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Yunsuk Kim, Masato Tsuji, Ken OHKURA

Synopsis
This study purposes the clarification of cable-aerodynamics of a cable-stayed bridge, which is
one of recent majoring subjects in bridge aerodynamics. The response characteristics of cable
with various materials, rain conditions, various diameters and various atittudes against wind have
been measured in wind tunnel.
As a conclusion, a cable shows an aerodynamic instability more or less when wind blows
skewly a cable with certain angle, and the role of rain in “cable rain vibration” is merely to acual-

ize the hidden aerodynamic instability characteristics of cable.
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Table.1. Properties of Inclined Cable Modes.

Damping Parsmeler
Hodels t{Hz)
82 LYY LY
v.D.1 0.96 0.0032 0.0037
160mmed PE Cylinder
v.b.2 t.0t 0.0028 0.0031 0.0029
v.b. 1 0.98 0.0057 0.0048 0.0041
80mswg PE Cylinder
¥.0.2
v.p.1 0.94 0.0021 0.0023 0.0025
140mm¢ Meta-acrylicresin Cylinder
v.0.2 0.87 0.0025 0.0028
v.b.1 0.98 6.0018 0.00160 0.0017
140mm ¢ Alusminium Cylinder
v.0.2 0.99 0.0018 0.0030 0.0030
160mn¢ PE Cylinder
Lapped By Vinyl Sheet v.0.3 0.96 0.0029 0.0034 0.0059
160um¢ PE Cylinder
Lapped By Nesh v.0.1 0.93 0.0020 0.0038 0.0027
R 0.97 0.0023 0.0025 0.0033
{f RoundX 8 Sirakes
L 0.96 0.0029 0.0034 0.0059
R 0.34 0.0018 0.0034 0.0029
PE Cytinder t RoundX 4 Strakes
Vith Herical L 0.94 0.6021 0.0030 0.003¢
Strakes (¢ =5am)
R 0.94 0.0018 0.0034 0.0029
1 RoundX 2 Strakes
L ¢.94 0.0021 0.0030 0.0038
R 0.96 0.0024 0.0035 0.0043
3 RoundsX | Strake
t 0.95 0.0022 0.0026 0.0039
PE Cylinder L3 0.97 0.0030 0.0038 0.0024
Vith Herical 3 RoundsX 1 Strake
Strakes (¢ =10nn) L 0.98 0.0021 0.0030 0.0040
PE Cylinder
(186 Rods) 0.96 0.0044 0.0047 0.0042
PE Cylinder
(12 Rods) 0.88 0.0033 0.0028
v.p.1
Meta-acrylicresin
Paratiel Rods Cylinder (11 Rods) 0.93 0.0023 0.0020 0.0022
(5X 1inm)
Heta-acrylicresin
Cylinder (5 Rods) 0.4 0.o0018 0.0018
PE Cylinder
(12 Rods) 0.94 0.0018 0.0020 0.0031
v.n.2
PE Cylinder
(It Reds) 0.91 0.0038 0.0031 0.0012
4+ 5 kg 0.89 0.0049 0.0037
t60mm PE Cylinder v.n.2
+ Mass + 10 kg 1.23 0.007¢ 0.0115 0.0127
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Fig. 3. Inclined Cable Attitude.
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AETHBDRAFCESFENERR DLOEREICCRE cable
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3.1 NEBOEE

Rain Vibration D#HE % BB FHCAE, / AVIZ L AHKE & EROME L DEFRIZOWTHRIF L7
MNEEr—TVDES (L) %#100m, EHE (D) #160mm & L, 1HHLEY 10mm DOHE (r) PES
LR UE, SOr —TVHREC Y — TV B ST B I L 2 R TL AHHERE (w) 13X
IZEpRkDOLND,

w=D'L/2r
=0.16X50><0.01=0.08(m3/hr)= I.S(Z/min) ................................................. (1)

RICHA—TND1.6m (BEEE) Y0 ICEERLENEE,

R=D-16"r
=0.16 X 1.6 X 0.01=0.0026(m>/hr)=0.043(£/mmin) «---+rerrerersererremsnmrenmanene: (2)
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3.2 & —JILOREIGENY (160 mm¢ PE &)
MMmWPEﬁowmdmwmmlKﬁ”%7—7»@ﬁﬁm§ﬁﬁ%ﬁm%uFmJ,LZUMnW%
Wil % Fig. 6 12K T, EMRETEEERBIESNIRELTELT, 13m/s Pk o # R T B RIEAT

