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ABSTRACT

Keywords: Resilient floor materials, building acoustics, dynamic stiffness

The Ministry of the Interior issued an order in June 105 to amend the sound-proof
regulations for building design and construction. Building soundproof regulations. In
the floor slab impact sound insulation specification type structure, the rubber buffer
material must be issued with a dynamic rigidity test report, and the architect must
verify that it meets the legal specifications. In response to the industry's demand for
performance verification of floor slab cushioning materials and the research and
development of innovative material technology, the firm has completed the
construction and performance verification of the "Dynamic Rigidity Test Equipment
for Floor Buffering Materials™ at the end of November (108). In view of the revision
of the soundproof provisions, the research on floor impact sound buffers has been an
important research field in the indoor sound environment in recent years. This year, it
is planned to conduct research on the dynamic rigidity of floor rubber buffers, and
analyze the dynamic rigidity of floor rubber buffers and rubber buffers through
investigation and experiments. The relationship between material and floor impact
sound reduction, the results can be used in the industry to select rubber buffer
materials and floor impact sound insulation design applications.

This research has collected relevant literature on the dynamic rigidity of
cushioning materials and the impact sound insulation performance of floor slabs, the
principle mechanism of analysis, the principle of dynamic rigidity detection of
cushioning materials, relevant test specifications and other data and analysis, and
carried out the impact sound test data of our institute over the years Statistical analysis,
complete the classification and material type statistics of commonly used floor slab
cushioning materials in China, and conduct on-site sampling on the actual R2/R3 floor
impact sound laboratory cases, with the permission of the commissioning unit, on the
commissioned test cases of rubber cushioning materials For the actual measurement
of dynamic rigidity, currently selected buffer material test pieces (including PU
cemented rubber particles, PU cemented rubber fibers, cemented rubber particles and
materials such as polyurethane, rubber coils and foam pads) are used in the laboratory
measurement platform according to CNS The 16022 specification uses impact

IX
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hammer, accelerometer, and accelerometer corrector to measure the dynamic rigidity
of the buffer material of the test piece and analyze the experimental results. After
analyzing the frequency response function of the dynamic rigidity test results, the
dynamic rigidity performance S™' of different types of floor slab cushion materials
used in China is initially obtained according to the CNS 16022 specification, and it is
found from the experimental results that the drying time of the specimen has an effect
on the dynamic rigidity test results Based on the current research results, we will
continue to select cushion materials of different materials for dynamic rigidity
measurement, and analyze and compare the test results of impact sound to study the
relationship between floor impact sound and rubber cushion material dynamic rigidity.
Analyze, and provide reference for research on the estimation method of impact sound

insulation performance of floor slab rubber buffer material structure.
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BREFTRRFTALR B L7 0 ¥ SFICONS16022/1S0 9052-1474= & Rl
e d R FHREAIMB LRI ERRERREAT
(-) g5 3% b

1.5 8 g5 F(Diffuse-field) °

2. 4158 11727 T ESN e

3.t R R 1200V

4. & & 50 mV/Pa -

5. 47 ¥ 4~ ¥ : 10~10K Hz -

6. # 4 : 20~145 dB -

(Z)F bk B F

1.4 5 45 B 0 10~200K Hze £ % -

2. p e #(Noise) : /] > %2 (A weighted) °
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3. EEEAI 1T PIN® s b #hd%sp o

(=) “4vi# H.(Accelerometer)

1. €& /)52 se(gram) »

2. & & :9~12 mV/g @159. 2Hz

3. M4~ 2 0.2 Hz2 5800 Hz (Amplitude £10%) = { &

4. B~ i# ¥4 B (Max operational continuous sinusoidal acceleration)

1650 g2t

5. p ##(Noise) : - **6. bug/y/ Hz @100 Hz
6. B~ & X % (Maximum non-destructive shock) : # -] %5000 g

(z ) @##4E(Impact hammers) 7 + # 3 2

1. g A& :1~1.25 mV/N

2. 21 & % 4 #F(Full scale force range compression) @ = *4000 N
3. &+ % 4 (Maximum force compression) : = 8000 N

4. > B & 0 3% &B&(Full scale output voltage) : 5V+10 %

Pa-=-1P

() 4l F

1. &4 5 1 159,15 Hz+0. 02 %

2.1 4rig & 10 ms-2 3 % (RMS)

3.t & 10 mms-1 £3 % (RMS)

