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1. Introduction  

Public planning authorities often face conflicting 

demands to provide reliable and accessible high capacity 

public transportation. In the past, city planners have pro-

vided this kind of service by specifying metro systems. 

However, metro systems are highly costly and involved ex-

tensive relocation. In some cases, metro systems are not an 

option due to existing infrastructure, which results in no 

high capacity transit system at all. Elevated transit systems 

avoid the need for costly tunneling and minimize the need 

to relocate existing utilities; however, elevated metro sys-

tems typically require wide visually obtrusive deck con-

struction and often still require extensive destruction of ex-

isting infrastructure [1]. Straddle-type monorail, as a new 

typical form of urban rail transit have some advantages such 

as: strong climbing capability, small turning radius, less 

land occupation, low noise, and low manufacturing cost. 

Those unique technical characteristics have played an im-

portant role in urban rail transit [2-4]. 

The operation practice of Chongqing straddle-type 

monorail found that the running mechanism of monorail ve-

hicle bogie is different from that of metro bogie and the cou-

pling force of pantograph and catenary is not coordinated, 

which leads to the problems of current collection slider se-

riously wear, pantograph structure damage and poor current 

collection quality. In order to improve pantograph catenary 

dynamic performance, and ensure the safe and reliable op-

eration of monorail, it has important theoretical significance 

and application value to study on pantograph-catenary sys-

tem dynamics of monorail vehicle. 

During decades of year's development, the theory 

of metro pantograph-catenary system dynamics has made 

great progress. Song Y. et al. [5-7] simplifies the pantograph 

into several lumped mass objects using the principle of ki-

netic energy equivalence. But the liner lumped mass model 

can’t reflect the higher frequency vibration of pantograph. 

Massat et al. [8] establishes three-dimensional rigid body 

model of pantograph using MSC ADAMS. To determine the 

dynamic loads in the contact between the pantograph and 

the wire, Shimanovsky et al. [9] performed the simulation 

analysis using MSC ADAMS. Ambrosio et al. [10] estab-

lished a rigid-flexible hybrid model of pantograph. Refer-

ences [11-14] researched the dynamic behaviour of panto-

graph-catenary system by simplified qualitative analysis 

and accurate simulation calculation. P. Flores [15-17] rep-

resentation of the pantograph–catenary interaction by pen-

alty formulations and the unilateral constraints. 

The double pantographs-catenary model is estab-

lished using a FEM (Finite Element Method), and proposed 

the formula of optimal interval of double pantographs, its 

validity is verified using the parameters of the European and 

China high-speed networks [18]. The parameter optimiza-

tion for pantograph was conducted by Lee based on the re-

sults of sensitivity analysis [19]. Benet et al. [20] developed 

a pantograph simulation program in Visual C which can take 

into consideration the lateral effect of the wind, the actual 

arrangement of the cables, the horizontal and the vertical 

components of the contact force, the horizontal and vertical 

reactions of the supports and the turning angle of the panto-

graph head. The influence of the monorail pantograph head 

parameter on the current collection quality was discussed by 

a full-scale pantograph model based on the pantograph of 

Chongqing straddle-type monorail line 3 [21]. The wear of 

pantograph strip is decreased by optimizing catenary pulling 

out value of Chongqing straddle-type monorail line 2 [22]. 

There is no research on pantograph modeling of straddle-

type monorail. 

Compared with previous researches, the innova-

tion of the present work is that researched the influence of 

pantograph flexibility on the current collection quality and 

dynamic behaviour of straddle-type monorail.  

