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On the Vibration of Axial-flow Turbomachine Blades
I11. The Vibration Damping Capacity of the Blade Mounting

By Toshio MIYACHI, Syoji HOSHIYA, Yasushi SOFUE,
Saburo AMIHOSHI and Takao KUMAGAI

An investigation was conducted to evaluate the vibration damping capacity of the rotor
blade mounting. An equipment for measuring vibration characteristics of rotating blades in a
vacum chamber was devised in which vibration of the blade was induced by the pair of circu-
lar electric magnets. Sixteen blades which have two different chord length and five types
of mounting were tested in this equipment. The method consists of measuring the logarithmic
damping of the rotating blade system and calculating damping capacity of the mounting by
the theory of forced vibration of the blade system. By this experiment, following results were
obtained.

(1) The damping capacity of the dove-tail type or the de Laval type (ball root type)
mounting is large compared with that of tightly fixed mounting at low rotor speed, but de-
creases rapidly with increase in the rotor speed and approaches to the value of tightly fixed

mounting.

(2) The pin joint type mounting has the largest damping capacity when clearance ratio

is 1 to 2%.

(3) The damping capacity of loose mounting is considerably dependent on vibration
amplitude at low rotor speed, but this amplitude dependency disappears at high rotor speed.

(4) The logarithmic damping of the blade system is approximately proportional to the
chord length for the aerodynamically similar (the same span and the same thickness ratio)

blade.
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B KX &l id i 0° 577 4 LB ( 30° ¥ 77 4 AR F 5 .8 A ™

Nrpm 240 2o |As0/ 220 ym A30  |A40/ 220 l 240 230 {440/ 220 A0 Az0  |R40/Aa0
3000 | 0.025 0.014 1.8 0.016 0.012 1.3 0.062 0. 056 1.1 0.042 0. 101 0.42
4000 | 0.026 0.010 2.6 0.019 0.008 2.4 0.032 0.032 1.0 0.033 | 0.035 0.94
6000 | 0.018( 0.009) 2.0 0.009 [ 0.006 1.5 0.018§y 0.009 2.0 0.012{ 0.006| 2.0
7000 | 0.019 | 0.007 | 2.7 0.009 | 0.006 1.5 0.015§ 0.007} 2.1 0.013 | 0.007 1.9
8000 | 0.012 (| 0.008 1.5 0.009 | 0.007 1.3 0.016 0.0071 2.3 0.009 { 0.005 1.8

v b v 3 4 b4 t piv'}
VI
T %t ; 0.5% 1% 29% 4%

Nrpm | 24 A0 [Aw/An| Ao 30 [io/A5f Ao A0 |A/A|| A 230 |Aio/220
30001 0.096| 0.018 | 5.3 0.11 0.12 0. 92l 0.29 0.19 1.5 0.099 | 0.089 1.1
6000 0. 041 0.020( 2.1 0.075 0.068 1.1 0.063 0.032 2.0 (0.010 ~
7000 0.045 0.013 3.4 0. 060 0.049 1.2 0.039 0.035 1.1 0.026 | 0.009 2.9
30001 0.028 ) 0.012) 2.3 0.049 ) 0.019) 2.6 0.032 ) 0.028 1.2 0.016 } 0.009 1.8

Qo BIU 0 BFNREFREEE 40mm L 20mm b 0ORBEERTH S
£ 2 AU /M3 rroRLECT DL
# K 5] 5t il 0° 75 4 A3 30° yrF AR l Fozosor B
Nrpm a0 2 7YY #4% a0 Hao 30/ Hao II 40 Hao  |M30/ #ml]l‘ H40 U |Ms0/Hao
% 10-8 X10-§ X108 x10-8 x10-% x 10"6" x10-% X 10‘6'!
3000 | 0.43 4.5 10.5 || 0.39 4.9 12.5 jj 1.5 22 14.7 || 0.86 41 48
4000 | 0.48 3.8 7.91 0.46 3.4 7.4 || 0.80 14 17.5 § 0.70 16 23
6000 { 0.38 4.0 10.5 { 0.24 3.0 12.5 1 0.51 4.6 9.0 § 0.47 4.2 8.9
7000 | 0.44 3.0 6.8 || 0.26 3.4 13.1 4 0.43 3.9 9.11 0.31 4.0 12.9
8000 j 0.29 3.9 13.5)) 0.26 4.2 16.2 || 0.48 4,2 8.7 ' 0.40 3.5 8.7
[ M b7 3 4 v 13 &
B K
Fx%l ; 0.5% 1% | 2% | 4%
Nrpm o H20  |Hao/tao)  Hao I Mao  JHao/ #JOJ Ha0 a0 |M30/ tao ! 2 30 [H20/Hao
%10-8 % 10-9 %10-8 %1078 | x10 x10-¢ | %108 %108
30001 2.0 6.3 3.24 2.1 43 20 6.9 69 10.0 ¢ 3.1 49 15.8
6000 | 0.99 9.0 9.1 1.7 33 19.4 || 1.8 16 8.9 6.9 ~
7000 | 1.1 5.9 5.4 )) 1.4 25 17.8 § 1.1 20 18.2 ]} 0.99 6.5 6.6
8000 | 0.77 5.9 7.71 1.2 9.9 8.3 0.98 17 17.3 || 0.64 7.0 10.9

Pao FEV pao BENRZHREREE 40mm L 20mm Db 0D 4U,/M,? (kg-mm/(kg-mm)?) T3
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+ & #H OEH M
¥ F= 3 iy C=40 mm C=20mm
ko kg/mm, kg kgr'a“;“‘ 3.0% 104, 5.8X108 4.1%10%, 1.68%108
&, &x 0.3, 0.3 0.3, 0.3
#*® L 5] E 1 & iy & 1 &k iy & 2 ki ¥
G % 3 £ rpm 0 8000 0 8000 0 8000
£ B % M, 182.3 284.7 91.6 234.9 566.7 757.4
LM OWE  mm 0. 0524 0. 0275 1.67 0.191 0.0210 0.0220
BEALE 0 . . 0.14
REIT ) kg/mm 0.35 0.21 5.6 1.1 0.2 .
M, kg -mm 28.9 18.8 57.9 14.5 4.52 2.92
Un kg-mm 6.42x10-3| 2.27%10-3 0.412 0.0192 | 2.63x10-3] 1.58%10-3
U. kg-mm 0| 1.92x10-3 0 0. 0300 0| 0.60x10-3
U, kg-mm 1.54X1074| 0.86X 104 4.84%10°3[0.756x10-3] 6.38x10-5| 3.94x10-5
U, kg mm 6.57%10-3| 4.28%10-3 0.413 0.0500 | 2.70x10-3| 2.22%10-3
UM, <& mm 7.9%10°8| 12.1x10- || 1.23%10-4| 2.37%10-¢| 1.32x10-4| 2.66%10-4
(kg/mm)?
4U,  kg-mm 4.03x1076{ 2.63%10-¢ || 2.59%10-4| 0.31%10-4[ 1.65X10-6| 1.37X10-
4U, kg mm 2.95% 1074 | 1.62%10-4|| 9.37x10-3| 1.46%10-¢| 1.22x10-4| 0.76%10-*
2 0. 023 0.019 0.012 0.015 0.023 0.017
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