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DESIGN OF CONTROL FOR A SERIAL ROBOT WITH 
ACTUATOR FAILURES 

Le Ngoc TRUC1, Nguyen Phung QUANG2 

The paper addresses the actuator failure issue and aims to design a 
satisfactory control scheme for an n-DOF serial robot under actuator failures. The 
kind of actuator failures that is put into investigation in this study is the proportional 
degradation of actuator torque. A sliding mode controller using adaptive techniques 
is developed to deal with the faults. The switching gains of the proposed controller 
are alterable and can be suitably regulated to satisfy the Lyapunov criterion. The 
effectiveness of the proposal control law applied for a 6-DOF serial robot is shown 
through comparison with a conventional sliding mode controller. 

Keywords: Sliding Mode Control, Adaptive Control, Robotic System, Actuator 
Fault, Manipulator, Serial Robot. 

1. Introduction 

Robots have been used in various applications and places because of their 
undeniable pre-eminent abilities [1], [2]. Presently, due to the increasing demand 
for the utilization of robots in production chains and/or in dangerous 
environments, the robot’s fault-tolerant ability has received significant attention. 
A robot system will commonly respond to failures by stopping the whole system. 
The downtime caused by the repair or replacement of faulty parts can affect 
productivity and manufacturing efficiency. Through an investigation of failures in 
industrial robots, the general failures can be detected by criteria of training data 
[3]. Many researches showed that some faulty types in a robot could be 
accommodated by suitable strategies. One of these fault types is the unwanted 
reduction of the actuator torque, which is considered in this study. The faulty 
actuator may be kept operating, or be put into a safe-mode to avoid unnecessary 
damages. In general, investigation topics related to actuator faults are detection, 
location, diagnosis, and fault-tolerant control design. Numerous contributions 
regarding to the first three topics are presented. Some approaches used Support-
Vector-Machines [4] or a partial-least-squares based statistical theory [5] to detect 
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and to locate the robot actuator faults. To identify failures in robot actuators, a 
nonlinear observer based on the robot dynamics [6] and a fault identification 
scheme using a linear robust observer of fault time profiles [7] are proposed. In 
[8], a discrete-time framework processed by a decision-making system for fault 
diagnosis is devised. An adaptive fault diagnosis for multiple actuators and 
sensors is provided in [9]. The robot behavior is analyzed in case of a single free-
swinging joint [10], a single locked joint with trajectory planning [11], and 
actuator torque degradation [12]. 

For the last topic: the design of fault-tolerant controllers, several 
approaches have been proposed. In [13], an embedded adaptation scheme is 
synthesized to compensate the torque degradation and to maintain the robot 
performance. An adaptive fault-tolerant control based on boundary estimation is 
designed for a space robot under partial loss of actuator effectiveness [14]. The 
study in [15] presents an adaptive control using a backstepping design for robot 
manipulators with joint constraints and actuator failures. Sliding mode based 
techniques have been used widely in many fields of investigation [16], [17]; and 
there is also not excluded in the field of robot control. A reconstruction for robot 
actuator faults is developed by using terminal sliding mode fashion [18]. To 
overcome the fault of additive time-varying and constant torque, a fault-tolerant 
control based on the sliding mode technique for robotic arms is provided in [19]. 
Various researches that deal with the combination of actuator fault detection, 
analysis, and control are: [20] for flexible-joint robots, [21] for robots with free-
swinging joints, and [22] for SSRMS-type manipulators with locked joints.  
Motivated by the above results, the paper presents a sliding mode controller using 
adaptive parameters to deal with actuator failures existing in a 6-DOF serial robot. 
The considered fault type of actuators is the proportional degradation of torque. 
The parameters of the proposed sliding mode controller are regulated or changed 
by an adaptive law satisfying the Lyapunov-based system stability. The 
degradation of actuator torque can be tolerated with acceptable responses under 
reasonable levels of faults. The structure of this paper is as follows. Section 2 
provides the dynamic model of a serial robot and the problem of the degradation 
of actuator torque. Section 3 presents the design of a fault-tolerant controller. In 
section 4, the efficiency of the proposed controller is shown through simulation 
and comparison with another controller. Finally, section 5 states the conclusion of 
this study. 

