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Monitoring the Seismic Reduction and Vibration Resistance of Cable Car
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Abstract

In this study, self-made earthquake simulator and self-made cable car system
simulator were made to investigate the variables which influenced the vibration of
the cable car caused by earthquake. Devices are designed to reduce the vibration of
the cable car. The observations of the study are as follows: Firstly, variables such
as a shorter distance of the cable car to the stand tower, more number of the cable
cars on unit length of cable, a heavier cable car, and a shorter arm of the cable
car result in shorter vibration time of the cable car; Secondly, several devices that
reduced vibration were designed. The results revealed the effect of the several steel
balls rolling in between double-layer cable car was the best, the inner layer slid
only slightly while the outer layer shook vigorously during earthquake. In the future,
this model may be applied to the real cable car to reduce vibration during earthquakes.
Also, reduce the vibration time by adding seismic isolation device to the stand tower
may be a topic which worths further investigation.
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3 34.0 55. 0 47.0 40. 0 33.0

2og 4 39.0 53. 0 50. 0 40. 0 36. 0
5 34.0 55. 0 48.0 40. 0 39.0

T3 34,6 54. 9 49.0 39. 6 36. 8
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B R 11 12 13 14 15
1 75.0 65. 0 40. 0 41. 0 33.0
2 71.0 62.0 40. 0 37.0 39.0
- 3 65. 0 60. 0 50.0 34.0 33.0
§ 4 70.0 62.0 43.0 37.3 35.0
5 70.0 61.0 51.0 37. 3 35.0
T ia 70. 2 62.0 44.8 37. 3 35.0
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2 23.0 27.0 23.0 21.0 26.0
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| 3 650 720 450  27.0  35.0
LA 4 70.0 620 500 280  36.0
5 7.0 630 5.0 280 380
3 70,2 63.6  48.8  28.4  35.2
I 240 300 260  22.0  28.0
2 230 3.0 2.0 230  27.0
3 330 320 280 230  20.0
Lo% 70 a0 2.0 20 270
5 2.0 310 2.0 2.0  30.0
3 9256 310  26.2  23.0  28.2
I 48.0 330 47.0  31.0  31.0
2 49.0 350  46.0  33.0  30.0
| 3 49.0 320 450  32.0  30.0
2 4 46.0  33.0 440 340  29.0
5  46.0  32.0  46.0  32.0  31.0
T35 476 33.0  45.6 324 30.2
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1w 1 1w 2 13 1w 4 15

1 75.0 65. 0 40.0 41.0 33.0
2 71.0 62. 0 40.0 37.0 39. 0
3 65. 0 60. 0 50. 0 34.0 33.0
A 4 70.0 62. 0 43.0 37.3 35. 0
5 70.0 61.0 51.0 37.3 35. 0
T3 70,2 62. 0 44.8 37.3 35. 0
1 19.0 21.0 13.0 12.0 11.0
2 18.0 21.0 12.0 11.0 11.0
o 3 20.0 23.0 14.0 11.0 12.0
TR 4 18.0 18.0 14.0 11.0 11.0
5 19.0 21.0 14.0 12.0 10.0
T35 18.8 20.8 13.4 11.4 11.0
1 19.0 18.0 10.0 14.0 14.0
2 18.0 17.0 10.0 13.0 13.0
o 3 20.0 19.0 11.0 11.0 13.0
TR 4 18.0 18.0 10.0 13.0 15.0
5 19.0 18.0 9.0 11.0 13.0
T3 18.8 18.0 10.0 12. 4 13. 6
1 30.0 19.0 19.0 23. 0 27. 0
2 29.0 22.0 18.0 27. 0 27. 0
3 30.0 20. 0 16.0 26. 0 26. 0
14 R-%®
4 31.0 21.0 16.0 26. 0 26. 0
5 30.0 23.0 17.0 27. 0 26. 0
T35 30,0 21.0 17.2 25.8 26. 4
1 30.0 15.0 14.0 14.0 19.0
2 29.0 16.0 13.0 15.0 18.0
o 3 30.0 15.0 13.0 15.0 18.0
MAs 31.0 30.0 13.0 13.0 20. 0
5 30.0 18.0 14.0 15.0 19.0
T35 30,0 18.8 13. 4 14. 4 18.8
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1 23.0 75.0 25.0 27.0 35.0
2 24.0 71.0 26.0 26.0 31.0
3 24.0 65.0 25.0 26.0 34.0
0% 4 22.0 70.0 26.0 28.0 39.0
5 23.0 70.0 25.0 26.0 34.0
I o 23.2 70. 2 25.4 26. 6 34.6
1 15.0 14.0 25.0 22.0 39.0
2 13.0 14. 0 25.0 20.0 31.0
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d 4 27-28 % W 5455 £ RAH R T 4o AL RRE > KB F RIS FD AL
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i ¥ 1.25cm  2.50cm  5.00cm 7.50cm 10.00cm
= #K