4.2 =4 010 pum +3 % (RMS)

5. 4 E & (Distortion) @ -] %7 %

6. &~ § §* (Maximum load) * +**60 gram

(=) fPEF2 ALE

L g ian 222t > £5 ¢4 4% 5(200£3) mn x (200£3) mm > * & A&
(Flatness)= +0.5 mm °

2HTE LT HRFELXE M EFRERREY > 28 100 kg Tw A

(Flatness)=< #0.5 mm~ & % % < Z = >%200 x 200 mm -
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AR BB it s R 2472 F7 F
W RATH 2 KRBT o ¥ ARG ZNEA P RP L wgEwp o H
MR e 7 il & e TypeTH36 % 61 s}i%ﬂ » e Typed032A » i id & o
Type7536 % AL 3f i » /230 i 8 &1 B2 Typedl09 > & 4747 5 = B#1>20 Kz » & &
Antialising gk # i o & 3758 ¥ 4 7 Real time( pF )1/1 Octave> 1/3 Octave »
Overall (38 ) » 472 FFTA 47 o p ¥ e fTh2 Fif 4l S @ REEFARE
R B AT o
& B tEHE AR RERIRIZHG A
d 3SR Bt B @MﬁiéwﬁﬂniﬁﬁiMfﬁ %%F@*%%7
iR R L R B R @sx.&,;gé AT 2 ME F R Sl R dn REME R 2 B
BB BE s B ER N2 REEG - T EEM FHER NS Z R AR
CEIR e
BRI S
d SR e B L R MRER Y o R R AR kR4 2 5N R dR BRIl

-

TEPERRE FRF 2R F B MR R - 5 RS 7
%R T 2 <j|f(t)|dx S PUE) AR R A0 b Sl

(Correlation function) 4 it FeZZ 4P B 30 5L o Ap B S B B d % £ S ¥
(Covariance function)m % » H $ 30 g & § N & & S x(t) 3 y(t) B2 &

tAp B o TS

C,y () = E|(X(®) — s, )(y(t +7) — s, | (4-1)

B
— E[x(®)]= %:[x(t)dt (4-2)
u, = E[y®]=lim Tij y(t)dt (4-3)
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g-HfE o FU-DTRS

%

C,y (2) =Ry, (2) ~ 1,4, (4-1)

R, () = "L 5L x(t) 2 y(t) 2 F 49 B S dc(Cross-correlation function) -

TR

R, (1) = I| %:[ x(t)y(t + 7)dt (4-5)

FMEX({)=y@)pF > ¥ EF 3] p 4p b S#ic(Auto-correlation function)

=

R (7) = lim Tlix(t)x(t +7)dt (4-6)

AR R
SR S BT ) T e 2 AD M SHCAE 2 ERR BRI A B

Iy

2 A ARIEE AR Sl 0 R 2 A T IR gk R RN R
B Pl ABPH 5 UL RTZ B X(t) 2 y(t) & B i = F ke

X, (f,T) :]'xk (e 2™dt (4-7)

Y (F.7) = [y, (e "t (4-8)

d 38 (4-7) ~ (4-8) 7 f 2 5 x(t) 2 yt) 2 7 4p B 42 # % B & ¥k
(Cross-spectral density function) 4-
S, ()= lim ZE[X;(F,T)Y,(1,T)] (4-9)
Z AR R SRS SR RSk
B xR S AR LR ZT 0 kR B 2R iEE 5 h(t) >
Alg - R y() =
.
y(t) = [h(o)x(t -7)dz (4-10)
0
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WA BB g B & BRI A2 P g

R I SO RS A AR

R, (1) = [ N(OEXMX(t +7 - )ldS (4-11)
dR R
S,, = H(F)S,.(f) (4-12)

WAy B & B SR E RIFETZ Y

oy So(D)
(f)—S—(f)=H1(f) (4-13)

PR L sz MR gl o ¥ b A (4-10)e & T &

y(t-¢) = [h@)x(t-¢) - rldz (4-14)
GRIE S SR UL OB - VA
_Sy(H) _ .
H(f)—m_Hz(f) (4-15)

d F 2 UELREP A TR T a0 PR BR G B U B T 2k IR SR pR
&&ﬁﬁ?iﬁ$ﬁ@&%$mz?ﬁwkaiﬁi%&’@@ﬁ%kﬁm?ﬁ