2. System model and problem statement 

Let us consider an 𝑛𝑛-DOF robot dynamic model without friction as 
 a+ + =Mq Cq g τ   (1) 
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where 𝐪𝐪 ∈ ℝ𝑛𝑛 is the joint variable, 𝛕𝛕𝑎𝑎 ∈ ℝ𝑛𝑛 is the actual torque generated 
by actuators, 𝐌𝐌 ≔ 𝐌𝐌(𝐪𝐪) ∈ ℝ𝑛𝑛×𝑛𝑛 is the generalized inertia matrix, 𝐂𝐂 ≔ 𝐂𝐂(𝐪𝐪, 𝐪̇𝐪) ∈
ℝ𝑛𝑛×𝑛𝑛 is the Coriolis/centrifugal matrix, 𝐠𝐠 ≔ 𝐠𝐠(𝐪𝐪) ∈ ℝ𝑛𝑛 is the gravity term. Robot 
actuators are subjected to be the fault type: Proportional Degradation of Torque 
(PDT), where the actuator torque 𝛕𝛕𝑎𝑎 can be replaced by 

 a c=τ Φτ  (2) 
where 𝛕𝛕𝑐𝑐 is the control torque, 𝚽𝚽 = diag(𝛗𝛗) is the 𝑛𝑛-by-𝑛𝑛 diagonal 

matrix, 𝛗𝛗 = [𝜑𝜑1,𝜑𝜑2, … ,𝜑𝜑𝑛𝑛]𝑇𝑇 is the torque degradation coefficient vector, 𝜑𝜑𝑖𝑖 ∈
[0,1], 𝑖𝑖 = 1, 2, . . . ,𝑛𝑛. Actuator 𝑖𝑖 has either no torque fault if 𝜑𝜑𝑖𝑖 = 1 or a PDT fault 
if 0 < 𝜑𝜑𝑖𝑖 < 1. Especially, if 𝜑𝜑𝑖𝑖 = 0, the torque of actuator 𝑖𝑖 will be the total loss 
and joint 𝑖𝑖 becomes free-swinging. Because the generalized inertia matrix 𝐌𝐌 is 
positive definite and invertible, the dynamic equation (1) can be written as 

 1 1( ) c
− −= − + +q M Cq g M Φτ   (3) 

or by the compact form: 
 c= +q f Bτ  (4) 
where 
 1 1: ( ),    − −= − + =f M Cq g B M Φ  (5) 
Due to 𝐌𝐌, 𝐂𝐂, 𝐠𝐠, and 𝚽𝚽 are not known perfectly, 𝐟𝐟 and 𝐁𝐁 are also not 

known precisely. But we can have 𝐟𝐟 = 𝐟𝐟 + 𝐟𝐟 and 𝐁𝐁 = 𝐁𝐁� + 𝐁𝐁� where 𝐟𝐟 and 𝐁𝐁� are the 
nominal values of 𝐟𝐟 and 𝐁𝐁, respectively. The estimation errors 𝐟𝐟, 𝐁𝐁� are assumed to 
be the matched uncertainties. In the next section, with the desired joint trajectory 
𝐪𝐪𝑑𝑑 ∈ ℝ𝑛𝑛 and under the presence of uncertainties, an adaptive sliding mode 
controller is designed to steer 𝐪𝐪 to 𝐪𝐪𝑑𝑑 and make the tracking error 𝐞𝐞 = 𝐪𝐪𝑑𝑑 − 𝐪𝐪 
convergent to zero. 

