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ABSTRACT

The majority of seismic events worldwide occurred within the Pacific Ring of Fire,

also known as Circum- Pacific belt, where Taiwan is located in. Tens of thousands of

earthquakes strikes Taiwan annually, making ongoing research and advancement in

earthquake-resistant technology a crucial topic. In recent years, a new passive control

technology, Seismic Metamaterials has aroused. These metamaterials aim to block

seismic waves from passing, offering the potential to protect the entire target area

without altering the current states of already- existing structures.

This study extends the exploration of auxetic pile- type seismic metamaterials,

conduct 1/ 15 scale- down experiments in order to validate that the range of band gap

is actually the same as where previous studies have predicted by numerical analysis,

and also observe whether the input waves are attenuated while the frequencies of the

waves are within the designed band gap. On top of that, row tests are also carried out

to prove that periodic arrangement is indeed a crucial precondition for wave attenuation

characteristic of metamaterial to show, while the minimum rows of periodic

arrangement of auxetic pile- type seismic metamaterials to exhibit band gap were

observed to be three rows.

In addition, since the designed band gap of auxetic pile- type seismic

metamaterials actually fits the design goal quite well: possesses relatively low lower
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bound frequency and decent width of band gap, this study consider auxetic pile- type

seismic metamaterials feasible for conducting extended research. Limited by the

complicated structures of auxetic pile- type seismic metamaterial unit cell, in order to

improve the feasibility of follow- up extended numerical analyses, this study aims to

use equivalent model of this non-typical arrangement of auxetic structures for the

development of simplified model, intent to simplify the process and modeling of

numerical analyses and reduce the computation cost.

Keywords: Seismic metamaterials; Auxetic structures; Equivalent studies; Scale- down

experiment
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Sensitive three components Five meters deep  Source :
velocimeters (green grid) 320 mm holes - Frequency : 50 Hz
- Horizontal displacement : 14 mm
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PEE o KR e WRE S B R R G % - Y R R B

BT ER AR 4o Rl 3-4(0) T 0 RIAL R BT T B NP AR R
KL
I
ELIEIdo 10 20 30 40 50 80 1ool ;
lo B i
| SHORE A | o 10 zo- 10‘.40 50 60 70 ao oo 100 "
t’l
| SHORE D | 010203040 so 60 70 80 90 100

A\ L j&@ﬁ

‘GUMMI* JELLY GEL SHOE RUBBER BAND  PENCIL ERASER TIRE TREAD SHOE HEEL SHOPPING CART HARD HAT
CANDY WHEEL

Bl 3-2 £ R 5 fak R % [34]
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Dispersion Curve

Frequency (Hz)
&

<

—

Band Gap: 0.97 Hz- 1.89 Hz

/g
)

05

Wave Number (k)

Bl 3-3 P ARF ¢ H - &I &

max

[«

max

(=]

€ ¥=F KT RHELEB

B 3-4 F%pEF

30

'0
(b) % - # K A HCHE W

max

S

(d) &= F M F BB

T H AR R HCAL B (3P p Hsieheral[33])
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322 T RRF

PR P RRAREY RRMEE AR R T REE3I NS RF
Y RZGERT oM EERC RCRFER G ARG S BRNARE R
1 4257 3 ¢ « (National Center for Research on Earthquake Engineering, NCREE[35] )
BT AR I TR S B ER O WA 2 SN BRRE B M REe
B3-S i sz B gy B1mBp 2 BB TR B LK
B 3 AL Fod bR e e B o SO LRI RS IR 2mm 0I5 o S
R F AN AR T g AE R R RRE B R S 2mm 2
o Rl E B R E S A B R S0Hz

FH R FF A A[36] ¥ A SLBRFE K T A F R
BT S ST B e B HSRBR ] 4R 1E 2 mm s 4F 3 50 Hz shif i o
MR A ROE R B E A SR S /1S B S F B3 2
22024 ptpEL R MR 4oB 3-6(b) > B4t T 143 Hz-283Hz > # &