S LRy T LR SR 2 SUE Rt

J

2T A ERTESRAPFRIZF ORESTF BId FOTE 2 SEHIEH2F 3

gr_ﬂ s EIJ"J LEAE ;g 5] —%2_1}’1 s LL.I}’J;E %éa‘@‘r? _'ai-? % j,‘_‘-){ﬁ:j:; )'@‘Z}:,ﬁ;:o

30



>
o~

=
il

yrg HFENMERHZERANH

AR BB B L PR H A R LR A

W

R LBRELE  F AT ER RIS R RN 0 27

ki
&

R RERIZ SR EEHEPD T RGP o

& W F G BB FHH R

§ N EOR R R R B AR § 0 A HOR L

=i

L #s Ak B IR =R
PARZRMe A N ASASSE T ML LR Y BB RS
R ARE S BB T G YR BRE B o A TP N o N AR ATRANE R
2B L PR R s ) 5 0 HORETSE et 0 SAp B ek 2 B R g
vl hERHMEHE G - 22 g Fo

CIRRE. ) X T ST A A R i 4 a8

ﬁﬁ#ﬂ?”wﬁﬁﬁ Bopo A A 8 F R Ae 2 4-1 45 7

-1 Bk 2 JE4E & it
HR s (ASTMf | 4 & #3‘?4%: BRI v B /mig b
) fl
TR Nitrile | @i ~ @dok o~ @ | R G RRE | T 2 [ YR
Rubber BB B 3 | FRFEBES | E RSP (- BHF
NBR AR A LT 2 R #
#1:-40~100°C)

gio T~ AR s | T TR R 4| R TR ga i
Hydrogenate oty e | R RIS40A % RN RN
Nitrile Rubber | B ig% = chir Bod BB | (- B TERERF
HNBR B %o k| 232 T#4 | F:-20-150°0)

2 kpseipih | B

¢ o
##I% Silicone | i ~ % » ¥ & FEETEBENTS (PO 4 4 d
Rubber F 0 2oy ¥ . %3)%‘ N g (—51—0—51) 2 &
SI, WQ Fa i o 2@ | R R Ao (- TR
£ TINNE RN P R § 811 -50-220°C)

| o
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W BB 3 it B LRI A 4 2 7

7 ¥ % Styrene
Butadiene
Rubber SBR

A R o
ko iR B
HREPE? 582
Hoasa s~ L F
T i b
EERE £ 4 o

Topey

B
I

i i
#1:-30-100°C)

L%’ﬁ

g %Y'\#;' ( - 4R ’H’

A%

x RHEIR S g | BA g B RE AN =(-
Natural Rubber |-k - % @ % BomrtecRR (M OF R R P
NR B~ X FEE o #l:-20~100°C)
Fa a7 B~ dt B Uﬁ‘]:‘éi’f 0 | Bv=ig (- &H#F
Urethane Rubber | & » &7 @t 3% EREE S 3 | R B #
PU B HaksF |7 RS #:-30~75°C)

B A%
(F# KR https://www. cnl. com. tw/ % #4373 AIZ)
TR R E B PR T RO R AR RR Y SR

T sk

PRI REE. oI rR [ W S

et ¢

+ ONS 1602277 & ') 5tk PR+ AL > R 3}]. V. Lee® £ 2 52
PR RS 2

EPS(Ethylene Polystyrene) ~ % EVA(Ethylene Vinyl Acetate) +4 # ~ 3 3 4§ -

PE(Polystyrene) 2 SPE(Soft Polystyrene) % - ¥ B % >4 53 F L 5|3 ek 3+ P&

Fom R AR

B MATKRZ A P RR

MR i R R RO

BA o i ez %

s

&

A58 H B WA K
B T RIS o SO R RS R RS
ST R X T VESSY

N R X

’lziibiﬁlﬁ ﬁ

L b

SR ML A e R

%9]?&‘;
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https://www.cnl.com.tw/

