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A Study on the Masses Reduction for the Structural Safety
Using Optimal Design Method
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ABSTRACT

This paper is presented that theoretical optimization design method in order to consider mass
reduction for the structural safety. In this paper, it described methods for reducing vibration in
structural safety by the determination of the optimum sizes and locations of tunning masses
through formal mathematical optimization techniques. The optimization procedure which employs
the tunning masses and corresponding locations is developed. Design variables are systema-
tically changed to achieve low values of shear without a large mass penalty. Three optima-
zation methods are developed and tested. The first is based on minimizing the modal shaping
parameter which indirectly reduce the modal shear amplitudes corresponding to each harmonic
of airload. The second method reduces these amplitudes directly and the third method reduces
the shear as a function of time during a revolution of the blade. The first method works well
for reducing the shear for one mode responding to a single harmonic of the airload but has
been found in some bases to be ineffective for more than one mode.
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Fig. 1 Selection of optimum locations for tunning
masses
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Table 1 Properties of finite-element model of rotor
blade

(a) Initial values of design variables(Fig. 1)

Xilem) | Xe{cm) | Xz (cm) | Mi(ke) | Mo (kg) | Ms (kg)
343.15 39218 | 441.20 237 297 2.99

(b) Material properties and cross-sectional dimensions
(Fig. 2)

Element E p b h i d
No (Kpa) |(ke/cm3)| (cm) | (cm) | (cm) | (cm)

1 3379+10'| 19375 | 953 | 635 | 203 | 0.25
2-10 |4.004%10"| 19375 | 953 | 6.35 | 203 | 0.25

(c) Blade characteristics

Length Structural Nonstructural Q
(cm) mass(ke) mass(kg) (rpm)
490 39.87 55.81 425
FANe 08 ASES 3 () T71Re
@ 2 e o 2 x3 (2) 7175k )
7} EE $9 0 B 23 281 (3) 37125
o w7k RE 8% o) 4zl sk B
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237 297 299 (kg
343 392 441 (cm)

(a) Initial masses and locations
12711 (kg)
490 (cm)

(b) Final masses and locations

Initial MSR4 =- 52.26
Swu= -26021N

Final MSPu=-0.036
Swu=-0.178 N

(c) Mode shapes

(c) Mode shapes

Fig. 4 Initial and final designs for 1 mode/ 1load case
using method |

Table 2 initial and final designs and NASTRAN using
methods I and I for 1 node/1 load problem
(first elastic flapping mode at 4/rev)

Final
AF I [ AF I
Xi (cm) 34315 | 490.00 | 490.00 490.00
X2 (cm) 392.17 | 490.00 | 490.00 490.00
X3 (em) 441.20 | 490.00 | 490.00 490.00

parameter Initial NASTRAN

M (kg) 2.37 2.86 3.04 289
N (kg) 298 478 4.69 454
Ms (kg) 3.00 481 472 457
MTOT (ke) 835 12.45 1245 12.00
MSPis -52.26 -0.036 | -0045 -0.043
Su(N) -260.21 | 0178 | -0.227 -0.221
w1 (/rev) 247 2170 270 270
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Table 3 Initial, final and NASTRAN designs using
methods it for 2 mode/1 load problem (first
and second elastic flapping mode at 4/rev)

parameter Initial Final NASTRAN
X (em) 343.15 34292 342.16
X2 (em) 392.17 371.81 389.45
X3 (cm) 441.20 400.61 440.10
M; (kg) 2.37 325 29
M (kg) 2.98 2.38 222
My (ke) 3.00 0.44 1.28
MTOT (ke) 8.35 6.07 6.49
Sq (N) -154.26 -0.044 -0.048
Su (N) -260.21 -297.58 -316.41
Sas (N) 105.95 29157 315.95
MSPu ~5.33 -2.63 -2.79
MSPu 0.47 1.02 147
w,{/rev) 2.69 2.63 265
w(/rev) 465 447 455
¢ PEg TPE 27] AVL 14BN
o1 e ¥ohE Aol el ke apaol wt

719 HE AFy YX ]:3‘“ E‘ﬂ—r.z_ Fig. 5(0)—:
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343 392 441 (cm)

(a) Initial masses and locations

2.38
3.25 0.44 (kg)
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343372400 (cm)

(b) Final masses and locations
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Mode I Final

Inital shear S4 =- 154.26N
Final shear S4=-0.044 N

Final >//<
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Mode II

(c) Initial and final mode shapes
Fig. 5 Initial and final designs for 2mode/ 1load case
using method !l
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Fig. 6 Time history of blade vertical root shear during
one revolution. Initial and fina! designs for
2mode /3 load case using method 11
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Table 4 Initial, final NASTRAN designs using methods

Il and il for 2 mode/3 load problem
(first and second elastic flapping mode at 3,
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4 and 5frev)
Final

parameter Initial Py p— NASTRAN
Xi (cm) 343.15 38341 | 38814 383.15
Xz (cm) 392.17 39227 | 38185 389.27
X3 (cm) 441.20 392.18 | 39227 392.10
M (kg) 2.37 1.54 360 3.78
M (ke) 298 5.63 4.39 5.30
Ms (ke) 3.00 460 4.20 388

MTOT (kg) 835 12.17 12.19 12.96
Sz (N) -35.49 -1.60 -1.82
Sq (N) -154.26 1.33 1.60
S5 (N) ~175.61 -0.71 -1.03
Smax (N) | -346.94 ~2.58 -2.78
w1 (/rev) 2.69 2.81 2.81 2.81
w2 (/rev) 472 472 472 472
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Fig. 7 Time history of blade vertical root shear during
one revolution. Initial and final designs for
2mode /3 load case using method Il
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