Performance curve

10 —\
1 \
0.1 S

0.01

Displacement, cm
/,

0.001

1 10 100 1000
Frequency, Hz

B 3- 55 o0 R A A AR (BB P EOTR[30] 5 4ein)

31

doi:10.6342/NTU202402101



% 3-2 ¥g< F1+ 38 ($P-p Nicoreac et al.[36] " 4e31)

Scale Fuctors | Scule Factors
ot |, | S | FE | mtbe | o | i M | o
0 | | neglected | neglected | Model | Sim, neglected
Loading Loading
Force Q MLT® | §8" | &80 | ForeeQ F | &S° | s° S8
Pressure q ML'T ® S,S1 S8, Pressure g FL® S: Se 1
Time t T 5 !° $,5." | Accelerationa LT 1 1 s, !
Gravit.l ace. G LT | 1 Time t T 5" s St
Velocity v LT g, S, Gravitl ace. G LT 1 1 neglected
Geomelry Velocity v LT | 8% |8, 1
Lineardim.L. | L | S S, Geomelry |
Displacement L S Si Linear dim. L L Si Sy S
Frequency w | 7! .S {‘"‘ S, S_'l Displacement & L | S S S
Material prop. Frequency w T! s g gl
Modulus E ML'T - S:S1 SaS1 Material prop.
Stress 6 ML'T | S:Su SoS. | Modulus E FL~ Se St 1
Poisson's ratiow | - | 1 1 Stress @ FL- | S: Se 1
Mass densiyp | ML™ | 5, Ss Poisson's ratio u - 1 1 1
Mass density p 'r'il' Se/S, a ¥ 1
Energy EN FL | Sesd | 8s/ 57
45 ‘ Dispersion Curve ‘

I — Y a—

Band Gap: 14.3 Hz- 28.3 Hz

20 cm
Frequency {Hz)

Wave Number (k)

(a) < H & dth s (b) S5 P s < F & RO A

Bl 3- 6 1/15 &5 © #507) & HAp4cd M
3.2.3 éf'ﬁ'i =180

PR IERIEES RRAEFCE A HREN S ¢ 4 1333cmXx
1333 cm X 20 cm SuRES £ 2 MR ED HRFUR B A 5 420 kgf/cm?e ¢t &

2

R Z PRSI B g2 § FHELREM 3D AT e

N.

BLMRE fia (TPU30A)- 5% H ~iFt2 Rt p2 ~ ORGSR 2 2 Bt K

¢ BEARE ua + g * ¥[37] (SikaBond Construction Adhesive) 7 #p4& &
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W3-7 47 B et s g

(a) 45 B At M2 m g (b) % B i xS 5

B13-8 &< 8 Aok
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33 eRmANARE

331 WHRERZ@FERTZ

AR AR BRI R oY B PR R
B EERE o 2 H3-9 4 +E295mF Llm~ F 0.9m > 44
lﬁ(ﬁ%»%)a—WI;m%%%’ﬂS@A@ﬂ%%(AwCﬁ)Bmm

fii.@ﬁ%z\;ﬁi& °
a2 b e hE B B ¢ R RN S S R A (TR o

Y
"

W‘F

BMF R gk BLRREE T B RS enE A DT AR
ATt ik SR L B Sem 2 REHA A S 2 AERRE IS
cm (R =B )> RIMEE Scem (HE ) A RISk S dp20% wn g o
iR AK o AKET T AT ERR TR TR > F LT
H ARl @R A2 LB DTR o

Bl 3-9 444 3D 7 & B

34

doi:10.6342/NTU202402101



B3-10 a2 A~2 R 80 7 LW

AR R Y LAY THEE R PHFA LS NG D E AR
-é‘r%} 'P/J’ ?)—ﬁ F‘ Ydmax Rﬁx'\_gb-lﬁp—"é‘ ’Yd,min ;&/ngiﬁff_i’
A HEd 2 FEHFTPRFEB0ILA L ERAFERS S L2 LA

Hopdks»rd 3-3o

Yd,max(Yd - Yd,min) % 100% (3-1)