S —“v_
T 3
035 polyethylene (PE) Ir Tire chip (TC)
03F
0.8+
__ 025t
& 06k
S o2} 6
g orst 04 -
ok
02F
0.05
0 N 0 ;
0 10 20 30 40 50 60 0 10 20 3 40 5 60 70
Axial strain (%) Axial strain (%)
030 : 07 .
Ethylene vinyl acetate (EVA) Expanded polyethylene (EPS)
0.25 06
0.5}
- 02}
&
< 04
< 0.5
g 03}
# 0l ozl
0.05 0.1}
0 . 0 .
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
Axial strain (%) Axial strain (%)
0351 Soft polystyrene (SPE-1), 20 mm 035 ¢ Soft polystyrene (SPE-2), 40 mm \
03} 03t
025t 025 | (
&
2 02} 02}
g 0.15 015} (
201 01 b
0.05 b 005 + (
0 0 . A -
0O 10 20 30 40 50 60 70 80 0 10 20 30 40 5 60 70 80
Axial strain (%) Axial strain (%)
s 5 AL Ll S — = L
Bl 4- 1 EVA ##L ~ ytI%fﬁ ~PE 2 SPE S5t 2. B4 - 2

(F#L kim:J. Y. Leeetal.)

d T R b TS B B
RN TR O E RN
SRR EEE R T R R FIER R
B S BREERTR - $% - 23 52 63
AT T

RN R R R P S 2 A
2 E T

FHRER - RABORE BT HOR R
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WA BO% 5 it & GBI 2 4727

A PR RIFEFE Y A FE NG Btk Ap v e AT F R EERP P

£
bt
AR
e
b
(\x

R ZHPEUBRR AL R LB LR 2 AT
WEEHE AR 4-2 S
Fo4- 2 BOPH L TS B

B B BoOR |\ EEaff | FEOR
B (mm) £
%9/ 2

1 PU*S & H I 3pk > |8 4. 85

RS
2 PUB & HB sk a |8 3.7

Uk 4§
3 REE R B 1T 2.5

F pa = o IR

e

4 PU% % > R % fq | 4-5 2.5

R
6 PUZE |+ %8 ¥4 2 H % | 2-3 3.8
A
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6 S ECaE) 10 7.5

T 5 % (PUH e ) 9 0.55

(FH ki ham D)

(= )® Bk MK IAT
T R 2 R 7B R R o ek % kB ONS 16022 5V &
20X20 cm T G < 2 RA > T RIRERARS M ATR D 2K BB &

FREFTHET > GRS HEBFWECERT S ol 4-2 AT
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W B b B B b i A2 A F

Bl 4- 2 it b G| ILrmr g g 2 Qe
(FHR AR A7 FE)

% TR B 2RI R 4 b8k type 4294 4vig R E fTheid M BRI > 1 adF

IFEM o BTSN A F‘ AP - ok K A Ao T B o dof) 4-3 47

Bl 4- 3b&k type 4294 4vi AR B
(FH kR A FR)

wo BRI e > B ECT "L w2 resonance.pls 2 pulse #tAHAT > T 2
T L REL 2 jcon BETRIE i o SLPFERIE PR R A ARRE
P M ind > B RS ERREBLTRSE kg p R REFRDE
=31 MT &S AR 44 9T o ST R S e R R (S E R

F Lo R AR F R SR
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Bld- 44 AR E 238 E 0
(FH kR A7y FI2)
RARE S EFEF R ERIEE R p LR RE%R SOPRE 9 Bl R
BB R BE 2323 2 F R R e (R 4-DHTF ) AT HREEFTIRER
AR 3E X 98 B2 A EH resonance.pls 2. pulse gk ¢ o b 32
Biplicon > i Bkt B B P E R B2 R A S L SR R G 0
RPIH R el B EL L R R LR p R Tl 2R

ER AR R 0 B3 BT T - BRI L BN

Bl d- 5t RERIB AL
(FH kR 257 f EI)

BETWEEEGE BRER O TV RIAERHLEF RER -
dwg B2 Bdhe s PET QIR adk(FRF)Z o 5> 7 kg
¥ PULSE 2. EVAL 4% > ¥ #%-B§7;2 Y #h¥ 3% 5 Imaginary & = & 2% » PULSE