" ° 3684
50 100 o 0 koo vm
Fig.5. Velocity-Amplitude Diagram. Fig. 6. Velocity-Amplitude Diagram.
(Wind Dir.1, 160mm ¢ PE (Wind Dir.1, 160mm ¢ PE
Cylinder, without rain) Cylinder, with rain, 1. 2 /min)
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Bhid, RADKFHIZIZLALTEMICHIAA T2, ThHDFHIZE Y, Wind Direction 2 1251
Tix, HIZ Rain Vibration T A & 13HHF L A7z,

Fig.7. Rivulets on Cable
Surface.
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Fig. 8. Velocity-Amplitude Diagram. Fig.9. Velocity-Amplitude Diagram.
(Wind Dir.1, 160mm ¢ PE (Wind Dir.1, 160mm ¢ PE
Cylinder, with rain, 1.2 /min, Cylinder, with rain, 2. 0 //min)
different Response)
Mlsvmwu) (5 (!) 6 J) (5 é (B ,:Nrisomm’ (5 (5 (5 6 (5 6 (5 6
Fig. 10. Velocity-Amplitude Diagram. Fig. 11. Velocity-Amplitude Diagram.
(Wind Dir.2, 160 mm ¢ PE : (Wind Dir.2, 160mm ¢ PE
Cylinder, without rain) Cylinder, with rain, 1. 2 //min)
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NSV LDEHWTE B,

72, Wind Dir. 2128V TId, X &7 27V LVEBIEE, TVIZOLELLIHOFRIIELLY, &
DOPEELEMLIEEFRE L, BV THERAEE LRSS LOEERRIEVLOLEZLNS,
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Fig.12. Velocity-Amplitude Diagram. Fig.13. Velocity-Amplitude Diagram.
(Wind Dir. 1, 140 mm ¢ Meta- (Wind Dir. 1, 140 mm ¢ Alu-
acylicresin Cylinder, with rain, minium Cylinder, with rain,
1.2 /min) 1.2 /min)
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30 -‘ 0

100 loo
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° s 10 i Veva) ° ; l z viws)

Fig. 14. Velocity-Amplitude Diagram. Fig. 15. Velocity-Amplitude Diagram.
(Wind Dir.1, 160mm $ PE (Wind Dir.1, 160mm ¢ PE
Cylinder lapped by Vinyl Cylinder lapped by Mesh,
Sheet, with rain, 1. 2 //min) with rain, 1. 2 //min)
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Fig. 16 1253k X 0 EA5¥ 453127 » 72 80 mm¢ PE % @ Wind Dir. 1 I2 51} AFi%& 1. 2 £/min TOEERIE
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CFHEHN2.04/min (22 7-KEE (Fig. 9) & % 3E#9 % &, Rain Vibration & &%, WG EL
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3.5 BE—MNEBRET(EE

Fig. 17, Fig. 18, Fig. 19 2% 4 Wind Dir. 1 {281} 2 K, FEFEE (1.2 ¢/min), Wind Dir. 2 {281}
5 BRI O JBGE — i B E A R T,

Wind Dir. 1 TiZ i H EHEBEOABOEENBN, Rain Vibration HEOHEHRZRLTWwa, 772 LH
ZEHIAE 0 m/s (HETRKERBOARINFRFESNTEY, TOMETHEM R KBITBR S e+
TR, =7 VERBAPEOHFEFEKL TV A EEbN A,

Wind Dir. 2 Ti3, MBSV TEEIOm/s 25 2M2HBENEN, BERERTZOEMAE Sz
E&N B A5 Wind Dir. 1 @ Rain Vibration R & 3EEFRCRELR LI L ¥ RBLTWE LI TH S,
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no  Em i { e § (2N=220mm)
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150
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Fig.17. Velocity-Damping Parameter
Diagram. (Wind Dir. 1, 160
mm ¢ PE Cylinder, without

