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ABSTRACT

With the accelerated trend toward powertrain electrification and increased demand for fuel
efficiency, hybrid vehicle adoption has been growing rapidly. In particular, for hybrid vehicles, the
development of transmission planetary gear noise and vibration control is crucial to ensuring customer
satisfaction regarding vehicle quietness, as these vehicles may lack the masking effect of engine
combustion noise. Unlike previous studies that focused on optimizing gear micro-geometry through
transmission error analysis to reduce planetary gear vibration, this study experimentally verifies that
planetary gear vibration is amplified by the structural resonance of transmissions and its internal

components. Based on these findings, an analytical improvement approach is proposed.
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Fig.1 Cross-section view on FR type automatic
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Table 1 Modal test and analysis results about presumptive

cause parts

Parts | Mid sun gear
- - Input shaft Valve body
Shape
Mode
shape

Oval mode Bending mode | Bending mode

(1st mode) (1st mode) (2nd mode)
Frea. | 514, 562 Hz 710 Hz
(test)
Freq.
(CAE) 748 Hz 580 Hz -

= 1 MID Sun Gear
x 4 Assembly
4—( '-D

sy e ——
v I _d'-l- Tension Direction C-PIN

Fig. 3 Fixed by carrier pin on mid sun gear
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Fig.4 Test results for fixed by carrier pin on mid
sun gear

Table2 Modal analysis results about mid sun gear
assembly to improve

Shape
modification

Increasing
thickness

Height
reduction

Shape E

:E. ;
Freq. 755 Hz 1004 Hz 1055 Hz
(CAE) (+7 Hz) (+256 Hz) (+307 Hz)
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(2) Input Shaft
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Table 3 Optimized improvement

Optimized
improvement

BASE

Mid sun
gear assy

Freq.(CAE)

Frt carrier

Table 4 Modal analysis results about input shaft

Input

shaft assy e

Annulus

1st
mode

(bending mode)

(oval mode)

(bending mode)

Freq.
(CAE) 642 Hz 1396 Hz 3269 Hz
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Fig. 8 Modal test results of valve body

Fig. 10 Additional constrained of valve body
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Table 5 Case stiffness reinforcement to improve global
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Fig. 18 Modal analysis results

Table 6 Results of resonance validation

Effect of 640 Hz resonance
Part name
Frt planetary Mid planetary
Mid sun Effect None
Gear assy
Input shaft None None
Valve body None None
Case
(global mode) Effect Effect
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