B\ -\ .goye ¥ o lod A 693 A&\ i)l wl pal 3ags 9 il w igo Alxo

T TS PR R VAL Y

Ol ol g g SOl (qunigo

WWwWw.smeir.or;

d-! 10.22034/1]ME.2022.157561

Y

2 ol b e jlsle b (S, gbagilh (S gilwand g gilwue (21)b

Jbw buxo

($9 5583 I Shglens

oo Glaal leal ol ez gl olESNS ¢ cwaige 0uSiily (Sl (gt 09,5 (Sl qwadige Lol
sfdehkordi@scu.ac.ir FAYAVAYVO) iy Gsdio ojlgal

LR

Al OleMb!

o33l IS Lo yonts 95,5 gn gl Jloo Lao 15 0o b e 5o b (S5l a3l o (Sedln Jon <35l 9
Lase jo colatul plSn o Ol )15 slad Cosgume a8 e ge (loj b yuite LSl slapilSe & jaay byl 5l oolaiwl 5 (SSL,
63555~ g Joolho b it Sl ol ko el b oy sy ity (g stos sbl g 523 (53 3] 05500 Sl
55,5050 b i ot lion et ol 538 59 0T S8 b cnlito s 5L Jae 5 o 5 il 03,5 oo
S ol SYolns o Sealiusgion 5 Sl s slos B > (Kb, 3l 5 o ghoe Senp S o3 blite
SVolne 08,8 oo wrms Sl 0T i JadllnSe 5 Jor S 5 (Sl S35l (oSlSi 5L yonis 4251 030,50 aplns
obey 4 atudly oles SVolas s jo 058 Dgliie Wiyl oy b st LSl a5 alin lapiagw b oodel sy &S >
S oo v (ny 1935 o0 pateie low g 198 Lans ;0 b L3, Sl ool s @ @l aslie ] gedge (il oo
S35k & polie JosllpSe (955 Jlow Bib 5l il 33 23U 0515 Sy ahaly 8 (0925 Jabe S CS > 53 (Jljgs
Lse jo adlsl jo g ol ey 2550 bl GeeS GeVee 8l eoliinl b (el Jow Lisly ol )0 058 0 o)l (S5,
5 Dglite Laze dagil Solite slaghis ghaw (wlul  SYsleo i35 oo @l Jolo @l 5 ol (giluand i jli8le
Sy &5 saald ol Az )3 305 o (Siluaned (Selusgroen 9 (SSlily s Glag s ISy e S B b ores
5 Jhw Ol Sy slagyd Sl anlio )0 nizmen Whiee SRRl Bops £l & e Cond 4 Ol e o Ly

S crags Al
VEY oloys ¥oizdl o
VEY olo s VA sl (550l

VE) L5V b

OB 3lgals

b e Salipd b (Sl slogle
obes

Sy gl 5 Sl (LS o2
935 Shes Jola

il e iy pglie slog s plo 5l S0 (5950 5l 0l & 6 Glie (2l lacs

Design, modeling and motion simulation of robotic manipulators with time-
varying structure in a fluid environment

Siavash Fathollahi Dehkordi

Mechanic Engineering Department, Shahid Chamran University of Ahwaz, Ahwaz, Khuzestan, Iran
P.O.B. 6135783151 Ahwaz, Khuzestan, Iran, sfdehkordi@scu.ac.ir

Article Information

Abstract

Original Research Paper
Received: 23 May 2022
First Decision: 8 June 2022
Accepted: 28 June 2022

Keywords:

Robotic manipulators with time-
varying dynamics

Fluid and robotic arms interaction
Revolute-Prismatic joints

This paper presents a dynamic model of a robotic manipulator with a time-varying structure in a fluid
medium. Changing the working environment of the manipulators and using them as time-varying structure
cause to eliminate the robot workspace limitations when used in a fluid medium. In addition, it provides more
access for end-effectors via new manipulator structures design that used revolute-prismatic joints. While the
new manipulator structure’s model is obtained commensurate with its application in the fluid environment.
Thus, by considering the hydrostatic and hydrodynamic interaction forces that implemented between the fluid
and the robot arm, the final motion equations of the robot are evaluated. However, the change in the robot’s
structure and its fluid implemented action and reaction force, caused the obtained motion equations differ
from similar systems with time-invariant structures. As a result, the final equations are time dependent. This is
evidenced by comparing the results obtained from the robot's behavior in air and fluid medium. Thus, in
addition to the rotational motion, in the linear motion of the prismatic joint, due to the incompressibility of the
fluid, a resistive force is applied by the fluid to manipulator links. In this regard, the dynamic model is
obtained using the recursive Gibbs-Apple formulation and then simulated in MATLAB software. The
equations are simulated and discussed based on the different links cross-sectional areas, various environments,
as well as the effect of each of the hydrostatic and hydrodynamic forces. As a result, the robot's motion in the
water medium is reduced by 60% relative to the air environment. The robot's motion is more affected by the
drag force than other resistive forces.
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Fig. 3 Two-links manipulator with time variable structure in fluid medium