Fig. 16. Velocity-Amplitude Diagram.
(Wind Dir. 1, 80 mm ¢ PE Cyl
inder, with rain, 1. 2 //min)
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Fig. 18. Velocity-Damping Parameter Fig.19. Velocity-Damping Parameter
Diagram. (Wind Dir. 1, 160 Diagram. (Wind Dir. 2, 160
mm ¢ PE Cylinder, with rain, mm $ PE Cylinder, without
1. 2 [/min) rain)
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3.6 mass PR

mass FFI2DVT I Wind Dir. 2 I22OWTDAER% 1T 572, 160mm@PEE (15kg) (Z5kg 721315
kg SN P EEIRICAB S LI LICL o T — T VEBOELERET Lz —HIE LT, 15kgE LK
Bl 0 EFE OIS ERIE L Fig. 20 1277, O PE® (Fig. 6) LIt#¥ 5 &, 15kg WM USRI TLIREIE
fizAoh, EXTEEREIETES ZoTVWHH0OD,
ZDBOFBOIZEERIIML 2 o T b, T OIRIEHE O.%10
OREBLIE 5 kg W LBTOHAIZ b bF A TS B, B o ©
422 EaH®ES, Zhid mass FRICL DIEEFER e

DEROBIAREAL TS D EELHND, \\ 0
Lo

3.7 REREEE (EHBFMIHERYD OEKORN) :> 200 fo 1p , O.
Wind Dir.1 Wind Dir. 1 {28} 5 160 mm¢ PE & O e e o O %}\
HWE D 16K 1~ bOFHENHi%x CpfEL LTFig. 21 Vpger Rivalet kJ O
12, SR ETEOATAR S HE LS aOFHED % o T o

Fig. 22 I277 ¥, Wi#H & b Stangnation Point AR E
OB A KT LA S5 S TEEH 30" (T frE LT

Fig. 22. Average Pressure Distribution
I around Cylinder. (Wind Dir. 1,
Wl 160 mm ¢ PE Cylinder, with
s Artificial Rivulets)

° 10 15 Vo)

» 50 Wi

Fig. 20. Velocity-Amplitude Diagram.

(Wind Dir.2, 160mm ¢ PE
Cylinder + 15kg, without
rain)
O
1,0 Ole
WIND
V=10.0m/s
Q Unsteady Presaare
@ werage Pressire
Fig. 21. Average Pressure Distribution Fig. 23. Unsteady Pressure Distribution
around Cylinder. (Wind Dir. 1, around Cylinder. (Wind Dir. 1,
160 mm ¢ PE Cylinder, with- 160 mm ¢ PE Cylinder, with Arti-
out rain) ficial Rivulelts)
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Fig. 24-1. Lissajous of Unsteady Pressure-Displacement of Cylinder. (Wind
Dir. 1, 160 mm $ PE Cylinder, with Artificial Rivulets)
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Fig. 24-2. Lissajous of Unsteady Pressure-Displacement of Cylinder. (Wind
Dir. 1, 160 mm ¢ PE Cylinder, with Artificial Rivulets)
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24-1 B L' Fig. 24-2 TH 5, H#IIEAOERITIENEMNT, LAEBUNFETHDL, V-V
RizBWTd EHRAKBELOESIFL (P.H.15,16) Tit, ¥—7APLEMEICEMTLEE, K& (AREA
IZHERAR, =T NVHPEEILEDP - TRA & JICEEDEESALNSL, ZOKERY) DN — TEED PR
IHANF-LLTHEHEL T D EBbRS, £/, Stagnation Point 33 (P.H.7,8) TIXIEHEFEET,
MiE#g®E (P.H.2~6) THAEHKTE, FIZKFEOVHF -V MREHE, BEHEBICHEY LTwk
Vv, FTHEABME (P.H.7,8) Tit, ¥—7APTHEICEMNT S & &I LEARIIEHETR2VWIRAIE
PEEL, COMEORRIBHEERERDO—BIL LZoTWHIEERL TV S,

I E®D ETHEHAKB® Rain Vibration FAEBEICH T 5B E % S S ICHEICH 57120, Kifidr—7
WHENZ BT HAEHY ) 0EAXTHESEE Wr 2 BHEMIRESICELAZLEDEEOY -7 O
EZPEHVWTUTOLIIICER L,

EEEN n 2y — TV DR TERRTILT S L,

Ur(t):(ﬂo/D)COSZ D% AR T R C R LR T R (3 )

r—7NEBOEENILCTOEETEENE, BIE (1/2) o iI2& > TEXTAL SN, FHEHHEL S
EHEHOHMTRO L HIZFKEND,

Cp(t)=(—35+6;)cos(27rft+ B) +oerenee e (4)

BETOEDDIRE 1 BHPICr — 7 VI TR EREY ) OBk THER,

Wr=£T6chos(27rft+ ¢)77}-dt ....................................................................... (5)
=né;(no/D)sin¢ .................................................................................. (6)
ZOFtBEICE s TEONWERY Fig. 251077, %28, C 0.35 o 0.35
DOEBEEIX T~ T VBBIH A DAHESNT VS, 20D 4no © .

