White Noise OO OO O0OOOOO0DOOOOODOOOO
-000000000000-

O

oogo
O0ooo*2

O

gbooobobobooooooboobooboboboooobobobOobobobooboobobobobo
goobobooboboooooobbboooooobooboobboooooboobbbooooobobboooooobobon
goooboobobooooooobbbooooooboobbooooobbbobooobbbboooobpobobo
gooooboobooooooobboooooboobobbbooooobbbbboooobbbobooobLDboD
gobooboobooboobooobboobooboobboobDoobbobobUooboobboOobD
O000COO0O0O0O0O00OO00O0000000000000000000O0O0O0O0OOOOdWhite Noise
goboobogooooboooboobobbooboobobboboobooboboboboobooDbOon
0000000000000 0000 W% 0000000000000 0DLO0ODO0D0ODOD0DOODUOODO

coobooooooooooon

1 0O

0000000000000 00D000D0000000O0
0000000000000 D0D000000000000
0000000000000 DDO0O0000000000
0000000 000000000D0D000000000
O0000000000000000000000000
0000000000000 00000000000000
O00D00000000000000000000000
O000D0000000000

0000000000000 D000O0D000D0ODO00OOD
0000000000000 D00O0000000000
0ooooY®00000000 20000000000
O0DD000000D0D 100000000000000
0000000000 00000000000000000
O00D00000000000D000000000000
000000000 0000000D0D000000000
O0000000000000000D000000000
O0000000000000000000000000
0000000000000 0D0D0D0DO00000000
0000000000000 000D0D0OD0O0000000
0000000 0000000000000000000
000000000000 000D00DO00000000
000000000000 00D000000000000
O0O0O0D0Ooooooo®o0

0000000000000 00000D0000000O0
0000000000000 D0D000000000000
0000000000000 000D0D000000000
0000000000000 00000000000000

Speaker

Boundary\

Sound Wave a

Membrane

01 00ooOooooo 02 000000

White Noise 0 00 0000000000000 O00OOO
ooboboooooooboobooboooooooobooon
0000000000000 00000 9% 000000
gboooboooobcoobooooobooboobooboobOooboon
goboooboooooobooooboooo

2 White Noise 000000000

gobbooobbooobboobboooboooobon
gy ogo
gy uog o
0000000000 00ooOooooOs00HzO0O00D0O
gobobogooboooboooboobobooobooon
gooooobooobooobboooboooboboon
000000o0ooooDoooooOoOoOoOoouonoonOas.3kg
0000000000000 5kg(1208gx 40)000D0O
g oooooo
gob0o 33b00ooboboobbooobooboboooboon
4000000000000 OO0O0O0OODODO 0600
gogbooooboobbooboobboobobooboo

*100bO00o0ob0o0ooooOooooDoOooDoUoooD
*2000000000000000DO0O0OODOO



Speaker Speaker

Weight é Weight
v v

Boundary

Boundary\

White Noise ‘White Noise

Membrane

03 boO0oOoooooooo

Membrane

04 0O0DO0ODOOOOOO

Y Y
05 OD0ODOO0O0O0O0OD

0.05
0.03

= 0.01 i
< -0.01 [
-0.03
-0.05
0

Theory : 75.39H;

0 100 200 300 400 500
Frequency(Hz)

Time(sec)

07 0DOO0O0OO0O0OFFTOOODO

O100000000000000000O00000AO0
coooobooooboooooooOooOoooobooboooo
OoooooOoo0ooo0ooOoooOoO0ooOoocOoO0ooo 200
0000000000 kg DO0O00ODOOODODOOODOO
Oo00oooo0ooooooooooooo 1000000
oooooobooboobooboobOoboOoobooooboDboo
oooooooooooooooooobooOo 200000
T,/T,=1/2000007,0 T, 00000000000
cobobooboobooboobooboOoooboooOoobooooo
coboooobOoobOoboooooobooOoooOooooobogoo
cooooooooooooocoOooboOooboooooo

