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In order to permit a large deflection, three lamina emergent torsional flexure hinges are reconfigured to create a new triple LET-
type flexure hinge (TLET) in this paper. �e TLET consists of flexure hinges in a series coupled with others in parallel con-
figuration.�is arrangement is aimed to enhance the displacement of the joint. �e proposed joint is capable of generating a large
displacement and a large capacity of load within safety working conditions. �e closed-form models are derived to calculate the
equivalent spring constant, rotation angle, and displacement of the proposed joint. Failure analysis of the TLET joint with different
materials is conducted by finite element analysis. �e closed-formmodels are validated by simulations and experimentations. �e
validated results are well coincided each other. �e result found that the joint achieves a maximum large displacement of
16.97mm in the x-axis with respect to a maximum load of 20N. When the joint slides a maximum displacement of 16.97mm
along the x-axis, the output displacement emerges out the z-axis up to 23.12mm, respectively. �e joint can achieve an angle
displacement of 38.92°. �e displacement of the TLET joint is 2.4 times greater than that of the traditional LET joint.�e proposed
joint is considered for engineering applications where a large working stroke and a large capacity of load are expected.

1. Introduction

Laminar emergent mechanism (LEM) is a subbranch of
compliant mechanisms (CMs). LEM’s functions are similar
those of CMs which transfer force, motion, and energy [1–6].
CMs can be manufactured by the 3D printing technique,
wire discharged machining process, or CNCmachine from a
solid [7, 8]. Unlike CMs, LEM is fabricated from a sheet
material with plastic or metal lamina material [9]. CM’s
motions are often in a fabrication plane while LEM’s motion
is emerged out the fabrication plane. When compared with
traditional rigid-body mechanisms, LEMs take benefits of
CMs, e.g., monolithic and simple fabrication process,
compact size, lightweight, reduced assemble components,
free friction, no lubricant, and reduced wear [10–14]. LEM is
considered as a mechanism where its functions are similar to
a transmission mechanism, e.g., four bar mechanism,
spherical LEMs [15, 16], slider crank mechanism [17, 18],
and bistable collapsible compliant mechanism [19]. Due to

the aforementioned advantages, the LEMs have been widely
utilized for a variety of engineering applications, e.g., au-
tomobile industry, electronic industry, biomedical engi-
neering, rescue equipment, micro-electromechanical
system, cellphone and tablet holder, card syringe, lift table,
multilayer shoes, solar panel, and membrane switch [18].

Over the past decade, the difficult challenge in designing
LEMs is how to design a flexure hinge with a large deflection.
For engineering applications in plane and space, a well-
designed flexure hinge should not provide a large deflection
or a large rotating angle but it should ensure without plastic
failures. In order to solve this situation, several researches
focused on developing new shapes of flexure hinges. A basic
research of membrane-enhanced LEMs for surrogate folds
was developed [20], and LEM’s joints were recommended
for credit card [21]. In the light of resolving the LEM’s
challenges, RUFF and TUFF flexure hinges were investigated
[22]. To expand the family of lamina emergent torsional
(LET) joints, researchers developed LET joints with a large
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displacement such as ODLET [23], LET array for circuit
board product [24], and spatial LET joints [25, 26]. In order
to analyze behaviors of a LEM’s flexure hinges, several
methods have been developed, including the closed-form
model [24], compliance matrix method [25, 27, 28], semi-
analytic model [29], finite element method [30], and pseudo-
rigid-body model [31]. Besides, researches proposed ad-
vanced analytical methods to model a nonlinear relation of
load versus displacement, e.g., analytical models for spatial
compliant parallel modules [32], a simplified pseudo-rigid-
body model method for spatial multibeam modules [33],
position- and space-based design of a symmetric spatial
compliant mechanism [34], nonlinear kinetostatic model-
ling for parallel manipulator [35], and normalization-based
approach [36].�ese techniques are still effective in solving a
large deflection of flexure hinges. In the present article, a
closed-form model based on the beam theory is adopted to
analyze the performances of the TLET joint.

