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A Study on the Optimal Value for the Towers Height of the Ropeway
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Abstract

The heights of the towers of a ropeway are theoretically derived and the result is experimen-

tally verified. The accuracy in the equation of deflection angle obtained by applying the charac-

teristics of catenary curve was confirmed through experiment. By applying these equations the
optimal values of the tower heights could be obtained because the deflection angles trade off each

other. The deflection angle was measured by using the curve fitting technique.
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Fig. 1 Explanation of the variables and the rope-

way.
@ : tower number, <> . interval number
L i~th 23A
kil i-th AFe] AW wol, hi:i-th AFxel,
hi @ i-th F749 4379
hi=(hi+hi) ~ (W5 +RiTY) (i=1,
(%, Ri=nt=0)

ey nr)

2.2 mMEe WE

Hite) BAEET —KEEN T8 e &
FHEE - WISV AR o Rl Folal A
4o ZhEEol & Bl 3, WEEkEte 27
A2 F2FA G, X LB 4 5 ol¥ &
£ Aoz geh ol W FELBEEE HeH

START
READ 2. h

Calculate S*by Eqf2)
Calculate U'by Eq(3)

[Calculate Ho and w by Eq(6)
[T=5]

(C=1~m)

[Dimensionless %, X %)
STOP
[Calculote U and Us by Eq(91Eq(i]
LCcIculote:Rn by Eq{12)]

Fig. 2 Deflection angle of i-th tower
G: %339 A, ¢ T4 AAFG
T s RFAo A9 = Ae] R

Zo] Y3t Ao,
(=244 Bl U*, HuaAA|

- Bl 3 ARz P{3Ex |

—| CADfk o ZheEol iz |

XEEEo) S HEETS AT =9 Fig 1 9 Fig.

29} Zol, Fig. 1 %t A% nroll HWH & XA
fE, Aubgol kikgele AAE veliie], Fig. 2
oA RS FAA, AR, E24 34
£ JeEhiz gloh Fig o4 Q49 B 6=

[Calculate Uy, U, by Eq(14)]
I
[Calcuigte 6n, by Eql13)]

Fig. 3 Flow chart



384 2 B oM B oK

Bi— @01 B2 o Bkl wtel @4 RifAs &
fbdtet,

dutd o g h= (h+hi) — (hE + R (i=1,
o, nr)d) BAfRel 22 .o BMEE Rl hiT'8Mbel
&5t DA BITA AAZ b b, ol
iRl QA BHAS APzl Kt &
Bt ste dle AT Bl <o Bo] =+ ¥
ojt}, 22 7o RS FAstd 24
o] Yol upx] it U HellA A7l HEF ol
b=(hi, -+, hf)E Fol WEdl Hayol ot

23 U* 9 Hoitel &eE
Aupd oz xFe AS & AWM =4zl
g o] AAAAE w3l U?
S*=(1.005~1.007) XV 1+ k¥ (1)
FHAF nroll A Z22RY 292 Ho|® Sy
Hotel 270N hE Ao T Ad F
S*=3S#=(h*+(sin RU*/UHHT  (2)
Al (2ol S*, h*Y g U gloenE 2o
3l U*e e & Aol 4= Newton-Raphsont
< FEs] A stth E Zado] el Aol
g 29z EHWL
T*=cos h(2U*¢!+B) (3)
o714 B=sin A" (U*h*/sin kU*)—U* (4)
OAe /A Toe AB)ANA £r=0d = ojlnz
Te (= To/Ho) =U*(S*cos hU*—h*) (5)
27138 Hyx Fig. 2014 £F5FA G= T8 34
oA FaiAS, F
Ho:G/TscT,
of o},

w=2U*Ho/¢ (6)

24 U h™ % 0242 A
% 239 Ur, U - Usrdl &2
. _ wh * _ wla ven
U1—2Ho, U2—2Hls ’

* Wint
Ui =5 s ™

olx:, = & Ao AR HE FAUR
=m/l, hi=ho/loy =, Rhr=hnar/lnr (8)
o] BA 7} FAXEZ Aol NF Ut 7he A
(6)ol 2]}
U= (wh/2Te) - cos ¢: 9)
o]z Aol B Usy #E 78l v, O44
RHE

Th=To+wh (10)
ANA U= (wl/2Ti)cos @2 (11
o BfRolA, O 234 6e
G:=tan ' [U:* (hicos RUY
+/(r1)*+ (sin o UF/UN?))
—tan™'[U;* (hicos b U
~V R+ (sin k U /US)?)] (12)
o] AAAE o] A}, & L vhez 5Eo| 3
of o] TAZE dutstald
O:=tan'[Ut(hi-icos h ut_,
+V R+ (sin b UL, /UEY)? )]
—tan ' {U* (htcos k U?