3. Adaptive sliding mode controller for anticipating PDT faults 

Commonly, the robustness of sliding mode control will be achieved by the 
proper choice of switching gains if the system uncertainties are constrained and 
their bounds are known. However, the bounds of system uncertainties are mostly 
unknown in practice. Therefore, an adaptive law will be used to adjust the 
controller parameters. The sliding manifold 𝐬𝐬 = [𝑠𝑠1, 𝑠𝑠2, … , 𝑠𝑠𝑛𝑛]𝑇𝑇 is chosen as 

 = +s Ae e  (6) 
where 𝐀𝐀 = diag(𝛂𝛂) is the 𝑛𝑛-by-𝑛𝑛 diagonal matrix with 𝛂𝛂 =

[𝛼𝛼1,𝛼𝛼2, … ,𝛼𝛼𝑛𝑛]𝑇𝑇, 𝛼𝛼𝑖𝑖 > 0 (𝑖𝑖 = 1, 2, . . . ,𝑛𝑛) is chosen such that sliding surface 𝑠𝑠𝑖𝑖 =
𝛼𝛼𝑖𝑖𝑒𝑒𝑖𝑖 + 𝑒̇𝑒𝑖𝑖 has stable dynamics. Taking the time derivative of (6) yields 
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The total loss of actuator torque is not considered in this study. Coefficient 
𝛗𝛗 > 0 therefore 𝚽𝚽, 𝐁𝐁, and 𝐁𝐁� are invertible. The adaptive sliding mode control 
law has the following form 

 1

1

  
ˆˆ ( )

ˆˆ sgn( )

c no dis

no d

dis

−

−

= +

= + −

=

τ τ τ

τ B Ae q f

τ B Ψ s

   (8) 

where 𝛕𝛕𝑛𝑛𝑛𝑛 is the nominal control term, 𝛕𝛕𝑑𝑑𝑑𝑑𝑠𝑠 is the adaptive discontinuous 
control term, 𝚿𝚿� = diag(𝛙𝛙� ) is the 𝑛𝑛-by-𝑛𝑛 diagonal matrix with 𝛙𝛙� =
[𝜓𝜓�1,𝜓𝜓�2, … ,𝜓𝜓�𝑛𝑛]𝑇𝑇 being the adjustable constant vector, sgn(𝐬𝐬) ≔
[sgn(𝑠𝑠1), sgn(𝑠𝑠2), … , sgn(𝑠𝑠𝑛𝑛)]𝑇𝑇 is the vector of sign function sgn(𝑠𝑠𝑖𝑖) defined as 

 
1    if   0

sgn( ) 0    if   0
1  if   0

i

i i

i

s
s s

s

>
= =
− <

 (9) 

Substituting (8) into (7) gives 

 
ˆ ˆ( ) ( )

ˆ sgn( )
d c c= + − + − +

= − −

s Ae q f Bτ f Bτ

Ψ s p

   
 (10) 

where 𝐩𝐩 ≔ 𝐟𝐟 + 𝐁𝐁�𝛕𝛕𝑐𝑐 = [𝑝𝑝1,𝑝𝑝2, … ,𝑝𝑝𝑛𝑛]𝑇𝑇 is the combined uncertain vector. It 
is an assumption that there exists a constant vector 𝛙𝛙 = [𝜓𝜓1,𝜓𝜓2, … ,𝜓𝜓𝑛𝑛]𝑇𝑇 
satisfying 𝜓𝜓𝑖𝑖 > |𝑝𝑝𝑖𝑖|, 𝑖𝑖 = 1, 2, . . . ,𝑛𝑛. Therefore, if an adaptive law can adjust 𝚿𝚿�  
convergent to 𝚿𝚿 = diag(𝛙𝛙), every one-by-one element of 𝐬̇𝐬 will have opposite 
sign with that of 𝐬𝐬. We define the adaptive law as 

 
ˆ

    sgn( )
i i i

i i i

s
s s

ψ δ

δ

=

=


 (11) 

where 𝛿𝛿𝑖𝑖 > 0 (𝑖𝑖 = 1, 2, . . . , 𝑛𝑛) is the chosen positive coefficient. The 
adaptation speed is determined by 𝛿𝛿𝑖𝑖. The larger 𝛿𝛿𝑖𝑖, the faster matching 
convergence. The adaptation error matrix and vector are 𝚿𝚿� = 𝚿𝚿−𝚿𝚿�  and 𝛙𝛙� =
𝛙𝛙−𝛙𝛙� , respectively. Let us choose a vector-type of Lyapunov function 
candidates as 