2. Rigid-flexible pantograph-catenary coupling system 

2.1. Dynamic model of rigid-flexible pantograph 

Straddle-type monorail pantograph consists of 

pantograph base, lower frame, upper frame, supporting rod, 

steady rod, strip base, pantograph head base, pantograph 

spring and a damping cylinder (positive pantograph only) 

and so on (Fig. 1). The coordinate description and constraint 

relation of flexible body are different from those of rigid 

body. Floating coordinate system method is the most widely 

used method the coordinate description of flexible body, 

which is characterized by the combination of multi-body dy-

namics and structural dynamics. The floating coordinate 

method has better calculation efficiency and accuracy for 

small deformation and low speed and large range motion by 

using modal technology. This paper, the rigid-flexible cou-

pling model of pantograph is established based on the 

method of floating coordinate system and virtual body. 
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Fig. 1 Pantograph of monorail 

The flexible body was divided into l elements by 

lumped mass finite element method. The moment of inertia 

of each node was km  (k = 1, , l). k

i is the Cartesian co-

ordinates of the node k. There is a floating coordinate system 

attached to the flexible body rigidly (Fig. 2). Eq. (1) is the 

absolute vector diameter of point k: 

( )0

k k k

i i i i iA u  = + + , (1) 

where: i is the absolute vector of the floating coordinate 

system, Ai is the direction cosine matrix of floating coordi-

nate system relative to absolute coordinate system, 0

k

i  is 

the vector diameter of point k in the floating coordinate sys-

tem, k

iu is the deformation of point k in the floating coordi-

nate system. The deformation of node k is described by 

translational mode coordinate k

iu refer Eq. (2): 

=k k k

i di iu w , (2) 

where: k

di  is translational modal vector matrix, k

iw  is 

modal coordinate matrix. 

 

Fig. 2 Description of flexible body coordinate system 

Integration flexible body on virtual body, the dy-

namic equation of flexible system is obtained refer to Eq. 

(3). Only flexible body has stiffness, so the stiffness matrix 

is 0 except for the corresponding term of modal coordinates 

of flexible body. The dynamic equation of flexible system 

in differential algebraic form is obtained by eliminating the 

generalized coordinate term of virtual body. The dynamic 

equations of flexible bodies similar to the rigid systems con-

tain unknown Lagrange multipliers. Therefore, it is neces-

sary to combine the acceleration constraint of flexible body 

to generate a set of closed mathematical differential equa-

tions refer to Eq. (4):  

T

q ffMq g s K + = + − , (3) 

0qq  = − = , (4) 

where: s is quadratic term matrix of absolute angular veloc-

ity, g is external force, Kff is stiffness matrix of flexible 

body. 

The rigid-flexible coupling Eq. (8) can be obtained 

by assembled the rigid body and the flexible body refer to 

Eq. (5), Eq. (6) and Eq. (7): 
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The rigid-flexible coupling pantograph dynamic model Eq. 
(8) is composed of constraint equations and dynamic 

equations: 

   

   0           
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q F V q
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here: QF is external force matrix, QV is quadratic matrix of 

velocity, Kq is flexible deformation matrix.  

The pantograph of Chongqing straddle-type 

monorail line 3 is shown in Fig. 3. The dynamic model of 

rigid-flexible coupling pantograph is also shown in Fig. 3. 

Pantograph base, pantograph head base and strip base are 

rigid bodies. Support rod, lower frame, upper frame and 

steady rod are flexible bodies. The parameters of monorail 

pantograph are illustrated in Table 1. 
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Fig. 3 Rigid-flexible coupling pantograph model 

Table 1 

Parameters of pantograph 

Item Mate-

rial 

Mass, 

kg 

Ixx, 

kg.m2 

Iyy, 

kg.m2 

Izz, 

kg.m2 

Head base Al 0.519 0.0051 0.0042 0.0042 

Copper base 

strip 

Cu 0.831 0.0027 0.0026 0.00012 

Strip base Al 1.68 0.014 0.017 0.0035 

Upper frame Al 0.732 0.0021 0.0043 0.0052 

Steady rod Al 0.087 0.000007 0.00016 0.00017 

Lower frame Al 0.151 0.005 0.010 0.014 

Supporting rod Al 0.237 0.000047 0.0020 0.0020 

2.2. Dynamic model of catenary 

The straddle monorail catenary is composed of in-

sulator, aluminum profiles, contact wire, etc. The catenary 

of monorail is shown in Fig. 4. 

In order to establish the finite element calculation 

 

Fig. 4 Catenary of monorail 

 

Fig. 5 Finite element dynamic model of rigid catenary 

model of catenary, the catenary is discretized into several 

plane beam elements, and the insulator is replaced by trans-

verse spring. The finite element calculation model of cate-

nary is shown in Fig 5. 

