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END CONDITIONS FOR FLEXURAL VIBRATION OF UNIFORM BARS
(1st Report—End Conditions)

Takemitsu Towmr

In machine and structural design, it is necessary to predict the natural frequencies of machine parts

and structural members in order to avoid resonance.

The frequency equations can be obtained by ap-

plying end conditions to the solution of the equation of motion. In this case, it has been assumed that all
the end conditions, anticipated on physical grounds, could be given before commencing with the calcu-

lations.

However, some of the end conditions should be obtained analytically through the calculations. This
report is concerned with end conditions which have been obtained by the theoretical analysis of vibration

for a thin uniform bar.
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()%l THLTREZSZENVA, ZOTLiRER
220,210 %1, TIsbb 220,5—0,2%0 - (51)
THHT LERKT 5.
3T, (46) RO &M% (18) RiTHEATH L
(R(EIN)5 2+ (EIN)0 2}
={2%(—Mp)(EI2*)64— Rp(EI2*)6 4}*
+22{(— Mp)(EI2*)0 4+ Rp(EIZ®)5 4}*
o (EI®)} (3% 3+ 0 2)?
=(Mpd4+ R0 1)*+2*(— Mp0 4+ Rp0,)*

B3, ARErHELTCRETLE

(EI2%)3(2% 240 4%) %= (220 .*+ 0 *) (AP M 5*+ R 5*)
LEDA, WD 20.°24+0,.°(x0) e LT L

(EIP)S(P‘;AS"*‘042)=12M52+ RB2 """ (53)
Exs. Fi, (46) RO &HE (19) RTHEAT S
L

{A3(EI2%)28 2 — (EI2%)%0 ,%)®

= {A*My(EI %3, — Rp(EI2®)0,)?
—23{(—Mp)(EI*)6 4+ Rp(EI2*)5,4)*
. (EIZ%)%(2%0,2— 0 42)% = (A*Myd,— R0 )*
—2%(—Mp0 4+ Rp0,)* e (54)
185, AREFHELTEETLE

(EIP)S(paAs_542)3=(225A2_0Ag)(ZaMBB—RBa)
Y, (51) RiTknid 230,050 O K H
50T, IhnEkWHAhoBLTL

(EIZ®)%(2%0,2— 0 2)=2A*Mp®— Rp®?  --oeee (55)
HEBohb, ZZTWwE, (583) K& (55) Ridx
mz s

Mg=(EIl®%,2 .. (56)
thy, EEBOXFE—2AvF Mp i Ao 1=
bh o, CEFLLEMNDI L, RIT (B3) XA S
(55) Rk5I L&

R2A=(ED®%*,: .. (57)
LhD, BEBOIXERS Re REBEOT-bA2M 0,4
T s bbb, Thd (B56) RE (6B7) R
BEREY OBRBRICE T M RESTH I, 2O
BE& Mp & Rp i3 2 2800 T, BEHRYITL- T,
e -2 VP EXFRABRE-clEMBC LI
%%, L, 23 (50) itoiﬁim'ﬁﬂﬁ#askab
bh%

, (56) K& (57) RoWERNE
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% 20 5 (1978)

2 2 2
Ro=t4, viens Me=(34) 'Ry - (9)

4
E%H0T, BAROBEEE— 2~ BAMEDOLD
HAEBHRALTMHMITILT, EBFERIRRATEDEL
5Ztdbds.

[4] —mER, tEHFEY
AWMEEA, BHEirXiFe +hid, coBsl
04=0,0,4=0,0=0, My=0 ... (59)
DEBVBEZOEN TS, 27, 04=0,0,=0 O%H
* (10) RIZERT 5 &

gp(x):leIIs (=AM cos Ax+ R, sin Ax

+AM , cosh 2x — R 4sinh 1x)
LEDH, ERANE ST Ip=[¢)sx=0, BEU Mp=
[EI(d*¢/dz®) ] 24=0 DML BRATHhE
—AM 4 cos Al+ R, sin Al
+AM, cosh 2l — R, sinh 21 =0
AM, cos Al— R, sin 2l
+AM, cosh 2l — R 4 sinh 21=0
AM 4(cosh 2l —cos A1)
— R 4(sinh 2] —sin 11)=0
AM 4(cosh 2l +cos A1)
— R 4(sinh 21 +sin 11)=0
HHBoND, FB1RED Ra/(AMs) ERDZ L

R, coshal—coesal
AM, sinh 2l —sin 21 60)

L%y, E{ABRKLTE2RLY Ry/UAUMY) R
B :
Ry _ coshal+cosal 61)