AT J FemP P FREF M > ¥ L 2 o X IRAF S ~ JER W R HciE 0 4o
37



AR HO% 5 it & B It A T2 AT g

4-6 #r77 o d TG BRI BIp gk 0 VEE 9 A T F B S Bik(FRF) 2

% BLiE PULSE 2 EVAL &> & #-F] )2 Y $h H =i B~ Imaginary &

WO T

7+ 38> PULSE

PR T d R PRI FREME B 0 T304 3 BT KRR S S JEA L R HRE -

Bl 4- 6 %% 2 FRF & s M)
(FH KR A7 L)

d PR BRZ FRESHEE § 9% ik A A9 5%? T8 o ande b i 4

ELFE T2 M

e
T

Bl PR 2 H R ML R R

FRF

M MG (AP %P5 TR 2 RARAFTFE o o Prom gt )= 50

fit (T ks o Fl ki R AL HE 2 H pd B (SDOF) s i

¥ 104 & & oor T 38 f4e 3% et 2 & ML B R] 2 J2 & e

FRCEESt

By Py R %32 P50 BRg e Rt b sk kR
HEH B AL BEim 2 FRF R“TE 2 2 3RAFF @0 Bfs > d #7182 2 IRAE

FErN(4-1)Y > TEFED L HIE B R RE

S| = = arm! (1,

(2B fE W1k & 5

AR R RR Y LA HORE R ] 2 TR T
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EH
TR E R RE%E R > HAEER e 7 PUB R HIER - PU M S Hop w s
2RI R R R A PP RS R A BT

1.3 1-PU B 2 #8533

REGHRE 2SR L BT S F SR B % 4o B 4-T 2 B 4-15 957 >

\11-

L PRAR F B R B Ao d 4-3 ror

#E F F o 2B (Magnitude)

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
47 % (H2)

Bl 4- 732 1 2 8 i k{428 2] FRF (2 %% Narkl-vibl)
(FH &R ham )

B3R 30 ficd L) (Magnitude)

1.00
0.90
0.80
0.70

Z 060

3 0.50

£ 040
0.30
0.20
0.10

0.00
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200

o 5 (H2)

W 4- 83 1 2 i K128 ipl FRF ®1(£ ) %% Narkl-vib2)
(AL ks R A7 § L)
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#p kRS Hcd 47 B (Magnitude)
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WA g Bt b B b A 472

#4- 3 BHHEEEERES RETHEGEE D

¥ 2RO R0 | g s )
(Hz)

Markl-vibl 30.5 0.492 1.2

Markl-vib2 30 ~ 84 0.56~13.4|6.96 ~ 54.59

Markl-vib3 86. 25 13.8 57.56

Mark2-vibl 64.5 2. 27 32.19

Mark2-vib2 44.75~41.75{0.94~1.44 | 15.49 ~ 13. 49

Mark2-vib3 89.5 12.3 61.98
Mark3-vibl 47.5 1.22 17.46
Mark3-vib2 87~ 44 11.7~0.77 | 58. 56 ~ 14. 98
Mark3-vib3 86 14.9 57.23

TeBR & :29.7°C JRAE:TL. 4%

(FAL KR 2577 AER)

FE I HEE PURSHI R d FHREPTEDZ 9 BRI F BB %
AA7is o d Biplic gt 5 FRF Soficd ﬂ%&«%&ﬁf;‘f.t@yx:‘%%%ﬂf'l—%%&”ﬁ’—?‘ Peak £ 3 3
B E > &% A 30-30.5 Hz ~41.75-47.5 Hz % & %2 84 % 89.5 Hz % & » e ¥
Aoz £ B2 FRF B2 ¥ &> FRF & B2 4 B4 1 53t 84-89.5 Hz 2
=B 2 30-30.5 Hz ~ 41. 75-47.5 Hz % B ¥ 2 & =47 5 FRF B2+ 2 @
Bokdpd pd REARELT X W H B2 B2 RS T d AppE2 LR
BERERE ERAEF 30 Hz 2R 5 0.0%41.75-47.5 Hz W% ¥ 2% &
AR o R 5 1.44~1.22 %0 @ 84-89.5 Hz x dRAF F 2 fE AL R A
13.4-12.3 %> o PR S B ) RdRd L B2 1 B 484 0 A % 2 dciE o
F e M RS Ek s 7 25 FRF »t 80-90 Hz & =47 & % B 248 & &
S AEZ R IR B o 4oz F %P i mark2-vib2 2 B % (R R &) o

gL JRAE 2 FRE RB#1 182 £ A5 @ 4475 HZ @7 A 45 > 472 1
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Pl ieyp CNS 16022 % 9 &z g > o o « 973 H =5 A L b1 > 328 1 &
HBIUMN/m34. 7 > RESGERBEELS 47 MN/m3 - FlhEsk2 4&d s sLi @
Hz2 Hpd B(SDOF) » fe pt X F k2 L IRAF F 2% R ILI 5 A4 %V i 4
FHICEPFT 2 L L RFEEHFREER G e FEERC LATRE
2.:7 2 2-PU & H % a