It is noted that a LET joint has a very thin-thickness in a
fabrication plane and can result in a plastic deformation
failure, fatigue damage, creep, and buckling phenomenon.
�erefore, designing and analyzing for those behaviors of
LET joint are critical task. With a fast development of an
advanced human-machine interaction, robot end-effectors
desire a large working stroke, a large rotation angle, a simple
structure, and a safety operation. In order to meet such
demands, a new class of LET joint is proposed in this article.
�e joint can permit a large displacement, wide capacity of
load, and safety working condition. �e joint has a potential
application for the developed stage for deployable
mechanisms.

�e new contributions of this paper are to design and
analyze a new triple LET joint (TLET) that is capable of
allowing a large range of stroke and wide range of loads with
no failures. �e structure of proposed joint is constructed by
connecting three LET hinges in an array by coupling them in
series and parallel configuration. Subsequently, this work
formulates closed-form models so as to calculate the
equivalent spring constant. Based on the established equa-
tions, force-displacement curve and torque-angle displace-
ment curve are described. �e failure analyses of the triple
LET joint are conducted through different materials. �e
closed-form models are then validated by finite element
analysis and experiments. Finally, behaviors and perfor-
mances of the TLET joint are compared with those of a
conventional LET joint.

2. Design of the TLET-Type Flexure Hinge

In order to make a large displacement range when subjecting
loads, this study proposes a new LET array, named TLET
joint, as demonstrated in Figure 1. Generally, a number of
LETs may be designed with two ones; however, when a LET
with large displacement is required, the number of LETs
should be raised. An array of coupled LETs is varied to
change the displacement or stiffness. In this study, the TLET
joint includes three coupled LETs is chosen to investigate the
performances of an array of LETs. Based on a LETarray, the
proposed joint achieves a large displacement in the x-axis

(in-of-fabrication plane), a wide range of load, a large dis-
placement in the z-axis (out-of-fabrication plane), and a
large rotation angle around the y-axis. Under a torque T
around the y-axis, the TLET-type flexure hinge can subject a
torsional deformation and a rotating deformation, simul-
taneously. TLET joint consists of torsional links 1, 2 and
bending links 1, 2, respectively. By taking advantages of such
series and parallel arrangement, a stroke along the x-axis and
an angular displacement around the y-axis are enhanced.
�e proposed hinge includes thickness t, width w, length l,
and other geometrical parameters of torsional links and
bending links, as shown in Figures 1 and 2. Table 1 gives
main geometrical parameters of the joint. Summarily, the
joint is proposed in terms of a large capacity of loads, a large
displacement, and a large angular displacement without
plastic deformation and buckling phenomenon failure.

As illustrated in Figure 2, the TLET joint has a sym-
metrical configuration about the horizontal and vertical
directions (red dash lines). �e lengths of torsional link 1
and torsional link 2 are lT1 and lT2, respectively. �ese di-
mensions are equal to each other. �e width of two torsional
links are named aswT1 andwT2, respectively. Meanwhile, the
lengths of two bending links 1 and 2 are assigned as lB1 and
lB2, respectively. �e width of bending links is wB1 and wB2,
respectively. �e following list is the details of design
parameters.

lT1: length of torsional link 1

lT2: length of torsional link 2

lB1: length of two bending link 1

lB2: length of two bending link 2

wB1: width of bending link 1

wB2: width of bending link 2

wT1: width of torsional link 1

wT2: width of torsional link 2

w: width of the TLET joint

t: thickness of the TLET joint

l: length of the TLET joint

Boundary conditions are included as follows: com-
pression load, F, is applied at point A along the x-axis to
cause a compressive displacement (x-displacement) and an
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Figure 1: 3D model of the TLET joint.
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out-of-plan emerged displacement (z-displacement). Tor-
sion load, T, which is used to achieve the out-of-plane
motion, is exerted a moment about the longitudinal axis of a
torsional segment (the y-axis), at point B.

