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Survivor searching robots using non-slip snake robots

* * . ¥ .o ¥ . *
Soonyong Park , Janghwan Hong , Dongmin Jung , Huijun Jeong , Jeongmin Lee ,
G
Sewon Park’, and Hongkeun Kim
* School of Mechatronics Engineering, Korea University of Technology and Education

Key Words: Non-slip condition(3] %] Z71), snake robot(% =), unmanned ground vehicle(F%1 #|7 Z &),
search and rescue robot(HA-7% =5
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Abstract: In this study we designed new driving method for snake robot in order to improve availability of
snake robot as an SAR robot. The robot has rigid segments and universal chain with grounding pads
attached. Users can control segment angles or chain velocity via motors. In this paper, We examined
continuity between travel distance and segment angles of the robot using numerical methods. Also, We
analyzed torques and thrusts by motors, and reaction forces exerted by grounding pads to find the proper
number of segments.
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Fig. 1 Various examples of snake-like robots. (Top left) ACM-R3, (top right) TSD,
and (bottom) Omni-tread.
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Table 1 Classification and Characteristics of snake-like robots.

Driving types Characteristics Models
Passive wheel applied robots use anisotropic friction made by
passive wheels as thrust.
- It applies the principle of how the snakes move.
- Every Passive wheel model uses ACM as kinematic
. L ACM-III,
Passive wheel description method. ACM-R3
- The robot heavily fluctuates laterally.
- The robot can crash to the ground because of its control
method.
- The robots can slip on ground.
AWL robots use motor-driven wheels to make friction between
ground. The friction act as driving force.
AWL | - Using encoder, the robot can acquire driving information. ACM-R4.1,
- Wheel-applied motion can effectively reduce mechanical GMD snake
vibration and external shock.
- The robots can slip on ground.
ACL robots uses caterpillars to make friction between ground.
The frictions act as thrust. Omni-tread,
ACL | - Caterpillars can effectively reduce robots' mechanical vibration | Active crawler,
Active and shock. Guardian® S
propulsion - The robots can slip on ground.
ASL type robots have active propulsion unit on all direction of
body segment so the robots can make friction force anywhere
on its skin.
- (TSD) Though the robot can satisfy non-slip condition, TSD,
ASL deformation of skin driving material causes error on driving Omni-tread,
information. GMD snake
- In general, the robots' driving units consist of that of AWL
or ACL.
- In general, the robots can slip on ground.
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Fig. 2 Failure of non-slip conditions in AWL snake-like robots.
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Fig. 3 Continuous (left) and discrete (right) caterpillars. Segments in black have no
deformation.
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@  head segment

@ | body segment

® | tail segment

@ | chain

® | grounded chain

®  pad

@ | grounded pad

chain path-through

@ | control node

stopover

@ | sprocket wheel

steering angle at

head segment

(b) An exploded view of ADCRs with control nodes and stopovers provided.

Fig. 4 A 3D model of articulated discrete caterpillar robots.
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Fig. 5 Control angles, absolute control angles, passing angles, and absolute passing angles, from left.
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Fig. 7 A stopover is placed on a line connecting two consecutive control nodes (left); a control node is
placed on a line between two consecutive stopovers (right).

at tail segment) ~, ©l 2} Soh (¥ 63} 4(b) L) |

232, 71784 24 & 2AEA AL, e 5o ALt
o AolMs 2R 7l7eA 24E flete], dAAY, 7o ol HE We] 23S
A Ak AAL AR o5 VNt R st dAl A9 Al EE vhH el fA AR R