RO R R 2 B RIS B R S B R RLS S Ao Bl 4-16 1 B 4-24 41

HPRAT G B Rt R dod 4-4 7

#EF F RS Hicd 1B (Magnitude)
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#] FRF @] (

Bl % Mark3-vib3)

RS R R FRGEE 2)

S B i’—’#‘—"’tﬁ-ﬁ (HZ) FE Rt (/0> ﬁ”;@ﬁf']'fiS{(MN/m3)
Markl-vibl | 69.75 11 37. 64
Markl-vib2 | 69.75 ~ 20.75 9.47~2.85|37.64 ~3.33
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Markl-vib3 | 68. 25 9.95 36. 04
Mark2-vibl | 66. 25 10. 6 33. 96
Mark2-vib2 | 70 ~ 26 9.24 ~3.62 | 37.91 ~5.23
Mark2-vib3 | 69.5 29 8.97~1.65|37.37~6.51
Mark3-vibl | 70.5 9. 49 38. 46
Mark3-vib2 | 70.25 ~ 26. 25 8.72~1.37|38.18~5.33
Mark3-vib3 | 70 ~ 31 8.8~1.01 |37.91~7.44

TR AR:30.8 °C JBAE:69.3 %

(FH KR 2T )

EE 2 ML PUB LRSS R FRE R PTEI 2 9 B FFE o #k(FRF)
B2 7 LRI H EJRAF S Peak 49 - R > ¥~ F & 65~70 Hz & & > ¥ 3t %50
Markl-vib2 ~ Mark2-vib2 ~ vib3 ~ Mark3-vib2 % =t 2. & B|.% % R 4> F FL &7 “$
65-70 Hz % AF ¢t ¥ 2245 % 20 Hz =+ 5 — £ 4R#EF > &7 FRF S gt dg oon
5 REL e peiEsk Rl FRF BB ¥ oo Ap#AT R 65~70 Hz & FF 2
g 2Hz 24 - RS FRFMA S AP A #hEfd R RHT
T AU H A B2 ARFF ;T SR E LR R R RRE o £ R K
65~T0 Hz % RF 2. & @ #7p|fF 2 fE vt 9 5 9~11% > @ 20 Hz 2+ R 4RAF F 2 [
W R 3-6% 0 d A S EEH Y RRR S £ 2 B8] 0 PR R B 2 BB
LT R > k% S ¥ %] FRF ** 65~70 Hz % ¥ 2% & 5 & Foz &
ko AR 2R h S H 2 H pd R (SDOF) > ¥ ixdj 104 & 47735
FREgEH B AR 2SOk A R (R
P.50) > ERlg8E 1 HHN? L &iF AAXFHY 5 % mark2-vib2 2 &% »

A ARRAFF P L ghim2 FRF BR9rE 2 H4RAEF B > ¥ &7 2 NP gy
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Bl 4- 33 %1% 3 2 & fi K|+ 2 FRF B (£ 8 %55 Mark3-vib3)
(FHR kiR 277 L)

2 4-0 B E EREERIES R TRGEE 3)

KoL E3RAE S (Hz) | P kvt (%) # 4 125! OIN/m3)
Markl-vibl 58 ~ 21.75 6.47~1.84 |26.03 ~ 3. 66
Markl-vib2 60.25~31.25 | 7.28~1.79 28.09 ~7.56
Markl-vib3 07.5~24.25 [10.02~1.32 |25.58 ~4.55
Mark2-vibl 58.5~24.5 7.55~2 26.48 ~ 4. 64
Mark2-vib?2 63.25~51.25 | 5.58 ~ 7.63 30. 95 ~ 20. 32
Mark2-vib3 57.75~34.75 | 12.6 ~ 3. 38 25.8+9.34
Mark3-vibl | 57.25~19.25 [8.86~2.15 | 25.36~2.87
Mark3-vib2 64.25+53.25 | 7.5~8.12 31.94 ~ 21. 94
Mark3-vib3 |55.75~26.25 | 11.9~2.03 | 24.05~5.33
HH R R :25.3 °C BRER:65.8 %

(FH KR A )

