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ABSTRACT

For analyzing the torsional vibration of a multiple stepped gear system containing a
pair of triple gears, a transfer matrix model based on Hibner's branch method is
developed and the natural properties of the branched rotor system are calculated with
using the A-matrix formulation. A Campbell diagram, in which the excitation sources
caused by the mass unbalances of the rotors and the transmitted errors of the gearings
are considered, shows that, at the neighborhood of the operating speed, there are the four
critical speeds amplifying the first mode and the fifth mode. For the surpression of the
gear box vibration, two ways are suggested by referring the mode shapes.
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Fig. 4 A pairing of triple gear
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Table 1 System parameters per shaft line

Line number Element number Element type
L1 3 Gl - S1-Dl1
L2 3 G3 -S2 - G2
L3 7 D2-S3-D3-S4-D4-S85-G4
L4 3 D5 - S6 - G5
L5 9 G6-S7-D6-S8-D7-S9-D8-S10- D9
L6 9 G7 - S11 - D10 - S12 - G8 - S13 - G9 - S14 - D11
L7 3 G10 - S15 - G11
L8 3 G12 - S16 - G13
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Table 2 System parameters per gear pair

o] ALL Table 3, 2] A|YL Table 4, ty2=

Drivi - o] A¥& Table 591 91t} Table 6& Triple
Pair riving part Driven part Paire] 7%7]0), 2%7]0l2 ez gt} A
number | Gear Line Gear | Line %9 A3d EAEEE 27000 rpmelx, & &
number [ number | number | number g0 HAAY SAEETE Table 794 BodZ:
P1 G2 L2 Gl L1 o} 710189 NAPASFE N.GPark®ol o3
MLd T2 o3 xujo] J|oje A4
P2 G4 L3 G3 1.2 N
Alg grol ALEAG. AHE" g2 Table 814
P3 G7 Le6 G5 14 Boz),
T2OPS AFE] fetd, TYHAE AFE
P4 G8 L6 G4 L3
P2 2uYstd FaYAL Yo T n&
P5 G6 L5 G9 L6 A el wslP et 2 A3, Table 991A, 1~ 73
PE c10 L7 G4 L3 RegtA] AAMAHLRE 1 % ol ¥z o
&g Bt v A Jepd exe HF
P7 G6 | L5 | Gl | L7 2doiE NQEEY @4S BAF Aolm
ps | ez | s | o4 | 13 ANY 2dHE 18 12 AAe Ro A}
k=220 3
P9 G6 L5 GI3 | 18 DHAAAE JHAske AL e 3A 4R (Y
Table 3 Gear specifications
Number Pressure angle] Module Tooth width | Number of Mass moment of
(deg) (mm) (mm) teeth inertia (x10™ kg m?)
Gl 20 3.5 47 89 15.680
G2 20 3.5 29 40 12,490
G3 25 5.5 24 38 2,700
G4 25 5.5 60 67 50,410
G5 20 2.0 80 47 37.3
Gb6 25 4.0 30 20 94.7
G7 20 2.0 14 20 0.9
G8 25 5.5 100 23 1.339
G9 25 4.0 30 103 34,860
G10 25 5.5 100 23 1.339
G11 25 4.0 30 103 34.860
Gl2 25 5.5 100 23 13,390
G13 25 4.0 30 103 34,860
Table 4 Disk specifications
Description D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 | D11
Mass moment
of inertia 6.2 1220,000| 9,000 113,200 0.9 14.6 121,900121.6001 17.6 | 33.5 100
(x10”° kg m?
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Table 5 Shaft specifications

Number Length |Diameter fnooudrfl’ss Poss.ion

(Cm) (Cm) (N/m) ratio

S1 | 59.50 390 [2.0 x 10" 0.28
S2 12.50 8.82 ” -
S3 6.30 11.50 ” ”
S4 43.40 9.00 ” -
S5 61.00 11.50 ” ”
S6 6.05 2.37 ” .
S7 26.65 2.90 . -
S8 33.68 2.63 - .
S9 19.94 0.61 ” ”
S10 15.40 5.28 - ”
Si1 3.00 2.60 ” -
S12 7.25 6.00 ” ”
S13 3.30 9.00 . ”
S14 9.60 6.72 ” .

Table 6 A pairing of triple gears

Descripition | Gear pair | Driver gear | Driven gear
P4 G8 G4
Triple #1 P6 G10 G4
P8 G12 G4
P5 G6 G9
Triple #2 P7 G6 G11
P9 G6 G13
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Table 7 Operating speeds in the shaft lines

Description Opel(rair:i;; s)p eed
G/T Shaft (input) 27,000
Idle shaft (output #4) 5,243
Transfer shaft 3173
Main shaft ass’y (output #2) 1.426
Output shaft ass’y (output #1) 1,800
Output #3 2,231

Table 8 Calculated effective spring constants of

gear pairs
Number Mesh stiffness ( N/m)
Pair #1 3.954 x 108
Pair #2 7.144 x 10°
Pair #3 1.840 x 108
Pair #4 1.121 x 10°
Pair #5 3.827 x 10°
Pair #6 1.121 x 10°
Pair #7 3.827 x 108
Pair #8 1.121 x 10°
Pair #9 3.827 x 108

2do] ER JIXNE F@3tA Hed o @9 st
AASSFE &9 JAGEE 719 AFE JT
29 X153 F34(tooth-passing frequency) 7t
"ot B Ao A dAr] Ax=de F8
4R Q& Table 103 2, ©& AR 3t ¢
8% G/T shaftdl & campbell diagram$l
Fig. 58 4t 2¥& 44T 27000 rpmo
=27 7R EA%e A4S E UYEdTH

27000 rpm Ao 4719 &8 &= (24718, 26028,
26810, 26814 rpm)7t EAde RE 45 ded
o]0 HEY AFEE=E 1AREY S5XREQ
t}. 984 26814 rpmolA 1(RE=9 FAL
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Table 9 The eigenvalues of the transfer matrix
model and the Lagrange model

T™MM Lagrange Error
Mode #| (\om) (rpm) C %)
1 3,164 3,134 0.95
2 18,820 18.674 0.78
3 41,820 41,725 0.23
4 42,530 42,482 0.11
5 116,200 115,262 0.81
6 143,600 142,497 0.77
7 586.407 583.768 0.45
Table 10 Excitation sources
.. Excitation Forcing
Description frequency
source (rpm)
Rotor mass
G/T shaft unbalance 27,000
Idle shaft ” 5,243
Transfer shaft ” 3,173
Main shaft ass’y ” 1,426
Output shaft ass’y » 1,800
Qutput #3 » 2,231
Tooth passing Gear profile
pair #1 error 126.920
Tooth passing .
pair #2 120.600
Tooth passing ” 104,860
pair #3 ’
Tooth passing . .
pair #4, 6, 8 120,583
Tooth passing .
pair #5,7, 9 540.000
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Fig. 5 Campbell diagram on the excitation
sources
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