
Latin American Applied Research  42:111-119 (2012) 

111 

ANALYSIS OF FLEXIBLE MOBILE MANIPULATORS UNDERGOING 
LARGE DEFORMATION WITH STABILITY CONSIDERATION 

 

M. H. KORAYEM, M. HAGHPANAHI   and   H. R. HEIDARI  

Robotic Research Laboratory, Center of Excellence in Experimental Solid Mechanics and Dynamics, 
School of Mechanical Engineering, Iran University of Science and Technology, Tehran, Iran. 

hkorayem@iust.ac.ir 
 
Abstract−− Mobile manipulators operating in 

field environments will be required to manipulate 
large loads, and to perform such tasks on uneven 
terrain which may cause the system to reach danger-
ous tipover instability. Therefore, this paper presents 
a method for finding the Maximum Allowable Dy-
namic Load (MADL) of geometrically nonlinear flex-
ible link mobile manipulators with stability consid-
eration. Moment-Height Stability (MHS) criterion is 
used as an index for the system stability. The dynam-
ic model for links in most mechanisms has often 
based on small deflection theory but for applications 
like light-weight links, high-precision or high speed, 
it is necessary to capture the deflection caused by 
nonlinear terms. Hence, the equations of motion are 
derived taking into account the nonlinear strain-
displacement relationship. Then, a method for de-
termination of the maximum allowable loads is de-
scribed. In order to verify the effectiveness of the 
presented algorithm, several simulation studies and 
experiments are carried out and the results are dis-
cussed. 
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manipulator, Large deflection, Stability constraint. 

I. INTRODUCTION 
The research interest in flexible mobile manipulator, 
i.e., light and large dimension robotic manipulator, has 
increased significantly during the last few years. Flexi-
ble mobile manipulators have important application in 
space exploration, manufacturing automation, construc-
tion, undersea, nuclear contaminated environments, and 
many other areas. Major advantages of flexible mobile 
manipulator include, but not limited to, small mass, fast 
motion, and large force to mass ratio, which are reflect-
ed directly in the reduced energy consumption, in-
creased productivity, and enhanced payload capacity. 
On the other hand, the effect of the manipulator and the 
payload movement, fast maneuver and moving on an 
uneven terrain may cause the base to turn over, particu-
larly for flexible nonholonomic mobile manipulator 
when operating high speed with long arm. Therefore, 
the stability of the mobile manipulator is the most im-
portant constraints for finding the MADL or enhance-
ment of the payload capacity on a given trajectory. 

The MADL of a flexible mobile manipulator is de-
fined as the maximum load that can be carried by the 
system with an acceptable precision for a given end ef-
fector path. The emphasis on the tracking accuracy is 

due to relaxation of the rigid body assumption and to the 
fact that one of the main reasons for the deviation from 
the desired trajectory is the flexibility in links. These 
systems are usually “power on board” with limited tor-
que capacity. Hence, using light and small platforms 
and motor actuators will help a mobile manipulator to 
work in an energy-efficient manner. On the other side, 
smaller actuators reduce the torque capacity of the actu-
ators and limit the capability of carrying heavy loads. 
Consequently, a more successful approach should max-
imize the load carrying capacity of the flexible mobile 
manipulator, subject to the constraints imposed by tor-
que capacity of joint actuators and the motion accuracy 
and stability of the system on a given trajectory. 

Many approaches have been taken to the develop-
ment of mobile manipulators (Seraji, 1998; Yamamoto 
and Yun, 1994; Chen and Zalzala, 1997). The dynamic 
model for links in most of these approaches has often 
based on rigid or small deflection theory but for applica-
tions like light-weight links, high-precision elements or 
high speed, it is necessary to capture the deflection 
caused by nonlinear terms. Seraji (1998) presented a 
simple on-line approach for motion control of mobile 
manipulators using augmented Jacobian matrices. The 
approach used additional kinematic constraints to be 
met for the manipulator configuration, which can be 
equally applied to nonholonomic and holonomic mobile 
robots. Yamamoto and Yun (1994) focused their re-
search on the modeling and compensation of the dynam-
ic interaction between the manipulator and the mobile 
platform of a mobile manipulator and developed a coor-
dination algorithm based on the concept of a preferred 
operating. Chen and Zalzala (1997) have offered an ap-
proach for the modeling and motion planning of a mo-
bile manipulator system with a nonholonomic con-
straint. The Newton-Euler equations are used to obtain 
the complete dynamics of the system. 

Bakr and Shabana (1986) expanded a formulation 
based on identifying the configuration of each elastic 
body in order to account for geometric nonlinearity and 
shear deformation in nonlinear modeling of flexible 
multibody systems. Simo and Vu-Quoc (1987) showed 
that for rotating structures, the appropriate accounting of 
the influence of centrifugal force on the bending stiff-
ness and proposed a formulation based on the fully 
geometrically nonlinear beam theory. They demonstrat-
ed analytically the use of a first-order linear beam 
theory cannot account for the complete inertia effects to 
predict the influence of centrifugal stiffening. Shaker 