 

11 1
2 2

−= +V Ss Δ Ψψ   (12) 
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where 𝐒𝐒 = diag(𝐬𝐬) and 𝚫𝚫 = diag(𝛅𝛅) are the 𝑛𝑛-by-𝑛𝑛 diagonal matrices, 
𝛅𝛅 = [𝛿𝛿1, 𝛿𝛿2, … , 𝛿𝛿𝑛𝑛]𝑇𝑇, 𝚫𝚫−1 = diag([𝛿𝛿1−1,𝛿𝛿2−1, … , 𝛿𝛿𝑛𝑛−1]𝑇𝑇) > 0 is the inverse matrix 
of 𝚫𝚫, and 𝑉𝑉𝑖𝑖 = 1

2𝑠𝑠𝑖𝑖
2 + 1

2𝛿𝛿𝑖𝑖
−1𝜓𝜓�𝑖𝑖2 > 0 is the ith Lyapunov function candidate. Taking 

the time derivative of 𝐕𝐕 obtains 

 

1−= +V Ss Δ Ψψ     (13) 
After inserting (10) into (13) we obtain 

 

1ˆ( sgn( ) ) −= − − +V S Ψ s p Δ Ψψ    (14) 
Because 𝛙𝛙 is a constant vector, therefore 𝛙𝛙�̇ = −𝛙𝛙�̇  and deduce 

 

1ˆ ˆ ˆsgn( ) ( )−= − − − −V SΨ s Sp Δ Ψ Ψ ψ  (15) 
From the adaptive law (11) we have 
 ˆ sgn( )=ψ ΔS s  (16) 
Substituting (16) into (15) yields 

 

1

1 1

ˆ ˆsgn( ) ( ) sgn( )
ˆ ˆ  sgn( ) sgn( ) sgn( )

−

− −

= − − − −

= − − − +
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SΨ s Sp Δ ΨΔS s Δ ΨΔS s


 (17) 

Because 𝐒𝐒, 𝚿𝚿, 𝚿𝚿� , and 𝚫𝚫 are diagonal matrices, they satisfy the 
commutative property of matrix multiplication. Thus, 

 

ˆ ˆsgn( ) sgn( ) sgn( )
  sgn( )
= − − − +
= − −

V SΨ s Sp ΨS s ΨS s
Sp ΨS s


 (18) 

Considering the 𝑖𝑖th element of vector 𝐕̇𝐕 is 

 

sgn( )
   

   ( ) 0

i i i i i i

i i i i

i i i i i i i

V s p s s
s p s

s p s p s

ψ

ψ

ψ ψ

= − −

= − −

≤ − ≤ − ≤



 (19) 

The equation (19) shows that the stability of the proposed adaptive sliding 
mode control system is guaranteed. The convergence to zero of adaptation error 
𝜓𝜓�𝑖𝑖, sliding variable 𝑠𝑠𝑖𝑖 are verified by the Lyapunov criterion. Hence, tracking 
error 𝑒𝑒𝑖𝑖 converges to zero within finite time. 

4. Case study: A 6-DOF industrial robot 

The efficiency of the proposed adaptive sliding mode controller for a robot 
under actuator torque degradation is verified through an application example. Let 
us consider the IRB 120 industrial robot (a 6-DOF serial robot) made by ABB 
Robotics [23]. The initial configuration with attached-body frames and D-H 
parameters are depicted in Fig. 1 and Table 1, respectively. 
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Fig. 1. The IRB 120 industrial robot with attached-body frames 

 
Table 1 

D-H parameters of the IRB 120 industrial robot 
Joint i θi (rad) di (m) ai (m) αi (rad) 
1 q1 d1= 0.29 a1= 0 α1= -π/2 

