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Vibration Analysis of the Helical Gear System by Spectral Transfer Matrix
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ABSTRACT

This paper presents a study on the analytical prediction of vibration transmission from helical gears to the bearing.
The proposed method is based on the application of the three dimensional helical gear behaviors and complete
description of shaft by the spectral method. Helical gear system used in this paper consists of the driving element,
helical gears, shafts, bearings, couplings and load element. In order to describe all translation and rotation motion of
helical gears, twelve degree of freedom equations of motion by the transmission error excitation are derived. Using
these equations, transfer matrix for the helical gear is derived. For the detail behavior of shaft motion, the 12x12
transfer matrix for the shaft is derived. Transfer matrix for the bearing, coupling, driving element, and load is also
derived. Application of the boundary conditions in the assembled transfer matrix produces the forces and displacements
in each element of the helical gear system. The effect of the proposed method is shown by numerical example.

Y ——m I polar moment of inertia of mass
) ) length
u,v,w translational  displacements in  x,y,z
L m mass
direction F force
rotational displacements around x,y,z
0x:0,,0; L P Y M moment
direction
. w angular frequency
1) displacement of gear .
. t time
k stiffness, wave number
D damplr?g . Subscripts
€ transmission error 1,2 shaft line number, gear number
R, base circle radius G gear
B base helix angle S shaft
1 trans pressure angle B Pearing
z,}, {z,}  state vectors of shaft linel,2 M Inertia
. K coupling
{ZC} combined state vector C combined
P density X,Y,Z rectangular coordinate
E young’s modulus
G shear modulus Superscripts
A Area
1 moment of inertia of area frequency domain quantity
J polar moment of inertia of area
J complex
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Fig. 1 Helical gear model
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mii, = F!' ~ F, + F; cos 3, sine, (3)
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Fig. 2 Helical gear system used in the analysis
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Table 1 The data of analysis

Input torque 98.1Nm
Mesh stiffness 6.70x10°N/m
Transmission error | 9.3x10°m
ks, =k, =3.46x10°N/m
Bearing 1 stiffness
Dy, = Dy, =380N/m/sec
ky, = kg, =3.46x10°N/m
Bearing 5 stiffness
Dy, =D, =380N/m/sec

=k,, =448x10°N/m
Bearing 12 stiffness

K,

Dy, = Dg, =480N /m/sec
ks, =ky, =4.48x10°N/m
Dy, =Dy, =480N/m/sec

Bearing 16 stiffness

Diameter=45mm,

Shaft 2 Length=37mm

Diameter=45mm,

Shaft 4 Length=108mm
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Diameter=38mm,
Shaft 6 Length=220mm
Diameter=38mm, '
Shaft 11 Length=23 1mm
Diameter=45mm, o
Shaft 13 Length=35mm i'f'“
Diameter=45mm, 2
Shaft 15 Length=77mm 3“%
Prime mover 9 4.254x10kg-m*
Mass moment of ;
inertia o'
Load 8 4.074x10"kg-m*
Mass moment of
inertia
Coupling10 torsional | 1.92x10"Nm/rad
stiffness
li torsi
Coupling? - torsional \ | 3\ 10 "Nm/rad '
stiffness
Table 2 The data of helical gear g‘fw
&
&
I
Gear 14 Gear 3 i
Narmal madnla/mm) 28 Kﬁ%
Normal pressure angle (deg) 20° “
Center distance (mm) 150
Whole depth (mm) 5.6025
Helix angle (deg) 25°
Number of teeth 19 89 .
W
Face width (mm) 48 48 :
Amount of add. Co. 0.3372 0.0893
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Sy = %(cos kyl+coshk,l)

1
S, =——(sink,/+sinh &,/
1,5 Zkb( b b)

1 .
S,, =———=(sin k,/—sinh k,1)
Y g b

1
SI,II =
2Lk

5 (—cos kyl +cosh k,[)
b
kp :

S5y = > (—sin ky/ +sinh k, /)

Sss =%(cos kyl+coshk,l)

1
Ss4 =Ea€—b2—(cos kyl—cosh k,/)
1
S¢y =———(sink,/+sinh k,/
5,11 2EIk, ( b 1)

EIk}
S11 === b (sink,! +sinh k1)

2

Elk
S75=- zb (—coskyl+cosh k1)

Sy = %(cos kyl+coshk,])

k
Sin= —7”(— sin k,I +sinh k,/)

Sy = ﬁ‘(— sin k,/—sinh k,/)
b
Sy = %(cos kyl+cosh k, /)
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Sy =%(cos kyl+cosh k,l)
Sy4 =—i(sin kyl+sinh k,/)

1

Sys = (sin k,/ —sinh k,/)
Y b
SZ,]O - ZEIkZ (—COS kbl+COSh kbl)

k
Si2= _7” (—sin k,/ +sinh k,1)

Syq= %(cos kyl+cosh k,/)
1

Sys=— (cos k,! —cosh k1)

2
b

Ss10= sin k I +sinh k,/
O Bk, (sin ks o)
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Elk
Sg2 = > b (sin ky/+sinh kyJ)

2

Elk
Sga = 2” (—cosk,l+cosh k,/)

Sgg = %(cos k! +cosh k1)

k
Sg10 = 7” (—sin k,/+sinh k1)

Elk}
2

Si2 =- (—cos ky/+cosh k)
Elk
Sios = —7’1(— sin k,/+sinh k,7)
1
Sy08 =———(—sin k,/—sinh k,/
108 =" 5 (—sin kyl —sinh k,/)

Sio0 = %(cos kI +cosh k,l)

2 A2YY 4P
S3,3:C03kr1

1.
S3,9: L smk,l

r

S9,3 = —EAkr sin krl

Sg9 =cosk,/

1A k2 =L p?

e PAL I -

MY Fof dudd 4L
S¢.6 =cosk,l

S6,12 =sin k,l

S12,6 =—GJk,l

SlZ,lZ =COSktl
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