07000000XO0YOOQOOOOOO (1.0300.75)
kgf/em 00000000 FFTOOODOOOODOOOO
0000000000 O00oOooon v39Hz 00000
69.57TH, 00 0000000000000 OO0O0OO

01 00000000000 (000 kgf/cm)

1.03 | 1.99 | 3.01 | 3.84 | 478 | 578 | 6.74 | 7.90 | 9.05 | 13.13 | 1475 | 19.36

Patternl

8| 8

0.75 | 1.66 | 2.96 | 3.86 | 498 | 6.15 | 6.88 | 7.66 | 949 | 10.06 | 15.15 | 18.84

g

138 | 229 | 329 | 434 | 531 | 633 | 726 | 829 | 926 | 10.11 | — -

Pattern2
185 | 364 | 553 | 7.54 | 943 |1129 |1335 [ 1541 | 1741]1429 | — | —

=

02 000000000000 (000 kgf/em)

134 | 221 | 3.08 | 4.04 | 495 | 6.13 | 7.29 | 7.84 | 901 | 9.95 | 14.84 | 19.15
Patternl

g8

095 | 1.78 | 2.70 | 3.83 | 5.06 | 7.25 | 6.81 | 7.38 | 8.61 | 9.56 |14.56 | 18.85

=

158 | 2.48 | 343 | 438 | 534 | 640 | 749 | 844 | 938 (1025 | — | —
Pattern2

1.96 | 3.75 | 5.65 | 7.46 | 949 |11.40 |13.39 | 1523 | 17.31 | 1448 | — -

=

000D0D0000000000000000D00000
000080 (a)0(b) 00000000 « ODO0OOD
000« 0000000 - 00000000000000
00000000000 900a)0(b0000000000
10 200000000000 (000000000000
000 (kgf/em))00D0000D0XYODOOOODOOOO
0100000 l000000X0YODOOOO0O00000
00000000D000D00000XZ0000 « OX0O
0000000000000D0000000YZ0000O o
0YOOOOOOOODOOODOOODO0O0O00000O
000000000000D0000000D0000000
0000000000000000000000000
01000090000000000000000000
0000000000003 0000000000000
00000000000000000000000000
00000000000000000000000000
0 20% 000000000000

20 20
) .
15 15 Pt
_ Ry S Y B mma—— _ 7777777777L77727 L
£ g
5 10 § 5 10
@ o = E A
—~ [ 1] = rd ¢A
5 a2 5
% T L T
| @ Set Up Stress o | ® Set Up Stress
|0 Stress é'dT |0 Stress
0Lz 0 L k
0 5 10 15 20 0 5 10 15 20
T, (kefiem) T, (keflem)
() 0000 00 OO0  (b)00O0o

0 8 White Noise OO OOOOOO

S

Ey (kgf/em)

E, (kgf/em)
Ey (kgf/cm?
E, (kgf/em)

(0000 00 OO0 (byoooo
09 White NoiseOOOOOGOOOd

=5

Ey (kgfrem)

E, (kgflem)
E, (kgf/cm?
E, (kgflcm)

() 0000 00 OO0

(b)OOOD
010 000000000 White Noise 00000000



012 000000000

011 0O0O0poooooo

3 ODO0Ooooooooboooob oo1

White Noise 0000000000 O0ODOOOOOOOO
coooooooboooobobobooooboooboooboo
ocooooooooooboboooooooboooboooboo
coobooooooooboobobooooooooooo
coobooooooooboobobOoboooooboooo
cooooooboooobooooooocoooooooo
coooooobooooooooOooooooboooboooo
ooooooooooooooboobooooooo 1101200
cobOooocOooboobobobOobOooooooboooo
cobooboooooooobooooooooooobooboooo
cooooooooooboooooboooooobooooooo
ooobooooooooooboboooobooooon

White Noise 000 0000000000000 4.7kg
0000000000000000000 25kg 0000
000000000000000000 5kg 000000
coooooobOooOooboOobOobOobooobooobooOooo
cooooooboooooooooooooboooboooo
coobooboobobooboboooobooooooboooo
0 1020300000000000000

