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Coupled lateral vibrations of a shafting system werc analyzed by the Finite
Element Method using the Galerkin method. In the problem formulation. shear
force.bending moment. external force per unit length of the beam. axial force.
added mass and rotary inertia effects were considered.

A computer program was developed to calculate natural frequencies and natural
modes of a shafting.and was used to calculate natural fregquencies of a
experimental model shafting. The results showed good agreement with measured
values.

The sensitivity of the system parmeters on the natural frequencies was also
studied using this program. The calculated results are considered to be useful for
prevention of the resonance of lateral vibrations in the initial design stage of

shafting systems.
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Table. 4. Comparasion of natural frequency for experiment model shafting
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calculation vib. o ]
- plane | V| H v | H
measurement (17] A [ V&H | 1382 | 584 |
cal. by T'.M.M (17] B V & H 141.5 ‘ 59.0 +2.4 | +1.03
cal.by F.E.M(N=12) C V & H | 141.24 [ 58.86 +2.2 { -+0.79
cal.by F.E.M(N=6) ]’ D V & H | 140.5 J 56.87 +1.67 i —2.69
@ 7l Ne £8ai9 4
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o (a)E 14 ¥H w1=58.863(rad/ & 4 FUd. ® (e 24 A we=
sec)oll Al & HAdldAe] AFE-=8 141.24(rad/sec) du} ¥ Hwrujoisel =
Ehia glch. 71 esuge] iz TR-28 vehlR stk o3z eyl

_42_



AIREF kO g fhhe) Bk 13

olo
tjo

FANEE Ay syuelAe NEL 33 Hee I 90,

———> horizontal w1 = 58, 863(rad/sec)

0 } Jl : | ]
vertical
-1
(a) 1st mode
1 —— vertical
w2 = 141.24(rad/sec)

horizontal

(b) 2nd mode

Fig. 5. Vibration mode

3 REEAL BN o W7t A n{A ) vAE g
& Astr] skl wlojd A Wby

A AE RRAFF) hD FAe]  F bbe=0.6~1.42 F3 AR oy

EXA e Qe ARG, EAxE A4 Kee  FAWAAME  Kvo=425

nstE AL HEE wola =z A (kg/em], FHWUANME Kno=47.16

C AR olge 24, Hawy 2 (kg/cm) 2 Skict.

uhaky  dae] RrlHe @ 23 So) Table.5% ﬁll**@iﬂr—e— etz glom

b/bo=0.8Yd W RHFAZF wn $2 Y
A 2.2% Zvstn FHPYWAME= 0.
3.3.1 HFHF oy A=A )9 & 95% S 7bete Wb 2% i
Aere %4%}101]*1 2.35%. FHWY
Fig. 4ol #HFH o]y A=y 914 b e 1.04% B2FS G 4 9o

Table. 5. The effects of support positon of the last part
bearing on natural frequency

be = 7.3¢cm Kno = 425 (kg/cm) wvo = 141.24(rad/sec)
Kvo = 47.16(kgdcm) who = 58,863 (rad/sec)
case be b/be on(rad/sec) (wn/we) x 100
Vv H \Y H
4.38 0.6 147.68 60.09 104.56 102.59
2 5.84 0.8 144,38 59.42 102.2 100.95
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2 Kv, 82444 Kn)el #sr7t 4 257 FHAW D5 FFE Mol §
AFZFd nAE AFgE ALdstr] 95 om, FAe] 7% Table.6.20 EAE ut
of wloj&e] FHAA Kno=47.16(kg/cm] o} o]l Kn7t 20%%7Hghell uhel 43 au
2 nRFANNL, AR KvE A A 1 AHRFF7L 5.75% S7H8tal 20% A
FAEFE Adss A9, R 53 of Wi} 6. 1%HASAT FAMUAgM =
AR Kvo=425kg/cm) & A8, 5% AESA e ¢+ v A HF
A KnE WHEAMNA a&AEFFE AMS Houlolsy) 29l F3tel mteh i ET
e 5 34+E nedo, e 3 dEge UEE Y 4 U
Table. 6. 1. The effects of verictal stiffiness(Kwvo) of the last part
bearing on natural frequency o
bo = 7.3cm Kho = 47.16(kg/cm] wvo = 141, 24 (rad/sec)
Kvo = 425 (kg/cm) who = 58.863(rad/sec)
case Ko |Kv/Kvo wn(rad/sec) (wa/wa) X 100
i v | n v £
1 255 0.6 113.58 58.863 80.42 100
2 340 0.8 128.22 58.863 90.78 100
3 425 1.0 141.24 58.863 100 100
4 510 1.2 153.06 58.863 108.37 100
5 1595 | 1.4 163.94 58.863 116.07 | 100 |