Alo] g},

s=5 Ul AAGG. ] viy A wpbrbA el e ee mEel Ald] vy ol A
T ARE ppy D pyiopnrs Bl A7 EAser Foh @A, 2o U AR FFE fEAE,
w5 vl Mo & 23S FUbEoF dvh(we vhH e FEdel Feie] AR Fastet) d
A3 Ar FFTe AT 75 20 FolE okge] 7 A Ae-E AAE F dvh(@" 7 Fan)

a) AT F TeHES e ALl Frdel AASFET Aok F5-

b) JHF F AFHAES e ARl Feie] AT Aojst= A5
a)?] Aol e Ee]l 2R olF AR Wl AT = ok E3L o] Ay, FEdel drds A
U &k AR &) FEde] EdHAL  dth(@d 8 Fal) W, b)e] gl FEHE
o] &4 e ols ARA AAEH, FEAe EdEA £ YA etk wEkA bl s
=gt

ool ASNE Estal 2ol AAl FE he A L AR5 dEsA sk, o= 2R A
fr %= (degree of freedom)E T-3te] &heled 4= vk =R Fae, ne, v o) nt+27, #EE

kil

K

o or
=
juled
fru
bt
o
RS
b
(g
9

=

nt 1ol BE $ES Agsa x

DOFunconstrained: 3 (n+ 2) —2 (n+ 1)

3ol opydyo] wE EAEA Y=

- 11 -



Discontimaity ol 45 \

o

Fig. 8 A discontinuity in control angle may appear when an ADCR tracks a given path. Note that stopovers
are placed at body segments.
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Absoulte passing angle and control angles
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Fig. 17 Test course and graph of absolute control angles. Note that kinematic conditions ensure continuity

of displacement.

Hed 74 42 T 449 doo= FREA Area (24 492 2Fo] dhte] Fanhe A
mo] Zelds w4ety] ek FZoH, Area H(J}EW Oﬂoﬂ)% 230l Ad FY T Ao =F 7Y F
Aoz Adste AAS B8] A% ARtk Area HIE 78 WaFe]l A7 viHAS W) EazFs
=A8t7] g dqoln, AT OR Area IV S 8 T AN 73 ARE AP o] 2eFS
=4387] 97 dgeltt

A9l A Fusty] dste] tie AR dds Adsn

1. 92 vlrle] HE kS nt+302 A3k

2. 1)19] 3715 1mm] 2 A A 3},

3. v 9] A7l wEt HeE 237 4 5 Adbdo

4. v, 3ol HE BEAHRE 230 F% vide] 34 AL v, v, E ARG

5. 0,19 #& BEUR e 237 4/ E AR,

6. 230 BE Alo] vir]e] ¥ o} ?%7#54 715 7153

7. v, =2 ~ Lol Wate] 2~6W o] #AE g}

8. k=n+4 ~m—1 ° Wate] 1~7H9] g& Wk

2% 172 n=3, L=100[mm]el] W 23 Y A3}E agz2 ded Aolo( g Lkt 9
e T AA 74ﬂﬂ‘r” o= FdSSth. Yz FAF 5 Q%o 4 FEHe FEdS W

of thste] AL wolw Qe HAT 9l

o] AolX= 24.9] 7S 7Htow Zt&w ZrtEe 9 ol E(H 1 RE 9 DC RH)e &
o] A71E Axtett ouk §g AlEdelde] FRE ofet FE o7 alEe] o3t dAs7t
A 7hehsE

E‘_:lv
}

- 24 -



L &% 9 bEE Ae] ofele
2370041 Belgt ukst gol, WY A dr) TEAS ANl FEE WrE] AQPTh o

Apsol ME §71840R GBS v o] AR 7} Wge] v A} o)x v A
e ek Aol ulg BslAth E@, AL gt e smee] A S BAL B
o

2. Wl TAl9 oy

i%-‘ﬂ FLet NMEEE At UFEe A olope A ol W FeHe Ay AL, 9
4 &=, P4 MEEE A WS AFEdh i wAS A8steE 49 1M FEHY
T A4 A7t TSR A Fe 2ol wEt Ags|ojof abn, wEkA e A ®97F wiW
M= Aks]ofoF gttt ool ) WAl F AA Al kol ZF AlEH WY BE2A F
A8 2 Agghe] FHieo] sz
3. AYAA Be At

UM AAE F A BT ul$ Be AxS aeH, AlEd ol o] XU o Azt
At doll B AIgH v go] &k

g 87k ok

R uAdME FA s B
aA AR T3 E‘i‘ﬂ ZA

A

o
X

2

K-

B>

fo

i)