D. =
r Yd (Yd,max - Yd,min)

23-3HAAAETARTE L

Yamax (kg/m*) | Yamin (kg/m?) Ya (kg/m?) D, (%)

1684 1500 1578 45

SREE ECRAPIRR BRMFZ FEHSE AT HHIREP VR AR
HALEM 2R E B R ER G KRB 2 Aeid R T AL MR H dhte
i# 4> 315 PCB Model W352C65[39] > & A #8~ s SLRl4% * 3] 5L DEWEsoft model
IOLiteR12[40] > 5 £ it 2% 5% % 11 2 5 i H 34068 B HP 2L B RS A5
7 A% 4 5 & & ¥ (Frequency Response Function, FRF) 3%(3- 2)12 4 E (db)
P HEEEFRE o FYB3-120 SRR T RS RgEE 0 Ay R
FHD O R T RLIRGE S E0A B FENE SRR TRLEIRGFER S B
¥ &FRF = —-20db % 7 sk @ > H P FRF = —-20db R vk ¥ » 5k B3 iF

AL THREER S ETE 0% FEFITEE DB -

“~
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(a) 4eid 2

(b) % TRl kAL
(A $gB-p i@+ £p[39])

Bl 3- 11 38567 soid 2 FRHE 4 &

r~== Excitation

1
b o o P Ao o e P Al

Bl 3-12 455 F s Bc % 57 3 )

A
FRF (db) = 20 x 1og10A—1 (3-2)
0

332 #HFHREERD

AL RBREERL S ZA B F - WAFEN AR RAZH
P EEAFTF RN A B RPF Tk o ZERRRLLFREREFERE
(Scaled- down Standard Configuration, SDSC) » %38k 2 & » % & B3 {7 = fA
¥ - 85 HF)E% (Pure Sand Test, PS) > %% B 3-13(a) > {5 2 3P & iz
fmebar Bz AARE D 5 - A5 HREL #% (PureConcrete Test, PC) » %

% B 3- 13(b) » B R SRS BLA S B R TS RS
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FRERARIRT > MEALHEEZHRE D R Z AN ARMERER
( Metamaterials Test, MM ) > %% B 3-13(c)> T 5 4 7 £ 2@k % » #-2& PC

AR 2R B RS PR RRBIERE RREMEE LR
Bl g o

5oL P FEREE RAMAGH BRI DR 3 ERRAAH S ik

& 47 fe B 3#% 2 (Row Number Analysis Configuration, RNAC )» }* 2 3E5% 17 1 X 1
P2 H AR EERFH T 1x8 £ FH PRI (53 B 3-14) KA
PR R REAATOE GRS DB L R P A A AR R TR 2 B
TR 22 SDSC 24 > RNAC 7 & 7 iR 353 2 35 ) (18 7] 40R 3%

FHAEHRME L ER AN R D2 HF)ER o TG BREEIIAFNL 3-40

B Bk P RSP EXi:k=3
SDSC- PS B EER -
AZ 154
SDSC- PC BRI R 2 X4
Tk R FE.
SDSC- MM A ML R 2% 4
RNAC- PS ARk -
AZ
RNAC- PC BORR S Rk 1x1—1x8
PRGE R
RNAC- MM A M R R 1x1—1x8

(a) SDSC- PS (b) SDSC- PC (c) SDSC- MM
Bl 3- 13 SDSC 5% % & 7 & Bl
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(a) RNAC- PS
1 Row

2 Rows oo 7 Rows

8 Rows

(b) RNAC- PC

1 Row — 2 Rows o 7 Rows —> 8 Rows

(c) RNAC- MM

B 3- 14 RNAC #F2% 2 & 7 & Bl
333 BE%HE

PREART UL G ZBIFE AR K ERE CREE MR ERR Y
PRI g AKBRE R e e A LN A IR T R R
hREF BT AER  F A A R e R EA R RS R B B sk
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BT Bk RR) 0 AT R B R S AR AT R o TR SRR