—/ P+ (sin h U2/UX?)] (13)
A7 A Ur=(wli/ 2Ti-1) *cos @: (14)
Ti= Ti—1+Whi (15)

olth, DAY KA
Ri=2T: sin -6, (16)

olmz 20l ohAHE LSRE FolAh,

2.5 Hs=A
AzAoz e 49 22 F2 A48
(1) ZHEzole A= 1 A= AA = o
de Aoz B
(2) 24te) A& Yt HiE kS Kjjol A A
g dojof o,
ol Abe] A Fpz=Ad, AHA
T U F
Riain< hi< himax 17
ohg, ity wAE HE AdzAL A FL
z702 7]% 514 %, TRy #EkEH 2 K
719 Qkef& of dhe}, = e SZhE bl H4
3 N9 ﬁﬁ%ol ook et (2% Q=>50kef,
Ne=4% 7|F 22 39,
weba] o Fhkel Mo RS 243 Q-Ne2
ook g}, olAtel oFte] Tl Ag=L
Ri>Q-Ng (i=1, =, nr—1) (18)
2 FoAr}

27¢ ched Rol &

2.6 Eitﬂ:

Sttmo] REME 97 Ao} oG85 Bol
A% Bae,



olt}, o7|A FiEgol HEH Y= sl 10m~35m
2 HEFREAA HL3y E4RKES] ol 4m
~10mz= 3tz o™,

2 AdolA 453 2L Fig 45} o] 292

ol %t @, @Y A=HEelE 2zt 0.33m, 0.78

BB XHEo] REMEA B AR 385

PHRARAREAREN
o
O
GLO l\\ =
0.6 08 06
20
G
0.3Kg
Fig. 4 Dimension of experimental model.
Find b={h}, K% -, h}7) 2 2kWel g goln] A3} 22U oy 93t B
Min J =max|6; (19) Al 25 ALE St ool ALY BELe A
! z o el
Subject, to  Aimn< i< himax i.ﬂ s 2=Ae] Verichrome(ASA125) ol =,
. Fig. 6 $4% 244 on 270 A2A4 & %Ki
(i=1, -, nr)
|R{A= Q- Ne (20)

3.4 €

HHEA

B w=0.023kg/m, 2234 G=0.3kgE A-&3

mz 3lo] o] AdloA & FTHFolE 0.0lmy W3}

Aol gt BHAE 245 A5 Fig 5k 2

AYAAE WA ook o AAel AT FY

comera copy lense light source

model

Fig. 5 Experimental apparatus. Fig. 7 Model of measurement.



386 8 B B B

ylx3)

(x5

Qi 02 03 04 05 06 07 08 09 ]

Yixe)

yix)

0f 02 03 Q4 05 06 Q7 08 09 ¢

(Z2)

(x)) O 020304050807 08 09 10

Fig. 8 Method of measurement.

o xsh Aol ehile & 29z ARF
43 AdEels BAL ez gieh

3.2 Zduy

Fig. 69 AdlolA 2925 Azl & FH9 £
#ipo) ote} 23 g YEo] Fig. 7olc}, o] EL T
= 2} o] €] (comparator) o] ¢]3led @, @ L B A

& FstaA s FoA BITAS S$4%e de

47149 440l olFT FA%E ol Aot B
& 2348 AL dEd JH @e d¥ + 9

Table 1 EX. Value of measurement

I3 (Cm) h2 (cm) ha (cm)
x 34 x2 45 x3 21

0.1 3.33 0.1 4.31 0.1 2.06

0.2 6.60 0.2 8.59 0.2 4.06

0.3 9.91 0.3 12.93 0.3 6.09

0.4) 13.25 0.4 17.33 0.4 8.14
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0.7 23.52 0.7 30.93 0.7 14.49
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Table 2 Comparison of the theory value and the
experiment value

Theory
value
(Degree)
6. s 0: G; | 46, 46,
3.24|13.03| 2.49{12.20| 0.75 0.83
4.51112.48] 3.75|11.66] 0.76| 0.82
5.76(11.93| 5.01|/11.08| 0.75 0.85

7.02]11.37| 6.32(10.53} 0.70| 0.84

Experiment
value
(Degree)

Error
(Degree)

Tower's
height (cm)

N
s
N
&

8.27(10.81f 7.16| 9.96| 1.11| 0.85

DO | = | | =] ]

2.70{14.43| 1.98{13.62( 0.72| 0.81
3.96|13.89| 3.20({13.06{ 0.76] 0.83

/

5.21113.34} 4.47]12.52] 0.74] 0.82
6.46]12.78| 5.76]11.94] 0.70] 0.84

7.70|12.22| 6.60{11.38| 1.10{ 0.85
2.17/15.82| 1.43|15.01; 0.74| 0.81

3.42|15.29| 2.67(14.47| 0.75] 0:82
4.67{14.75( 3.92|13.92) 0.75} 0.83

5.91(14.20{ 5.26|13.41| 0.65| 0.79

7.17(13.65| 6.05{12.81|71.12( 0.84

1.64(17.22| 0.90{16.43} 0.74{ 0.79
2.88116.69] 1.68/16.49| 1.20| 0.20
4.12)16.16| 3.37)15.31| 0.75} 0.85
5.36]15.62] 4.67|14.81| 0.69] 0.81
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Fig. 9 Determination of tower’s height
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