NAL TR-176

UDC 621.454-253: 534.11

™

Wi 22 5= H £ 0 B JE T W 5

TECHNICAL REPORT OF NATIONAL AEROSPACE LABORATORY

TR-176

kB EEO B OB O\WT
(1) EFERENE WETE 35 L O BBNS 4

EHHE-EAB--HXITHE
MF=MWM-BVHEB- KEHEREC

1969 £ 7 A

ML T OH OB BT

NATIONAL AEROSPACE LABORATORY

This document is provided by JAXA.



TR-155

TR~156

TR-157

TR-158

TR-159

TR-160

TR-161

TR-162

TR~-163

TR-164

TR-165

TR-166

TR-167

TR-168

BT

FH Iz 5 Control-Surface Buzz (28
DEFE
An Investigation on Control-Surface Buzz
at Transonic Speeds

TR Y « v+ OB L LB A
B XIFTHROPIE

Effects of Curvature on the Similar Struc-
ture and Turbulent Mixing of Two-
dimensional Curved Jets

EFRBEEEEHRC L 2EEEEEEERD
FERREIER

Experimental Study of Low Density Hyper-
sonic Flow Using Electron-Beam Densi-
tometry

BB BRIEALAR R O FERE SIHE R RIS
N9 BELUTDOWT

On Approximations for Nonlinear Cauchy
Problems in Locally Convex Spaces

T@%“A’ﬁi =
he Vibration of T-Shape Plates Structure

£, WESEEYORS (1)
On the Natural Vibration of Plate-Beam
Combination Structures (II)

FEHRL ¢ B OEEIREF R
The Optimal Explicit Guidance Equation
for Space Vehicle

I EARBFRTOHEHEEHImAORE
easurements of Unsteady Aerodynamic
Heating of Stagnation Region

XX%%%’ o7 STOL %z #itikicBEd

Investxgatm on the Stability and Control
Characteristics of a Twin-propeller STOL
Airplane

DML R L o o S S RARBAS
WORE EF & T DBKIEH 7 7 vlbeg
Investigation of the Streamwise Heat Conduc-
tion Effect on the Transient Aerodyna-
mic Heating of Thin-skined Bodies by
the Resistance Network Analog Method

BRBEHKZFUT & 2RO EH
Applications of the Finite Element Method
to Box Beams

DPF R“A7 % iy vl y viBg
AR O KRN i
Fundamental Analyses of Gimbal-Engine
Positioning Hydraulic Control System

Made Use of DPF Servovalve

77 V=¥ a i DL mBEoB, oRE
Measurements of Heat Transfer Reduction
by Ablation

FUERRE - ¥ o 7 7 AEBREMHD Y 7 v
F ¥ 7 AR OFFEAFRIE S SR

On the Orbit Determination Procedures for
the Doppler Frequency Measurement with
Angular Measurement Tracking System

B &

19684 5 A

19684 5 A

19684 6 A

19684 6 H

19684 7 B

19684 8 A

19684 8 A

19689 A

196849 A

19684:10

1968411 4

1968411 4

19684114

19684E11 H

P ENR

fnEH B SRES

By TR

wmOR & FER
R —
WOR g FHtE R
PEEXR SHE—
¥ — BTHX
o BER R —
KIFA®B EH
B 4% X B8
B K RS
AN N —
EXRKRER

Ml X s, BoA &

This document is provided by JAXA.



A EEBEOROEHIT O T
(1) EEEESE, EHE R XOCEHENSE

THEE-ENB BT HY
BTr=pr-E2gEE -BEEHREC*

On the Vibration of Axial-flow Turbomachine Blades

(I) Natural Frequency, Mode and Vibratory
Stress Distribution

By Toshio MIYACHI, Shoji HOSHIYA, Yasushi SOFUE,
Saburo AMIHOSHI, Tadasuke IWABU and
Katsumi TAKEDA

Calculations of natural frequencies, mode and vibratory stress distributions of axial-flow
turbomachine blades considering several root conditions, shear deflection and rotary inertia of
the blade, and the effect of centrifugal force on the bending and torsional vibration are carried .

out by -the transfer matrix method.

Calculated results of the natural frequency of a low aspect ratio turbine blade and a high
aspect-ratio compressor blade show that the root condition, shear deflection and rotary inertia

of the blade have considerable effect on the natural frequencies.

Theoretical results also show

that large changes appear in the lower mode natural bending frequencies and vibratory stress dis-

tributions of the high aspect-ratio compressor blade.

However the effect of centrifugal force

on the natural torsional frequency is not so significant as on the natural bending frequency.

For most cases, including the pin-fixed rotor blade, theoretical values of natural frequency
agree well with experimental values when proper root condition, shear deflection and rotary
inertia of the blade are taken into the calculation.
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#£1 s-C¢ BHARAOEH
z (mm) | & (deg) A (mm®) | Tmex (mmY) | Imm (mmf) | J (mmf)
220.6 0.0 692 143,000 11,100 36, 900
224.4 0.0 838 180, 000 19, 000 60, 600
228.0 5.0 512 87,500 8,900 16,000
240 8.8 407 68,000 5,600 9,230
260 13.0 309 51,100 3,560 4,070
280 17.4 223 36, 800 2,200 1,590
300 21.6 156 25,000 1,210 540
320 25.3 128 21,000 880 310
336 27.7 120 22,000 790 290
HE=8.03, E=22,400kg/mm?, G=8§,700 kg/mm?
% 2 EEREPHEOEH
2 (mm) ¢ (deg) | A (mm?) l Imax(mm?) | Imin(mm?*) J (mm?)
157 0.0 700 191,500 163,300 195, 600
182 0.0 1,400 383,000 195, 000 223,500
200 26.8 493 185, 600 3,443 12,370
227 30.9 411 164,700 1,795 6,880
267 38.3 332 149, 200 765 3,380
307 44.2 287 141,000 416 2,080
347 48.4 267 142, 400 298 1,570
387 52.1 269 155, 900 283 1, 480
427 56.6 277 171,200 249 1, 460
462 61.2 281 185, 500 203 1,415
WwE=4.50, E=11,900kg/mm?, G=4, 500kg/mm?, v v 7UE#E=20.0mmn,
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