3. Closed-Form Modelling

In order to analyze the behaviors and performances of the
TLET joint, the equivalent equations of spring constants are
determined. Each of bending links and torsional links can be
simplified as the bending and torsional springs because each
segment is assumed as an elastic spring. �erefore, a
schematic diagram of the stiffness of proposed TLET joint is
assumed to be equivalent to elastic springs in series and
parallel connections, as depicted in Figure 3. Whole stiffness
of TLET joint can be classified into the one of spring’s
systems I, II, and III, where the bending link 2 is connected
among these three systems.

Based on the connections in Figure 3, the equivalent
stiffness system of TLET joint is described, as in Figure 4.

Based on the diagram in Figure 3, a set of springs, in-
cluding kT1, kB1 and kT2, are arranged in a series, and then
they are arranged in a parallel spring system, labeled I.
Considering a top side of the system I which includes three
springs KT1, KB1, and KT2 arranged in series, their equivalent
stiffness is determined as follows:

keq−topside−I �
kT1kB1kT2

kB1kT2 + kT1kT2 + kB1kT1
, (1)

where keq-topside-I, kT1, kB1, and kt2 represent the equivalent
stiffness of topside of spring’s system I, stiffness of torsional

link 1, stiffness of bending link 1, and stiffness of torsional
link 2, respectively.

As given in Figure 3, the bottom side of the system I is
similar to the top side of this system. �erefore, total
equivalent stiffness of the spring’s system I is computed
as

KeqI � 2
kT1kB1kT2

kB1kT2 + kT1kT2 + kB1kT1
, (2)

where KeqI depicts total equivalent stiffness of the spring’s
system I.

In a similar way, the equivalent stiffness of a top side of
spring’s system II is determined by

keq−topside−II �
kT2kB1

2kB1 + kT2
, (3)

where keq-topside-II, kT2, and kB1 are the equivalent stiffness of
topside of spring’s system II, stiffness of torsional link 2, and
stiffness of bending link 1, respectively.

As a whole, the equivalent stiffness of the spring’s system
II is computed as

KeqII � 2
kT2kB1

2kB1 + kT2
, (4)

where KeqII depicts total equivalent stiffness of the spring’s
system I.

According to Figure 3, total equivalent stiffness of the
spring’s system III is equal to the equivalent stiffness of
spring’s system I, which is determined by

KeqIII � 2
kT1kB1kT2

kB1kT2 + kT1kT2 + kB1kT1
, (5)

where KeqIII represents the total equivalent stiffness of the
spring’s system III.

As shown in Figure 4, all springs are arranged in series
and parallel connections. Based on this assumption, the
equivalent spring constant, Keq-TLET, of the TLET-type
flexure hinge is described as

1

Keq−TLET

�
1

KeqI

+
1

kB2
+

1

KeqII

+
1

kB2
+

1

KeqIII

. (6)

Hence, total equivalent spring constant of whole TLET-
type joint is determined by

Keq−TLET �
KeqIKeqIIkB2

2kB2KeqII + 2KeqIKeqII +KeqIkB2
, (7)

where the stiffness of bending element 1, bending link 1, and
bending link 2 are calculated by

kB1 �
EwB1t

3

12LB1
,

kB2 �
EwB2t

3

12LB2
,

(8)

where E is Young’s modulus.
�e stiffnesses of torsional link 1 (kT1) and torsional link

2 (kT2) are computed by
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Figure 2: Geometrical dimensions of the TLET joint.

Table 1: Dimension of the TLET-type flexure hinge (unit: mm).

Symbol lT1 lT2 lB1 lB2 wB1 wB2 wT1 wT2 w t l

Value 49 49 14 10 2 8 2 2 107 1 60
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LT2
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t

wT2
1 −

t4

12w4
T2

( )[ ],
(9)

where

G �
E

2(1 + v)
, (10)

where G is the modulus of rigidity and v is Poisson’s ratio.
A relation between the input load in the x-axis versus the

corresponding output displacement of the TLET joint is
computed by

Δ � F

Keq−TLET

, (11)

where F is the load and Δ represents the displacement of the
TLET joint along the x-axis.