1 2.100 1.767 1.700 1.600  I.367
2 2.100 1.800 1.700 1.533  I.367
3 2.100 1.767 1.700 1.500  I.367
4 2.067 1.767 1.667 1.533  1.367
5 2.100 1.733 1.667 1.533  1.367
6 2.067 1.767 1.700 1.533 1.333
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8 2.067 1.800 1.700 1.433 1.367
9 2.100 1.767 1.700 1.500  I.367
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= 2.090 1.770 1.693 1.520 1.363
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Seismic Reduction and Vibration Resistance of Cable Car

Abstract

Cable car system is a useful transportation. However, it could be damaged by
earthquake, and resources have to be used to repair. In this project, self-made
earthquake simulator and cable car system were used to investigate the variables
which influenced the vibration of the cable car. Damping devices were designed to
reduce the vibration.

The results are as follows: Firstly, a shorter arm of cable car, even number of the
cable cars on the cable, and a heavier cable car result in shorter duration time of
vibration. Secondly, several damping devices reduced vibration obviously. The results
revealed the effects of the cable car whose arm with four springs set up, and several
steel balls rolling in between double-layer cabin reduce the vibration. The duration
time was reduced by over 75%. In the future, the model can be applied to improve the
stability of cable car. We protect the cable car system, cut down the resources to
repair and ensure the safety of passengers. Furthermore, the cable car be able to use

in a sustainable way!
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Introduction

Nowadays, cable car system is a useful transportation (Sun, 2001). In 2004, Medellin,
Colombia’s second largest city, implemented the world’s first modern urban aerial cable-car public
transport system. By using the cable car system, the emissions of carbon dioxide is reduced year by
year (Davila and Daste, 2011). However, many countries are located on the seismic zones, including
our country. The earthquake will make the cable car vibrate obviously even damage the system.
Also, the safety of the passengers will be threatened. Viewing from the point of sustainable use of
the cable car, it’s important to study the vibration of cable car and how to reduce it. We improve the
stability of cable car, protect the cable car system, minimize the resources to repair, then the cable

car can be used in a sustainable way and the safety of passengers can be ensured.

Objectives

1. Simulate cable car’s vibration during an earthquake by self-made models.
2. Investigate the influence on the vibration of the cable car caused by different variables.
3. Design damping devices to reduce the vibration of the cable car, protect the system and

passengers’ lives.

Equipment

In fact, we have tested a lot of simulator and system which were made of
different material, but they were fail. Finally, we decided to use the following system.
1. Self-made earthquake simulator

Connect a heat melting adhesive tape on the shaft of the motor to increase the vibration,
and the device acts as the earthquake source (Fig. la and Fig. 1b). Then, the vibration will
convey to the vibration table and cable car system to simulate an earthquake. In addition, the
shaking direction of the simulator can be changed and make different vibration. The Fig. 2a

shows the horizontal direction, and the Fig. 2b shows the vertical direction.
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Heat melting adhesive tape

|
? Vibration table AA——— \ ~ Earthquake source
| [ Motor V |
W \
Springs
DC Power (9V)

Fig. 1a Earthquake simulator (lateral view)

Fig. 1b Earthquake simulator (top view)

Fig. 2a Horizontal vibration source Fig. 2b Vertical vibration source

2. Self-made cable car system and cabins
The system can simulate the situation from the time when an earthquake occurs and the
cable car system is out of electricity supply (to insure the safety) to the time when the vibration
of the cable car cannot be observed by naked eyes (Fig. 3). The material of the cabin is
aluminum, and the shape of cabins is designed with curve sides (Fig. 4). Clay is put into the
cabins to control the weight. The cable car’s arms are made of steel wire. Furthermore, the size

of this system is scaling from the actual cable car system in Taipei (Table 1).
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Cable car system is out of

electricity supply and stops. The time interval which the system simulates.