Simply take any plane beam element as the analy-

sis object as shown in Fig. 6. The element has two nodes i 

and j. The length of the element is l, density is , elastic 

modulus is E, lateral displacement is V(t), rotation angle is 

(t), transverse force is Fy(t), and the bending moment is M(t). 

 

Fig. 6 Plane beam element 

The nodal force acting on the element node is Fe; 

the displacement of the element is Ye. Eq. (9) is the relation-

ship between nodal force and displacement of beam ele-

ment: 

      
T T

e e e yi i yj j i i j jF K Y F M F M v v    = =     . (9) 

Eq. (10) is the elastic potential energy of beam el-

ement: 
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Eq. (11) is the stiffness matrix of the beam element: 
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Eq. (12) is the kinetic energy of the beam element: 

1

2
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e e eT Y M Y= . (12) 

Eq. (13) is the mass matrix of plane beam element:  
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Based on Lagrange equation, the dynamic equation 

of plane beam element is established refer to Eq. (14). The 
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relationship between local coordinate system and global co-

ordinate system of beam element node displacement refer to 

Eq. (15). T is the transformation matrix. 

Through the coordinate transformation matrix, the 

stiffness matrix Ke, mass matrix Me, damping matrix Ce and 

load matrix Fe of the beam element in the local coordinate 

system are transformed into the stiffness matrix eK , mass 

matrix eM , damping matrix eC and load matrix eF  of the 

beam element in the global coordinate system refer to Eq. 

(16). Eq. (17) is the dynamic equation of plane beam ele-

ment in global coordinate system,  is the attitude angle in 

the local coordinate system: 

e e e e e e eM Y C Y K Y F+ + = , (14) 
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e e e e e e eM Y C Y K Y F  + + = . (17) 

The finite element dynamic equation of rigid cate-

nary can be obtained by assembled eK , eM , eC , eF accord-

ing to order of the node. Eq. (18) is the finite element dy-

namic equation of rigid catenary. K, M, C and Fare the stiff-

ness matrix, mass matrix, damping matrix and load matrix 

in the global coordinate system respectively: 

MY CY KY F+ + = . (18) 

2.3. Tire model 

Tire models mainly include analytical model, 

empirical model and semi-empirical tire model. The UA 

pure analytical tire mechanics model which was developed 

by the University of Arizona in the United States is used to 

simulate the running tire, guiding tire and stabilizing tire. 

UA model can realistically simulate the dynamic interaction 

force between wheel and track beam, which can accurately 

reflect the vibration which caused by the irregularity of track. 

The coordinate system of UA model is shown in Fig 7.  

UA pure analytical tire mechanics model simplifies 

tire into a series of annular three-dimensional springs along 

radial direction. In the rolling process of tire, the contact 

dynamic equation between tire and road surface is 

established according to the spring deformation and the 

longitudinal, lateral and normal forces between tire and 

contact surface. The vertical deformation of running tire is 

shown in Fig. 8.The tire longitudinal force, lateral force, 

vertical force and aligning moment are solved according to 

the contact force equation. 

Eq. (19) is the vertical deformation of tire: 

 

Fig. 7 Coordinate system of UA model 

 

Fig. 8 Vertical deformation of running tire 

( ) ( )G Br z r z = − . (19) 

Eq. (20) is the vertical force of the tire: 

z z zF K =  . (20) 

Eq. (21) is the longitudinal force of the tire: 

( )2 2 31 3 2x s s n x z n nF K S l F l l= + − + , (21) 

a
n

l
l

l
= . (22) 

Eq. (23) is the lateral force of the tire: 

2 2 31 3 2y n y z n nF K S l F ( l l ) K S   = + − + + . (23) 

Eq. (24) is the aligning moment of the tire: 
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where: Kz is the vertical stiffness, Ks is the longitudinal slip 

stiffness, Ss is the longitudinal slip ratio, K is the lateral 
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stiffness, S is the lateral slip ratio due to slip angle, ux is 

longitudinal friction coefficient, uy is lateral friction coeffi-

cient,  is the directional angle of slip velocity, l is the 

length of adhesion length, l is contact path length,  is the 

width of contact patch, Ky is the lateral stiffness, Sy is the 

lateral slip ratio due to camber angle. 