B SHA L BRI RA RS ) R BRI 9 BB R
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S RiegE CNS 16022 % 9 &2 R o0« o« 9r g H g o R - 353
I EEUMN/m34 7 0 B R E S 20 MN/m®
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£4- 6 BEHEERER RS RETRGEE D)

ks AUz | RO g s/ (IN/m®)
Markl-vibl 37.75 10.6 11.03
Markl-vib2 36. 75 9.03 10. 45
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Markl-vib3 36. 7 6.9 10.42
Mark2-vibl 34.5 6.57 9.21
Mark2-vib2 35 8 9. 48
Mark2-vib3 35 8.21 9. 48
Mark3-vibl 34.75 5. 48 9.34
Mark3-vib2 34. 75 5.3 9. 34
Mark3-vib3 35. 10 7.01 9. 89
TRBE R 27.5 °C JRAE:68.2 %

(FAL &R AT 5 )
PR AEd FRERTEIZ 9 BEIESF A BSBS % A 718 & IRAE S Peak
B % 34.5~37. 75 Hz % @ » &7 FRF S8t g 5 5 5 R 8 @Bk € P2
FRF BA/ %7 > 2+ 34.5~37T. 1O Hz % A2 M e rB2atEskipr s ¥i&
- Hd A 4-6 TR E L B R EE 05160 Hz Rz & £ 4RME S H orplF 2 e
ot ¥ 5 12.6~5.58% > @ 19 3 35 Hz 2 iz & & #RAg 5 H #ripl 8 2 fE 2 v R 5
2-1.79% > 5 104 & & 47 Uig 58 Wir g et 2 & J W28 0p) 2 02 2 el 3 78 1L
EFAY AT = %GEE P.50) BRIBEE GRS E iR A AR R
L % mark2-vib2 2o B % > & kA RIFFBP L BLix2 FRF £p5719 2 £ IR
#p 5 @ (f=35 Hz » FE R vv =8 %) » ¥ & fe b| 28 £ o+ > sV Bl ik g5 CNS 16022 % 9

§2 g ol e e o5 H g AR RN 9T EFBRIMN/mi kT &

5. #¥# o-PUSELENWBR B HIBIE

ANEEHFEE 2 H RN BE S F S licE P % 4oB) 4-43 I B 4-51 HTon o

EIEAE A B R B R dod 4-T
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Bl 4- 51 5 2 & k|- & R FRF BI(2 P %5 : Mark3-vib3)

(FHR kiR 277 L)

2 4- T FoHE R E RIS R TR GER D)

KoL E3RAE S (Hz) | P kvt (%) # 4 125! OIN/m3)
Markl-vibl 86. 5 22.3 57.89
Markl-vib2 90.5 17.1 63. 37
Markl-vib3 90 14. 4 62.67
Mark2-vibl 97.5~ 34 22.5~1.32 73.55~8.94
Mark2-vib?2 97.7~32.25 |15.6~0.77 73.85~8.05
Mark2-vib3 91.5~42.35 [12.9~0.5 64.78 ~ 13. 88
Mark3-vibl | 101 13.9 78.93
Mark3-vib2 94.°75 12.6 69. 46
Mark3-vib3 | 91.25 11.3 64. 43
HHEER:29.50 °C BRER:65.6 %

(FH KR A )

RO FERERTEDZ 9 BRI BB AT L RIE S Peak
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RBILAT HWH T 20 B2 JRBOIES T - d & AT ARIEFL S % RE

-\}‘3}
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86.5~101 Hz # B2z & £ mig 5 # ripl @2 v 95 22.3-13.9 %> @ 34 1
42.35 Hz ¢ B2 & £3RAF S H #ripl @2 pe Rt Bl 5 1.32-0.5 % o »PfLR 2
b AR R B2 A B PR R A 2 B B AT RN R RS
4 7 ] %] FRF ** 86.5~101 Hz T P 2 4 & 5 I FE2. £ 4R% B o Fl A id5k 2 IR i
AAME2ZHE pd B(SDOF) >  izdp 104 # &7 TN Hir % et 2 & G B4
BRI WSk Ty AT 2 %2 P.50) BRI H R
L AR FHY %I mark2-vib2 2o % 0 A AR IRAE S B 4 Bhi
2. FRF £ B #7182 £ JR45 % @ (f=97.7 Hz » fE R ¢ =156 %) » ¥ & fE b @ 4 7
S P %45 CNS 16022 % 9 &2 7 > « o o o7 H 5 s L[ > 3918 K
I EHEUMN/m34 5w 0 &P AR E S 73 MN/m3 o
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Markl-vib3 113.3~27.5 |14.6~2.23 99.32+5.85