By subjecting a pure torque around the y-axis, the ro-
tation angle of the TLET joint is determined by

θ �
T

Keq−TLET

, (12)

where θ represents the rotation angle of the TLET-type
flexure hinge.

4. Analysis of Failures

During the working process of the TLET joint, obstacles/
restrictions appear such as damage, creep, buckling, plastic,
and fracture. �ese are undesired failures. Among afore-
mentioned failures, the plastic deformation failure and the
buckling phenomenon are the two most important failures
which need to be resolved for the TLET hinge. �e proposed
joint can safely work within an elastic limitation of the

material. �erefore, this section features various types of
failures (plastic deformation and buckling phenomenon) so
as to guarantee a safety working operation for the TLET
joint.

4.1. Plastic Deformation Failure. �e TLET hinge can fulfill
the practical application if it works under the elastic area of
the specific material. �e purpose of the failure analysis is to
guarantee a reliable working condition for the joint. Hence,
stress limit and range of deformation of the joint are con-
sidered in this section. As known, if the resulting stress of the
TLET joint is far higher than the yield strength of proposed
material, the TLET joint is failed with plastic deformation
failure. �erefore, selecting a proper material in terms of a
large displacement and a large range of loads are the critical
aspects, which are considered in this paper.

In order to explore this analysis, behavior and perfor-
mance of the TLET joint which were made by structural
steel, stainless steel, acrylonitrile butadiene styrene (ABS),
polyethylene, and AL T73-7075 were compared with each
other. �e finite element method was adopted before fab-
ricating a physical prototype. A 3-D model was created, and
the finite element analysis was implemented by ANSYS 18.1
software. �e face method was adopted for meshing the
model. A nonlinear condition was applied for this analysis.
Solid185 element was chosen, and the model was refined so
as to guarantee a convergent result, as depicted in Figure 5.
�e results retrieved that the number of nodes is 38063 and
the number of elements is 17559. In order to ensure stability
and accurate result of the simulations, an extra refinement
for the meshed model was carried out at each three LET
hinges. �e results showed that the meshing quality is rel-
atively good because average Skewness value is 0.48741. �e
mechanical properties of each material for the simulations
were given, as in Table 2. �e failure analysis for each
material was aimed to identify the maximum load, maxi-
mum stress limitation, and maximum displacement of the
TLET joint. In all cases, the von Mises stress was considered.
�e boundary conditions and load, Fx, along the x-axis were
setup, as depicted in Figure 5.

Made with structural steel, the TLET hinge could bear a
maximum load of 11N along the x-axis. Under this load, the
TLET hinge could move a maximum displacement of
3.34mm along the x-axis and a maximum von Mises stress

kT1 kB1

kT1 kB1

kT2

kT2

kT2 kB1

kB2 kB2

kT2 kB1

kT2

kT2

kT1 kB1
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kT2

kT2

I II III

Figure 3: Schematic diagram of stiffness of the TLET-type flexure hinge.

kB2 KeqIIKeqI KeqIIIkB2

Figure 4: Schematic diagram of equivalent stiffness of the TLET-
type flexure hinge.
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of 236.54MPa which was less than the yield strength of the
structural steel (250MPa). Using the stainless steel, the
TLET joint could bear a maximum load of 9N and achieve a
maximum displacement of 2.83mm along the x-axis and a
maximum stress of 193.57MPa. �is value of stress was far
less than the yield strength of the stainless steel (207MPa), as
given in Table 2. By using the ABS material, the proposed
joint could subject a maximum load of 2N, a maximum
displacement of 52.84mm, and a maximum stress of
42.4MPa which was still lower than the yield strength of ABS
(43.6MPa). And then, using polyethylene, the proposed
TLET could bear a maximum load of 1N and move a
maximum displacement of 55.22mm. �e maximum stress
was about of 21.12MPa which was smaller than the yield
strength of polyethylene (25MPa).�e results found that the
above-used materials guarantee a reliable and safety work
conditions for the TLET joint. Although the TLET joint
allows a large working stroke, it only bears a maximum load
up to 11N, as given in Table 2. However, this study si-
multaneously considered the behaviors in terms of a large
bearing capacity of load and a large working stroke for the
proposed TLET joint. Subsequently, AL T73-7075 would be
an alternative material to be considered for the TLET joint.

