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The process of tattooing to mark the position of lesions in the colon is one of important functions of the conventional
endoscope. However, commercial capsule endoscope (CE) devices cannot perform the tattooing procedure because they
cannot accommodate the size of the tattooing device. In this paper, we propose a compact tattooing mechanism design
which can be accommodated inside the CE. Two conical springs, two triggering modules and a needle that can be installed
inside a volume of 840 mm® are employed to perform the needle insertion/withdrawal and inject the ink. A triggering
module to deploy the conical springs is designed to be activated by heating a Ni-Cr wire and melting Wood’s metal. In this
study, the activation time of the triggering module is investigated based on a Wood’s metal heating simulation. In order to
determine the proper conical springs to ensure the activation of the tattooing mechanism, the elastic force correlation
between two conical springs is studied. Then, the components of the proposed tattooing mechanism are fabricated and
assembled, and an ex-vivo test is performed. Conclusively, the proposed tattooing mechanism implements the correct
needle stroke and the proper ink injection into the submucosal layer of a porcine colon.

Manuscript received: August 30, 2018 / Revised: November 23, 2018 / Accepted: November 29, 2018

NOMENCLATURE

D, = The diameter of the smallest active coil
D, = The diameter of the largest active coil

n = Number of coils

n, = Total number of active coils

ny = Number of free coils

d = Wire diameter

G = Shear modulus of elasticity

Ly = Free length of the conical spring

L, = Initial active length

L, = Solid length of the active coils

L(P) = The function of the load according to length with
constant pitch
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Fig. 1 Tattooing mechanism configuration: (a) Capsule endoscope,
(b) Tattooing module, (c) Camera, (d) Conical spring #1, (e)
Housing, (f) Conical spring holder #2, (g) Needle, (h)
Dummy needle, (i) Triggering module #2, (j) Conical spring
#2, (k) Silicon pad, (I) Conical spring holder #1, (m)
Triggering module #1

2.1 708 EA|

ASHE R WA BAE dAUZE] FAS Fig 17} 2
ok #AlE WAYSS v Asksol At sAl o
28 Fdetes AT ER AES vhl Hols el

&g o] gsto] His2 Slpshe s A I Hl—‘— o] &Al
717] $Is) FAHERO] $45 AFARAYE A on, E2
7 wES YE Feo] S uE, Y247 Fo Conical
Spring Holder) y3aE oto]oj(Ni-Cr Wire)Z FAAECH A8S
7k B9, UaE efolofo] =& H(Joule Heating)o] o5
= disrol gapEct. S5 e A§Y Fhel T FRE
AHEGo] B §Ho| W] tRel] Hagte] AL AMgalo]

B gejs golsh viE 4 ok W& 8R4 (Capsule
Housing)e] 71'8-& §X|3}7] 984 RTV A#]Z(LOCTITE®,
40447y HE QG mxgtt ok vhso] 4dat FAl
Q28 FUs7] 919 £ 0.5 mme] Aol =S 7 A
FEHof F2Rit. 7:‘4*“’% Zﬂ"PE‘ F'_”E AU Z2]
3 FEoE FE

2.2 X=2i7|
A= E 17414 2 Fig. 29} Zo] Eg|A g #19|
gAE 95 #19] 42 Ao =N A5S A2k

T N A e
A Spoll A% o] THssh], B2 AL AT B
Fozn AAE Aofsty] SRk A T Bkl Aol
TelEgIT. AR AR AE e et gk

(1) 5 7he] gfsmele zte] 2oA BE ol g3

UZE AR X s, 4Y vt AA] ARAn Frel
S vjgol] o) P4E vhsL 7] W) SAhT WEE
WIS 18 A A7 sk dhell SIxgiet.

@ WS Astel EA BE #lo] %Y A4S, S5 H
o] galEn] Tl QY ARAm 119 A} AApet



May 2019 /451

44

Step 1 Step 2 Step 3

Fig. 2 Working principle according to each step
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Fig. 3 A new triggering mechanism configuration
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Table 1 Input conditions of the numerical simulation for the
triggering mechanism

Conditions Numerical simulation
Heat source Ni-Cr wire
Input voltage [V] 2.5
Input ampere [A] 5
Input power [W] 12.5
Heat flux External natural convection
Atmosphere [atm] 1

Conical spring holder

temperature [°C] 20
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Fig. 5 Parameters of conical spring. (a) Free state without
compression, (b) Compressed spring at transient point'>
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Fig. 6 Theoretical and experimental analysis for two conical springs

RS B4 SRl ARAEY #7 AFATY #
N e A
s #20] SR (F)o] 3] PEE UFATY #19) T
(Fpet Aok g}, ofefat 7o) 7)25te] Z2ke] Ysme)
& Al wet AT, T Adsme Ao AgE w7
4= Fig. 59 2031 7ol ALSEl GHE Table 29} 2k

4
L(P)= Lo{ﬁfﬁ{(l +(g—?— 1)594— 1 }+
1)1

o|F HIF O R o5 g YFAIY Y HelE 74]*}'5}0114
‘?_7—‘3.?_1 otz zela)l ga] Zo]%(Transient Point)S 7|&
Fgro] U deAxgo] 54 4 o]%%b—]r =
Bk }O]——] a7t A o7 Wyttt wheba] Table 29] A
A M2 nlgro g A2 YEAmeo] BAE 2GS o]
=4k A Fig. 6o Yeh it Ao g dFAzy #2271
H8] Z7NE AdElollA ] F, (10.40 N7} 52328 #10] F
S5 AdHolA 9] Fr (6.88 N)ETE 25 AZHE AE 2R1skel
o} weba] T fEAEES ARgste] AjME FAle WAUS
TEo| 7T A g ek

dofo

1

M

N

Table 2 Conical spring parameters

Nomenclature Conical spring #1 Conical spring #2
D, [mm] 3 4
D, [mm)] 8 8
n 5 5
Ny 1.2 1.5
ny 0.498 1.487
d [mm] 0.4 0.6
G [GPa] 72 72
L, [mm] 10 10
L,[mm] 9.52 9.1

Fig. 7 Tattooing mechanism displacement experiment to show the
needle insertion according to conical spring #1 deployment
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Fig. 8 Ex-vivo tattooing mechanism test results using india ink. (a)
The india ink injection, (b) Withdrawal of the needle, (c)
Front view of the tattooing module after the injection, (d)
Injected india ink in the porcine colon
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