LEb., &oT, (60) K& (61) RO ALEELL
Bod
cosh 2l —cos 41 __ cosh 2l +cos Al
_sinh Al—sin Al ~ sinh 2l +sin 4l

%% ARXEHELTEHETLE
cosh 2l.sin Al =sinh 4l.cos 1]
.- tanh 2l =tan Al e (62)

(61) ROADLPSDLPBELI T, Ry/(AMD>*1 Tk

{TREGEWY, o tidiic

...... (63)

THHEEHKT 5.
3T, (59) KDO%KHE (18) RiTHAT S L

(M 2+ R ()*={[(EI2*) 65— Rp] R 4}*
+23{[(EI2®*)0 5— Rp] M 4}*
o (BMAP4 R
=M+ R %) [(EI2*)65— Rp)*
%185, WP S PMLE+RE(X0) 2BLET L
BME4+RA2A=[(EI2®)05—Rp]12  --eee (64)
kY, i (59) RO%MH* (19) RICHB T
(AM 32— R )= {[(EI2*)0 5+ Rp] R4}*
—2{[(EI®)0 5+ Rp] M }*?
KR (23M43_R43)3 B
=—(BM;P—RA(EIF)05+Rp]*
BRBOENE. LTAH, (63) KD LML —R 0D
ERidLDOT, LRIER
— MO+ R A= [(EI)054+Rp]* oo (65)
Lkb. ZTLTnE, (64) K& (65 REmAse
R:2=Rg*+(EIZ®%0g22  oeeeen (66)
kY, Fi (64) RAS (65) RE5iIk &
MPE=—-2(EI)0gRy e (67)
*#8%. CZT (66) AD 2 Dffi3 (62) R 53K
DL LHTE B,

(66) K& (67) Rt A HEK, B HXFO—RRIE
YORE TS L ECHRINEHRKREERTHS. T
kbb, BERORND2RIXFHWREIIENOD
2RLELDEDIAD2FLOMTEDLEN, T
EEHEOEET—# v P RIXFBWITBT K7 L EH
ATEES. L3 (67) RB 21 28T 42wODT,
BHRBO LA rDD STRIT2HETHD,
LO%E 0 & Re BEFFEWMAB Ltbdh b, T
D 0p & Rp BEFELIDERWICT LR, HIRE
WTXHFE B OEH TR D 4 w BOAD fMiTicbis
LE RAR wHOELFMICEHL T LE2E%RT 5.

6. & &

B& |, IR EL BRI 570 0HR 0 O—
BRI D ﬂikbo‘»iﬁ&%?% LE, WHED AR,
B SITBY B1chd 64,05, b B 04, 05 LXH
£—2 ¥ b Mi, Mp, X¥EH Ra, Rz L OMITHE
AORBL U (19) RTED S N BHREHRIBRAL
+3.

i, EAMEHKE 0. &L, 1=Ypw,/ED)
THREKRSE FbFC iz Thd, 18) KE 19
REAHMOWRIHFRBICS 28T 0 [THA Lk
REROLS ITED.
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[1] TWpZEED T3 RE=REE, B X U 0,14=
05" DEMKREEHBRBKRBO DA ITHHD S RIL
T3, 2BHD, XERNLEXHcbArALOMITR

R =(EI2*0,, Rp=—(EI2*)0g
DERBEET 50T, HEORBMKE 2 BT
XARARMPE BRI VBRI BOELHEES
hdkrecE s, 2L, CZT 2 OMEBIRHES
BRXhoHBOoNEIDTHY, TOHER sindl=0
kYRBONS.,

[2] WHREARTY OEBHITIE, BRHRBEOVDS
AT 53, MiEi=Mg?, 35X U Ry2=Rs* DK
FBEVBBRIELLTnEThE R 5%\,

[3] A #HEMH, B HWEED FREL TIZ (Ms/
Rp)?=(04/0.)° D SHREZEGBTREHED AT 5 2
boFRIT S, 6T

Mgi=(EI2?)%,%, Rg*=(EI1%)%6,%

DU FET L OT, BEHEE—* v Mp ZHAH
WDlebH 0, TET Y, XERHN Rs FHARD
biafi 0y TE&E 5, L, 2T 2 OfI3 cos Al
ccosh Al=—-1 %R T2MHTH 5.

[4] A%EAE, BHXFEORY CRIEBHKRHOW
DAL Db 5F Ma = —2(EI)05Rp O WK S b
BT 5. k285D, RLE=Rs +(EIAD)605* OB
PBEETLOT, BERAOEEFE— AV My B
JUZCDOEDRFERSN Ra 13, X BT B3
TcbBhfy 0p LXK Re OWETEE S, L,
ZZTCAiZtanAl=tanh A %R TS HT 5.
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