Table. 6. 2. The effects of horizontal stiffiness(Kno) of the last part
bearing on natural frequency

bo = 7.3¢cm Kvo = 425 (kg/cm) ®vo = 141.24(rad/sec)
Kho = 47.16(kg/cm) whe = 58.863(rad/sec)
A .
case Kn |Knh/Kno on(rad/sec) (n/wo) X 100
\Y H \ H
1 28.296 ] 0.6 141.24 51.428 100 87.38
2 37.728 | 0.8 141.24 55.273 100 93.90
3 47.16 1.0 141.24 58.863 100 100
4 56.592 | 1.2 141.24 62.245 100 105.75 g
5 66.0241 1.4 141.24 65.449 100 111.19 J
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3.3.3 FHg 2 ek Mgl A1 A e &9 Holet AAze] Hzk 70
o & e & EIEAAY 449 A fod=
E Ho oS- Foz o glddge ok
gyl FHud 9 & WaHe] Rys & FAlE 4 sdoha skl
A DHAEFA vAs dEg& FAHY % wrao FIE ueslr &S ue
Aoz HESFATH AU ZIHE T LFAFe AdAFAet & W e AR g
HatA ¥& wel nfATF ANAR n#EEtn & WIS AIARAE ve o
¢ §7E ndds W L{HAESF FRE5e ANArr oS Table. 7¢l Wiet
AAR e R g 77t aloh, o7iAd (e AdFE (e ¥
58.86(rad/sec) % 141.45(vad/sec)E % %2 BARY EAl9 a8 eE 4%
dstA velsth AR ETDE Fo 2 & vbgkel o] Av)e] wey A4 FAski <l
ole} AT vl PEE WA 19| M A & vhgkee] Av)el ulel Frldle A
7Y Eo gl wek o) <jaro] A & JeEn 3 gtk
Table. 7 The effects of disc thrust on natural frequency
bo = 7.3cm Kvo = 425 (kg/cm) wvo = 141. 24 (rad/sec) N
Kho = 47.16(kg/cm) whe = 58.863(rad/sec)
case | THRUST (kg) on{rad/sec) {wn/wae) x 100
N \ H \ H
1 -500 139.656 56.577 98.87 96.12
2 -100 140.64 58.327 99.58 99.09
3 0 141.24 58.863 100 100
4 +100 141.49 59.282 100.18 100.71
LS +500 142.46 60.903 100.69 | 103.47
3.3.4. ¥ §riAgke J3 Ald/Tae=0.520 ZA$+EZA Ami/mio=0.2%Y
W & ot due] dee 20%E W
Fig. 7014 %o Frrage ¥Wer) % FARY RFAEFE 7.94%. FHUY
A nHHEFd nAs GFE Ay DFABFE 1.54% BA%A%E Jehin 9l
ot 7l AZAY BYRLWE(AL)E ow  Table8. 2% Ald/lde=082 A=
Ao HAAB/AHEWE (1) 50%.80%, A Ami/mi=0.2 4 W #HAHEY 2H50E
120%012)8 Al 7kA A2 AR sk, FE 8.12%. FHUNE 7.63% #aTE
M (Aami)E WMEAA 1HAEFE A Helth, £ Table 8.3& Ald/lae=1.2%
Azt A42M, Ami/mio=0.2 4 W FHAA
Table.8.1.Table8.2. ¥ Table8. 32 ¢ FAZESLE 8.37%, FHUW i re
Te) Frrdae] Wzt nflEsd v 7.74% #F&2EE < Uk

= 948 HoFa vl Table8. 12
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Table. 8. 1. The added mass effects of the disc on natural frequency
(AIa = 0.51do)

bo = 7.3 [cm) Ald = 0.51d0 = 0.702536(kg * sec’ - cm)
Kno = 47.16 {kg/cm) mio = 0,.015612(kg * sec’ - cm™)
Kvo = 425 [kg/cm)] ©vo = 141.24(rad/sec) oho = 58.863(rad/sec)
on(rad/sec) (wn/wo) x 100
case | Ami/mio Ami
\Y% H Vv H
1 0.1 0.0015612 135.06 56.486 95,62 95.96
2 0.2 0.0031224 130.02 54.423 92.06 92.46
3 0.3 0.0046836 125.51 52.571 88.86 89.31
4 0.4 0.0062448 121.43 50.895 B 85.97 86.46

