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Analysis of the Working Cable System of Single-span Circulating Ropeway
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Abstract. Based on the analysis of the mutual interaction between bearing cable and traction cable of single-span circulating
ropeway, the calculation method is proposed for working cables of ropeway with arbitrary loads. The 5 sets nonlinear equations
are set up for the working cables according to the equal spans and altitude differences of the bearing cable and the traction cable,
the constant of the load running space and the bearing cable length, and the tension balance of bearing cable and traction cable
beside load. The resolving method is proposed based on the Newton iterative method. The correctness and feasibility of the
method are proved by the results of engineering test. From the solution, the tension and coordinate of working cables can be
obtained accurately, which is meaningful for the design and analysis of the freight ropeway.

1 Single-span freight ropeway

Aerial freight ropeway has strong adaptability for natural terrain and perfect climbing ability, so it can easy across mountains and
rivers. It is widely used in forestry, construction, mine and other industries [1-3].

For the single-span ropeway, the accurate calculation of bearing cable tension is the key of the design and selection in ropeway
system [4]. In the past, only the influence of weights of cable and loads are considered during the tension calculation of bearing
cable [5-6], and the mutual interaction between bearing cable and traction cable is always ignored which will make the big error in
tension calculation of the bearing cable. In this paper, a calculation method is proposed of mutual interaction between the bearing
cable and the traction cable based on the elastic catenary theory.

2 Ropeway with arbitrary loads

The ropeway mainly includes working cables, brackets, trolleys and tractor. Working cables includes bearing cable and traction
cable. The bearing cable is the important part of ropeway, which bears the loads of trolleys and cargos. The traction cable is a
closed rope and driven by the tractor to move along the bearing cable in the ropeway [7].
(1) Parameters of ropeway

The single-span circulating ropeway is shown in Figure 1. The span between brackets is L,, and altitude difference is /.
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Figure 1. The single-span circulating ropeway

The length of bearing cable s’y and length of traction cable sy can be measured after the erection of ropeway.
(2) Parameters of loads

There are m loads on the ropeway with the weights G; (i=1,..., m) respectively. The lengths of traction cable between loads are
s (i=1,..., m-1), which are kept constant during movement.

The length of traction cable from the tractor to the first load is defined as s and the length between the last load and tractor is
defined as sGm, shown as Figure 2.
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Figure 2. The single-span circulating ropeway

The working cables are divided by centralized loads as several catenary sections which only bear the self-weight of the cable.
The beginning of every section is 4, the ending is B. So there are m+1 bearing cable sections, and m+2 traction cable sections.
(3) Formulas of section

Assume the initial length of every section cable is s;, horizontal tension is H,, vertical tension of 4 is V; (i=1,..., m+1), the
vertical tension of B can be expressed as:

Vei=Vaitgs; (=1,..., m+1) (1)
Here ¢ is the unit length weight of cable.
The spans and altitude differences of every section are[7]:
H | gs oV oV
L =—-| —— +asinh —*~ — asinh —*
q | E4, H H,
(=1,...,m+1) 2)

v:-v: H v V:
h =—+—| [1+— - |I+—=
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Here EA, is the product of section area and elasticity modulus.
These variables above can represent bearing cable or traction with the superscripts / or ¢ respectively.

3 Analysis of bearing cable and traction cable

The mutual interaction between bearing cable and traction cable of single-span ropeway is mainly reflected from the following
aspects:
(1) The equal span and altitude difference of bearing cable and traction cable
As shown in Figure 2, the points A and B coincide in every section of bearing cable and traction cable that means the span and
altitude difference of every section are equal. So the 2(m+1) equations below are obtained:
! t
Li=L;=0 (i=1,..., m+1) (3)
h!' —h' =0
(2) Constant of the total span and altitude difference
No matter where the loads move in single-span ropeway, the sum of section spans is equal to whole horizontal span and the
sum of section altitude difference is equal to whole altitude difference.

m+1

Z;LZJ.—LS =0
=

m+1 (4)
> hi—h =0
=
For return traction cable, the equations are obtained as:
Ltm+2 - Ls = 0
, )
hm+2 - h.v = 0

(3) Tension balance of bearing cable and traction cable beside load

The bearing cable and traction cable are connected by the loads, shown as Figure 3(a). The number of cables beside load is i,
i+1 respectively.

