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CUAPTER IX

A 'IMED 70 AT NE BOUATION O A VINRATTID

IET - TITLPOM DAR

Vi shall fiset otart the wethod hy conaidering a
euefrical noneundfom bar vibreting under its om woisht;
the load per unit longth is oqual 40 the irertial lood Auo
mimmmﬁmlmnﬁmifﬂumwmwﬁu
nonent alang the bar in erugl ta the ghear, Yo find, by
woling theoe relations, ot/ 808 Bilor acmnt:l.oua for the Doy

showld be /)
% bz) =) -5]- -p%ﬂg (1)

To stuly the nomml modes of tho periodic vibration
phenomena wo con assuae that

¢ = (x) ¥

1 wozz o, renen, Yowesion Theesr and Avlicaticn
(mnglo wood C1i£2s, 1.J.: Prantico-fiall,Ine.,1965), p.275.

# e moners, Jvoed Nathomtios 0 Munics
and Engiveordng  (low Yord: NoGraw-ildll Cempany, Ino.,1053),
D515,



and then the ea.(1) can be reduced to the form

5 | 5lx) 22(x) ﬁl-%ﬁml-! (2)

which 4 the enmtion of motion far a non-miform bar, T
this case wo have the following bounxdary conditions:

(o) = Hoy = O©
ﬁ&a}ﬂ 0, ¥ (x.'u] = 0
ad ¥

(:m;" ’

In the caze of o rectafgular crogss-ecoction with

constant bese b and varigbhle alitude a(x) we hove :mz-%.
mnmnampauumm’-%mn-nb

into equation (2). Ve heve

G B ms
o 5@’(1)?} = of? a(x) ¥

whore c-'ﬂ?ﬂ.mﬂfmimpﬂ'h&mhﬂﬂ

q = 20 % 40" ayno/en®s Thevefare o = 0,485 x 1079
oo /ot
Putting = = aoy", wo have the similtancous equatiens
as followas



v - :!. ()

and 8" = cay (5)

Asgume, for the symmetricnl bar, that the length of
the bar is Aivided into 20 egual partis. Rﬂ"u?ﬁr""m

Mwmwamh“wm%;—-cm,
m:omnzmmﬁuamm.mmum

appraxination” at X, far the equatiens

() at (5) nve @
Tp =By + vy #/ M i
R R
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1
Hp = o ngy e -n,
whore h = 9
Using o atep by stop caleulation we have

sm-(€)+a,-rt_, (6)

3 p.namromRam, Inteeduction to Mmeriony vl

(Now Yorics MoGroaw-iTd11 bool: Company, Inte,1956),p.91.



Bypq = OF By + 2y =5, )

Mmmmmy.--f.mmm
¥g = 0.5 (v, =¥,) = 0. y; 10 to Do varied.
mwmnmtm,m:.-o.n;-o.
mw‘,-‘_"o
Therelore (8)
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frequoney, the syoton ¢ an bo solved by moans of the digital
somputer (TN 1620) as Jollows: '

alxy) = alxg,) = 1.0

¥ = 1000, ¥ = 1000, 7‘-4&%-MMFM
froguenoy; DP denotes the inorement of Fj ¥, denoton the
waﬂ.m‘m the inerément d'!,.



The resulta obtained sre shown in the tablon 3 = 65 X0 1o
tho conter pointe From those tablos we oan obtain tho vibrate
ing frogquonny end tho mede ahapes in tho noxt chapterywhich
is necossm’ to refor froquontly %o rmethamtionl concopts
such @8 linosr intorpolation and invarso interpelatiocn, For
eonvonionoo thoss havn boeen colloctod in tho appendix.

Tadles 3=6, the regults obtainod by using cleetronie
computer (IR 4620).

Tablo 3

O - B

F=1000 ¥, Y40 Ee =1 40 Y10

I el | =1,7700 i =5 16h0  +5,00703 J-O.ﬂa‘llﬁ
“0ef | 045239 | 0s03765 |w=0s05B0 | =0,004964

| =y 6 2.,8180 0e 35470 | Ou0PTh2 Ou 04 7ials
=Ogl} 561120 0s 78580 | 0,00964 | 0.08685
=0 2 T 1CT0 1009900 | 015480 | 0,05625
0e© 9 7010 14540 | 02410 | 0,7566

g . s




Table 4
‘ & e——
F‘m o Y10 Y30 Y40 Y0
*1e0 | =ie1700 | 403450 [«OlH30 10,4206
“0s8 | =0,9762 | =0p5100 =0s4799 k0,03499
{ «0ef | 22470 | 03231 | 0.08311 | 0.05662 |
=0Ogl} Sel4110 11570 | 03462 | 0.1452
“0s2 | 8,6060 | 449910 | 0a6093 | 0,2338
i 00 148000 2.8250 | 0,872 | 0,322
Tablo 5
U iy b Pl 1
.. - By Y10 Y40 Y50 Y40
“1e0 | 45,4100 | ~646830| «2.6880 |=1,0890
~0u8 | «8.0760 | =346590| ~4a4i040 | =0p5520 |
“0s6 | 120340 | ~0,6359]| ~0,4195 |=0.01429
=Caly 6.0080 | 2.3870] 441650 { 0,523
=0s2 | 1340500 | S.4940] 2.4490 | 4.0610
00 | 20,0000 | 8.1350] 37340 | 4.9980