2.4 Track beam model 

The track beam of monorail is made of pre-stressed 

concrete, so the ISO8608 vehicle road standard model is 

adopted for the track beam roughness model of straddle 

monorail. The track beam surface power spectral density 

PSD refer to Eq. (27): 

( ) ( ) 0
0

n

d dn n
G G


 

 

−
 

= =  
+  

, (27) 

where:  is the spatial frequency (sub/m),  is road surface 

roughness,  is shape coefficient, n is PSD index coefficient. 

, , and n are obtained by power spectrum fitting and are 

shown in Table 2. 

Table 2 

Parameter for track beam model  

Parameter 
Running 

surface 

Guiding sur-

face 

Stabilizing 

surface 

α 0.0004 0.0007 0.0007 

β 0.31 0.61 0.5 

n 3.1 2.9 2.7 

2.5. Rigid-flexible pantograph-catenary-car model 

The main parameters of Chongqing straddle-type 

monorail line 3 are shown in Table 3. The Rigid-flexible 

coupling pantograph-catenary-car dynamic model is shown 

in Fig. 9. 

 

Fig. 9 Rigid-flexible coupling pantograph-catenary-car dy-

namic model 

3. Verification of rigid- flexible pantograph-catenary-

car model 

Accurate dynamic model is the basis of research of 

the dynamic performance of pantograph-catenary-car for 

straddle-type monorail. Therefore, the results of the test and 

Table 3 

Main parameters of the monorail  

Item Value Unit 

Width of car body 2980 mm 

Length of head car 15500 mm 

Length of middle car 14600 mm 

Mass of head car 28.6 mm 

Mass of middle car 27.6 mm 

Axle load 11000 kg 

Distance of two bogies 9600 mm 

Axle distance of running wheel 1500 mm 

Axle distance of guide wheel 2500 mm 

Diameter of running wheel 1006 mm 

Diameter of guide wheel 730 mm 

Diameter of stable wheel 730 mm 

 

Fig. 10 Verification of rigid-flexible coupling pantograph 

catenary-car dynamic model 

 

a 

 

b 

Fig. 11 Real vehicle test in straddle-type monorail line 3 of 

Chongqing: a – test progress, b – the instrument of 

the sensors; 1 - laser displacement sensor, 2 - accel-

eration sensor, 3 - pantograph head, 4 - mounting 

seat of pantograph, 5 - computer, 6 - IMC device 

simulation are compared. The process of verification of 

rigid-flexible coupling pantograph-catenary-car dynamic 

model is shown in Fig. 10. 

The real vehicle test was performed from Huixing 

station to Changfu road station, in straddle-type monorail 

line 3 of Chongqing. The pantograph-catenary system 

adopts DC 1500 V. In order to ensure the safety of the test, 

the non-contact measurement method is adopted to measure 
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the displacement of the pantograph head by laser displace-

ment sensor. The vibration of the pantograph installation 

base is measured by acceleration sensor, and the displace-

ment of pantograph head is measured by laser displacement 

sensor. The instrument of the test sensors is shown in 

Fig. 11. 

The vibration and displacement of the test results 

are compared with the simulation in order to verify the cor-

rectness of the dynamic model. The simulation and tested 

results are showed in Fig. 12. 

Fig. 12, a shows the comparison of the transverse 

vibration acceleration from simulated and test in the panto-

graph installation base when the running speed is 30 km/h. 

As shown in Fig. 12, a, the frequency response of transverse 

vibration acceleration spectrum of the simulated is in good 

agreement with that of the test in the low frequency phase, 

except for some differences in the amplitude. Fig. 12, b 

shows the comparison of the pantograph head displacement 

from simulated and test when the running speed is 30 km/h. 

As shown in Fig. 12, b, the frequency response of panto-

graph head displacement spectrum of the simulated is in 

good agreement with that of the test, except for little differ-

ences in the amplitude of the low-frequency phase. 