#@t}

Earthquake occurs. Earthquake stops. The vibration of the cabins

cannot be observe by naked eyes.

Fig. 3 The scope of simulation

Table 1 Size of the Maokong Gondola

Height of the stand tower 7.78 m~28.83 m
Distance between the stand tower 1.86 m~429.1 m
Cabin (L) 1.98 m
Cabin (W) 1.873 m
Cabin (H) 241 m

(Provided by engineering part of Taipei Rapid Transit Corporation)

Fig. 4a Self-made cable car system
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Fig. 4b Expanded view of the cabin Fig. 4c Cabin
(L=4.0cm W=4.9cm H=5.2cm)

Process and Methods

Part 1: Insure the earthquake simulator’s efficacy
1. Measure the vibration acceleration and intensity of the vibration table

In order to insure that the vibration intensity produced by the self-made earthquake
simulator is good enough to compare with the actual situation, the vibration acceleration and
intensity on the vibration table were measured by the APPs (Vibration Monitoring and
Vibrometer) on the smart phone. The smart phone was put on the middle of vibration table,
and the earthquake simulator would be turned on for 10 seconds. Example of the acceleration
and Modified Mercalli Intensity Scale (MMI Scale) record are shown in Fig. 5. According to
the MMI standard (Fig. 6), the acceleration and the vibration intensity of the earthquake
simulator which were measured by the APPs correspond to the standard of the MMI Scale VII.

So we can know that the vibration intensity can be simulated to the actual earthquake motion.
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Fig. 5a Example of the acceleration record (cm/s?) Fig. 5b Example of MMI Scale
(X value and Y value are the acceleration
whose direction are parallel and

perpendicular to the cable, respectively.)

PERCEIVED SHAKING Not felt Weak Ligh Moderate Strong |Very strong| Severe Violont Extreme
POTENTIAL DAMAGE none none none Very light] Light Moderate | Mod Heavy Heavy |Very Heavy
PEAK ACC. (%g) 0.1 0.5 2.4 6.7 13 24 44 83 >156
PEAK VEL (cm/s"2) €0.07 0.4 1.9 5.8 " 22 43 83 >160
INSTRUMENTAL INTENSITY I - v v Vi Vil _

Fig. 6 Earthquake motion acceleration contrast with the MMI Scale (From: U.S. Geological

Survey http://earthquake.usgs.gov/learn/glossary/?term=intensity).

2. Measure the vibration frequency of earthquake source
Use the tachometer to measure the speed of the motor (earthquake source). Repeat 5
times and record the results. The average rotation speed is about 1514 RPM (Table. 2). It
means that the motor turns 1514 rounds in one minute. It stands for the vibration frequency

of the source. So we could know the frequency of the earthquake source is about 25.23 Hz

Table.2 Rotation speed of the motor (RPM)
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Part 2: Experimental methods
All the experiments were done in a windless environment to avoid the disturbance of the
motion of the cable car. After the cable car is quiescent, turn on the earthquake simulator and
camera, which is also a timer, at the same time. The earthquake source will be turned off in 10
seconds, it means the earthquake stops. The camera will record the whole vibration period from

the top view (Fig. 7).

Digital camera

Fig. 7 Camera on the top of cable car system

In this project, we consider the influence caused by many variables on duration time, and the

variables are as follows:

1. Shaking direction
By changing the shaking direction of simulator, different vibration directions are provided.
When the rotation direction of the motor is parallel to the vibration table, the horizontal
vibration is offered. When it is perpendicular to the vibration table, the vertical vibration is
produced.