Ir

>
)

_E
ko2
>

o 1o
2 o
JE AN

il ol
oy
lo
b
k1
N
I
kT
N,
I

=0
N
)
i
o
(98]
o
> i

1. 289 E% ult]9 /¢ ny #HE 302 A=A

2. 2o 1‘?4_ Aol wro Zalgr AL 23 75‘%’;}01]/\19] AAE 1lmm]H o] EATH 2 A
AN TE Ao wmEo] WIS Auste] 7=

319 w7 H A0 RE 0 =0.001[m/s] €] /;ji:
7} Ao} wrxe 25, TE7re] ZhEnE A aba

o

A=t
4. 19 wh7E SAH O R 0=0.001[m/s*]9] A 7H&EHoR o]Fdria b4t 2wle] RE W9
A 7 Al == «l MR, e A7kERE ANbete] 715

5. 40014 F3 TtEE, SRS 85l 5 WAAS Folstd, 7 Al oA WA ¥
I =¥ A7E BT 7|58

6. a=0.002,0.003,---,0.100 [m/s?]ell th3}o] 4~5HE w3}

7. v=0,0.002,---,0.1000 [m/s]ll w3}

8. n= 345601] ) &to] 2~78 WhE

\I

Ak 2389 #AL Fzdel, AWAS Astel 7 vide AFe 1lkglom, ¥ ERE:

0.001(kgm?] 7bg@eh. E3, DC REo] o3 F e vie) vhrish me vhel A FAstha g
Ag A, M v @4 At L8 wEdE £2 AFE ASE FRS wase Wyl
sl FJ n}. ol 7 Ale] wEe] £E7F BA%HoR Wakaly] wite] WASHE Aabolrh. A =
o T eIHE AFelolE] THe A%l o8 elel@ FHH Fo] BiSThy Budtel
Sk wvu BABE nd Ay AN,

WA, AN A4S 97 A8 =39 9 4F AHE ARk o] Fojzl 1Y 188 A

5 = 2

Y

N

- 25 -



Thrust

Exerted on head, tail stopover

agnitude) [N]

=

; /1 I |
1000 1500 2500 3000
Total passing distance [mm]

Magnitude of Thrust exerted on head stopover.
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Fig. 18 Physical quantities according to total passing distance
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(a) Maximum magnitude of thrust exerted on head
stopover(n=3).
Head Friction
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accel [mm/s?] 100 velocity [mu/e]

(¢) Maximum magnitude of transverse friction
exerted on head stopover(n=3).

Moment
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every control node(n=3).
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(d) Maximum magnitude of transverse friction
exerted on tail stopover(n=3).

Fig. 19 Maximum value of physical quantities when n=3.
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Fig. 20 Maximum value of physical quantities according to the number of body segments n (n = 3,4,5,6)
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(a) Thrust graph when n=5. (b) Maximum moment graph when n=5.
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(c) Head(transverse) friction graph when n=5. (d) Tail(transverse) friction graph when n=5.
Fig. 21 Singular points in physical quantities when n=5.
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(a) Overview of ADCR. Note that chain length equal to
the length of body segment.

(b) Chain assembled. Two axes are placed in (c) Servo motors connect body segments.

different direction.

_odd

(d) Pads on head segment. Note that pads are
unable to move laterally.

Fig. 22 An actual model of ACDR.

g Pi+1

-1

Fig. 23 Trace of stopover at Chain
path
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Table 2 Mechanical data of ACDR.

Height [m] 0.175
Length [m] 0.68
Width [m] 0.12
Maximum curvature [m™] 2.62
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Fig. 25 Basic structure of robot control program.

Fig. 24 Object tree for robot program.
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Table 3 Bill of materials.
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Fig. 28 Sketch of cable-driven articulated
single continuous track
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Fig. 29 Control method of cable-driven articulated single continuous track

(a) A sketch of cable gnchor installed (b) A sketch of cable anchor locking timing
on a caterpillar. belt.

Fig. 30 Cable anchor designed for timing belt.
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A1.2.2. Servo-driven articulated single continuous track.
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on control nodes. Note that body
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