Table 6
llode shapes for F = L4OOO Hz,

43,

Yo vy 2 3 N 5
=14 00 =100 | =1.,0448000 |=1,0888000 |=1,2964380 |~1,7443806
=100 | «0,80 |~0.MUBO00 (04828800 |~044609480 |«0,6719885L
1-1.00 =0.60 | ~0,2448000 | 0,4230400 | 0.3746019 | 0.5006097 ;
=1:00 | =0.40 | 0,4852000 | 0,7209600 | 4,2104299 | #.62940L9.
=1.00 | =0,20 | 0,5852999 | 1.3348800 | 2,0456420 | 2. 7536003
=14 00 Ca00 | 0,9852000 | 1,9048000 | 2,8891620 | 3.8780955

76 R 8 ¥ Y10
[~2.577689 =399297T7 | =6.2632808 | =9, 779740 |[=15,4489270
F100U43966 | 14837447 | =3,9328470 |=5,1188682 l-8.0765610
0. 4888751 03181476 | =0.00235Ll | =Cali579942 | 440342054
2.0221478 2.14737107 3«1284094 4+ 2028846 | 6.0081570
3. 5554202 46292736 | 6.2585729 | 8.8637570 §3.0505190
5. 0886925 6.784B370 | 943690380 |{43.5246350 B0, 0928830
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By varying tho inputs wo gonerato another set of
m-mr-qooo.w-wn,ri.;.o, m‘-u.g
The resulte obtained aro shown in the table 7 « 1l.

Tadlo 7
— -4 - o — ~
—_e 1N I Y0 | Mo l 40 40
«4e00 | =4, 770000 00 |=0,097030 |=0s 021360
“0a90 | 04623200 |40,139300 |+0.065940 |=0.014660
~04 80 0.523900" UeOF7650 |=0s034800 |=0s 004964 |
«s 70 14671000 | 0294700 |=0,003690 |4+0,007704
060 2. 81800C | 039700 | 0,027420 | 0024 7hLO
- ~0s50 | 3.965000 | 0,568700 | 0,058530 | o0.02Mu0
S e - | <
Tadle 8
i | P - [ 3 -
F={400 Iy Y40 a0 Y40 I Y40
|, | =460 | =12934000 | =0y 384500 -0-113500'-0-”
i =0e90 | =0s 755800 | =0s494400 | =04 080760 | «0s04L750
| -0s BO 0e 122100 | 04002268 | =0, 042960 | =0, 002875
=0y 70 44600000 0-193&!3'{-0-06517" 0, 008980
w0y 60 n.mooov 0389000 | 0.032620| 0,020830
| «0s50 | 34957000 | 0.582500 | 0.070420 n.tm@o'




MR2OY ¥ | Yo Y10 Y40 Y40

a0 |=2,994000 142600 $04032590
“0a90 | =0,901700 |0, 24AHOO $0.097120 +0,018330 |
“0aB0 | 04310600 [O04037000 404052250 10,004078 |
=0s07 | 14523000 'mim +0.070760 | 04040180
«0,60 | 24735000 | 0.$85800 {0,038090 | OgO2ULNO |

\ { =0.50 3«947000 | 0.597200 [0,083270 | 0,038700

——
Table 40
] P=1300

"———L'——T—— —

' ~r e - ’ d - — I"_l
74 Y50 Y50 " Y40 L Y40

“1200 | =24 310000 [=0a SHRU0O $05969200 1-0.039480 |
“0s90 | 45064000 |=0,314300 $0.446000 E:omm
«0s50 | 0a188400 [=0,0B0340 $0,062750 $0u005626
“0s70 | 4a438000 | Cp450700 $0,009182 | 04014300
=0460 2687000 | 0u364800 0. 0137800 0028230
| <0e50 | 3.937000 | 0,642800 {0y097050 | 04045460




Teble 14

L:lﬁ Y40

198700 o730
wle 4136600 027450
«0,042470 | 0,012290

0aOLG6400 | 04032960
0e 111700 | 04052040

=100 r

Table 12
Y40 5o | Yo
«R6 754000 730500 |[=0,231100
=4 4429000 {=Ce 1590400
=0 087990 179600 087640
1245000 | 0,095760 046410
2.,578000 | 04374100 | 0.055540
3911000 | 0,646600 | 04427100
- |
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007013

4020000
2o 1143000
3.8780C0

'{6
$0, 950800

Lo
« 297100

| 0« 029540
Oe 356200
0e68290.0
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e —

=0s 047910
=0 016580
0.043950
Oe OL11480
0075020

| 18264092




	CHAPTER II  A METHOD TO SOLVE THE EQUATION OF A VIBRATING NON - UNIFORM BAR