MERBE, ENOFr—T NI THABRETHEEDICEE
BoThBY, KEHEZEDHBEOY -2 2P L T2, i
HOFAOHB ELII&T5L, LHEAPRRRELE-T
BY, ZOMEDOKIA Rain Vibration HEFEE ICHIZE
WTBY, V=Y lBrSBONBRE LSBT S,

Wind Dir. 2 4EO L5 ICBICH LTEMLL -7 0 T
BN OKED— B L TR I LAFHEEA, EHE
E DR D S Stagnation Point FTNT B I &R EXEREL,
Wind Dir. 2 (2 8V CEMRKBRG P ORAOTHRILER %
fTolze EFABRBIZL o THRADERIZOWTRET L 72, ~

ZOKEFE, Skt Stagnation Point DRLES 5 7 — 7 V& Fig. 25. Reduced Work Load fit each
B L m0e o LEECEFEARIC 2 D815, 7 -7 pressure Floke per unit Ares
or a Periodic Time. (Wind
Vo LEME BT, 0T T RRRFEICH - TIE Dir. 1, 160 mm ¢ PE Cylinder,
ERMICENA0II LT, TEHMTESHNE, —H, 7r— with Artificial Rivulets)
TUEICHB - TERL, RICHICERIZKECEDAALZDS
HAhzx oD, RPHFTHERICEHLTVE, T/, BoBEREAOREP o7, ZOL) ML
WNDERRRICBWTORBETAREBEICHFBL V20 EBDRE,

T/, 3.2THMNA LI, BEERICBOTEK S, ANy — T VEEIIEFICELZ L Twiz/o,
ZFHUZ L DRI DOEN Yy — T NVEBICEES LT A TRERT3ER0N5E, ZOEBIIET LIRS
HED TN HEHTH S,

-9.35 -0.35
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3.8 # & XM K

LHARDF 2= 7 &, FATHEREE (ES5mmXig 11 mm) %47 — 7 VHERER % Table 2 12— L
THRT. RPOXHNZ, EHPSRE L eh o2 L2 EHKL, OENIRERIRE), OFNIEMEREASRE
L2 E%RT,

SHARF1—TICDOWT SHARDF 2 — 7124 HE, Wind Dir. 1 TOAFER L7z, EHORIIHER
O EBH S TRICH D - THFMICEREA LIEET, LRIES2ERT S, g IEy — 7 VERID
EX1600mm #E£#EE LTHE), IOAEREF - TORBBIUVBEHILL > TF2—T7OMEL &
O, & Rsr — 7 VBT 2EMAPRL D, Lo T, bHARDTF 2 — 72X HHHRMERERIE, F2—
TOE, KE, EEH BLHAD LRI X - PEERTTHLILVEZONDL, ROKRIY 1 [EEK
X 8 RDIBEEINAELEELEL QIR EL 3L PGP o7, $72, 5mmé F2— 7D 1 HEX

Table. 2. Aerodynamic Stabilization of Cables with some Attachment.

Nodels ¥ithout Rain Fith Rain(l.24/om)
R X X
1 Round X8 Strakes
(200mm Pitch) L X X
R X © a5
1 Round X4 Strakes
(400pm Pitch) L e u¥ O o
160mm ¢ PE Cylinder
Vith Herical Strakes R X Q s
( ¢ =5mm) I Round X2 Strakes
(800mm Pitch) L X O (9
R © u» O U3
3 Rounds X2 Strakes
(270mm Pitch) L X X
160mm ¢ PL Cylinder R O 4 24/min. O ( 6)
Yith Herical Strakes | 3 RoundsX1 Strake
Ct =10mm) (530mm Pitch) L 2#/min. O ( 9)
PE Cylinder
(16 Rods) x O b
PE Cylinder % x
Yind (12 Rods)
Dir- 1
Meta-acylicresin % x
Cylinder{1l Rods)
Parallel Rods
(5x11am) Meta-acylicresin
Cylinder(5 Rods) X oD
PE Cylinder %
¥ind (12 Rods)
Dir. 2
PE Cylinder % %
(11 Rods)
R: <% X :No Vibration
>
N

o:j N
v ¢<§¥ o L/ ..