The wheel of trolley rolls on the bearing cable and makes cable bent down. Therefore, the tangential tensions of bearing cable
beside load are equal, shown as Figure 3(b). So there are m equations of tension balance:

Ty, ~Th., =0(=1,..., m) (6)

i+l
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Figure 3. Force analysis of bearing cable and traction cable beside load

The Force analysis of trolley is shown in Figure 3(c), the 2m tension balance equations in the horizontal and vertical directions
can be obtained:

H, —-H +H —H =0
i+l i i+l i (l: 1,“.’ m) (7)
V/im - Véi + V/:Hl - Vléi -G, =0

(4) Space constant of loads
The space between loads pulled by traction cable is unchanged during the movement. So we have m+1 equations.
8itl

D st =59 =0 (i=0,....m-1) (8)
J=gi+l
and
2+m
z s, -s9 =0 9
J=gn+1

(5) Length constant of bearing cable
For single-span ropeway, the length of bearing cable has remained unchanged.

m+l

D st —s,=0 (10)
J=1

4 Solution of the nonlinear equations of working cable

Taking the section length s', s, horizontal tension H';, H';, vertical tension V', V'y; (=1, ..., m+1) of the bearing cable and traction
cable as the unknowns, the nonlinear equation set of single-span ropeway can be established based on interaction relationship of
the working cable.

The number of unknown variables is 6m+9 and equal to the nonlinear equations number. Therefore, the nonlinear equations are
closed, which can be expressed as:

F(X)=0 (11)

In WhiChX:[Sll, ey Slm+], Hll, cees H/m+1, V/l, cees V/m+1, Stl, RN Stm+2, Hll, cees Htm+2, Vl, cees Vrerz]T.

Newton iterative method can be used to solve the nonlinear equation set. Considered that Newton method is sensitive to the
initial value, the parabolic analytical solutions is used as the initial iteration value.

(1)The length s; (i=1,...,2+m) of every section divided by load point can be obtained according to the whole traction cable
length and load distribution. Every section length of bearing cable is calculated in proportion.

1
sO=20g (=1, . 1m) (12)
S

(2)According to bearing cable length s', the sag can be calculated basis of parabolic equation:

_ F(SIO—LS)
f= I, (13)

And then the horizontal tension of every section is obtained:

Iy 2
L
H =1 (14)
8f
It is known from the balance conditions that the initial horizontal tension of every section is same.
H{O=H£0="'=H,;O+]=Hl (15)
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(3)The initial vertical tension of point A of first section can be obtained basis of sag and span.

w_Af+h,
4 L (16)
Other sections’ vertical tension can be calculated refer to equation below:
Vo=V +q's®+G =1, ...,m) (17)
So the initial iteration value of bearing cable is:
AX{O:[ SlOI,Sloz,. . .,S[01+m,H[O|,H[02,. . ~:H101+m; Vlol,. . .,Vlol +m]- (18)
And the initial iteration value of traction cable can be obtained in the same way:
XtO:[ Stol,Stoz,. . .,S[01+m,HtOI,Ht02,. . .,Htoler,VtO],. . ~:V01+m]- (19)
The initial iteration value of the nonlinear equations is:
X0=[ X" x°1". (20)

After X is calculated, the vertical tension V., tangential tension 7, and the horizontal and vertical coordinates of any point of
the working rope at length s, can be obtained respectively.

5 Example

In the single-span cableway experiment, L,=218.18m, 4,=118.66m, EA'=25MN, ¢'=1.6kg/m, EA'=9MN, ¢'=0.8kg/m. The length
of bearing cable is 249.12m.

The first load case is G;=850kg, The 2™ case is G;=850kg G,=425kg, and s, =21m.
In the case 1, the load moves from the 11m to 87m. The measured and calculated tangential tension of initial point with the
load position is shown in Figure 4(a). In the case 2, the load moves from the 11m to 83m. The relation is shown in Figure 4(b).

55
501
=
3
=8
2
w
c
2
- a0 -
L
-
=
o
&
@
s
30|
— A Test |
&—a& A Calculation
25 1 1 L I .

10 20 E] 4 E] &0 0 80 0
The Horizontal Pesition of First Load/m

(a) Result of case 1

Tangential Tension/kN

— A Test
4—& A Calculation
“g % % © % % % % %
The Horizontal Position of First Load/m
(b) Result of case 2

Figure 4. The results of the tangential tension with the load position in case 1 and case 2

From the figure 4, the curve of calculated tangential tension is consistent with the experimental values, and the maximum error
is only 0.16% in case 1, 1.70% in case 2.

Therefore, the accuracy of method is verified which can meet the requirements of engineering applications.
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6 Conclusions

In this paper, the nonlinear equation set of working cable of single-span circulating ropeway is proposed. The set includes the
constant of spans and altitude differences between bracket, the tension constant of the bearing cable and the traction cable beside
load, the length constant of the load running space and the bearing cable length.

The calculation method is fast and good in convergence. It is an effective solution for interaction problem of bearing cable and
traction cable, which can meet with requirement of the circulating ropeway design.
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