BPHRE W T 2By EApm i@ s s k29 LR BB B
AR AR R B o SRR 2 E LR 3 YRR Y S e e Bid
Fats b BRI H B 4018 7 TR RS 33%1 A R FRTE 2mm 2 & Egk 0 TR R Alde
B 3-17 %7 5 2 1 Hz 348 F B Hed 10 Hz #7343 40Hz > /& ¥ P 154241

-%E ;"‘E«EB ;-—121?’; f; %; Fﬁ%%} °

[ > sEzmmy ----- R SO S 3 S S | F4R 46 B O 3k ML B
Start i
¥
WEMGBSE | mEmEA | | HALBIEAR R || HANERE L
ERSFE W3k st B N R ] tRGHFE
’ H
ol mpmEs B [ i
; beeoe| SRERBE fo-ob| FOHUCR [eoneees R
Lol B THERE |- '

49 48
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Ind
o

N

<1073 Idealized Excitation (of 10 Hz)

(R

I
!

|

‘ WH

]
If

N
3

=

o
3

Amplitude (m)
o

N I
i

Time (sec)

B 3-17 mErszddd+ 8 (2mm,25Hz)

34  #EEBEFHER

Ao RS LR T L iR EER R LR L H L R ETREILE 25 o

341 SDSC #5% &

SDSC &= PS~PC 2 MM 2_ Pl % g W B 3- 19 H ¢ 4o 3- 18 #7577 »

AN

B AL E R AR L 20 3 B3 AR 9540 b R A

Bl 3- 18 4cif A2+ R, F
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Decibel

Decibel

Decibel

Experimental Result: SDSC- PS

-20

-30

-35

Experiment Data
-20db

{5 26 2L’) i;O Z;S 40
Frequency (Hz)
(a) SDSC- PS

Experimental Result: SDSC- PC

Experiment Data
-20db

-35 - : - : -
10 15 20 25 30 35 40
Frequency (Hz)
(b) SDSC- PC
= Experimental Result: SDSC- MM
Experiment Data
-20db
A0t Band Gap 1
A5t 1
> /\V\/\’\/'j
-25 1 1
30 F 1
-35 - - - * -
10 15 20 25 30 35 40
Frequency (Hz)
(¢) SDSC- MM

B 3- 19 SDSC 2% e 2 BlFE S F & i
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A AN

e s er—

—— EE SRR E - =
i | bl

(a) SDSC- PC (b) SDSC- MM

] 3- 20 SDSC 2% & ¥
342 RNAC#&E

RNAC 2 PS~PC 2 MM 2 I35 % 5 f30 ] 3-22° 2 ¢ 4off] 3-21 #77 -

R E TS LW RS R R P L

fodvid i & B %7

Y

@18 e

\

Bl 3-21 4uid A7 L
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Experimental Result: RNAC- PS

0 T
Experiment Data
-20db
,5 L
710 M
5 151 1
=2
o
3]
8 20
=25
-30
-35 - : - : -
10 15 20 25 30 35 40
Frequency (Hz)
(a) RNAC- PS
0 Experimental Result: RNAC- PC

Decibel

25t 1
Row 1 Row 6
Row 2 Row 7
30t Row 3 Row 8| |
Row 4 -20db
Row 5
35 . . . ; ;
10 15 20 25 30 35 40
Frequency (Hz)
0 Experimental Result: RNAC- MM
Row 1 Row &
Row 2 Row 7
Sr Row 3 Row 8
Row 4 -20db
Row 5 Band Gap

Decibel

10 15 20 25 30 35 40
Frequency (Hz)

(c) RNAC- MM

B 3- 22 RNAC #5522 PIR 2 % 2 i)
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(a) RNAC- PC (b) RNAC- MM

B 3- 23 RNAC #= e *
343 BERRritHaGD

1. B 42343% SDSC 112 RNAC #5% eidsk g% % > ¥ LA b =) 2 i@
F RS AR (T L ME SR avik o YR 3-18 B fin Y M2 A
PRS2 Ae @ R 2 4@ R F BRI TER 2t RAcid R F G TF R
B3-24> ¥ REDNERBEE e gE 3 BER > A THALR TS L
VR R R D R R B R s B

