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;I~~~surc~.ants II'erc t2l;cn st x-cm.1 tcnpcr~turc tl and the values corrected to 
the p,wticuLr st:.g~ tmgeraturc t2 on the basis given belard, 

The bL?Gc frcquoncias listed ~lt Tables I aud II ncro obtained in this 
vay. 

4.0 C)nlcul~-Lion of G%:xural .,iOdC ~7rcnucn~ics. .:ef. 1) - 

The bl:xlcs oi' this turbine cm primatic 2nd the dtifercntial equation 
of latcml or ;'lc;:ur:~l vihrntron is the stadard ci+tion of LZ prismtic beau. 

in Aich 

& -2a4y 
- --_ q 0 

$3 ,x4 

CL2 =EIrs, 
6P 

.- . . . . ..*........ (1) 

3nC x = co-ordinnti of length. 

lamming the d~.splxcmnt at any point x is given by y = X cos(pt + 0) 

x = f(x) 

::<rntion (1) bccoms 

%1x: ;:uncral solution of this cr,u-tion i3 

i; = cq (coshkx + 00s kx) + 02 (co& !cx - COB !a) + c3 (sinh kx + sin kx) 

$ Cli. ( 3 lnh 1-x - s ln kx) . 

For a bean clmpcd ;t x q Cr~ud fret z.t x = 0, the und conditions arc 

x = 0, d2X!x_d3X -0 em-_ , X=D. 
dx2 d$ 

c2 = c)+ = 0 

cash kc cos 1~3 = -1 . . . . . . . . . . . . ...(2) 



(x -8 211 . . . . . . ...(4) 



;,hc;re 

cos c!e cash x-c - .,b2 -. sin 35 sinh rC + 
a.G2 + 2b4 - 

as;b; 2b4 = o . . . . . . . .(6) 
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r : k J' &, (.' 1 i 4d4$$t4 -  2a2$k2) 

;:c!uation (7) i:l:~y be solved for $s the diliansmnlms correction factor u&q 
the vc.lues of k given in p"mgmph 4.0. 
&for the ;irat four ~odcs of vibration. 

in the figure 6, #s is plotttid aga?mmt 

4.2 COrrcctiorl for l?otarY Inurtin RCfa 

T!lL de.w1ts of c hem durms viiiratmn undergo translLxtory mtion 
rnd aLso rotate, the: correction to the f'rqmwy of vibration due to the 
rotuy mcrtio 01" t-L bean scotion incrc:.ues r:lth reductim ol" the ratio of 
mvc lorqth to depth o; bcal? in a si;lilm immer to the shaw oorrcction. 

In ref. (3) the following expri. Lssion for tlw correction 1s derived 

P nri =Pnb(l -c&, .,~*..~.*,~..,..~..*....... (8) 

vdhcre c n io n nu&cr h3>ing values:- 

n = 1, 2, 3, 4, 5 

% = 2.32, 15.7, 39.7, 71.5, 114.1 

T:w dii'fcroncc bctwcn pmi md pnb 1s nc&i$blc for thr: Arst wxle of 
vlbr-.tlon of tllc blndmf; used in thus turbine, in the yocond 13odc the correction 
nnount~ to 3 , i'or the shortest blades, 1~1 ncnornl it 1s q~Troxzw.tely one 
n_uarter &' the shear corrcotion. 

Thcoreticnl v::luos o.? thu flcxurnl r.lodc Croieucncios corrected for 
shear aild rotary incrtm, arc listed in TGlos II aM III. 13 these tables 
.,I is the thcorotical v&x corr~:ct~A in the lbovc Iwmncr. 

5.0 Cnlculztion of Torsional j.occ l%crjuenlics 

The diWcr&r,lcl qxtion of tors~onalv~brat~on of a uniforn bar is 
~xvon m Xcf. (I.) as 

3 = mglu: of twist 

8 = x sin (pt + c) 

x = f (x) 
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x q 0) x=0 

x=e d&c 

. P fl . . E : 0 and Tn .z 
n 

P . . ..oO...................... (10) 
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nhlch has the complete solution 

X z C, cash rx + c* sinh rx + c3 cos gx + c4 3111 qx 

in whrch q : 
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qklq6 + r tanh rc q ” ..*...***...........(12) 

Yor iihlch v~.luen of 
f obtzT.inal for the fundmcnta 

t c0rrcsp0nd1nF: to pnrt1cu1rs valws ore cm be 
LIOJL. l%r this rloao fit for the full section vwied 

i%on $t = 1.08 nt c z 5, to 6% : 1.25 at 4 = 2, nn;i for the part scctlon @t 
= 1.2 for c = 1.85. 

k-3 in the hi,ghw ~wdcs of vlbr;tion tlw nod::1 cross satmns other than 
the root soctron rm, not constrain&, vcluc:, ol- (rt cnnnot be obtnmcd from 
cc!unt~on 12 for rmdcs other than the fund:mcntzl. Ln .approxmztzon to the effect 
of the imrunsc~l root stiffwzs in the highm mdcs my be obtained by rcgczrding 
tho inorcnsod stu’fncss ;:a eqw.vaicnt to :: dccrcnsc in tho cr”I’cctivc length of 
the beam, i.e. the corrmtion LS independent of the oKa- or” l,he IIO&> :ml thoreforc 
for qy given la,$zh, the: vclue of $t u.;et? ~3 tkt cnlculntcd for the fundmentnl 
r10de. 