( ) :0nset Velocity(m/sec)
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ARE#ZY 3EIEX 2A4G%5B L 0mme F2— 7D 3HEX 1 AFED 37— ATBWTIE, EME
CBWTHRBEENAON, Do THBARERZERTERIERLEo/, TOLHITHLEARD
Fa—TEr—TMIEIRHTLHEG, BERICE - T REREFEHZRL, RATRMT TR, BE
REREBYET L, £/, 4HEI3LY — AL b Wind Dir. 1 TOAEERL7:DT, 4% Wind Dir. 2 2 A7
B L DRI FED T LEFDH D,

EAHERRIEICOWVT & — 7 VEICEF2ERER (5X1lmm) (oW TREOXRKIZL - T, &KE
MOBBAEb L0, HENEICELHEEEOTADOLARICRD EEXOND, MM IZEY 2
XEE525L, HEAORBIZLAFNEROETRRAUECEKTIEZY, LA/ VXEOBEFIIZ
BUABKRASEND S EDHOA TS, O4EOERTIZINL ) L4/ ZAVEE OREIRFEMIRE
LW, BRIBRLA /VAEELTHY, ROBELAD L, LRARDT 2 — TITHNTEEH
IZEIRMASE VL S I EBbN D, Table 2 % BAKMICA S & R % 11K F 7213124 E L 7258 D3k
MENE L, 5ERLIORD L I KB PR holch), £ ko2 §hE, MFRELIZILIZIEST
Rain Vibration 2S£ 3 5, = OEBERIIOVTIZSHE, BROY A XL TR TR, E6I1%
N REL T EERETEAbNEEbNL, ‘

3.9 APHHBRRHMIEEREYE (50 mme 7L I 20 LE)

KEXH L 50mme 7V I = AEORERSE £ DELISH T 5 BERBRIIEX OFI = Fig. 26~Fig.
28 1275 ¥, Fig. 26 12 =0, Fig. 2713 8=22.5", Fig. 2813 8=45 Th b, ERIEZr - XL bWrk
LTV, 8=0 Tk, HEHIRECRELT, FFEIIEELTVHDIHL, £=22.5" TIRIRBIRE
Lawd 0o, HEEEFEAETH Y, K X% Rolling Motion 2B LIFH ICELE LR BB R L. —F
B=45" Tk, Bu#6.5m/s (BRTTEKES) H 5B RIIRBIREL TV 5,

Fm19u£7—xmﬁ@%¢@€ﬁ&,%@%%ﬁ%ﬁmﬁ%%fo:nu;nw,ﬂ@ﬁﬁﬁﬁwﬁ
DLECEEARELTEY, 25 LEOERTRIERER, AAKELLBIIONT, 756658 LKL
LAHIETT, KEREMANHHEREIL LV

IRSOBSEREEA L ICHLTEBHTALRDL )% 5,
< p=0", 5, 10° DiFE

BB RERT, BERERELOTEREL TV,

- f=15", 20°, 22.5° DFH

iR B AT e A, U= MRORBERIZESNF 2R L, BEGREEL .0 L L7z Rolling IREL
Lho ZOMEEIE, BHEE S FRKEVITLER 2D,

z:v:sza - z?’“s% wm)
101 21004 Q
a o T Yim/e) %‘ 7 4 - Uim/s)
Fig. 26. Velocity-Amplitude Diagram. Fig. 27. Velocity-Amplitude Diagram.
(Horizontal Cable, 50 mm ¢ (Horizontal Cable, 50 mm ¢
Aluminium Cylinder, 8=0%) Aluminium Cylinder, g =
22.5%)
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/0 Am}

RIVESH:
5% 77.3%30° 15° 40* 5'.$ é é. -é % é
ik 8 100- 100 104
y P00 o 4 o
Fig. 28. Velocity-Amplitude Diagram. Fig. 29. Onset Reduced Velocity. (Hori-
(Horizontal Cable, 50 mm ¢ zontal Cable, 50mm ¢ Alumi-
Aluminium Cylinder, §==45°) nium Cylinder, §=0°~45)

- 8=25°, 271.5°, 30° DIEA
RBYEEDORE L= EF IRV RET 5, FRTRBRBEIT0~75METHY, BEREIZIRBIZONT
BAIIRBIKES 2 D,
- 8=35", 40°, 45 DBA
R TCRIRES ~ T0fHE CTHREIARAET 5, BE2E0 5 L ABIRIEMSE AL, BREL TV, 77714
=40" DIFE, ERTEFEAOM I THHRIE 25 mm BE D/ S 2 BERREISRE L7, “
PED LS, =7 VERERAYS HBEINIZEB A RBRIESH B L, Kk, ZHHIIARE
BARBEIZHR D 42 L ASHIBI L 72,