0130010203 00000000000000000
XOooooooooooooooooooooooogo
coooooboooooooooooooooooooo
D00oooooooooo mooool1ooooloooo
020000000010000300000000000
0000000000000 0DO0DO00O00O0D40% O
coooooobooooboobobooooboooboooboo
oooobooooobooooooooooboOoooboobooooon

oboobooboboooboobobobooooboooboo
000000 200000000 1020300000000
00 140150160 (a)0DO0D00O0ODDOOOODOOODO
100 (b)J0D0OOO0OOOODODOOODODOOOOOO

0.5

8

1Set Up Stress, 1 Step | 12|
1 Set Up Stress, 2 Step

0.4 1 Set Up Stress, 3 Step
15

i

c
2
Ty (keflom)

e
I
=

#’I

| I 10 15
(kgf/em)

X
il IR 1 ox I I

e

e
o

1 2 3 4 5 6 7 8 ] 10 ‘ 11 121
1 = Ratio of Increment of Stress, 1 Step |4
= Ratio of Increment of Stress, 2 Step
= Ratio of Increment of Stress, 3 Step

s

| Pattern of Stress

013 00000 XO000000o000

Ratio of Increment of Stress in X direction
(Equivalent Stress)

&
o

1 Error of Stress, X direction ® Prejection of Error '

20 ‘ Error of Stress, Y direction O Prejection of Eror
.

=)

Ey (kgf/cm)

~Je

T, (kgf/em)
S

y

& }. Set Up Stress
1O\

0 5 10 15 20
T, (kgf/em)
(a) D000 OdOd (p)ooooooooooo

014 000001000

Stress

20

‘ 1 Error of Stress, X direction ® Prejection of Error '

! Sﬁ
/1] 2
:

o o’

“<

y

T, (kgf/cm)
)

T, (kgflcm)
(a)0ooo 000 (b)0Doooooooooo

015 00 425kg0002000

1 Error of Stress, X direction ® Prejection of Error '

20

Error of Stress, Y direction O Prejection of Error
- S B S e A N
. i i <d S R 1 e
" e Z Spis 10
7 f e &
2 ¢/ 2 2
E‘) 10 g 5 o
= i J v o
[l » £ =
5 H 720
% | @ Set Up Stress )
i |0 M Stress I S
0 z T (k,
0 5 10 15 20 x ¥ gf/om) 00
T, (kgflom) e
(a) D000 000 (b)oooO0O00oOoo

016 00 4+5kg0003000

obooboooooooooooooooooobooboon
goboooooooobooobooooooooooooooon
boobooooooooooooooooooooan
gboboooooobooooooooooooooboan
gobooooooooooooooooooocoooooon
uboooooobooobcoooobooboobooboobooboon
gooooo

0 140150160 (b)) 00DOO0OOODOOOODOOOOOO
oboboooooooocobobooboooooooboon
000000000000000000 20% 000000

4 0000000000O00000 OO0 2

coobooboOooooobooooboooOoooooOoo
uboboooobooboooooooooooooooon
uboboobooboboobobobobooboobooobon
obooboooocooooooboobooboobooboobonon
obobooooobooboooooooooooooooboon
gbooboobooobooooooooooooobooboon
oooooooooooooooooooboobooooon



00000000000000000000000000
00000000000000000000000000
000000000000000000000000000
00000000000000000000000000
00000000000000000000000000
01700000000000000000000000
00000000000000000000000000
000000000000 lmm 00000000000
00000000000000000000000000
000000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00oO
00000000000 1800000000 A-100
000000O0B-100000000000000000
00000000000000000000000000
000000C-1000000000000000000
000000000000000000000000000
00000000000000000000000000
0000000000000000B-20C-20 B-10C-1
00000 F4LF)00O0000000000000000
O00000ADOOODOOOOXOYOOOOOOO
000 20kgf/em 000 lkgf/em 00000000000
XO0YOOOOOO 1:10000001:202:1000
000000O0O0BO COOOOO0OOOOOOOOOO
000000000000000000000000X0Y
000000 1:1000000000000000
01900000000000000000000000
00000D0000000000 B/T; 00000000
00000000 E,0000000000000000
000 Ty, 000000000000000000000
000000 BOOOOOOOOOOOOO0O0O0O0000
000000 CO000000000000000000
00000000000000000A-10 C-10000