Made with AL T73-7075, the displacement of the TELT
joint was 16.97mm along the x-axis when a load of 20N
acted at the free end. �e resulting von Mises stress was
about 428.36MPa. �is stress was far lower than the yield
strength of AL T73-7075 (503MPa), as given in Table 2.�is
ensures a reliable work condition for the TLET hinge
without plastic deformation failure. �en, an increase of the
load’s value was up to 25N, the TLET hinge could move a
displacement of 21.21mm but the resulting stress is about
535.45MPa which was far greater than the yield strength of
AL T73-7075. At the load value of 25N and above, the TLET
joint failed to ensure reliability. Hence, the TLET joint with
AL T73-7075 only ensures reliability with a maximum load

of 20N without failure. �rough the aforementioned dis-
cussion, Al T73-7075 was chosen to fabricate a physical
model of the TLET joint by wire electrical discharge ma-
chining (WEDM), as depicted in Figure 6(a). �e me-
chanical properties of Al T73-7075 are given in Table 3.
Figure 6(b) illustrates the deformation of the TLET-type
flexure hinge. To sum up, the TLETcould move a maximum
stroke 16.97mm along the x-axis.

4.2. Analysis of Buckling Behavior. �e first two buckling
modes are investigated in this section. Under the load, F,
along the x-axis, the TLETjoint is compressed a displacement.
At the same time, the out-of-plan displacement in the z-axis
occurs. �e buckling phenomenon also appeared herein. �e
first two modes of buckling behavior are analyzed to retrieve
the multiplier load. �e first two multiplier loads are smallest
among all buckling modes, and therefore these first loads are
easy to cause the buckling. So, the first two models of the
buckling behavior are considered to determine the first two
multiplier loads in this study. For a cantilever column, critical
buckling load, Pc, can be determined [37]:

Pc �
EIπ2

4l2
, (13)

where E is Young’s modulus, I parameter notes second
moment of area, and l is the length of a joint. Besides, the
equation for the critical buckling load can be simplified as

Pc � λ × PI, (14)

where λ is the eigenvalue or multiplier load.
By reusing the maximum value of load for each material

in Table 2, the TLET joint might be subjected a buckling
behavior. Using the finite element analysis, the multiplier
load, λ, for the TLET hinge with different materials was
analyzed, as provided in Table 4. �e results of this table

Table 2: Failure analysis of the TLET joint with various materials.

Material
Yield strength σy

(MPa)
Young’s modulus

(MPa)
Max. load

(N)
Max, stress σ

(MPa)
Displacement

(mm)
Comparison

Structural steel 250 200000 11 236.54 3.34 σy> σ
Stainless steel 207 193000 9 193.27 2.83 σy> σ
ABS 43.6 2300 2 42.40 52.84 σy> σ
Polyethylene 25 1100 1 21.12 55.22 σy> σ
Al T73-7075 503 71700 20 428.36 16.97 σy> σ

Fx

y
x

Figure 5: �e meshed model of the TLET joint.
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show that the values of multiplier load of the TELTwith AL
T73-7075 are lower than that of structural steel and stainless
steel but larger than that of ABS and polyethylene, re-
spectively. �e results of the first two buckling modes for
different materials are given in Table 4.

5. Behavior Comparison of the TLET-Type
Flexure Hinge and the Traditional LET

�e validity for the closed-form models would be validated
by generating the simulations and experimentations in this
part. �e errors between the theory, simulation, and ex-
periment were calculated.