Therefore, it can be concluded that the pantograph-

catenary-car dynamic model can accurately simulate the dy-

namic performance of monorail pantograph-catenary sys-

tem.  

 

a 

 

b 

Fig. 12 The comparison of test and simulation: a – the com-

parison of the acceleration of the pantograph instal-

lation base, b – the comparison of the pantograph 

head displacement 

 

4. Results and discussions 

The maximum operating speed of straddle mono-

rail vehicle is 80 km/h. In order to evaluate the applicability 

of the two models, this paper analyzed the contact force re-

sponse of two model with four different speeds, which are 

20 km/h, 40 km/h, 60 km/h and 80 km/h respectively. 

 

Fig. 13 Contact force at the speed of 20 km/h 

Table 4 

Current collection quality indexes of contac force  

at the speed of 20 km/h 

Speed, 

km/h 
Model 

Mean,  

N 
SD Max, N Min, N 

20 

Rigid 58.68 0.81 61.34 55.87 

Rigid-

flexible 
58.68 0.72 61.21 56.13 

 

Fig. 13 shows the contact force of pantograph-ca-

tenary system at the speed of 20 km/h, Table 4 is the mean 

value, maximum value, minimum value and standard devi-

ation of contact force. As shown in Table 4, the mean value 

of contact force of rigid model and rigid-flexible model is 

56.68 at the speed of 20 km/h. The standard deviation of 

contact force of rigid model is 0.81, while the rigid- flexible 

model is 0.72. The maximum value of contact force of rigid 

model is higher than rigid-flexible model, and the minimum 

value of contact force of rigid model is lower than rigid-

flexible model. 

Fig. 14 shows the contact force of pantograph-ca-

tenary system at the speed of 40 km/h, Table 5 presents the 

mean value, maximum value, minimum value and standard 

 

Fig. 14 Contact force at the speed of 40 km/h 
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Table 5 

Current collection quality indexes of contact force at the 

speed of 40 km/h 

Speed, 

km/h 
Model 

Mean,  

N 
SD Max, N Min, N 

40 

Rigid 58.69 0.52 60.54 56.98 

Rigid-

flexible 
58.69 0.45 60.31 57.20 

 

deviation of contact force. As shown in Table 5, the mean 

value of contact force of rigid model and rigid-flexible 

model is 58.69 at the speed of 40 km/h. The standard devi-

ation of contact force of rigid model is 0.52, while in the 

rigid- flexible model, the standard deviation of contact force 

of is 0.45. The maximum value of contact force of rigid 

model is higher than rigid-flexible model, and the minimum 

value of contact force of rigid model is lower than rigid-

flexible model. 

Fig. 15 shows the contact force of pantograph-ca-

tenary system at the speed of 60 km/h, Table 6 is the mean 

value, maximum value, minimum value and standard devi-

ation of contact force. As shown in Table 6, the mean value 

of contact force of rigid model and rigid-flexible model is 

58.68 at the speed of 60 km/h. The standard deviation of 

contact force of rigid model is 0.65, while in the rigid- flex-

ible model, the standard deviation of contact force of is 0.55. 

The maximum value of contact force of rigid model is 

higher than rigid-flexible model, and the minimum value of 

contact force of rigid model is lower than rigid-flexible 

model. 

Fig. 16 shows the contact force of pantograph-ca-

tenary system at the speed of 80 km/h, Table 7 is the mean 

value, maximum value, minimum value and standard devi-

ation of contact force. As shown in Table 7, the mean value 

of contact force of rigid model and rigid-flexible model are 

58.68 and 58.69 at the speed of 80 km/h. The standard devi-

ation of contact force of rigid model is 0.51, while in the 

 

Fig. 15 Contact force at the speed of 60 km/h 

Table 6 

Current collection quality indexes of contact force  

at the speed of 60 km/h 

Speed, 

km/h 
Model 

Mean,  

N 
SD Max, N Min, N 

60 

Rigid 58.68 0.65 60.56 56.53 

Rigid-

flexible 
58.68 0.55 60.38 56.71 

 

Fig. 16 Contact force at the speed of 80 km/h 

rigid-flexible model, the standard deviation of contact force 

of is 0.45. The maximum value of contact force of rigid 

model is higher than rigid-flexible model, and the minimum 

value of contact force of rigid model is lower than rigid-

flexible model. 