Ja.:mﬁ\) o ‘) g_JLv) @1)5\) J‘olﬁ.‘o 6‘443|) MC).MJ& ‘)iu
JMQGA L)L"“" o..\.A—‘ Cowd C\JGDLU DR (0 u.....ul.o.: g_jj ‘9.&3
S Sl gamels Ol g0 0 by, x8,5,08 L
5 )l Grigen 5wl el pglie slagys abanly:
ol o9 st sty £3d9e al 45 35,5 e JaLl
Al se bag

ooly oles Ol peiS Jolae Jas Cepw # JSSG 50
419.&7 9 s_j Jaw uow B 0D uLu usLO) d)Ua.a iloads
ol sl 5 Jlw iSen p 5l A6 polie slag
oo Dby (b S5 plp o polie Jesll nSe 5l AL

omw)bbjébwéwd)}uﬁvk)i&)o
M}SL" o..\ib)f zToe g_)T Ja...?m o us)? k)i“’ u.!‘ o sl
Wb el e lases jo e Y B 0,8 O g0y Sy
a1 S > Ol ygy0 j0 &S > S el Jl> 0 ol
Ol 4 F JS8 50 a5 sbilen rizen wliioe e 1) Db

23,5 20 0gute jud s s (gaiald conls o)L

-------- Link1(air)

= | ink2(air)
Link1(water)

= = Link2(water)

—
2]
o
o)
Jo}
o
2
s)
o° Trmimeg D ST s T
D ETT TGP T s
2 F
3+
4 |
0 5 10 15
t(s)

Fig. 5 The revolute joints angular velocity

Sisd Jolae slasly ce s & S5

Y ooolouwis A 0993 N E- ) i)l ol ol 3ss 5 il Swiie

Jlws fazms 55 Gloj b e Jlilo b (S g0 (Sl g3k ¥ S

Sl gl o 93 53 (63 lwands —)-F

5o ol b glad 80,0 i HiSle b, wdle pl (o
$09)9 Oeizmed 9 ) Jgax Slasiie ulul p g 4B )13
wlie go,Slee bulys 0 F ISe 0 sadesb sl sla
20,5 oo &ly S35l 950

2 — 1
Py —— 7
2 Fl
=]
B —e— 2
]
—_~ L -
E ; L J
£
%]
=
=
S
(=}
=

10 15

t(s)

Fig. 4 The joints input torques and Forces
Joolin a5 Jlasl glo,gliis g lag s B JSC&

e YLl (S 53 (Sl o3k (Sl Slasuia ) Jgux
Table 1 Specifications of two-links manipulator with variable structure

) iy sk
\IY m 52948 Juato B J5b Li=1%
\ m ob, S Jsb Lt =14
A mm 25iS Jase B glas ri=r
o mm ol S gles =1
Yo/AY  Kg/m S Jsb o>y =y
94/-Y  Kg/m e Jsb axly o> = u3
YAD.  Kg/m? St JE pi=ps
Ad.  Kg/m? e JE pi =p3
Y — pr Seelindg 0ud o Cy,
N R— Sy Ci
VA A— S ey Ca
434y Kg/m ol JEx Pw
) m/s? S5 ol g

12N



635503 g byl

Jlw Jouzo )3 glo) b pusio YL b S5L) BYIL HSBL) BYIL 5> ilwdaud 9 GHlwdde (Alsb

ouds &)l Slrusg Blae ol ool ool ioles  SgiS
Sgys Oliee ol GSi ghis ghu jod gabuly
s BSC g Jlw Gl S0 eizmen 9 (S pslie
Jase b obals el coge i pl aleise
az S 008 oo ol Glasid ghis ghw (Rl L o5iS
sy 2l b ol Gules gabanlyy pgd S o o]l
sl e
Sialed Ol clacSid cloazy o8 o jaws Vo USE 4o
Solis 5l el et gl 5l a5 el leas (el oad osls
S p9d Si ey S5 s 0 oS ghale mhaw
Aol S& ¥ aidloe ovalin LB Jol S gaxy
5 g S ped Sl &5 0 ol Sed e e el

b oo Ego90 ol 5l (LB 0 dlo] e iglas I i

0.06 - ;
-------- Link1(air)

/\ =——Link2(air)

0.05 / \ Link1(water)
0.04

= = Link2(water)
—~ 0.03
(2
= R
S / H
~ 0.02 g
- s \".
o / g \
° _
— 0.01 €Ty R T
S TR S
“,a‘ 1 it
0 £33 T - —

\ e T
1 ) |
-0.01 ‘\ wrerarat
-0.02 .
0 5 10 15
t(s)
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