Mark2-vibl 114.3~59.5 [12.9~0.54 101.08 ~ 27.39

Mark2-vib2 114.3~55.25 | 13.9~0.96 101. 08 ~ 23. 62

Mark2-vib3 115.3~33.5 |[16.8~1.33 102. 86 ~ 8. 68

Mark3-vibl 74.5~65.70 |0.74~0.96 42.94 ~ 33. 45

Mark3-vib2 46.25~38.25 | 1.32~0.63 16.55 ~ 11. 32

Mark3-vib3 117 ~61.75 16.1~1.7 105.92 ~29.5
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BT MW H T 2ba B2 JREAE S ¥ ob T4.5-65.70 Hz 22 £ 4RI F 2 LR
Wl BT AR BRI > V- Hd & 48 TRIFL B ERERE
108~117 Hz 4~ Rz & £ Mg 5 Hooripl i@ 2 fe vt 55 12.9~16.1 %> @ 33.5 X
43.5 Hz = B2 & R RAFF B rpliF 2 pe ot Bl 2 1.33-1.05 % > o »Fpe R 2 %
ol Rt B2 A B R R 2Bl AT R R RS
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97 % (H2)

Bl 4- 69 %1 T 2 & fi k|- 2 FRF B (2 8 %55 Mark3-vib3)
(FHR kiR 277 L)

2 4- 9 B EEREERIES R TRGEET)

¥ E3RAE S (Hz) | Rt (%) # 4 125! OIN/m3)
Markl-vibl 116.8 ~49.25 | 15.3~1.34 |105.55~18.77
Markl-vib2 116.2~17.5 | 28.4~0.97 104. 47 ~ 2. 37
Markl-vib3 83.75~33.25 | 11.5~1.67 54.27 ~ 8.55
Mark2-vibl 115 ~ 66. 25 14.6 ~ 0. 41 102. 33 ~ 33. 96
Mark2-vib2 | 116 14.3 104. 11
Mark2-vib3 115~ 32 23~0.65 102.33 ~7.92
Mark3-vibl | 155.5~42.5 |0.32~0.43 |187.09~13.98
Mark3-vib2 114.5~66.25 | 13.4~0.49 101. 44 ~ 33. 96
Mark3-vib3 | 117 ~ 49 12.4~0.6 105. 92 ~ 18. 58
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(FAL & im: 477§ L)
2 4- 10 Forh e R RS S R FREGEE A D

Ko £ 3R F (Hz) | vt (%) # 45 ] {2s! (MN/m?)
Markl-vibl 92.75 13.4 66. 56

Markl-vib2 90 ~ 35 12.9~3.59 62. 67 ~ 9. 48
Markl-vib3 91.5 11 64. 78

Mark2-vibl 92.5 12.3 66. 2

Mark2-vib2 90 ~ 42 11.4~1.35 62.67 ~ 13. 65
Mark2-vib3 87~ 52 10.8 ~1.09 58. 56 ~ 20. 92
Mark3-vibl 88. 75~ 35 13.2~2.2 60.94 ~ 9. 48
Mark3-vib2 89.5 11.5 61. 98

Mark3-vib3 87.75 10 59. 98

(FAL %R A P74 BETL)

W 3T E 3% gk NS ARk 2 S 7 SR BRI R I 2 O BT
F Ol ndici % A 4715 £ 4R S Peak £ 2 B o A %] £ 87-92Hz ® 2 i
#1135 1 2Nz o fe ek &Rl FRE B2 (67 4o ot 87-92 Hz %
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HiRpAPMGRE DAL TR EFEI B2 B E
ALpyeq. = 30log -~ (4-2)

flab
FRALe "R IR OH IR FE B S AR RPEFT > F AR BE R

rE BRI REEH L PR R AR SR 2 A B S

ALyyeq = [dB/dec] - log——dB (4-3)

fioaded,lab
3¢ [dB/dec] s k¥pH P2 IR R BE B 2 2B 0 dwERA-119757
F41FFRESEGHEL GERERFEF 5 RER D S

N ek (%) dB/decade
1 >25% 29

2 25%-16% 30

3 16%-12. 5% 31

4 12. 5%-8% 32-33

5 8%-T% 34-35
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