2. Cable car’s position
The cable car’s position is described with a fraction which is defined as the distance of cable
car to the nearer stand tower divided by the total length of the cable. A smaller value of the
fraction means that the cable car is closer to the stand tower. The position 1/2, 1/3, 1/4, 1/5,
and 1/6 were tested.

3. Cable car’s number
The number of the cable car on the fixed length of cable is changed, and the distance between
every cabin is adjusted to fixed length (the intervals between cabins are equal). The Fig. 8

shows that there are four cabins.
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4. Cable car’s weight
The total weight of the cabin is controlled by adding clay. The weights used in this project
were 45¢g, 55g, 65¢g, 75g, and 85g.

5. Length of cable car’s arm

The length of the cable car’s arm is defined as the distance of line AB. The length is scaling
from the real system, and the length of the arm for experiment includes 2.25 cm (0.5times of
scale), 5.5 cm (1 times of scale), 8.25 cm (1.5 times of scale), 10.1 cm (2 times of scale),
13.75 cm (2.5 times of scale).

on

eB

Fig. 8 Four cabins on the cable Fig.9 Arm of the cable car

The video is analyzed after doing experiments. The duration time of cable car’s vibration was
used to display the extent of vibration. The duration time is defined from the time when the
earthquake stopped to the time when the cumulated energy is 95% of the total energy. The steps
are as follows:

1. Use “Tracker”, a software, to analyze the video. Set up a point of the cabin as the particle
which stands for the cable car’s position. “Tracker” will track the particle motion.

2. The amplitude of the cable car’s vibration can be calculated after getting the cable car’s
position at corresponding time (Fig. 10).

3. The amplitude square is cumulated from the source stopped time (11" second) to the 80™
second time interval. The final value represented the total energy of the vibration. The
formula for calculation is shown in Fig. 11.

4. The duration time of the cable car’s vibration is defined as the time beginning from the source

stopped to the time when the cumulated energy is 95% of E; (Fig. 12).
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Fig. 10 Example of the amplitude at corresponding time

80
Er= | a(t)*dt
11

(=time (s) a=amplitude (cm)

E; = Represent the total energy (cm? - s)

Fig. 11 Formula of calculating the value which represent the total energy

Fig. 12 Definition of duration time of cable car’s vibration
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Part 3: Damping devices
To reduce the vibration of the cable cars more directly, several damping devices were designed.
1. Spring added to the arm of the cable car
The first damping device is designed by adding springs to the cable car’s arm. There are
two different ways as shown in Fig. 13 and Fig. 14. The cable car whose arm is covered by
only one spring is called “Spring A”. “Spring B” is the cable car’s arm with four springs. One
of the end of every spring is fixed on the top of the arm, and the other is connected to the four

corners of the top of the cabin separately.

Fig. 13 Spring A Fig. 14 Spring B

2. Double-layer cabin
The second type is double-layer cabin. Design the cabin with two layers and put some
steel balls into the bottom of inter-layers. To prevent the steel balls roll around and collide the
cabin, there is a frame to limit the scope of their motion. The rolling of steel balls can reduce
the vibration of inner cabin since the outer one suffers from the vibration caused by
earthquake force. Set up sponge in the inter-layers to mitigate the collision between the inner

and outer layers (Fig. 15 and Fig. 16).
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Sponge
Inter-layer
Steel balls ¥
Fig. 15 Appearance of double-layer cabin Fig. 16 Internal structure of double-layer cabin

Results and Discussion

In this project, several variables were tested. The followings are the effects of different
variables on duration time, and the efficacy of the damping devices. We find out that in some
situations, the duration time is shorter.

