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Transformational Dual Track Robot to Overcome Non-Planar Environments

Ho-Young Kim', Bum-Jun Kim™ Jeong-In Park”" and Dong-won Shin""

* Department of Mechanical System Engineering, Kumoh National Institute of Technology

Key Words: 5 Linkage closed link(23% 3¢ 54 ¥ ), Tandem caterpillar drive(th2] e 28 F%),
Kinematics(7] 7 8}), Leveling(5=% %)), Remote control(<dZ #]9]), object following(Z A F
%), X-shaped link(XA}& ¥ ), Rack and pinion(F4Y T3)

=5 2Re A9 75 B Aol #AR-E 5 Linkage closed link® AASaL & 4749] -5
Hede st 295 271 ALY E OlOH% AZA BAR olF A V&7 WEE HAsslh 97
T8 S FE vEE AY S5 Al FA9 £HE FASL FA FAo] WA xS Sl &
Al 9= XA A 729 Rack and pinlon Auolo] MEZL A& 3 FFFE FAEY A T
o] RbAA R &5 FHHsH o] FF 4 Utk 3 MPU AN = 7]&7] WstE SAsta A7 Ao
£ 93 EFF 29 UWB AAE Z**%} om Wi A EUHPES 98 7t AAE FAlsith
RS AddEFdA Fxode] SA4 Fes %}iﬁl 71aL =EEYA U 87 2AE o]Fete
Ag HE= P

Abstract: This robot features a S5-linkage closed link mechanism connecting the body and four driving
caterpillars, minimizing slope changes during movement. Through inverse kinematic analysis, it maintains
horizontal orientation and center of gravity, even non-plannar enviroments. The upper body of a robot, with
an X-link structure and conveyor belt-equipped patient transport, eases patient transfer to safety zones,
including ambulances. Equipped with MPU, Bluetooth, UWB sensors, and cameras, it aims to reduce rescue
personnel's physical burden and ensure timely victim transport within the 'golden hour.

Ad@Ag e A& e An Freh AL g8 Fasth e Be A9 Tz A
23 A S22t Qov Fstam By o e 2

S 7ol ol FolA), TaUY Ed 914
AL G5 oA S S, o
W, 7x e BEAT GAEE B

o



459 - 44 - P E
7k A48 BARE Ba) APAe AAYS Folu uHH 4G o)F A

ek, BAle) 717] WEHE MPU AME F3l SRR 24 ATl oo me B

| 5
o F 7HA AA A Tes O}O}oﬂ‘:} 22} Ao “?“347} glo] el Fxuide] FAT + U=
Agkel Al UWB AN S @43 A4 2Foz oy 2S Adsta £ Br5e Astd A, 9
Al Bt F-2E 7} HetE gl v /\151-0 ‘451‘%]'3}‘5‘1 EFFaE 23S 9474 Aojgn =3, =
A Sl AF o]FS 9%k XA ¥ A} Rack and pinion, ZAH|o]o] WMET}L H8H FX|7} JJ=dH JA] =
FHE2w Aozt 7}—0‘0}‘:}. agxAe] 27] AATFH FAAN(ex, THAH7HA olFEkE HAAlA T2

e 7hio]l HastHEs & TEAXES st

2. 7|5 MA 2N
A on Ad@GA ALEE 2Re =9 wE B AEdee Rels 75 A9 A8
o o] WA wF TEel e A ﬁc%f§ﬂ§ﬂ§%PJ@ﬁﬂ-#mh4OVL}ﬂfﬂﬂiA%
o dhbel 7 AE RS AFESt] HRE AYe o5 o AEBele] 71&v]7 Wake] me Bl
q1ﬂza1OW+ﬂ%~%wﬂi SECE L

71&71% A Wske] obgado] wromm it #ﬁ 4
5 linkage closed link 729 Wd o]FE 722 &80t o FoA Zio] AP Wi HAR
ﬂﬂﬂxwwlwﬂﬂmﬁHP%*ﬂ@ﬂﬁah+&ﬁ1 NeREE J)FRS AAEa, A Fo 2
AT EAL sAget R V1E 2RI Aol E vEstAh Y 2o AA 4L Fig. 19 2ok

(a) Before activation (b) After activation

Fig. 1 3D modeling shape of a robot
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(@) Robot DOF analysis caterpillar and link

Fig. 2 Mechanical structure of a robot
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Fig. 3 Change of motor installation
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Fig. 4 Link design with stopper
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Fig. 5 Caterpillar slope variation
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v v