4, & B

KEFFR T, 7 — 7/ ® Rain Vibration 2.0 & L2y — 7V OENHEHIZE LT, FOFEDRET
DEH U727 — 7V ORBEEORE, FEBLEHRLHENOTHILIC L 2B REBEOEE, -7V
M2 EETH I LILL RS EOREF 2T o720 —H, KEZFE SNy — 7L O - BRREAD
BIRIZ DOV T R TRRET N A 720

DEomRzBLTHE LN ERERTUTIINET 5,

(1) B L72 160 mme PE &% H\VThr — 7VEREIRENIEE % /42, Fig. 30 IR LSS, 156
CRADDVZZRIZBWTEIH LTRATEIMET 54 — 7 (Wind Dir. 1) Tit, BEEICBVTO
% Rain Vibration 2384 L7z, F7:, B EBMICAHET 5L% (Wind Dir. 2) Tid, EFBICBVLTLHN
LEAFBORIRIBIRESEBAEL, SHICERIZE - TEN
REEWAHE LTz,

@) 2577 VEHIEE, TVIZTLE Yok —

PEEBIU Ay a2 (2X2mm) ZPEEFHAVWTY -7 )

OREMELER LT, RKENFEOMILBIIL, r—7 . "
VEEIZTEDKEHPLRHELR S DIZR Y, REIRENC L 7 1 i
EALMEIA % 7R b DD, Rain Vibration i3KK & L THRA L,

FORBAELBEC B oTWEbITTERV, ZOZ RS &wm piy, z "imdDir. 1
=7 WOREME § %&b H M E X Rain Vibration D54 (2 f {/ 5 L/ /
WA LB 52RO LSRG, S &

@ r—7VOEEEL Omm IZAS L LIHER, F-7 Fig. 30. Wind Direction 1 and 2 on
VEE*5kg HHVIT15kg B LTERLAHER, Rain Cable-Stayed Bridge.

{ 4
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Vibration 3 %&E L7 SO LI2L Y, Rain Vibration 1&, 7 —7NV0&E, BERIZILTRELISLE
2 oD, EHREOBELEHNESNIENCHY), ThOLORBE, TERIEZVORRETL DL
RBHLNL,

(4) Wind Dir. 1L ICBWTHEFH L7y — TV AT KB RE L CEEFEENZHME LER, ¥-TV
ETEOKE (52 EEAR) FETHIMEDOKEREBENRBEL, TOMEDENHYT — 7TV OEBIH
LTCEOHBEE52TWAI LB L, 230, WAy —7VEEICKBERETLILICLD,
b — P VEE A M AR EILT B 2 & A% Rain Vibration DRKTH 5 LHWTE S, L1L, @OTH
821L7-% 512, KEOFKZD D Rain Vibration BAEDHEII LTHE VERTII RV,

(5) Wind Dir.2 ® 4 — 7 VEBIZB T HHNOTRLIC L 2BEORR, 7 T EETIE— 8RRz
o=, FE Ty — 7 VEICTFICRN R, BICEEICE DAL, RATHRIZPORT 24h
I SN, EFIRGEIC BT AREEEIZ, ZOBMLKEE Y ORWPEFELTVWAILDERDNR L,

(6) 160 mm@ PE B2 HRAKDF 2 —7 (¢4=5,100mm) 2% EMHFHHEB LY, 7 — 7 VEIZFT
RAEBRRYESTAHEC L AHBENELRBE L/, FOKER, ¥ —7NVA/SVE1600mm T 1 EERS
B LHARDF 2 — T A XD BBA TR, ERERE (FE5mmXIig1lmm) %11~1248I2F4T
1235 723525, Rain Vibration #3¥#IL, BHTH 72,

(1) AFEXHINS50mme TV I =y AEFHNT, 7— 7V 2RIERSA % 0°~45" OHET
TS ¥, BERHLEYHE L, 2O, FADS UL TEREORBREVREEL, By —7
N BHLAETERLESA, ¥— 7 VEEPEENIIAEL TV EEZ LN ENTEENEE
T5oEBHIENT, COBRIZT - TVOHEA DRERICREES5LDLDTHY, SHROFFEHIM
Fahs,
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