2 q2- π/2 d2= 0 a2= 0.27 α2= 0 

3 q3 d3= 0 a3= 0.07 α3= -π/2 

4 q4 d4= 0.302 a4= 0 α4= π/2 

5 q5 d5= 0 a5= 0 α5= -π/2 

6 q6 d6= 0.072 a6= 0 α6= 0 
 
By adopting the robot dynamic formulation presented in [24], the 

generalized inertia matrix 𝐌𝐌 ∈ ℝ6×6 of the IRB 120 robot can be obtained as 

 
( )

6
0 0

1
( )

i ii i

T T
i R i RT T

i
m

=
= +∑M J J J I J  (20) 

The Coriolis/centrifugal matrix 𝐂𝐂 ∈ ℝ6×6 is 

 
( ) ( ) ( )6 6 6

1 
2

T  ∂ ∂ ∂ = ⊗ + ⊗ − ⊗ ∂ ∂ ∂   

M M MC 1 q q 1 q 1
q q q

    (21) 

The vector of gravity term 𝐠𝐠 ∈ ℝ6 is 

 

TP ∂
=  ∂ 

g
q

 (22) 
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where 𝑚𝑚𝑖𝑖 is the mass of link 𝑖𝑖; J𝑅𝑅𝑖𝑖, J𝑇𝑇𝑖𝑖
0 ∈ ℝ3×6 are the rotational and 

translational Jacobian matrices; 𝐈𝐈𝑖𝑖 ∈ ℝ3×3 is the link inertia tensor with respect to 
the frame attached at the link centroid and parallel to the corresponding attached 
frame; 𝟏𝟏6 ∈ ℝ6×6 is the identity matrix; ⨂ denotes Kronecker product operator; 
and 𝑃𝑃 is the total potential energy. Based on the 3D CAD models of the IRB 120 
robot links with data of their physical properties given by ABB Inc., the 
approximated values of mass 𝑚𝑚𝑖𝑖, link centroid 𝐫𝐫𝐶𝐶𝑖𝑖 with respect to the 
corresponding attached coordinate, inertia tensor 𝐈𝐈𝑖𝑖 can be achieved by a 
professional mechanical design software. The nominal robot parameters used in 
this paper are provided in [25] as follows: 

0Base :  8.659m =  

[ ]
1

3 3
1 1

19.699 0 0
Link 1: 4.248, 0,  54,  0 10 , 0 14.484 0 10

0 0 19.952

T
Cm − −

 
 = = × = × 
  

r I  

 

[ ]
2

3 3
2 2
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[ ]
3

3 3
3 3
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T
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4

3 3
4 4
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[ ]
5

3
5 5
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[ ]
6

3 6
6 6

2.347 0 0
Link 6 : 0.019, 0,  0,  - 7 10 , 0 2.347 0 10

0 0 4.123

T
Cm − −

 
 = = × = × 
  

r I (23) 

where the units of mass, length, inertia tensor are kg, m, and kgm2, 
respectively. The gravitational acceleration is 9.807m/s2. The robot parameters are 
considered to be uncertain. Therefore, the control system uses the nominal values 
of robot parameters whereas the virtual robot (the control process model) is set up 
by Simscape Multibody with an error of 10% in all parameters. 

For simulations, the robot’s initial configuration is selected as 𝐪𝐪(0) =
𝐪̇𝐪(0) = [0, 0, 0, 0, 0, 0]𝑇𝑇. The desired joint trajectory 𝐪𝐪𝑑𝑑 = [𝑞𝑞1𝑑𝑑 , 𝑞𝑞2𝑑𝑑, … , 𝑞𝑞6𝑑𝑑]𝑇𝑇 is 
given by 

 

1 4

2 5

3 6

2sin( ), 2.5sin( ),
1.5sin( ), 2sin( ),
sin( ), 3sin( )

d d

d d

d d

q t q t
q t q t
q t q t

π π
π π

π π

= =

= =

= =
 (24) 