1. Shaking direction and cable car’s weight
The duration time is longer when the vibration is in the horizontal direction than that in
vertical direction (Table 3). It is similar to the real situation------ the vibration caused by
Primary wave is perpendicular to the ground, and it lasts for a shorter duration time owing to
faster energy loss. The decreasing trend of cable car’s weight shows up in both shaking
directions (Fig. 17). Speculate that the heavier the cable car is, the greater the inertia and the

stability of cable car.
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Fig. 17 The duration time in different shaking directions

2. Cable car’s position and weight
The trend of the cable car’s position to the duration time is not obvious. But we could still
find out that there is a decreasing trend when the value of the fraction is smaller, which means
the cable car is closer to the stand tower. When the fraction is 1/6 and the cable car’s weight is
85 g, the duration time is the shortest (Table. 4). When the cable car is further from the stand
tower, the cable is droopier and make the duration time longer. But the energy lost more when
transferring a longer distance from the earthquake source to the cable car. In this situation, the
amplitude of cable car’s vibration will be smaller, so is the value of duration time. Speculate
that due to the two major factors, the duration time is affected and lengthened.
When the cable car’s weight is heavier, there is a decreasing trend of duration time (Fig.
18). According to the law of inertia, when the inertia is greater, the state of object’s motion is
more stable. The result is conform to the law of inertia. So we infer that a heavier cable car

help to shorten the duration time.

-53-


Administrator
矩形


Seismic Reduction and Vibration Resistance of Cable Car

Fig. 18 Duration time with different cable car’s position and weight

3. Cable car’s number
When car’s number is four, the duration time is the shortest. The longest duration time
shows up when the number of the cable car is three (Fig. 19).We conjecture that when cable
car’s quantity is even number, the duration time will be shorter than that in odd number.
When there are odd number of the cable car, there is always a cable car situated at the

middle of the cable (position 1/2). So the cable is droopier, and easier to vibrate obviously.

Fig. 19 Duration time with different cable car’s number

4. Length of the cable car’s arm

The trend of the duration time is increased when the length of the cable car’s arm is
longer (Table 6 and Fig. 20). We speculated that the property of cable car’s motion period is
similar to the simple pendulum oscillation. The period of the oscillation is direct proportion

to the length of the pendulum, just like the length of the cable car’s arm.
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Fig.20 Effects of length of cable car’s arm on duration time

5. Efficiency of the damping devices

The damping effect of “Spring B” is the best, the duration time is reduced by 86% in
comparison with that without any damping device (Fig. 21). Observe the springs vibrating
during the experiments. Speculate that the energy is lost during the conversion between
elastic potential energy and kinetic energy, so the duration time of cable car’s vibration is
shortened. The double-layer cabin ranks the second, the duration time is reduced by 76%
(Table 7). The outer cabin started vibrating and the partial energy which was offered by
earthquake source is converted to the kinetic energy of the steel ball’s rolling. Therefore the
inter cabin vibrated slightly. Also, the sponges between the two layers make the energy

propagation is not continuous, and this is another reason for reducing the vibration.

Fig. 21 Efficiency of the damping devices
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Conclusions

Some properties of the cable car’s vibration and some ways to reduce the
vibration are discovered in this project. A heavier cable car, even number of the cable
car, shorter length of the cable car’s arm, and shaking in the vertical vibration results
in a shorter duration time. By setting up the two efficient damping devices, Spring B
and Double-layer cabin, the duration time can be reduced by over 75%. The energy
loss during conversion and not continuous energy propagation are helpful to resist the

vibration of cable car. In the future, the model can be applied to the actual situation.

Applications

According to our results, the duration time is shorter when the following
conditions are satisfied: A heavier cable car, even number of the cable car, shorter
length of the cable car’s arm, and shaking in the vertical vibration. If we design the
cable car system with the specific conditions, the duration time of cable car’s
vibration can be shortened! To reduce cable car’s vibration more directly, the efficient
damping devices, Spring B and Double layer cabin can be applied. We have some
suggestions about conforming the conditions:

1. The number of passengers can be increased in the cabin with a safe range.

2. Maybe the cable car’s number can be controlled in even by adjusting the speed of
the system.

3. The length of the cable car’s arm can be shortened. In this way, the material for
manufacturing the cable car’s arm can be cut down.

We also have some suggestions for applying the damping devices:

1. The springs which are added to the cable car’s arm can be changed into a strong
type. It’s helpful to distribute the force across the cabin and reduce vibration. It
improves the efficiency.