(2

o IS 20L new pF oIF (O, = AEBel 187D

r+ Lsin(&l) = H+rcos (01)

3)

S+ Lcos(61)+rsin(¢91) = L+rcos(9) (4)

_ r—H . . — S+ L+rcos ()
cos(0,+ @) = W (5)  sin(0,+ @)= NErys (6)

. L

COS(,@): ﬁ (7) SIH(Q): m (8)
o SE x¥ 37] 93l
cos(0,+ @) +sin(0, + @) =1 9) S=L+rcos(@)+VrA+ L2~ (r— H)? (10)
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B tan(6,)+tan() =S+ L+rcos(0)
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r(r—H)-f—L«/rz-f-LZ— (r—[—[)2
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Fig. 8 Height of the obstacle
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Fig. 9 Alteration of caterpillar wheel form
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Fig. 10 Alteration of caterpillar wheel form
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F = Friction

g = gravitational acceleration
T m = weight of body
u, = coefficient of friction
T = Driving Torque
N = Normal Force

N

<WHEEL FBD> I = Moment of inertia

a = Angular acceleration

a = Linear acceleration

Fig. 12 Patient Transportation Form
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Fig. 13 Frictional force graph according
to external force
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3.1.1 7+ EE Recurdyn Simulation
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Fig. 145 E1 D e/} AWo] 2ekoks o] 432 Lhehdl slo]th Kuizbach DOF 34& 3] A Ay
o AfEE BAH

Half Joint
Rollin ,/::‘- ----- = i ‘ =
=] \ 53 Rolling Rolling ,f \I./ _\\ Rolling
|omt\¢i\_/; ‘\_Jij’ joint q joint \ : /  joint
LINK1 LINK1

Fig. 14 Caterpillar wheel contact with ground
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Fig. 15 Replace with a link-wheel structure
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Fig. 16 Recurdyn Simulation with a link-wheel structure
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Fig. 17 Recurdyn Simulation Driving Torque according to Time
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3.2.1 MOTOR1 E= T LINK 1 AA

F_BODY_divide4 + F_link2
=0.3%9.81 + 9.81N

T_LINK1

MORTOR1 (©. ¥

77777/

F_linkl = 0.4*9.81N

Fig. 20 Free body diagram of Linkl

Y m

= (F_body_vidied+ F_link2) x L_linkl x cosf + F_linkl x 0.5 + L_linkl x cosd— T_linkl = 0 (24)

Link 12 AFEAE ZHE FFAS ALste] o sk T LINK 19 #AIA4S =E3131 MATLAB
S &8st (2 digk 2Pz E it

3.2.2 Recurdyn Simulation

ANEHIAE B T link2—6 LUNE, T linkl— 07125 “F3tal FAH0 2 Aitet 493t o
F2 Axgtst vl wEch olu Table 29 o] 0,5 ZHEE AAIT
Initial Degree Final Degree
linkl 6 0° 45°
link2 & 50 ° 60 °
Table 2 Initial Degree and Final Degree of link

RE 294 S4REY, Dol H)T A4 230 2F ¥ g2 F2E BEse] AAE Sof et A
Hlo]dS gt

Fig. 21 Initial Degree of Simulation Fig. 22 Final Degree of Simulation
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3.2.3 MOTOR2 E= T LINK2 74t

MORTOR2 9 i)

F_BODY_divided = 9.81N

a F_link2 T_LINK2
=0.3*%9.81N L.J MORTOR?2

[0 7777/

Fig. 25 Free body diagram of Link2
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Fig. 26 Matlab 7" _[ink2 graph according to J(Theta link2)
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Table 4 Comparison of 7" link2 results of Recurdyn and Matlab
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Ao A et) Fig. 267 Fig. 27 Table 45 %3] MATLAB¥ Recurdyn Al E#o]HS B3 £&3 1
g3 gho] i FALEHS el
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21w Wzt mE EIE 4 5 glo] ¥ 2R $249S 43 4T 5 gy
3.3 ESP32 CAM + OV26402 &83 AX7F 44 2E7H

24 vy o shdelrt WA ESP32 WIFI RE5S &&3sle] ¥ S48 <l4sla Aexpr 94072
s B FUT F JEE sto] 2R w©A 2 PRI JF8S B
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Z 28 UART ¥£E GPIO1¥ GPOIRRE
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