The robot will be subject to PDT faults in two cases of torque degradation 
coefficient 𝛗𝛗. The small degradation case (case 1): 𝛗𝛗 =
[0.9, 0.9, 0.9, 0.9, 0.9, 0.9]𝑇𝑇 corresponds to 10% loss of PDT in every actuator; 
and the bad degradation case (case 2): 𝛗𝛗 = [0.5, 0.8, 0.8, 0.5, 0.5, 0.5]𝑇𝑇 
corresponds to 50% loss in actuator 1, 4, 5, 6, and 20% loss in actuator 2, 3. For 
performance comparison in each case with the same robot’s parameters, several 
simulations are implemented in turn with two schemes: a conventional sliding 
mode control law (SMC), and the proposed adaptive sliding mode control law 
(ASMC). The conventional SMC with the same sliding manifold (6) is 

 ( sgn( ))c d= + + + +τ M q Ae K s Cq g     (25) 
where 𝐊𝐊 = diag(𝐤𝐤) ∈ ℝ6×6 with 𝐤𝐤 = [𝑘𝑘1,𝑘𝑘2, … ,𝑘𝑘6]𝑇𝑇, 𝑘𝑘𝑖𝑖 > 0 (𝑖𝑖 =

1, 2, . . . , 6); and the sliding condition is 
 sgn( )= −s K s   (26) 
To reduce the chattering amplitude of sliding mode control system, 

saturation function sat(𝑠𝑠𝑖𝑖/𝑎𝑎𝑖𝑖) described in (27) can be used instead of sign function 
sgn(𝑠𝑠𝑖𝑖) for both mentioned controllers. 

 
1        if  

sat( / ) ( / )  if 
  1        if  

i i

i i i i i i i

i i

s a
s a s a a s a

s a

− ≤ −
= − < <
 ≥

 (27) 

The parameters of the conventional SMC are selected as: sliding manifolds 
with 𝛼𝛼1 = 𝛼𝛼2 = 𝛼𝛼3 = 𝛼𝛼4 = 𝛼𝛼5 = 𝛼𝛼6 = 15; saturation functions with 𝑎𝑎1 = 𝑎𝑎2 =
𝑎𝑎3 = 𝑎𝑎4 = 𝑎𝑎5 = 𝑎𝑎6 = 0.2; gains 𝑘𝑘1 = 𝑘𝑘2 = 𝑘𝑘3 = 𝑘𝑘4 = 𝑘𝑘5 = 𝑘𝑘6 = 30. The 
proposed ASMC with the same sliding manifolds and saturation functions of 
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SMC is used, and its remaining parameters are chosen as: adaptation speed 
coefficients 𝛿𝛿1 = 𝛿𝛿2 = 𝛿𝛿3 = 𝛿𝛿4 = 𝛿𝛿5 = 𝛿𝛿6 = 300. Firstly, the robot system is 
simulated in the normal case (fault-free case) for both the conventional SMC and 
the proposed ASMC. Secondly, the two mentioned cases are implemented in turn 
for both control schemes. All simulations are conducted by MATLAB/Simulink 
and Simscape Toolbox with solver ode14x and the sample time of 0.001s. The 
system performances in the normal case, case 1, and case 2 are depicted in (Fig. 2, 
Fig. 3), (Fig. 4 - Fig. 7), and (Fig. 8 - Fig. 11), respectively. 

In the normal case, Fig. 2 and Fig. 3 show that both the conventional SMC 
and the designed ASMC give good and similar performances. The robot joints 
match the desired trajectories after about 0.5s. 

In case 1 (10% loss of PDT faults in all actuators): 
Control torque and actuator torque of the robot when using the SMC and 

the ASMC are depicted in Fig. 6 and Fig. 7, respectively. The fault actuators can 
only provide 90% of the required control torque. After the time that the robot 
responses can follow the references, the control torque in Fig. 6 and Fig. 7 may 
appear to be almost similar in shape. However, in the transient time, the control 
torque of ASMC (Fig. 7) changes more quickly than that of SMC (Fig. 6). 
Consequently, tracking error 𝐞𝐞ASMC is smaller and converges faster than 𝐞𝐞SMC 
(Fig. 5). Under effects of 10% loss of PDT faults in all actuators, Fig. 4 and Fig. 5 
indicate that the robot joint responses when using the SMC start to deviate from 
the desired trajectories with the maximum tracking error in joint 5 (𝑒𝑒5 SMC 
oscillating in [-0.01, 0.01]) and the minimum tracking error in joint 1, joint 2 
(𝑒𝑒1 SMC, 𝑒𝑒2 SMC oscillating in the same range [-0.005, 0.005]); whereas the 
proposed ASMC gives better joint responses with tracking errors varying in the 
much smaller bounds. 