Table 7 

Current collection quality indexes of contact force  

at the speed of 80 km/h 

Speed, 

km/h 
Model 

Mean,  

N 
SD Max, N Min, N 

80 

Rigid 58.68 0.51 60.53 57.20 

Rigid-

flexible 
58.69 0.45 60.22 57.41 

 

a 

 

b 

Fig. 17 Comparison of the contact force: a – mean value of 

contact force, b – standard deviation of contact force 
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It can be seen from Fig. 17, a that the mean value 

of rigid pantograph model and rigid-flexible pantograph 

model is almost the same, and the mean value remains 

unchanged with the increase of running speed. It can be seen 

from Fig. 17, b that the standard deviation of rigid-flexible 

pantograph model is smaller than that of rigid pantograph 

model due to the effects of structure flexibility. Therefore, 

the rigid-flexible pantograph catenary coupling system has 

the better current collection quality at the same speed. 

The rigid model and rigid-flexible model have the best 

current collection quality at the running speed of 40 km/h 

and 80 km/h, and has the worst current collection quality at 

the at the running speed of 20 km/h. 

Figs. 18-21 show the spectrograms of pantograph 

head lateral vibration accelerations in the range of 0~50 Hz. 

It shows that the frequency response of pantograph head 

calculated by the rigid pantograph model are close to that of 

rigid-flexible pantograph model. However, small difference 

occurs in the amplitude of the two model in the same 

frequency. 

Fig. 18 shows that the spectrograms of the two 

models have two obvious peaks at the vehicle running speed 

of 20 km/h, the frequency of the rigid model is 0.27 Hz and 

9.47 Hz, the frequency of the rigid-flexible model is 0.27 Hz 

and 9.47 Hz. When the frequency is 0.27 Hz, the amplitude 

of the rigid model is 0.21, the amplitude of the rigid-flexible 

model is 0.19. When the frequency is 9.47 Hz, the amplitude 

of the rigid model is 0.11, the amplitude of the rigid-flexible 

model is 0.11. The vibration amplitude of rigid pantograph  
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Fig. 18 Frequency spectrum of pantograph head accelera-

tion at the speed of 20 km/h 

 

Fig. 19 Frequency spectrum of pantograph head accelera-

tion at the speed of 40 km/h 

 

Fig. 20 Frequency spectrum of pantograph head accelera-

tion at the speed of 60 km/h 

 

Fig. 21 Frequency spectrum of pantograph head accelera-

tion at the speed of 80 km/h 

is slightly larger than that of flexible pantograph at the 

frequency is 0.27 Hz. 

Fig. 19 shows that the spectrograms of the two 

models have two obvious peaks at the vehicle running speed 

of 40 km/h, the frequency of the rigid model is 0.61 Hz, 

9.19 Hz and 13.90 Hz, the frequency of the rigid-flexible 

model is 0.61 Hz, 9.19 Hz and 13.92 Hz. When the 

frequency is 0.27Hz, the amplitude of the rigid model is 0.16, 

the amplitude of the rigid-flexible model is 0.14. When the 

frequency is 9.19 Hz, the amplitude of the rigid model is 

0.11, the amplitude of the rigid-flexible model is 0.10. When 

the frequency is about 13.90 Hz, the amplitude of the rigid 

model is 0.05, the amplitude of the rigid-flexible model is 

0.05. The vibration amplitude of rigid pantograph is slightly 

larger than that of flexible pantograph at the frequency is 

0.61 Hz. 

Fig. 20 shows that the spectrograms of the two 

models have two obvious peaks at the vehicle running speed 

of 60 km/h, the frequency of the rigid model is 0.84 Hz and 

9.19 Hz, the frequency of the rigid-flexible model is 0.84 Hz 

and 9.19 Hz. When the frequency is 0.84 Hz, the amplitude 

of the rigid model is 0.15, the amplitude of the rigid-flexible 

model is 0.11. When the frequency is 9.19 Hz, the amplitude 

of the rigid model is 0.11, the amplitude of the rigid-flexible 

model is 0.17. The vibration amplitude of rigid pantograph 

is slightly larger than that of flexible pantograph at the 

frequency is 0.84 Hz. 