!Chc torsional cantrc o; the scctim doi. 7s not comcide vath the centre of 
gravity ma thL vnlue 02 J used in the above c:-Lculatmn is 

J : Jo + AC2 

whcze C is the distmce between the torsion:11 centre md the oentrold of the 
sootion. Par the full szction the incrocsc in irwrtiz. mounted to 47% 

6.0 j$omral ~;br.~tion 3rmses 

The cwviturti and hacc the stress :~t z~v point on 3 vibrstlng bean 
can bc oblained by the dLTerc?ntlntlon OF equatlono (3) o.nd (4). 

d2X XL2 i.0. -= - 
dx2 2 

sech 2s 
2 

oosh lc (x - ‘A ) u 
2 

+ cosec yj- sin k (x - $) 

whm l-l = 1, 3, 5, oto. 

d2X Dl? 
and -=- 

a2c2 2 ' 
cosech g t;inh k (x - $ ) + sco 9 cos k (;c _ 5)) 

2 

n = 2, 4, 6, etc. 

Thcse oxprcsnions we plotted in Fig. 5. It can be soon that the rmimun 
curv:rturo is alvays at the root where the value is 
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Stage No. Blade 
i 

, I 

i 

3.105 ” 
3.1” ” 
5.59 11 

blaterial / Temp. 'C 
-7 

7 3.06 ” 
9" 3.64 3.28 ' 1' 

10 L.00 I' 

E. lb/m. 
--- 
2.2x107 
2.2!&. " 
2.27 11 
7.29 u 
2.32 fl 
2.3% fl 
2.17 fl 
2.10 It 
%.'j " 
2.26 'I 
2.29 " 
2.32 '* 

icmp. Oc E. lb/in.' 

---I--- 

750 2.0kd 
722 2.07 I’ 
696 2.10 tl 
674 2.12 ” 
652 i 2.14 It 
‘631 

j 
2.1G (’ 

609 2.16 II 
587 2.19 u 
566 2.21 (f 
544 2.2L p 
522 2.27 " 
500 2.31 11 

T 
zi 

t 

j 
I 

- 

T 

i 

I 
I 
L 

G. lb/m. 2/ 

I 
0.82~107 t 
0.84 1, / 
0.85 *( , 
0.86 ” 
0.87 11 
0.8’3 ” 
0.31 ” 
0.32 ” 
0.64 ” 
0.85 fl 
0.86 " 
0.87 " 

Cr. lb/m.' 

0.7m.07 
0.78 I' 
0.79 " 
0.80 (f 
0.80 " 
0.81 fl 
0.81 v 
0.22 " 
0.83 H 
0.84 " 
0.85 I' 
0.87 If 
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I.645 EL!+1 
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1218 1000 

li'"O 'LY,% 1 lOG60 8687 
1635 lC6OI 9050 7830 
1~0 1427 8240 7222 
l.l?O 117G 7)+52 6 1 y; 
1020 loo?, 6L81 >751 

835 876 j ~Y4.3 5308 
745 738 * 3208 4470 
640 637j 1,664 4028 
532 5jOI 3741 3253 
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‘)020 F$.55 
71b70 6LjO 
6130 5720 
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4650 W-i-16 
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@:15 7kO5 
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6w9 .5661 
5713 !,065 

15510 135001 
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9338 35751 
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2100 2048 

Torsrmiz :1 ---- - WJtkS --- 

j j T$ (c.p.s.) : 
C,.ilC~ 

T7 (c.P.s.) T (c.pms.) I 
ObS Obd. c‘ka / 3 Obsc Cdoc?. ! 

I ' 

I:yG 3627 112Gy11 rX68 loylo 
?7>; 3312 1 I.1360 

1oy~17~ 

2533 3020' 10220 9050 
2303 268'1 9374 0268 
?lL+$ 2455 ; 8460 7502 
2001~ 2265 i 6011 
l.801 2017 51+02 6772, 6050 1 
1677 1845 

j 
7535 'I520 8472 

'Li3l.i. 167%; 5918 5146: 
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2:: 5016 : 9104 7% 
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1315 
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/ 
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7079 7645, 
6580 
6130 $"ci 
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MODIFIED PRO!ALE OF 

NOSE APPLIES TO THE 
STAGE OF STA7OR 

SEE BfiqNoa8 15OE5 
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FIG.9! 

RATIO OF MEASURED TO COMPUTED FREQUENCY OF 
OF 3’-’ HARMQN IC FLEXURAL MODE 
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