 1st Speed Gear 0.002569658
o2 2nd Speed Gear 0.001388366
Io5 5th Speed Gear 0.00052332
Iri Idler 0.00043512
lor Reverse Gear 0.001329
1i3 3rd Speed Gear 0.00057967
T4 4th Speed Gear 0.000873376
Id Differential 0.0215
Ijl Left CV Joint 0.00390837
Tjr Right CV Joint 0.0434954
It Tire Disk 0.28
Iv Vehicle 433.5

Appendix 2. Variable of radius and numerical value
Variable Radius Nl{;r;?;l:al Unit
Ril Ist Gear on Input Shaft 18.296 mm

Ri2 2nd Gear on Input Shaft 29.5085

Ri3 3rd Gear on Input Shaft 35.492

Ri4 4th Gear on Input Shaft 41.9485

Ri5 Sth Gear on Input Shaft 45.9155
Rir Reverse Gear on Input Shaft 16.3555
Rri Idler 40.1445

Rol Ist Gear on Output Shaft 63.204

Ro2 2nd Gear on Output Shaft 51.9915

Ro3 3rd Gear on Output Shaft 46.008

Ro4 4th Gear on Output Shaft 39.5515

Ro5 5th Gear on Output Shaft 35.5845

Ror Reverse Gear on Output Shaft 54.954

Rod  |Differential Gear on Output Shaft| 26.6265

Rd Differential Gear 103.3735

Appendix 3. Variable of stitfness and numerical value

Variable Stiffness Numerical Value Unit
Ki Inputshaft 10000 Nm/rad
Kg Gear Mesh 270000000 Nim
Kd Gear Mesh of Differential 270000000
Kjl CV Joint Leftl 6663.499157
Kjr CV Joint Rightl 5385.803274
K\J/1 CV Joint Legft2 s663400157 | Tomrad
Kv2 CV Joint Right2 5385.803274
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