430-419 yoye 3 o lasis 15 093 1394 313 y3 ()0 SuilSo iy Alxo

A9 ke dolinle _b—ﬂ_i
4 . A
I Sl (gwiigo = 3
=P am
mme.modares.ac.ir u/')/;‘g;:%,

ol Sadidan 36T (95 5l odliial b (2 il -3 Silso Dbgy Sbwe

*2 . . 1 .

Q\)ﬂ s cIglio L?‘Jﬁ‘))é oKl (Sl (ewige J,‘.‘SJ ‘5921..&3'3 -1
Oyl e cdgdie (wgdyd olKild (SHlKe wige bl =2
ali_akbarzadeh@um.ac.ir 9177948974 ., G9sno wpuie *

saSe dlis csleylb!

oS g, dlie

1393 5512 el 5

1393 yoge 04 1 e
1393 yeq0 25 1ol > il

el 03 edlital ol 3 65lse ©ly ogsme Sl s sl Elsmim oy 4 pege ol cladilse LT s, 51 lis oyl
)'l 39..:& [0 diuenls dl.m),,i:,a )'l )4&:?; 61“‘9""‘. L dlusod pile 6.\1.\:.'{ J 5 & -’9"%;" Cgamo d)bi 09y <5 09y ‘}1]
2 e 352y ey psbileds it Slialie oin bl gpe izren g (bl bl b s (Gl lowg Je S

s Sy (s Joo jloslinal b (b yd S S ol plices pskaiear (g cul @b (o gl 2,8 edlil o5l 4l
POl esSas Suelins Jo 5leibey cnl ) dlee 008 dplons 5litS J S (Bo) 4 pgwse gy (ul el 0ad (b by e
Sy bly s s pubtume Sealnd Jio J uimeds ¢ 00 o3l wiuns Sealud (gilo i3 5 (silo das (gl JyS 2,655k dils shol il ge LT

&ilse by

ol il b il g o) Jlasl by (sod (gilwand Jdo 4 (Soivan Gygody s 93 @lie ol 50 098 00 odliinl S adls
Sl g 53 s g gl 99y b boygige g9p (63959 Wy ) us Jobd Cogne cl ol B )SJI13 cw) 2 3)90 s 59 32 e
Sl i b 2935 (> e Sy (b Sy (S8 Jse 4 cus 93 ol Jlosl b il o eV (A & bgupe s b S

ol 0 plol (gl oo o) S oslitel b by (sl (obicus 5 oad dpulis o1 b Cogsme 5 cue (9 slacdls

sobn sl @
o Ao ygluiS s’

Fault detection of the 3-PSP parallel robot using the principal components
analysis method
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ARTICLE INFORMATION ABSTRACT

In this paper, a multivariate statistical method called Principal Components Analysis, PCA, is
utilized for detection faults in a 3-PSP parallel manipulator. This statistical method transfers
original correlated variables into a new set of uncorrelated variables. PCA method can be used to
determine the thresholds of statistics and calculate square prediction errors of new observations

Original Research Paper

Received 02 January 2015
Accepted 24 January 2015
Available Online 14 February 2015

for checking the system when a fault occurs in the robot. To investigate the ability of the PCA
method for fault detection of the robot, a nonlinear model-based controller called Computed
Torque Control, CTC, is designed. In this control scheme, rigid-body inverse dynamics model of
the robot is utilized to linearize and cancel the nonlinearity in the controlled system. Also, instead
of using the robot prototype model, direct dynamics of the robot is used in the robot-control
system. In this paper, two faults are artificially applied to the robot-control system. These two
faults consist of faults in servo drive or servo motors and faults in joints clearances or position
sensors. Finally, these faults are applied on the robot throughout a desired end-effector trajectory
and the resultant outputs are obtained for both with and without faults in the manipulator.
Consequently, the desired and faulty outputs are compared and fault detection using PCA method
for the robot is performed.
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9- Moving platform

10- Tripetalous star

11- Moving Star (MS)

12- Fixed base

13- Ball screw

14- Active prismatic joint
15- Spherical joint

16- Passive prismatic joint
17- Moving block (Nut)
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Classical Statistical Process Control (CSPC)
Univariate control charts

Multivariate system

Multivariate Statistical Process Control (MSPC)
Covariance

Principal Component Analysis (PCA)

The 3-PSP parallel robot
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3- Position constraints
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Computed Torque Control (CTC)
Feedback

Feedback linearization
Linearizing control law
Partitioned control law
Servo-law portion

Linearizing model-based portion
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5- Score matrix

6- Loading matrix

7- Correlation matrix
8- Orthogonal

9- Projection matrix
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1- Passive joints

2- Knowledge-based

3- Correlated variable
4- Uncorrelated variable
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4- Confidence limit
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