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Introduction   

 Conventional tensile testing allows 
researchers to determine basic mechanical 
properties of materials.  In this study, a 
coronary stent was tested using the 
Hysitron nanoTensileTM 5000, a state-of-
the-art tensile testing instrument, to                   
. 

Figure 1.  Plots of Z-force vs. displacement, X-force 
vs. time, and Y-force vs. time during tensile test of 
stent with corresponding optical micrographs taken at 
specific times during test.  (A) Mounted stent with 
stage coordinates.  (B, C) First visible stent 
deformation corresponding to drop in Z-, X-, and Y-
force.  (D, E) Highly-deformed stent, seconds before 
fracture of highlighted strut; Z-, X-, and Y-forces are 
all steadily increasing.  (F, G) Highly-deformed stent, 
seconds after fracture of highlighted strut; 
corresponding Z- and X-forces decrease at strut 
fracture point whereas corresponding Y-force 
increases at strut fracture point. A B D E G F 
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demonstrate its three-dimensional force 
sensing capability.  The lateral force sensing 
capability of the nanoTensileTM 5000 allows 
users to monitor subtle, yet important, 
changes in X- and Y-force that would 
otherwise be undetected with a conventional 
tensile tester.  This additional data provided 
by the three-dimensional force sensing 
technology can provide researchers with 
exceptional insight into important 
deformation and failure mechanics of 
materials. 
 
Experimental Procedure 
 

 A segment of a coronary stent was tested 
using a nanoTensileTM 5000 tensile testing 
instrument with a 10 N maximum load head.  
The nanoTensileTM 5000 instrument has two 
operating modes: Small Displacement mode 
with a maximum extension range of 80 µm, 
and Large Displacement mode with a 
maximum extension range of 150 mm.  In 
this study, Large Displacement mode was 
utilized.   
 The stent was made of electropolished 
316L stainless steel with a wall thickness of 
130 µm and a strut width of 80 µm.  The 
stent was mounted using a custom stent 
holder and was pulled at a constant velocity 
of 10 µm/s. 
 
Results and Discussion 
 

 Plots of Z-force versus displacement, X-
force versus time, and Y-force versus time 
results from the tensile test on the stent are 
shown in Figure 1.  Corresponding optical 
micrographs taken at specified times during 
the test are also shown in Figure 1 and are 
denoted by sub-figures A-G. 
 Figure 1-A shows the mounted stent 
segment with lateral force measurement 
coordinates prior to testing. 
 Figures 1-B and 1-C show the first 
visible stent deformation at test times of 22 
and 36 seconds, respectively, which clearly 
correspond to significant decreases in Z-, X-, 
and Y-forces. 
 Figures 1-D and 1-E show the highly-
deformed stent at test times of 282 and 296 
seconds, respectively, just seconds before       
the fracture of the highlighted strut.  Moving 
. 

from Figure 1-D to 1-E, the highlighted strut 
becomes slightly more axially aligned as the 
Z-, X-, and Y-forces are all steadily 
increasing with increasing time and 
displacement. 
 Figures 1-F and 1-G show the highly-
deformed stent at test times of 302 and 308  
seconds, respectively, just seconds after the 
fracture of the highlighted strut.  Moving 
from Figure 1-E to 1-F, the highlighted strut 
position has changed from becoming more 
axially aligned to being fractured at the upper 
portion of the strut segment, allowing 
stresses to be relieved as the strut bends 
about its lower segment portion counter-
clockwise in the negative X-direction.  
Examination of the Z-, X-, and Y-forces 
during the time period from event E to F 
shows significant Z- and X-force drops and a 
slight Y-force increase.  The lateral force 
changes caused by the strut fracture are 
clearly monitored by the lateral force sensing 
capability of the nanoTensileTM 5000.  The Z-
force, the only directional force sensed by 
conventional tensile testers, does not capture 
this significant direction-dependent force 
change. 
 
Summary 
 

 A coronary stent was tested using the 
nanoTensileTM 5000.  The three-dimensional 
force sensing capability of the instrument 
captured a unique lateral direction-dependent 
event during testing, which corresponded to 
optical identification of a directional stent 
strut fracture.  Unlike a conventional tensile 
testing instrument, the nanoTensileTM 5000 
offers an innovative lateral force sensing 
capability that can provide researchers with 
unique insight into significant deformation 
and failure mechanics of materials. 
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