�e error between the theory and simulation was cal-
culated by

εa �
psimu − ptheo

∣∣∣∣ ∣∣∣∣
psimu

∗ 100. (15)

�e error between the theory and experiment was
computed by

εb �
pexp − ptheo

∣∣∣∣∣ ∣∣∣∣∣
pexp

∗ 100, (16)

where εa is the error between the theory and simulation, εb is
the error between theory and experiment, Psimu is the

(a) (b)

(c)

Figure 6: Physical model and deformation of the TLET joint: (a) prototype, (b) deformation in the x-axis, (c) deformation in the z-axis.

Table 3: Mechanical properties of Al T73-7075.

Young’s modulus (MPa) Yield strength (MPa) Poisson ratio Density (kg/m3)

71700 503 0.333 2770

Table 4: Results of the buckling behavior for various materials.

Multiplier load Structural steel Stainless steel ABS Polyethylene Al T73-7075

λ of mode 1 0.34 0.40 0.02 0.02 0.06
λ of mode 2 2.64 3.09 0.15 0.15 0.51
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simulation’s value, ptheo is the theoretical value, and pex is the
experimental value.

In this study, the finite element analysis was imple-
mented under the nonlinear conditions.

�e results of Table 5 show that the error between the
theory and simulation is around 3.5%, while the error be-
tween the theory and experiment is about 5.1%.�ese errors
are caused from the approximately analytical model, error of
meshing, error of finite element approximation, and error of
fabrication and machine.

�e rotation angle of the TLET hinge was recorded
through simulations and theoretical calculations. Table 6
indicates that the errors between simulation and closed-
form model are approximately 3.8%. It validates the cor-
rection of the established closed-form modelling. Figure 7
illustrates a coincidence between the simulations and the-
oretical results. By increasing the moment up to 248N·mm,
the results found that the TLET hinge can rotate a maximum
rotation angle of 38.92 degrees with a moment of 248N·mm
around the y-axis without failures.

In order to consider the highlight behavior and perfor-
mances of the proposed TLET hinge, its behaviors would be
compared with those of a traditional LET joint. �e di-
mension of the LET joint includes length of 60mm and height
of 107mm. �ese dimensions are equal to the proposed
TLET. Figures 8(a) and 8(b) give a CAD-model and a physical
model of the traditional LET flexure hinge, respectively. �e
prototype of the LET joint was fabricated by the WEDM
technique. A behavior comparison of the traditional LETwith
the proposed TLETwould be analyzed, as shown in Figure 9.

Before implementing a comparison of the performances
of the TLET versus the traditional LET joint, data are
normalized. In this study, min-max normalization is used to
scale the data between zero and unit. Normalizing equation
is defined as

zi �
xi − xmin

xmax − xmin

, (17)

where zi is the normalized data in range from 0 to 1 and xi,
xmin, and xmax are ith data point, minimum value, and
maximum value of data, respectively.

Figure 9 depicts a comparison of the performances of the
TLET hinge and the traditional LET flexure hinge. �e
results confirmed that the displacement of the TLET hinge is
2.47 times greater than that of the traditional LET hinge.�e
results found that performances of the designed flexure
hinge are superior to those of the traditional one. If the
thickness of the traditional one is reduced, its output dis-
placement will be improved, but the output displacement of
the proposed TLET is also better because the proposed
flexure hinge is an array of three flexure hinges.

Considering the buckling phenomenon, the results
found that the buckling multiplier (mode 1) of the TLET
hinge is smaller than that of the traditional LET hinge, as
given in Figure 10.

When the TLET subjects a compressive load along the
x-axis, the TLET moves along the x-axis, and at the same
time, it emerges out the z-axis. It means that a displacement
point in the x-axis corresponds to that in the z-axis.
�erefore, a relation between the input displacement of the
TLET hinge along the x-axis and the output displacement
along the z-axis (out-of-plane emerged motion) is de-
scribed, as given in Figure 11. �e result revealed that when

Table 5: Comparison of displacement in the x-axis of TLET: theory, simulation, and experiment.

