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This study outlines a structural design process for a cylindrical superelastic shape memory alloy (SMA) ligation clip.
Although polymer-based clips are widely used, they face challenges related to long-term stability and limited radiopacity,
highlighting the necessity for metal clips. By systematically modifying two key design variables—the hole offset ratio and
the cut-off ratio—the proposed clip effectively reduces excessive stress concentration and enhances superelastic
behavior. Finite element analyses indicate that the stress deviation in the two cross-sectional deformation regions
decreased by 83.9%, and the martensitic transformation remained confined to a small area, demonstrating robust strain
recovery within the superelastic range. In conclusion, the improved SMA clip successfully withstood internal pressures
exceeding 15 psi without leakage, showcasing its superior ligation performance and potential for durable, reliable use in
minimally invasive surgical procedures.
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NOMENCLATURE
L = Length of the Clip B e N A A RS F1 BAAS Yol
_ Radius of the Clip St WAlOR B AU VIR 4% F FEI AT 5
o) 7o) 9Le Wk okgt o] 7|4H Wo] 7Hatge]
r = Radius of the Hole wha} mke. Hokola] Ya] AJET 91T wid 1 527}t 2718t
I = Hole Offset T QITH1].
¢ = Hole Offset Ratio BA S0 A AMREE 2E WAl Fig. 1 1} Zo] A%
A = Depth of Cut-off % (Ligation Clipys 283+ W4lo] Wo| ARGFTH2]. Fig. 1
4 = Cutoff Ratio HE ElEhr 34 AAe] 2% o] AEH oS HolFn
o]
0 = One-side Displacement of the Opening Mri]—' ) _ )
A o7 ARA T2 ARREHE ST Ao 24F FHS
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Ligation Clip

Fig. 1 Application of metal ligation clip [3] (Adapted from Ref. 3
on the basis of OA)

i)
L
e
E
o o
Lﬂ
o
flo o
o
N
2
"o

A= o
=2 ‘d?j T —"%@94 olHE, 574 %%WW—J Dlﬂﬂﬁj‘, %%

AAL] olele
Al Az 290 et A7k el AAET ok

T4 A 2L B0 NS oS5k W A4
BL ol g3l WO aEh AUY PHS 34 2YL
AU BUSNR STAOR YT o] gl HA

, o

o e Aol Fi5sio] wha
ol 35 ARl At BAA ANE A ek o

v EebsT 4e Qs B4 AR SRRe] Wt ke &
oH(1% ola) 27o]  Bato] Agsirlohe Bt 9.

IR S FASH| Ao 2 BRI BAUE 7
8%l Yol= &, = ‘_*j(Super-elastlclty)g 7FA Y El&=(NiTi)
FHA71 ¢ (Shape Memory Alloy, SMA)S. 2 A58 Az &
HE AAlsks ek AmEd. ojdoe 27 532 4
SMA AH|o|&2E 283t AF[6] & FAF A= AL o] Fof
A A ookt B Ao A= S WAske S8 HEE &
Askelal feta S Bl A7 28 HYE
gt &85l A3k F8 AARIARS] Ao gl =2lgict.

A A 248 Fig 39 U 2
gotol 29 TS AUFCH W T HBE
@ 2ol U gom }an} 7oA g

q

Hole

Slit

Fig. 2 Configuration of the cylindrical SMA ligation clip

Blood Vessel

Fig. 4 Design variables and their dimensions of the cylindrical
SMA ligation clip (1/4 model)
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Fig. 5 Dimensions of Root(4) cross-section (1/2 model)
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Neck(B)

Fig. 6 Dimensions of Neck(B) cross-section (1/2 model)
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Fig. 8 Stress-strain diagram for superelasticity of SMA material

Table 1 Material properties of the SMA material for analysis

Parameter Material property Value

E Young’s modulus [MPa] 43,300
v Poisson’s Ratio 0.3
o’ Start stress for 4 to S [MPa] 520
o ;S Finish stress for 4 to S [MPa] 590
o Start stress for S to 4 [MPa] 235
G;A Finish stress for S'to 4 [MPa] 220

& Transformation strain 0.053

E; Martensite modulus [MPa] 28,100

* A: Austenite, S: Stress-induced martensite
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Fig. 9 Stress-strain paths of elements at Root(4) and Neck(B) cross-
sections for the original cylindrical SMA ligation clip (& =
9.423%, ¢ = 0%)
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Fig. 10 Stress convergence of elements at Root(4) and Neck(B)
cross-sections for the original cylindrical SMA ligation clip
(& =9.423%, ¢ = 0%)
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Fig. 11 Stress-strain paths of elements at Root(4) and Neck(B)

cross-sections for the hole-offset-ratio adjusted cylindrical
SMA ligation clip (&= 8.558%, ¢= 0%)
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Fig. 12 Stress-strain paths of elements at Roo#(4) and Neck(B)
cross-sections for the improved cylindrical SMA ligation
clip (&= 7.788%, ¢= 15%)

WARIE § = 15%: AAskTh WAt ofs) uRB A
27} £7) wjEo] RERAE FHE W] 919 455 AM83)
o] & olAu|E AA} £ =7788%= EXRTE FHH]= 09922
ol 2=l

WAt} S Sle) SERAeh uRBo] $1xI3 Z7te] &
271 HE 5 A+ $E-HIE 3t 4sd 2= Fig 129
ehiole. S gholxe] s Sejuls 112602 trehdel.
2] WA= 741 MPaolv] 71 2 tiu] 83.9% WA=l

MA A Sel At He) eigto] ek WSlel Ao o
A vrebeh. whebA B R 4A 29 9d gAoR Sof
b A A AR AR 5 Qe H) WA AAR
Q 2~ 011;].

