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Shafting with Gear-Branched Systems
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Computation of Critical Speeds for Design of Torsional

While designing a torsional shafting with various gear—branched systems, it is very important
for system designers to obtain critical speeds accurately and easily. The author has studied the
transfer stiffness coefficient method (TSCM) as a structural analysis algorithm. In this paper, the
TSCM is applied to the computation of critical speeds for torsional shafting with gear—branched
systems. The accuracy of the present method is confirmed by comparing with the results of the

finite element method.
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Fig. 1. Analytical model.
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Fig. 2. Shaft element.
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Table 1. Mass moment of inertia for computation
model 1 [unit : kg-m?*]

Node Subsystem Main system
0 0.30 1.50
1 0.30 0.40
2 0.30 0.70
3 0.30 2.70
4 0.30 7.20
5 0.45 -
6 0.40 -
7 0.15 -
8 1.00 -
9 0.20 -

Table 2. Torsional stiffness for computation model
I [unit : N-m/rad]

Node Subsystem Main system

1 3.0x10° 6.0x10°

2 3.0x10° 2.5x10°

3 3.0x10° 8.5x10°

4 3.0x10° 9.5x10°

5 3.0x10° -

6 4.0x10° -

7 2.5x10° -

8 1.0x10° -

9 1.5x10° -
ALAAAGH(TSCM - F3a AU (FEM) o2

—
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Table 3. Natural frequencies of computation model

T {unit : Hzl
Order TSCM FEM
1 41.07 41.07
2 108.06 108.06
3 135.68 135.68
4 235.11 23511
5 317.49 317.49

Table 4 Axked o] tigh A5 2
9l 1z 2HAFFS 23 DANTFERE A
AALEE AR Aotk FAle] Frlge] 1871%
434 7\dolug 9z YPEEel 274rpmz 720

rpmo] FY84 % (major critical speed) 7} At

Table 4. Critical speeds of computation model I
[unit : rpml

Order 1st frequency 2nd frequency
0.5 4929 12968
1.0 2464 6484
1.5 1643 4323
2.0 1232 3242
2.5 986 2593
3.0 821 2161
3.5 704 1852
4.0 616 1621
4.5 548 1441
5.0 493 1297
5.5 448 1179
6.0 411 1081
6.5 379 998
7.0 352 926
7.5 329 365
8.0 308 810
8.5 290 763
9.0 274 720
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Fig. 5. Natural modes of computation model T.
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Table 5. Mass moment of inertia for computation
model T [unit : kg-nf)

Node Subsystem sslt/iienm Node S}I\//iienm
0 0.007 33.724 9  188.000
1 0.312 28.000 10 42.000
2 - 56.010 11 151.500
3 - 74.000 12 5.370
4 - 188.000 13 10.740
5 - 188.000 14 5.370
6 - 188.000 15 14.350
7 - 188.000 16  11.600
8 - 188.000 17 1322.000
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Fig. 6. Computation model II.
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Table 6. Torsional  stiffness for computation Table 8. Critical speeds of computation model I

model I [unit : N-m/radl [unit : rpm}
Main Main Order 1st frequency 2nd frequency
Node Subsystem system Node system 1 320 389
2 160 194
1 15500x10° 2.720x107 | 10 1.427x10° 3 107 130
5 ) 4 80 97
2 - 1.000x10°| 11  1.855x10 5 64 78
: 6 53 65
_ 7 9
3 3.399x107| 12 1.000x10 - 46 o
4 - 1.400x10% | 13 2.779x10° 8 40 49
9 36 43
5 - 1.025x10% | 14 2.779x10° 10 32 39
V 11 29 35
6 - 1.025x10% | 15  1.000x10° 12 27 32
} , 13 25 30
7 - 1.025x10° | 16  5.103x10 14 923 28
15 21 26
_ 3 6
8 1.025x10%| 17 4.838x10 16 20 o4
9 1.025x10°
f‘f‘:sTbsg{gm“j
10 ‘b—ﬂ { —=—Main system |
Table 7. Natural frequencies of computation model
0 [unit @ Hz] 05
Order TSCM FEM 007 | PmOm0m0m0=0m0m0m0=0-0-07070707
1 5.3315 5.3315 054
2 6.4827 6.4827 104
T 3 i i e T s erotizmisien
3 49.237 49.237 Node
4 ) )
66.712 66.712 (a) 1st mode shape
5 92.936 92.936
10b-o —:~=Main system
Table 82 AR o) th3t AFx1E4 2
Q1% nRESS 23 DRAEFRYE A
'?']@éu\‘}——%: 7"“}\\1'51' 7534‘ O]Iqﬂ %7*“91 ‘Zl”7 ]:ﬂ}o] 67 ]% 0.04 P=0=0=0m0=0=0m0=0=0=Owp (o
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Bh= FollA 183 Zé@ 135 AH 14 Alol9) &1
oA Ho] JePdt) Fig. 7. Natural modes of mathmatical model II.
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