F-4LF - .
Sound Absorbtion

i;ﬁ%

190

SR s

FORR MR

017 OOOooooo

Sound Absortion (F-4LF)

Non Sound Absortion With Sound Absortion

The Past Method

FaLF .
Sound Absorbtiori

Measurement
over /
the Membrane M

T T
embrane Mefnbrane

Fixed
Membrane's

Boundary C-1 C—2

FaLF .
Sound Absorbtiori

Measurement
Under
the Membrane

T i T
Mgmbrane \ Membrane

018 O0O00oOoOO

oooboooboboobooooooooooooooon
gboboobooboooooooboooooooboooboan
gbobooooooboooooooooooooboooboan
0 A0d0O0O0OO0O0O0ODOOOOOOOOOO0OOOOOoOO
oobooooood

0200 A-10000000000O0O0OOUOOOO0
00000000 White Noise DODODOOOOOOOOO
01000000000000000000000000
Oo0oo00O0O0 210 A-100000000O0O0O0OOO
0000000000000 00000000bkgf/em O
gboboobobobooboboboboooooooban
gobooooood

5 UO0OO0D

0200000000000000000O0O0O0O0O0OAO0
g oooo
goob0obOobOobobo 2000000000000
000000000000 XoYOoooooooooo
obobooooooboOo200000b00000DOb0O0OOn
ooooOo0o0oo0O0oO00o0O0O00DO0Ob0 30000000
goboboooobooooooboboobooobobooon
gobooooboboobooobobooobooobooon
gobooooboboooboooboooboobooon
000000 09962 000000000000000O0O
0 99.662% 0000000000000

goooboooboobooboobooboobooa



1 Error of Stress, X direction @®a Projection of Error
I Error of Stress, Y direction OOA Projection of Error

I Ratio of Increment of Stress, X direction ®®a Projection of Ratio
I Ratio of Increment of Stress, Y direction OOA Projection of Ratio

o

Ratio of Increment of Stress

Ratio of Increment of Stress

1.0
xQ
iPe
0.8 ’g*g%&% Tt o o #
AR VA1 ng 8&
+ X
* o
* ><§a< &%
0.6 - * X °
* ¥
o«
e Ex g
af *
0.4 oy X
e A-I(l:l) m B-I(l:0)
02 o A-1(12) x B-2(1:1)
o A1) x C-I(I:)
o C2(l:)
0.0 L L I I
0 5 10 15 20 25
Set Up Stress, X Direction (kgf/cm)
019 000D00O0O0D
15—
L @ Erorof Stress(1:1). X direction
©  Error of Stress(1:1), Y direction
[| = Erorof Stress(1:2), X direction 4
k| ©  Error of Stress(1:2), Y direction A
4 Error of Stress(2:1), X direction /s
[| & EmorofStress(2:1), Y direction
B 10 |H—Fitting with a Polynomial Expression :‘f e
o
z 5
s k)
s o <
2 m
m
2 s
= g
.
i
oles® 7| ||

0 5 10 15 20 25
Measurement Stress X, Y Directions

022 JO000OOoOoOOO O

000 22000000000000000 2300000
0000000000 o0oXyooooooooooooo
000000000000 240000000000000
0000000000000000000 100% + 10% O
00o0oo0ooooo

6 0O

ooboboooooooooboocooooocoooooon
coooooboooboooooooooooooboooboooboo
00 White Noise 0000000000 OOOOOOOO
ooo0ooooooooooooooooooboooboooo
Oo0oooOooooooobbooooooo

oooooooooooooooobooooobO 10000
coboooboobooOooboOobOobOobOoobooobooo
coobooboobooOoocOooOoobOoboobooobooDboo
coooooobooboobooboboboooboooboooo
cobooooobooboobobobooooboooboooboo