2. BUEMFESR S BT H N e BB B AP L B R
iz it i 1665 m/s> S EEAHHA A E SN NG-3)TIE HE2 i

S fhlco B¥ 2% 4 3-3¢ A p=1578 kg/m3 > T fpft v=0.33 >
B2t 5 4P < ik E = 28.9 MPa -

44

doi:10.6342/NTU202402101



_ E(1—-v) !
%= j(1 +v)(1-2v)p =)

%103 Time History

Center
Near Boundary

U

Acceleration

Time (sec)

B 3-24 & 4vif Hbeid B PR B

3. SDSC sk &% °

155 3- 19(c) > FRLRFIE% L% ¢ B2 R UBF thiz & 1 oo g 4= w5
B BE AR A 17 P2 LBF 225 R %Ik > 2 F P BRARRE B
R H R R B gk 2 PR

MR ES S S ] 3-19(a) 5ok T ARE D A0 L S F AR S pEeE AicTE IS0 18 25
Hz 2+ P55 P B4 o T AR R 1% AR &30 282 Bl 4800 &
4 M~ % $ 4 COMSOL Multiphysics & 7 5 F) R e 45 > @ R 5 220 %
4oB) 3- 25 0 FEHOE F XN 24 Hz o F)pt )t S i & SDSC- PS %% %

RN B R F] o
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(Roller)

B 3-25 SRt R iEERE

B o LB SR B 3- 19(b) 0 B~ L G B SRR BTk R X
AhER > IR B EE REH P ENE S I EF > E X PRk DR T
gt RNAC 2 ¥R G2 85k — bt & itsg o
SDSC 3#2% % %
L% RNAC- MM (Rl 3- 22(c)) &% » ¥ (P B g D0t 1Al 0k A2 H
FRF T DRI Z A R RERE A MR P A
ol TR TR TR AR R f L R § )T ok
AN E M PG S P e 2R R 0 B 3- 22(b)2 RNAC-
PCi##Siphpimiz g T BT MP il + 4L Bk 5 M odgd -
#-SDSC-PC (2x 4 #) 5% %% £ RNAC-PC ¥ 1x4 $E%E5FH -

AzTEu g LR TIR 3-26(a)% 9 427 o SR RF 2 FE A K 2B
BRARRG SHFLR VAR IAERE AT LR A2 AR
FIM 3R e S MIEA PR F] G BPLRB TP 0 @ 8 2 RBLZUT 0 Ao R
3-26(b)z B G R IS PR P AT 0 R M A D APANR S B A 2
ENESIAE L A 38 L

S0 & Ui PR HRI R RAZHE Gl B3TF 2% > 1L RNAC 3%
B A REE 1X6 PREHREFITEI R 2 B 3-27 F P BRI 4p T

T 5 AN F) RS L5 175 R ENHIRRL F% - BAPLIES R
WRPFRERE RGP GG B F oK o
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Experimental Result: PC- Comparison

RNAC- PC
SDSC- PC

REIRAREEME

Decibel

10 15 20 25 30 35 4
Frequency (Hz)

(a) SDSC- PS #2 RNAC- PS * #& (b) R B A

] 3-26 SDSC- PC ;%4 &k ik

0 Experimental Result: Comparison
RNAC- PS
PC- 1x6
3t MM- 1x6
-20db
-10
[}
e
S -15
@
=
-20
2571
.30 . . . . .
10 15 20 25 30 35 40

Frequency (Hz)

Bl 3-27RNAC 1 X6 #RB%5 % "R
35 AT RRRPIHE

> sx

ALY RN SRR A T A

=
~=ie
(s
o
_‘%i’
=i

2

HAE 0 BB H R A KT sie 2 S o o
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BARAD RERR T AN REEKREY SOHL N BRREE 0 hip kR
AT R R AR A RS [29] 0 B S0 BRI T RS RTER R
BTk T MEHER 2 e RGFHEFEREZHHLIEFIR - 4
TSk ME B R R RAEC] T IRIRE ks A EFEOR LA R