Fig. 21 shows that the spectrograms of the two 

models have two obvious peaks at the vehicle running speed 

of 80 km/h, the frequency of the rigid model is 1.19 Hz and 

9.05 Hz, the frequency of the rigid-flexible model is 1.14 Hz 
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and 9.20 Hz. When the frequency is about 1.1 Hz, the 

amplitude of the rigid model is 0.12, the amplitude of the 

rigid-flexible model is 0.11. When the frequency is about 

9.2 Hz, the amplitude of the rigid model is 0.06, the 

amplitude of the rigid-flexible model is 0.05. The vibration 

amplitude of rigid pantograph is slightly larger than that of 

flexible pantograph at the frequency is 1.14 Hz. 

Based on the results shown in Figs.18-21, the 

flexibility of the pantograph will not affect the main 

frequency of the vibration of the pantograph head in 

pantograph-catenary system. In the low frequency vibration 

below 2 Hz, the vibration amplitude of rigid pantograph is 

larger than that of rigid-flexible pantograph. When the 

frequency is about 9 Hz, the vibration amplitude of rigid 

pantograph is lower than that of rigid-flexible pantograph at 

the running speed is 20 km/h and 40 km/h, and the vibration 

amplitude of rigid pantograph is lower than that of rigid-

flexible pantograph at the running speed is 40 km/h and 

80 km/h. 

The flexibility of pantograph will decrease the 

vibration amplitude of low frequency vibration below 2 Hz 

of pantograph head and the standard deviation of rigid-

flexible pantograph model is smaller than that of rigid 

pantograph model due to the effects of structure flexibility. 

Therefore, the low-frequency vibration below 2 Hz of 

pantograph catenary system will affect the current collection 

quality of pantograph system. 

5. Conclusions 

A rigid-flexible pantograph-catenary coupling 

dynamics model which consider the random irregularity of 

track beam is proposed to study the effects of pantograph 

flexibility on the dynamics performance of pantograph-

catenary system in straddle-type monorail. In order to verify 

the accurate of the model, the results of the test and 

simulation are compared. The simulation results are 

consistent with the test and the conclusions are as follows: 

1. The vibration amplitude of low-frequency 

vibration below 2 Hz of pantograph catenary system will 

affect the vibration characteristics and of pantograph-

catenary system. The current collection quality of 

pantograph-catenary system can be improved by reducing 

the amplitude of low frequency vibration. 

2. The pantograph-catenary system has the best 

current collection quality at the running speed of 40 km/h 

and 80 km/h, and has the worst current collection quality at 

the at the running speed of 20 km/h. During operation of 

monorail, the speed of 20 km/h shall be avoided. 
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Z. Yang, Z. Du, Z. Xu, L. Xin, Z. Huo 

PANTOGRAPH-CATENARY COUPLING SYSTEM 

DYNAMICS WITH RIGID-FLEXIBLE PANTOGRAPH 

FOR STRADDLE-TYPPE MONORAIL 

S u m m a r y 

The flexible pantograph of straddle-type monorail 

has influence on the dynamics performance of pantograph-

catenary system. This paper established a rigid-flexible pan-

tograph-catenary-vehicle coupling dynamics model of mon-

orail. By embedded the rigid-flexible pantograph into the 

vehicle dynamic analysis model, the rigid-flexible panto-

graph-catenary coupling dynamics model that could con-

sider the random irregularity of track beam ultimately estab-

lished. The validity of model has been approved by the pan-

tograph dynamics test of Chongqing monorail line 3. The 

dynamic performance of the pantograph-catenary system, 

calculated by the dynamics models with rigid and rigid-flex-

ible pantograph are compared in detail. The results show 

that the pantograph flexibility affects the vibration charac-

teristics and the current collection quality of pantograph-ca-

tenary system. 

Keywords: straddle-type monorail, rigid-flexible panto-

graph-catenary, multibody dynamics. 
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