3.4 74M
WA A wr A&SE 29 (Type 1.7 x 10.4) 0.8 Az =

A AFE AFA 87F AAAE 7127100 whet Keyskgict.
Fig. 130] A Aats Uepfiolct. A Ade] lada

(A7 4 mm, ¥ %7 0.5 mm)ol| Al2ket S-S AFe & WIS

7] 2ol =M A

Fig. 13 Leakage test result for the improved cylindrical SMA
ligation clip

15 psi ol 73t ou o] M WAYSIA] kTt o] =4
M AAE EE 2R VAT A2 S A7 A4
ol Y=t
4. 4=

28] 713 AR 458 Z2E S99

o*é
ok
i
)

A= EH& F8 AAQAE 24ste] A ¥
EE3 AZ %S AFeR FolshaA oyt g

O.L,

(2) ¥EE 22 299 Fa QAR W] (4)= IFB
SEASE, & o4y (Se FEFA @HATE 24T
S R2H 7 oA WYske o Sl g 713
= gelskict

) F8 AAMAES 245t 28 Hefol A 5 F
o SHake AR = A8ITh ol & Fel 7 dHolA
o] &8 #WAE 7€ 219 ﬂ1 l 83.9% A NS

stetet

) ATFHS ol g3tel AM o | 2l o) 4 AR
MM A3k, ST A% 45E Hol o Rof A 7}
4% w9t

ACKNOWLEDGEMENT

B IRETR)E meset ST Ao A9
2 ol gaEl 39 At Amdish $AARINo.

=

LINC3.0)2] @A77 vt



964 / November 2025

REFERENCES

Han S. H., Choi B. L., (2023), A study on the structural
improvement of ligation parts of a polymer clip blood vessel
ligator, Journal of Korean Society of Precision Engineering,
40(8), 593-598.

Hue, C. S., Kim, J. S., Kim, K. H., Nam, S. H., Kim, K. W,,
(2013), The usefulness and safety of Hem-o-lok clips for the
closure of  appendicular during  laparoscopic
appendectomy, Annals of Surgical Treatment and Research,
84(1), 27-32.

stump

Kirag M., Tung L., Deniz N., Biri H., (2013), The use of

titanium  ligation clips in  microsurgical  subinguinal

varicocelectomy, Turkish Journal of Urology, 39(1), 29-34.

Park, D. J., Kim, B. G, Jeong, I. D., Kim, G. Y., (2018), Silent
invasion of Hem-O-Lok clip, Annals of Surgical Treatment and
Research, 94(3), 159-161.

Jang, J. W,, Jun, J. H,, Lee, D. K., Kim, H. Y., Doh, Y. S., Baek,
I. H., Jung, S. H., (2021), Recurrent cholangitis due to hem-o-lok
clip migration after laparoscopic common bile duct exploration
treated with endoscopic retrograde cholangiopancreatography,
The Korean Journal of Pancreas and Biliary Tract, 26(3), 195-
199.

Xu, W, Frank, T. G, Stockham, G., Cuschieri, A., (1999), Shape
memory alloy fixator system for suturing tissue in minimal
access surgery, Annals of Biomedical Engineering, 27, 663-669.

Tiniko, (2024), Non-absorbable implantable clip performance
report.

ASTM F2516-18, (2018), Standard Test Method for Tension
Testing of Nickel-Titanium Superelastic Materials.

Sang Wook Lee

Professor in the Department of Mechanical
Engineering, Soonchunhyang University.
His research interests are shape memory
alloy applications, nonlinear FE analysis,
plastic metalworking.

E-mail: swlee@sch.ac.kr

Jae Hoon Kim

B.S. in the Department of Mechanical Engi-
neering, Soonchunhyang University.
E-mail: wognsdnls@naver.com

Jae Sung Cha

B.S. candidate in the Department of
Mechanical Engineering, Soonchunhyang
University.

E-mail: cik822(@naver.com

Ji Hoon Kang

Ph.D. in Materials Science and Engineering
and Powder Metallurgy, University of
Ulsan. His interests include industrial and
medical applications of shape memory
alloys and superelastic materials.
tiniko.co.kr

E-mail: hunywell@gmail.com



	Structural Analysis of a Cylindrical Superelastic Shape Memory Alloy Ligation Clip
	1. 서론
	2. 원통형 결찰 클립 구조 및 수식화
	3. 유한요소해석 결과 및 토론
	4. 결론
	REFERENCES