03 0oooooog

LTI 20

AT T gy

23 0000O00oOoooooooooo

y = A+ Biz + Byz?

ooooo O oooo
A 0.03845 0.07636
B 0.12371 0.01766
By 0.02475 8.37855E-4
oooOo o000 NOOOOOoOOoOoooo
0.99662 0.21089 80

021 0000000

e s e s s s
Error of Stress(1:1), X direction
Error of Stress(1:1), Y direction

oI gyt A B

i
i1y
i

Error of Stress(2:1), X direction
Error of Stress(2:1), Y direction
Fitting with a Polynomial Expression

.
o

- 5

o Error of Stress(1:2), Y direction
a

a

Ey (kgf/em)

.; n Q’é‘- T :;.—Qiﬂﬁlg—‘bs‘p—'“w"a“%’%&wloﬂk

o

Measurement Stress / Set Up Stress
=

0 5 10 15 20
Measurement Stress X, Y Directions

024 0J000OD0ODOOOOO0O0OO

00000000000ooo0ooon
0000000000 200000000000000
000000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0000000000000000o00o
00000000000000000000000002
000000000 000000000o0Doooooon
0000 100%+£10% D000000000000000
00000000000000000000000000

00000000000 (0)oooOUODODOODODOD
goboooooooooocoooo

good

[1] goooO,0o0000o0obooobobooooboooboboooboog
0,0000000000000 (00), B-1, pp.847-848, 2002

[2] S.W. Jin, H. Ohmorid Development of Measurement Equip-
ment of Membrane Stress - Evaluation of Added Mass of Air,
Proceedings of the International Symposium on Shell and Spa-
tial Structures, Vol.1, pp.29-36, 2005

[3] ooo ,0000oOoOo00booOoogobboobooog,boboog
0000 2005, No.19, pp.35-40, 2006

[4 ODOD ,0000,0000,00000000000000000O
goooooobooooobooo, bobooooobooooboooog (D
00), B-1, pp.917-918, 2004

[ OO0 ,000000000000000OODOCOOOODODODOOO0
0,000000000000000 (00), B-1, pp.915-916, 2005

(6] DOO ,00000 White Noise 000000000 DOOODO,
000000000000000 (00), B-1, pp.809-810, 2006

[7] http://homepage.mac.com/aranobi/images/flex/f-41f. html



Development of Measurement Equipment of Membrane Stress for Membrane Structures
Using White Noise Sound Wave

—Improvement of Measurement Equipment and Verification Experiment—

Sang Wook JIN*!
Hiroshi OHMORI*2
SYNOPSIS

A new method is proposed by authors to measure membrane stresses in two different directions separately, where
instead of measuring the membrane stresses directly, the natural frequencies of the membrane within fixed rectangular
region resonated by sweep external excitation induced by sound is utilized. The new method makes use of the resonance
phenomena of the membrane which is induced by sound excitation given through audio speaker, where the effect of
the added mass of surrounding air can not be ignored for high accuracy measurement, and added mass of air was
theoretically evaluated by using an equivalent circular plate. In this paper, the white noise which has the frequency
fields of 0 to 500Hz is used as the external excitation instead of sweep excitation, because it has possibility that
response amplitude depends on speed and time of sweep. In the verification experiment, the boundary of vibration
is kept by adding the weight, and the good accuracy is obtained. It is clearly shown that the white noise excitation
is quite effective to obtain the resonance frequency of the membrane and suitable for the measurement equipment of
membrane stress. Moreover, the process of the divice improvement toward high accuracy and the result of experimental
test carried out are presented.

*1 Graduate Student, Graduate School of Environmental Studies, Nagoya Univ., M. Eng.
*2 Prof., Graduate School of Environmental Studies, Nagoya Univ., Dr. Eng.