Table. 8. 2. The added mass effects of the disc on natural frequency
(Ala = 0.81do)

bo=7.3 lcm) Ala = 0.8ldo = 0.702536(kg * sec” - cm)
Kho = 47.16 (kg/cm} mio = 0.0156120(kg * sec’ - cm™)
Kvo = 425 (kg/ecm)  wve = 141.24(rad/sec) who = 58.863(rad/sec)
on{rad/sec) (wn/wo) X 100
case | Ami/mio Ami
Vv H \Y H
1 0.1 0.0015612 134.717 56.430 95.42 95.87
2 0.2 0.0031224 129.77 54.374 91.88 92.37
3 0.3 0.0046836 125.28 52.526 88.70 89.23
4 0.4 0.0062448 121.22 50.855 | 85.83 86.40

Table. 8. 3. The added mass effects of the disc on natural frequency
(Ala = 1.21do)

bo = 7.3 (cm]) Ala = 0.2l = 0.702536(kg * sec’ - cm)
Kho = 47.16 (kg/cm) mio = 0.015612(kg * sec’* cm’™)
Kvo = 425 [kg/cm)  wvo = 141.24(rad/sec) who = 58,863(rad/sec)
i T
wn(rad/sec) | {wn/mo) X 100
case | Ami/mio Ami
\Y H \Y H
1 0.1 0.0015612 134.38 56.357 95.14 95.74
2 0.2 0.0031224 129.42 54,308 91.63 92.26
3 0.3 0.0046836 124.96 52.466 88.47 89.13
4 0.4 0.0062448 120.94 50.800 85.63 86.30
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3.3.5. 79 9% Table.9% ZI4HABE Jellis], d/do=
0.84 W RFAFFE FHARAAN 3.
%79 Wgrt & n4AFgd vA e 21%3 A8t n, FHUYAE 6.656% i
S AitaErl flsle] 79 WEE sl W, d/de=1.29 A% nHFAFTE
d/de=0.6~1.22 8ta ZHFH wolyg 4 FAUYNA 1.11%, FHANIME 2.
Koy FHAWAN Kvo=425(kg/cm). F 64%7% F134& & FUrl
HHAWAME Kno=47.16(kg/cm)E 319
=3
Table. 9 The effects of disc thrust on natural frequency
bo = 7.3(cm) Kvo = 425 (kg/cm) ww = 141.24(rad/sec) |
do = 7.3(cm) Kno = 47.16(kg/cm) one = 58.863(rad/sec)
case | d/do q on(rad/sec) (on/wo) X100
\% H \Y N :
1 0.6 2.1 125.02 49.713 88.52 84.46
2 0.8 2.8 136.70 54.950 96.79 93.35
3 1.0 3.5 141.24 58.863 100 100
4 1.2 4.2 142.81 60.416 |  101.11 102.64 |
4. 3 = 2, REEAY & 5PA = 2/ %5
aA 4FS v FFAoz gl & 4
FYURAES dvge BE & gy Ak, SAAE Fmoh & ¢om vdstd
Soidolge] g8 2 dwgABy 5o the st 2t
G ZAd nEsle A9 dAPAE D F5 violdy A4 @y Brpds
S fasayd st Addste PR @57 @AFF WR AXH 93
A zstm, wlolgRe 2, A% 9 ®F W% @A
AFAYRMNES] &g meisle] zHK3
4 ANE 99 AdzeaRs 249849 3. By &A e o] ZHol9} A9 wy}
U}, o] uh S o] &ale] mEEAQ e 2 A%oe FA@Hol FHA FAFel
5 E AT AsE Table 4o EANE A ggko] Fo) 2oz Bop A M
uhel o] A& 9 A RFgslm MImE who] X &A ] ZAee ©@He AHANE
g ao o3 AT REFS g #E FAY F Aot F0EE (53)]
F ATt wehA o] HAZRIYE ALE g Agele 19 4 FAY F USS
st} Ry AL nFAFF UAE A @ 5 Ao
o] BAAY o] BH AYA FEAL
S slgct. 2 A fhen ge AL o 4. 47 28%A9 2} SR 7
9ch. Aol maH FEALMANE HA 2714
AA e A AAA FAAH opr)E A
12 g e 349 d430%04 F FARE HAF T & e WAE B
o 4&¥e FgAg 5 9}, wH =gl @ RAoln e die 5
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Aol Z71AAA E= oA AAA FaAR
7} & Aot}

5. AX FAHAL 2ANEAA FAAY
of o/l A% AL HNY & dx A
229 YAANE AN o we
Adel FAEA W@ FRAdS & 2
a7 Qo A3 2L der) 9@
gaes wolw Axiel B9z, %7
o W7 wlelyAAHe AAWH F& 1
A eg mefgo]l WAL
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