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Nonlinear Compliant Gear Statics & Dynamics

Ing. Fabio Bruzzone - Prof. Carlo Rosso

Objective: Increase power density
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Reliability issues due to

Complex dynamic 3 dynamic oyerloods and .High = behavior of transmissions
phenomena Cycle Fatigue, also noise
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Nondimensional mesh frequency, f_/f

Detailed models to study
the static and dynamic

Frequency

are needed

3D nonlinear and non-Hertzian tooth deflection and contact model

Analytical involute Effect on
profile deflection

Linear tip relief &

Rotational velocity

Effect of TPM on the pressure distribution along the flank

No TPM Pressure [MPa] Crownlng Pressure [MPa]
6 i
Detailed 4 6000 4} 2000
£
contact £, 4000 £ 2!
> > 1000
model ol 2000~ 0f
-2 ‘ ‘ : ' 0 -2 ; . - ! 0
-10 -5 0 5 10 -10 -5 0 5 10
X [mm] X [mm]
Pressure [MPa] Pressure [MPa]
6 4000 6r
=, 4 3000 _ 4f 2000
S £ £ 1500
2 £ 2 2000 £ 2¢
E > > 1000
g 0} 1000 O 500
hy Ton ' e ,-:4;.;‘ / b
( - 2 L)-‘—{ 15 ! e .‘___'_'_./-"'—\-c‘?'l' _2 4 " i ) 0 _2 ! 1 1 ) 0
- g s - 10 5 0 5 10 -10 5 0 5 10
' Mesh Angle '] X [mm] X [mm]
Crowning Parabolic tip relief & Crowning
Effect Of Hellx angle on STE Ond LSF Effect of torque on STE ﬂ — 22, 5° A; in linear tip relief TPM [; = 0.96 mm pin parabolic tip relief TPM Ap= 0.032mm
003, 1,0.96 mm, A,=0.032 mm Torque [Nrm] —4,=0.008 mm —A,=0.016 mm —— A,=0.024 mm — A=0.032 mm - - A,=0.04 mm [—1,=0.192 mm —1 =0.384 mm 1 =0.576 mm —I =0.768 mm — =0.96 mm|
0.025 17 '
0.015¢ 1 4q ¥10° 0.9
OIOZS/L__/JL__/ 500 :
0.02 T 08 /L——JL——/ 0.014 - H H 08"
o 0.02 /L’//\;’/ 400 0.013 - o8 = 07"
o © o
_ 0015 2 06 - 0012 S o6 5 0°
lcj'_? i e 50.0157 \ \ . ;_:Jo.on : E E 05
o E 0'4; 0.01 j J 200 0.01+ Eu 0.4 Y P _% 0.4+
o005, ;S\ \| o2 0.005 _/——L 100 | 3 02 v S 02
———\_ | —\ VN 0.008 . ph 0.1
0 : ‘ : : 0 LR T—— : 0 ‘ ‘ ‘ - Wo 0.007 : : : 0 iyt : ‘ 5 ‘ ‘ ‘ 0 i
0 0.5 1 1.5 2 0 0.2 0.4 0.6 0.8 1 0 0.5 1 1.5 2 0 0.5 1 1.5 2 0 0.2 0.4 0.6 0.8 1 0 0.5 1 15 2 0 0.2 0.4 0.6 0.8
Mesh Cycle [-] Mesh Cycle [] Mesh Cycle [-] Mesh Cycle [-] Mesh Cycle [-] Mesh Cycle [-] Mesh Cycle [-]
—p=0°—p=7.5° — 3=15° — =22.5° — 3=30° — f=37.5° — 3=45°|
Full flexibl | d '
Compliant web model
Uadd A1 ’ . . eﬂd p0|ntS Mode N1 360:25 iz Mode N° 14 7376.63 Hz Mode N° 16 8014.45 Hz
IR sl constrained in
10 ., ] ' I : = . .
— | N, 4 every direction s
2 L S Al °] : il
N 0. I I A except 0, £ - £ : E o
-10 | 10« -10
-30 » . Kl - T ] v -30 o zo> 7 a) i e 2{ 0\ :?0 _r -
-20 AL T el I Uke1 90 palite, -
-10 _ § T T ) -10 . 110 20\,;_? \:-:z\a 10 | [1’-: ?C:O - . .
0 ST, T, oy oo c
10 ) 10 . . . . .
- ™ 3M Time-steps in 4hrs including pre-processing
Forced frequency response Yim 30 7 30 X[m] Results post-processing - Axial direction 270
3D BW 700
QA =50rpm QO =7100 rpm
— Exp test A L 8000
i . %107 Radial direction R 1075 Radial direction R
= = Numerical
E
E 7000
o
11 } ;zs[s] I 115 8025 180232 18, Dz'ﬁtn ) E:; 0206 18.0238 18024 _ 6000
N
Tangential direction © - w108 Tangential direction © E
| > 5000
5.35 3]
=) e
E 534 )
¥ 533 = 4000
: : : ' 5.32 L— - ' : : - o
1 1.05 11 1.15 18023 18.0232 18.0234 18.0236 18.0238 18.024 L
Time [s] Time [s]
3000
Axial direction Z «107 Axial direction Z
1.46
E”"*[ 2000
: 142’ 2
1I 1.;)5 1:1 1.I15 b 18.023 ‘IE.E;ZSZ 13.6234 18.0236 18.0238 18.024 1 OOO
RPM @ NH Time [s] Time [s]

0

0
GEDY

4 ﬁ\g *y, Politecnico

r'4
0,’ A > A% di Torino

N s #ii
\..llll ERTRAARIEE T ‘I Department T R A S S
‘\‘\ 1859 ': Of MeChanlcaI and ear Dynan Transmission Analysis

=N\ e Aerospace Engineering

20