S BRSADR I AXRER TV ERAF LR FRE &
WA AR 2 FERER R AU P X 4 R E R RE) T A g T o

R T NS Tl FA L L L P

-

BAOERME RPRFILL féﬁieﬂ] AAE T R E Benfh g 11 By 4 ?T‘?ﬁi)i
WLA NI P BRI TP ERBHRLESLAEL Aot 2w Lk

MG AR ERY B RATA T IAERE A R L 2 R DR R
AEk A 4 s TR EFMEE FEE T o S FIRAKEAAT { HEN (#F
FHBREEDIVFZ L EAE S FERE LR g R ELERE > T ER

— op oL B o2k o5 AL = -\
v R if_\.,,;(_fL"*\‘]—\‘ﬂ}\ °
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e PRBHEREEY

41 EAPIELSHL EHA

=

)

B
e

SR AR A0 5 d MRS B2 2 PR N4 55

CIE

o
i
¥l
Sy

LI R (75 2 N e R G AR BRIE T LA R BRPEA
fo & fimiR2 ] o PR A BERRZ T E A A L EEFEPEFERT I
FEFEFAHE AL ECPRSEIEHAT A ARV E AR PRS
WA o RIERSHDEENAL S F S AL FE o blde Wangeral[41]% Chen
ef al[42]91% $IE RIS P B G E I o L R B2 AR RL T 0 T 7
Mousanezhad et al.[43]11 % ic 230 5 £ 42~ 5 £ {2 2 & K 2§ g4y sl {4 7o

ARALALE ST TR W BRIRRRE R B S 0 R gt B2
PORESHEIG A - a2 R BB 4- 1) 71 0 Bl4-1(b)F H =

BRHE A o

(a) = BRIELHE 5 (b) = i iE 4

Bl 4-1 £ AP RS s 22 B8 A5 R REEP P Wang ef al.[41])

PR peo AR E 20T 2N REIDF IS T R
(1) #ESHE ~BERE 22 e g RIS WRE R AP
(2) * 4R -

(3) #IRSH 2 AP 5% LA £ R 3235 (Euler Beam Theory) -
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PREREZERAIE LG

ZORERA A A
- -a;;;f]{ééﬁ [ )iﬁéq*‘iﬁ“‘?}ﬁ s

X (4-2)# 7

WitrEs: jE -2

ZCHBHERIET WA E D 2N e (4-1)

W

L t/I(h/1+2)

Pap = 2cosO(h/1 — sinB) Ps “-1
_@/Db/Hh/21+1) 4.9

307 cosO(h/1 — sind)? Ps (4-2)

St

PR EEET R A 1@ h FAPEEAL e R R S ARG
| DEARSE  Afhaad 2 b SHARE bR 0 LA EAREnEs
Btk op A Eg BIA USRS SRS RHEGA R A

gt

T RERTY b B S 4-20 PORR S R T e -

t2 EES LR VRS !

LI R 4 75 AT o SRR I
PO EER L X v BT BTN (4-3)0 Y b RS (4-4) Bt (4-3)7 3

Boxdpgt & F - gt dosf(4-5) 0~ FlE LT o = By e

- S
F P
1
h — Isin® 3 J
Bl 4-2 £ A PIRGHER 4 R RIRT LB (FP-p Wanger al [41] 4e31)
_ 8cos®  PP’sinfcos®  aypbl’sinfcosh (4-3)
X T W lsin@ T 12EI(h—lsin®)  12E,
_8sin@ _ PI’sin®0 _ o,p(h — lsin@)bl?sin?6 4- 4)
fr = lcos6@  12EgIcos 12EIcosf
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B B cos?0
VaD = V2D = T T sin@)sing

(4-5)