2. If the sponges between the two layers can be replaced by springs, the mitigation of
the collision will be expected, so is the efficacy of vibration reduction.

By using the above two ways to reduce cable car’s vibration, the stability of the

system can be improved, the resources to repair the system are minimized. And the

interference to the around environment when cable car is driven past is cut down.
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Besides, the safety of passengers is ensured. Furthermore, the system can be used in a
sustainable way and help the cable car company achieve the standard of sustainable

development.

Future Study

Maybe installing something like the seismic isolation devices under the stand
tower is a new way to reduce the vibration. The idea comes from the model which
was failed to simulate the earthquake. I had tried to simulate the situation when cable
car 1s driving. So I designed a system. There were 3 stories, and each story was made
of the recycling timber. The vibration source was set up at the bottom one. Some

springs were set up at the middle to support the top story, which the cable car system
was built (Fig. 22).

Fig. 22 The cable car system and earthquake simulator

But the cable car’s vibration wasn’t obvious enough to be observed even
though the measuring of MMI Scale of the bottom story is 9. That’s strange. To find
out the reason, I measured the MMI Scale of the top story, which the cable car system
was set up. The record showed the MMI Scale is 7 only. Therefore I speculated that
there might be something which reduce the vibration intensity during the energy
propagation from the source (the bottom story) to the cable car system. In this system,
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there were only springs set up on the middle story. I thought the springs play a part

which is like the seismic isolation in the building and reduce the vibration. I would

like to investigate how to reduce the vibration from the stand towers.

Fig.23 Schematic diagram of the 3 stories system
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Appendix------ Raw data of the experiments
Table 3 Influence caused by shaking direction on duration time (s)
) L Cable car's weight (g)
Shaking direction NO
45 55 65 75 85
1 53.2 433 20.6 26.8 21.5
2 48.1 42.2 22.2 26.8 27.6
3 49.0 42.9 21.2 29.8 26.5
4 50.7 43.4 35.0 30.8 23.5
5 50.9 39.1 17.9 25.2 25.2
Horizontal direction 6 54.7 41.4 229 27.7s 16.9
7 49.5 40.2 23.3 28.3 17.4
8 50.2 40.2 23.4 25.9 17.5
9 54.5 40.5 18.0 26.6 16.0
10 49.6 48.5 21.0 25.6 18.8
AVE 51.0 42.2 22.6 27.3 21.1
1 12.6 10.2 14.2 5.6 13.0
2 11.0 8.9 10.4 6.3 9.0
3 12.0 8.9 12.9 5.6 7.0
4 11.7 8.8 12.0 5.7 12.0
5 14.9 9.1 11.0 52 12.0
Vertical direction 6 14.8 8.7 10.8 6.3 11.1
7 13.2 8.3 11.9 5.5 16.9
8 12.2 8.5 9.0 8.7 5.6
9 15.0 12.0 13.0 5.4 7.6
10 12.0 11.1 13.1 5.1 10.4
AVE 12.9 9.5 11.8 5.9 10.5
Table 4 Duration time with different cable car’s position and weight (s)
Cable car's Cable car's position
NO
weight (g) 1/2 1/3 1/4 1/5 1/6
1 43.3 45.7 41.9 39.7 36.6
2 42.2 41.0 43.6 37.2 41.2
> 3 42.9 40.0 36.8 35.5 40.2
4 43.4 42.1 34.9 334 37.3
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5 39.1 43.7 37.1 39.0 40.9
6 41.4 45.7 45.0 39.6 39.4
7 40.2 43.2 45.2 37.6 42.1
8 40.2 44.5 37.8 344 40.4
9 40.5 41.0 46.8 38.1 36.3
10 48.5 41.0 42.1 36.5 45.9
AVE 42.2 42.8 41.1 37.1 40.0
1 20.6 37.4 19.6 21.0 36.8

