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Development of Highway Lighting Pole with Resistance to Wind Vortex-Induced

Oscillation
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Synopsis :

Basic vibrational characteristics of a lighting pole resulting from wind vortex-induced
oscillation have been studied and an impact damper which has layered cells
accommodating steel balls has been developed. Steel ball movement synchronizes with
the oscillation of the pole and collides against casing, and the damper reduces
oscillation energy. Based on the results of basic experiments with movement of steel
balls and impact force, impact dampers have been manufactured and attached to the
inside of the pole. Vibration tests using a vibration machine and wind tunnel tests have
been executed. The results indicate that the impact dampers are effective in reducing

the 1st to 3rd inplane and out-of-plane oscillations of the pole.
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Development of Highway Lighting Pole with Resistance to

Wind Vortex-Induced Oscillations
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Synopsis:

Basic vibrational characteristics of a lighting pole resulting from
wind vortex-induced osciliation have been studied and an impact
damper which has layered cells accommodating steel balls has been
developed. Steel ball movement synchronizes with the oscillation of
the pole and collides against casing, and the damper reduces oscilla-
tion energy. DBased on the results of basic experiments with move-
ment of steel balls and impact force, impact dampers have been
manufactured and attached to the inside of the pole. Vibration tests
using a vibration machine and wind tunnel tests have been executed.
The results indicate that the impact dampers are effective in reducing
the 1st to 3rd inplane and out-of-plane oscillations of the pole.
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Fig. 1 Highway lighting pole with octagonal cross section and
outline of vibration test machine
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Table 1 Measurements of octagonal pole during vibration test

. . Direction™! Instrume
Na. Measured point Measured item Y X 2z ,f()rl];;]::;i:::’rgf11c11t
v Acceleration
@ Acceleration | O O O gage
Lamp ’
T
~CE= = X
v
. . _— Acceleration \
@ | Tip of arm :@ Acceleration @) O O e € iZ
- @) 0
! r €y
. ) . Acceleration i
@ Tap of pole Acceleration O O sage i .
8m _T
rolorns H | -
@® Side of pole Acceleration O O Acceleration [6.51m, l
gage . {m
|
| I
B
Shear stress | (O (O - o8
< Strain ;
H0mm
& ? 'j" ﬂ '\ gage
Bottom of pole E=———— Bending stress O O
*V:0ut of plane X:Inplane Z:Vertical
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Table 2 Basic oscillation characteristics of octaganal-cross-section lighting pole

Inplave oscillation moede Out-of-plane oscillation mode
st 2nd 3rd 1st nd 3rd
TR = - = : 7
/ | | {
Oscillation mode ! i I.’ i |
| | I
| !
I i
T R
Frequency in the 2.9 12.3 22.5 2.9 73 20.8
resonant state )
(Hz)
Resonant
wind velocity 35 14.7 20.6 35 8.7 248
calculated '
{m/s)
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H H[.—-Casing FCRFELE LTV EERII LR X5 TRV EEGETA Y, T
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Fig. 2 Impact damper using steel balls
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Diameter of steel halls: 50.8 mme
Weight of steel ball; 0,54 kgf
Finished surface: # 130
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Fig. 3 Basic experiment set up for movement of steel ball and
measurement of impact force
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Fig. 4 Relationship between impact forces and wall distance

FeArolBTL o bhiaRiElxFafc o v, EE
FEMA 2.8 T2 R 0199 Hz e S 2B HORTEERSY
Fig. 4 wmt, BIENIMERE = - FeA EOBRKRTC X b, o
BiEs0dd, HLOEMEDC S BLRAO L OAHR L,
o, WROEEMLIZrAZ .3 THD, EBEGEBREOC T L L
toe THILERBES SRR EREAE R S TRENEL kB
BEYEELLLOTHES, BIRFARCERE L -HETCECR
WE S TLREROMER G, ERARBEEAERERIED
BiguZ AR RN, Fig- 400842 L5 1 koEEIR
28 Hz Clak kv L TR b, URo &b
HEESRECEBIERALAE Y, T, DIVERIAEVY
O LER vy, FEER o oBEN AV &
Mboind, Wi 2k OEBIREN 7.2Hz coREER T, A%
ZEMNE AN, MEVSWEERREM oEEN R

B, RO 3RS 19.9 Hz ot RIAGER s g i ¢
£y, SmUTTHLZ Ehbhd, LikdaT, BRIZEAE
TOHER 2R, SR EDS R EEC T A EAEEL L,
BlED L 5imied RN REFESr il
ey, Table LICRUA-3RBED 55, 20m/sE@CRETS
SEIETI SRS LA LT oCHBA L, RS 1K
BLU2EROREFENGCEEZ, thbefliRoMELT5,
BEEEHILAOEMBHAS 1 60mm 0ARL L, EX23
mm OFRERTHEETHE L5, ok E, HEIOFHEET
35.4mm LD 2k, El, —HMCHETOHERBEHEEED
1~5% BETEL L, RERFSABRALRVW S E Y B
LG AEOBBTRELERASEBRS L5 50.8 mmd OFIR
BRWEZ EE LI,