Load (N) 2 4 6 8 10 12 14 16 18 20

Δ-theory (mm) 1.63 3.27 4.91 6.54 8.18 9.82 11.46 13.10 14.74 16.38
Δ-simulation (mm) 1.69 3.39 5.09 6.78 8.48 10.18 11.88 13.57 15.27 16.97
Δ-experiment (mm) 1.55 3.11 4.67 6.22 7.78 9.34 10.90 12.45 14.01 15.57
εa (%) 3.5
εb (%) 5.1

Δ represents the displacement along the x-axis

Table 6: Comparison of bending angle of TLET around y-axis: theory, simulation, and experiment.

Torque (N·mm) 1 2 3 4 5 6 7 8 9 10

θ-theory (degree) 0.15 0.31 0.47 0.62 0.78 0.94 1.09 1.25 1.41 1.56
θ-simulation (degree) 0.16 0.32 0.49 0.64 0.81 0.98 1.13 1.30 1.47 1.62
εa (%) 3.8

θ represents the angle displacement around the y-axis
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Figure 7: Comparison of the rotation angles between the theory
and simulation.
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the TLET hinge can move a range from 1.69mm to
16.97mm along the x-axis, while the output emerged
displacement of the TLET out the z-axis from 5.00mm to

23.12mm, respectively. To sum up, the TLET-type flexure
hinge can achieve a large working stroke of 16.97mm along
the x-axis and a large stroke of 23.12mm along the z-axis,
respectively. �e behaviors of the proposed TLET hinge are
far greater than those of the traditional LET hinge. �e
proposed joint with a LET array would be a proper can-
didate where there are large deformation and good capacity
of load.

6. Conclusions

�is paper proposed a new flexure hinge, the triple lamina
emergent torsional joint. By reconfiguring three LET flexure
hinges in an array of series and parallel configuration, the
proposed TLET joint was able to permit a large displace-
ment, a large range of load bearing capacity, and safety
working condition without failures. �e closed-formmodels
for expressing the equivalent spring constant of the TLET
hinge were deduced. By using the established equations, the
force-displacement curve was illustrated and the rotation
angle of the TLET joint was calculated. �e overall stiffness
was modeled via the analytical approach. �en, finite ele-
ment analysis was used to verify the behavior of the joint in
terms of deformation, maximum stress, and buckling in-
stability for different materials.

l = 60mm
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m

(a) (b)

Figure 8: A traditional LET: (a) CAD model; (b) physical model.
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Figure 9: Comparison of the displacement between the LET joint
and the TLET joint.
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Since the TLET hinge only works in an elastic limitation
of specific material, the analysis of failures for the joint was
discussed. Several regarded materials for the TLET joint,
such as structural steel, stainless steel, ABS, polyethylene,
and Al T73-7075, were investigated and compared. �e
plastic deformation failure and buckling behavior of each
case were analyzed. Al T73-7075 was chosen for the TLET
joint. While the input displacement of 16.97mm acted to the
free end of the TLETalong the x-axis, the joint could achieve
a large deformation over 23.12mm where its motion was
emergent out the out-of-fabrication plane. In terms of a large
displacement range and wide range of load, the TLET joint
was capable of gaining the maximum displacement of
23.12mm in the z-axis, the maximum displacement of
16.97mm in the x-axis, and a wide capacity of load up to
20N without failures. �e results show that the TLET joint
can achieve rotation angle of 38.92 degrees around the y-axis
without failures. Compared with the simulations and ex-
perimental results, the results of validation indicated that the
error between theory and simulation is around 4%; mean-
while, the error between theory and experiment is about 5%.
�ese results were in well agreement with each other. It
means that the closed-form models were valid so as to
express the equivalent stiffness of the TLET flexure. In
comparison with a traditional LET joint, the results found
that the displacement of the TLET joint is 2.47 times greater
than that of the traditional LET hinge.�e TLET joint can be
utilized for engineering applications where a large working
stroke and a wide range of load are desired.

Future research topic will focus on analyzing a center sift
of TLET, and an extra number of physical experiments are
conducted to validate the theoretical models and
simulations.
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