2 22.2 36.8 20.2 18.6 36.8
3 21.2 36.4 22.0 21.5 19.8
4 35.0 39.7 23.1 21.8 38.5
5 17.9 35.4 29.2 19.7 20.6
65 6 22.9 34.9 29.0 21.2 36.6
7 23.3 20.5 31.0 21.3 36.4
8 23.4 35.6 28.0 20.7 21.0
9 18.0 35.8 29.1 18.4 21.2
10 21.0 35.2 28.3 18.6 21.2
AVE 22.6 34.8 26.0 20.3 28.9
1 26.8 28.7 243 25.1 24.5

2 26.8 25.8 243 25.2 18.5
3 29.8 26.3 23.0 21.0 19.0
4 30.8 27.5 24.0 22.3 20.1
5 25.2 25.6 24.9 24.0 21.7
75 6 27.7s 24.7 25.5 28.0 21.8
7 28.3 28.7 38.5 22.6 23.1
8 25.9 26.0 38.0 22.0 20.5
9 26.6 27.7 36.0 25.0 21.7
10 25.6 25.7 259 25.0 21.9
AVE 27.3 26.7 28.4 24.0 21.3
1 21.5 9.5 11.3 8.7 6.6
5 2 27.6 11.3 11.9 14.7 10.4
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3 26.5 10.0 10.2 8.4 7.3
4 23.5 9.7 12.2 7.9 8.2
5 25.2 10.7 11.1 9.8 7.4
6 16.9 9.5 10.2 13.4 8.1
7 17.4 8.2 15.4 9.3 9.6
8 17.5 8.9 15.4 7.6 6.2
9 16.0 8.0 16.1 8.2 8.4
10 18.8 8.6 15.0 7.8 9.5
AVE 21.1 94 12.9 9.6 8.2

Table 5 Duration time with different cable car’s number (s)

Cable car's number

NO 1 2 3 4
1 54.5 23.5 60.2 14.1
2 50.2 233 58.6 14.7
3 49 22.4 62.8 12.2
4 50.7 22.8 56.2 13
5 50.9 22.1 55.6 13.1
AVE 51.06 22.82 58.68 13.42

Table 6 Duration time with different length of the cable car’s arm

Length of cable car's arm (cm)

Cable car's weight (g)  NO

2.25 5.50 10.10 13.75 17.25

1 29.6 532 473 23.1 59.8

2 23.9 48.1 51.0 23.1 583

3 21.9 49.0 49.5 27.3 60.5

45 4 29.0 50.7 49.9 25.9 553
5 24.0 50.9 49.4 26.0 60.8

6 23.0 54.7 514 27.4 57.5

AVE 25.2 51.1 49.8 25.5 58.7

65 1 39.2 20.6 49.6 53.0 45.7

2 36.7 17.9 50.7 51.4 44.5
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3 36.8 22.9 49.0 49.8 48.5

4 35.5 233 51.0 51.5 442

5 45.0 18.0 49.8 53.7 443

6 26.9 21.0 49.2 53.0 43.9

AVE 37.1 21.2 50.2 51.5 45.2

1 21.1 21.5 50.5 55.2 46.1

2 21.9 27.6 50.1 55.2 46.2

3 21.2 26.5 49.4 51.9 50.1

4 22.3 23.5 49.4 53.1 46.5

5 22.1 25.2 49.3 53.1 46.3

85 6 23.1 16.9 50.3 55.0 47.2

7 22.1 17.4 49.5 53.9 45.3

8 22.3 17.5 50.8 54.8 46.3

9 21.7 16.0 50.4 49.6 47.0

10 22.2 18.8 49.6 46.8

AVE 22.0 21.1 50.0 53.1 46.8

Table 7 Duration time with different damping devices (s)
NO Damping device
No-damping device Spring A Spring B Double-layer cabin

1 53.2 19.3 6.5 13.8
2 48.1 15.5 6.4 14.1
3 49.0 14.9 6.3 13.0
4 50.7 15.1 6.6 13.8
5 50.9 14.3 6.3 13.7
6 54.7 14.8 6.2 14.3
7 49.5 19.3 7.5 13.3
8 50.2 18.0 6.1 13.5
9 54.5 19.6 6.7 14.6
10 49.6 21.0 7.3 14.5

AVE 51.0 17.2 6.6 13.9
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