B A R Y B2 VDR o - MR RR 2 B B
B7 BTN - 6)A5% o k4 (ER G AP FRARE S R bR aR R

RN AN = S 2F R R R R = SR e C R

g 2% _ L Escosf 4.6
2b () (h/l — sin@)sin?6 (4-6)
. 53 2E;bcos6 4.7
=@ (h/1 — sinB)2?sin?6 -7
42  RUEPIEZEHE EHT
EHE BTN AL R R RRREDE ALY ! B

R L PIRGHH N - B2 LA e PR R G AT
oo Bt ARMALE A& 1AL B Ao B 4-3(a) 0 ATR T BORSHE A5 &
Frfz i R B LRSS B4-3b)e + - ) &gtz £ AW b
PORSHEAG N EE AT TG AE R 2 K A PR SHE A
TARRR D BRER DRGNS R BT PEE A Paba 2
R#A)Z 0 e Bl 4-4(a) ~ (b)HTF o

;Ig_tng%ﬁ._ﬁ ;L,f —\.L ‘; LLL %f#_#& }‘,]—?s ;\‘. rﬁ}}]—, A'}‘];Z} ki ,’g ,]V} fa W ‘r_?
BRECRZACHERIUE ARV AKTLY M R H AW F 2T
ERMES - BRIV LERTRFZ ST 52 F U RRAHMA TR E R
PRI R T RPRGHEE AL F 5 U3DFE AR o gt K s

R TR i R WA 2 TR R AT R o
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(a) & AIRIPRFHE 2 ) F (b) & dr B B4 5] 2 %))
Bl 4-4 £ 32 e SR 5750 )00 1
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AAcH 4-3b)rw o AR A-S S H-mE A HY REBE h SN PEE A2
o iR ot sEAREREE D sEARE ] sEARSE w 325

BB O RERZEAAFELT 22 Ak o

52

doi:10.6342/NTU202402101



Bl4-5ap'%E =~

FAFES PR AL $ERA S AERLEERAK Y I HF P Y 28

BHEREAH T 2NN (- 8)F F (@9 o B Y pg 3 p R

B RHERA -

_ @tl+ tah)ps (4- 8)
P2D new lcosOh

_ 2@24l+ th)bps (4- 9)
PaD.new lcosOh?

FL W 460 BRI Y #hs w5 B 4 o b 4l L E o R ERPESE S

- H @D E - SEER R A FE AR o A BRI E
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=N
el

WAL 0 P BHE TR 2 ket (4-10)2 (4 11) 0

Bl 4-6 A dpft Pl PR SRR 4 22 97027 L)
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1

P = EUZDhb (4- 10)
_ Plszme _ O'ZDthSlTLH (4- 11)

\

s pE

5E B 46> X o BT B TN@A-15) Y % R A 4058 (4-16) o #58(4-15)% 3¢

SR ER L MR T B TR 12) E B RS R 5 (4 14) -

-

(@ 16)F » fa vt TA 0 = qp i dot (4 17) 0 * FLBHHAERT - = 2 b

L Bk o

_ PPsing 4-12)
 12E]
1
I — _b 3 4- 13
bt (4-13)
o,phl3sind
§ =200 517 (4- 14)
2Et;
28cosO  o,pl3sinBcosO
= = 4-15
. h Et,3 (-15)
_ 8sinf _ a,phl®sin®6 4- 16)
& = lcos 2E t,3cos0
&y 2lcos?0
V3pnew = V2Dnew = _g = - hsind 4-17)

Bk Y g Y » %72 3 S Hlcehl 0 - MPORBHEZ ¥ B N KT
BN 4-18)a)5t o SR MPRRHIFEL AR R o E 2 BRpRE A
LA G et (4-19) 0 BH B = a R B E AL S G N4 20)2 0 B IF G A

H ] @] 2 A A T R B S P S e S (4- 21) -

0yp _ 2Est cosf

E = = 4-18
zbnew ™ o hlzsin26 ( )
C, = 2hb — b? (4- 19)
C, = h? (4- 20)
C 2E.t,;3cosOb(2h — b)
E3pnew = C_lEZD,new =— 1h3lzsin29 (4-21)
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