In case 2 (50% loss of PDT faults in actuator 1, 4, 5, 6, and 20% loss in 
actuator 2, 3): 

When the percentage of actuator torque loss increases to 50% in actuator 
1, 4, 5, 6, and 20% in actuator 2, 3 (Fig. 10 and Fig. 11 for the SMC and the 
ASMC, respectively), the control torque generated by the ASMC and SMC is 
quite different, especially at actuator 1, 4, 5, and 6. The robot performance using 
the SMC becomes significantly worse with large tracking errors in most joints 
(Fig. 9). As manifested in Fig. 8, some joint angles cannot follow the desired 
trajectories when the SMC is used, i.e., joint 1, 4, 5, and 6. Meanwhile, by using 
the proposed ASMC, the joint responses still track the desired paths with 
acceptable tracking errors fluctuating in the range of [-0.005, 0.005] for all joints. 

Compared with a SMC scheme, it is obvious that the better joint responses 
can be achieved by using the proposed ASMC despite the existence of PDT faults 
in actuators. In other words, the proposed ASMC methodology can tolerate the 
PDT fault problem in a serial robot system. 
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Fig. 2. References and responses of the IRB 120 robot using SMC and ASMC in the normal case 

 

 
Fig. 3. Tracking errors of the IRB 120 robot using SMC and ASMC in the normal case 
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Fig. 4. References and responses of the IRB 120 robot using SMC and ASMC under PDT faults of 

10% loss in all actuators (case 1)  

  
Fig. 5. Tracking errors of the IRB 120 robot using SMC and ASMC under PDT faults of 10% loss 

in all actuators (case 1) 
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Fig. 6. Control torque and actuator torque of the IRB 120 robot using SMC under PDT faults of 

10% loss in all actuators (case 1)  
 

 
Fig. 7. Control torque and actuator torque of the IRB 120 robot using ASMC under PDT faults of 

10% loss in all actuators (case 1) 
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Fig. 8. References and responses of the IRB 120 robot using SMC and ASMC under PDT faults of 

50% loss in actuator 1,4,5,6, and 20% loss in actuator 2, 3 (case 2) 

 
Fig. 9. Tracking errors of the IRB 120 robot using SMC and ASMC under PDT faults of 50% loss 

in actuator 1, 4, 5, 6, and 20% loss in actuator 2, 3 (case 2) 
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Fig. 10. Control and actuator torque of the IRB 120 robot using SMC under PDT faults of 50% 

loss in actuator 1,4,5,6, and 20% loss in actuator 2, 3 (case 2) 
 

 
Fig. 11. Control and actuator torque of the IRB 120 robot using ASMC under PDT faults of 50% 

loss in actuator 1,4,5,6, and 20% loss in actuator 2, 3 (case 2) 
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5. Conclusions 

The paper deals with the design of robot controllers in presence of actuator 
faults and uncertain parameters. The actuator fault type considered in this 
investigation is proportional degradation of torque. An adaptive sliding mode 
controller is synthesized for a serial robot with ability to tolerate the mentioned 
fault. The system stability is guaranteed by the Lyapunov method in the control 
design procedure. The effectiveness of the proposed controller is verified by an 
application for a 6-DOF serial robot. The simulation results, compared with a 
conventional sliding mode control, demonstrate that the fault-tolerant capability of 
the proposed ASMC is considerably better than that of the conventional SMC. In 
case of using the proposed ASMC, the robot can follow the desired trajectories 
with sufficiently small errors if the percentage of torque loss is up to about 10% in 
all actuators. The greater the torque loss, the worse the tracking error; the 
proposed ASMC still gives acceptable performance even if the torque loss 
increases up to 50% by some actuators. However, external disturbances have not 
been considered and will be addressed in a future study. 
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