2.5 BHRERHFOHEDR

BUHGCAlE L AR R (B8~ 60 mmx 60 mmx 2.3mmé, §RER
50.8mmg, 0.539kg, #HE]4.6mm) OEIEHRAE 54, Fig.
1 o ERARC SRS £, EREHHERREIFABOBERT
BE&abc~—-27 L — RN LT44ADHEA FILTEE L TIE
Lic. BEBOEFCEXBHAGI®RTEENTLED, HETOMEK
A1 E (BOAREOHEERM2.8%) &1, HEEEEES L
THIESRCRETERECPELRE L, il MEHCEL
THERC I 3D BERoF s HResfTsmbilicdszo
R L, BEACIBHECTET X b oA Ichy, B
BEATLLERCELBLVEN DD 5 2, A bInkiERORRE
HEBECEEV, Lihi-T, RBRBRIIEHAIRIECHL,
A OB VT REL A, AW R CIE56gl T, 2%
Tk 20 gal AT CHiREABAECH D, 4, T 1 K TH 10gat
LAF, 2¥cTid 25gal DT CRBETH -t ERPRIEDVTERRE
HEO 1AL FRBIFig. b0k tasd, HibhHBEmRLLS
i, FEBe—FE3ERENAZ VI EHERNS {, FBRESR
T 2.1% BECRBIhREODRNE LGRS, Thbhb, EH
1 RIRENTHI 90%, S 2WIRED, WAL KRBT 70~80% ol
FPRAYRLUD, MROZ LA, HMHER T L ROBEN

< Ist mode (out-of-plane}
£ 2nd mode {out-of-plane)
< 1st mode (inplang)

10[} J— R
//‘

sy

2 t;/q

5 - s

& |

= |

&5 B0b——f—— e e e
=z 1

N

© !

= 1

(=

] !

= !

& :

i i

| i

0 0.8 13 L1721

Ratio of steel ball weight and pole weight (%)

! 4 It [
t

0 5 & 11 1

Number of steel halls

Fig. 5 Damping effects of the devised impact dampers (50.8
ming steel ball)

— 6l — ARk LR Vol 20 No. 4 1988



312 aoE R oMo o Mo

2% DBEE L LERGEARLS, FREM L RS 2ERLEE
FAZoHERTHL Z Edbn5, ZHITEPHEEOF »HIHEE
WL, BHAO SWHERAR—ER TR 529, ik
Bizi ¥ —pik &, HELEL A k- T35 0EEbits,

3 RiRER

ESERE B ks B oREHE L IRERBRTRELLH
REROPRELHEET B0, BFRERET- L. RBEIEREHE
BERUL ol L, iR & 2 0RBREDD, KE
HMLEOSHES 10mx3m ORBEARE R,

3.1 EREE

AR T LR MEEBIIRD 20 TH 5,
(1) B XzEBEEoREHErE, ok blSNs & B3
LR E A IR R
(2) #HhliEEEOHR
HA &% Table 3 i+, BT, RHCEHLIE /R By
FBiFn o ExMEL BYECTANME Ui
BRI, MERBCT O THRRE, BEIRE T Y&

Table 3 Conditions of wind tunnel test

Type of No. of test levels Type of No. of
damper Wind Logarithmic test test cases
direction decrement
No damper 1 3 V-A test 3
Steel halls 1 1 V-A test 1

Photo 1  Overview of wind tunnel test of octagonal-cross-sec-
tion lighting pole
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Fig. 6 Effect of wind velocity on the displacement amplitude
of the top of the pale

3 000p

=

R

)

2 2000t

= o = Without damper

5 fqti s | With damper

= 1000l P

ki N

8 / |

<1:u ! \ Yo o
0 1&«Pyﬁ“$“{&ﬁ?P?V‘?ﬁﬁxiﬁ
) 5 10 13 20 23

Wind velocity (im 's)
Fig. 7 Effect of wind velocity on the acceleration amplitude at
the tip of the arm



fift WO W4 o B R 313

20

o I lst made {out-of-plane)
150 - 2nd maode (oul-of -planc)
10k

Displacement amplitude (mm)

\a

J 001 0.02 0.03

Logarithmic decrement value .

Fig. 8 Effect of logarithimic decrement on the displacement
amplitude at the top of the pole

Table 4 Logarithmic decrement value

Mode Without damper With ball damper
1st deg. 0.004 0.06
2nd deg. 0.01 0.04
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Design condition Weather condition

Height of polz(i)

Diameter (D) and

thickress ) of pole

Support condition

Weight of lighting equipment(m}
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Modal analysis

Direction of wind
Wind velocity(V}

Calculation of moduli

Proper period Logarithmic decrement{é&)
Oscillation mode Strouhal npumber(Sy)
l Lift coefficient Cq)

|
| Calculation of resonant wind velecity (Vi V.- Va) I

I

Calculation of magnitude of forced oscillation
(P, Po,, Py}

Response anaiysis

Frequency (V)
Displacement i}
Acceleration (i}

—

Necessity of damper

Limitation of sizes
Experiment data —

Supposition of specification of several dampers

Positions where dampers are attached
(;learance ()

Diameter of stee] ball($)

Number of steel balls

Response analysis when dampers are attached
Displacement ()
Acceleration (i)
Impact force (¥}
Evaluation

Determination of specification of dampers

End of design of lighting pole

Fig. 9 Design flow chart for lighting pole with impact damper
for effect of wind
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