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A B S T R A C T   

Sutural composites have been widely adopted as structural components in various engineering applications. In 
this work, a series of sutural sandwich beam were prepared by integrating the magneto-rheological shear stiff-
ening gel (SSG) and 3D-printed face sheet material. The structural stiffness of beam samples with different su-
tural interface was tested. It could be found that the sutural interface geometry showed significant influence on 
the structural stiffness. Due to the specific viscoelastic property of SSG material, the damping ratio of the beam 
could be improved with the sutural interface. Meanwhile, benefitted from the rate-dependent stiffening and 
magneto-rheological properties of the SSG core, the sandwich beams exhibited passive and active vibrations 
suppression capacities. A theory model about the transmission of the beam with SSG core under external vi-
bration excitation was carried out to explain the experimental results. This work proved that the sutural interface 
could be adopted as a promising strategy to improve the structural stiffness and vibration control capability of 
the sandwich beam, which was every important in the application of many industry fields.   

1. Introduction 

Biological materials have attracted much attention because they 
provide excellent solutions to balance the stiffness, strength and 
toughness via sophisticated microstructures [1–4]. Natural composites 
can evolve into optimal architectures to achieve different biological 
functions such as loading transmission [5], energy absorption [6] and 
penetration resistance [7]. Among these diverse geometries, sutural 
interfaces have been widely studied because of its designable mechan-
ical principles [8–11]. Generally, sutural composites are composed of 
two stiff skin face sheets and soft core materials [12]. The mechanical 
properties significantly depend on the structural materials and interface 
geometry design. Tounsi el al. [13–15] explored the influence of mate-
rial parameters and panel geometry configurations on the characteristics 
of vibration and stress propagation in the sandwich structure. Besides, 
ambient conditions also affected its mechanical performance. M. Al- 
Zahrani el al. [16,17] investigated the vibration and wave propagation 
of the functionally graded sandwich plate in a hygro-thermal environ-
ment, revealing their reliance on moisture and temperature. Thus, by 
carefully designing the interface geometry and applying the external 
field, the mechanical properties could be artificially improved. 

Compared to conventional staggered composites, the inclined in-
terfaces of sutural composites changed the transmission mechanisms of 
stress [18,19]. Shear stress played same important role as the normal 
stress do. By designing the parameters of sutural interfaces, Li et al. 
[11,18] adopted a continuous model to analysis the equivalent stiffness 
of different sutural interfaces with the sutural shape in triangular, 
trapezoidal, rectangular, and anti-trapezoidal waveforms, etc. Further-
more, Yu et al. [20] developed an analytical model to analyze the effect 
of visco-elastic properties of core material on the dynamic mechanical of 
sutural composites. Jia et al. [21] compared the toughness of different 
biomimetic architected materials under impact loading case. The above 
results show that appropriate structural design and material selection 
for the sutural interface could effectively improve the mechanical 
properties of sutural composites. 

Natural sandwich composites are always exposed to various envi-
ronmental stimulus. Large numbers of researches have pointed out that 
appropriate stiffness ratio of stiff skin and soft core can effectively 
improve the dynamic behaviors of sandwich composites[22–24]. To 
obtain higher structural stiffness or higher damping factors, various 
smart materials, such as artificial suspensions and gel composites, were 
used as core materials to achieve higher mechanical performance under 
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different external excitation in engineering application. Here, the shear 
stiffening gel (SSG), a kind of hybrid polyboronsiloxane with typical 
rate-dependent behaviors[25,26], was adopted as the core material. The 
rate-dependent properties of SSG would permit the sandwich compos-
ites to withstand high dynamic loading and dissipate the kinetic energy 
in short time [27,28]. 

In this work, sutural sandwich beam structures were designed. The 
skin face-sheets were fabricated by 3D printing method. SSG with 
carbonyl iron particles was adopted as the core material. Rheological 
tests were conducted to characterize the viscoelastic properties of SSG. 
Three-point bending tests were performed to investigate the flexural 
stiffness and rate-dependent behaviors of sutural composites. To inves-
tigate the vibration behaviors of sutural composites, the sutural com-
posite structures were excited in harmonic modes and its dynamic 
characteristics were monitored. And in the end, the effects of the mag-
netic field on the dynamics behaviors were explored for the future 
application in active control device. Our studies pointed out that the 
appropriate design of sutural interface could effectively improve the 
suppression capacity of structural composites on vibration. 

2. Experiments and characterization 

2.1. Materials and preparation 

The raw materials of SSG included as follows: boric acid, caprylic 
acid (Sinopharm Chemical Reagent Co.Ltd, Shanghai, China), hydroxyl 
silicone oil (500 mm2/s, AR degree, Jining Huakai Resin Co.Ltd), 
carbonyl iron particles (CIPs, type CN. BASF, Germany). The boric acid 
and silicone oil were mixed at the mass ratio of 1:15 and heated at 
180 ◦C for 2 h. 15 μl caprylic acid was poured into every 100 g sus-
pensions (Fig. 1a). After another hour of heating, CIPs were added into 
the paste with the mass ratio of 50% (Fig. 1b). Then, the magneto-
rheological SSG was obtained. Polydimethylsiloxane (PDMS) was 
adopted as control group to ensure the influence of SSG. 

The skin facesheets were printed using polylactic acid (PLA) by a 3D 
printer (Creator 3, Flashforge Co., China). The sizes of specimens were 
shown in Fig. 2. The thickness of sutural composites was 20 mm. The 
length and width were 180 mm and 20 mm, respectively. The height of 
slant waveform was 9.6 mm. By adjusting the numbers of triangular 
waves, the vertex angles θ ranged from 30◦, 45◦, 60◦ to 180◦. 

2.2. Characterization 

The rheological behaviors of SSG were tested by a commercial 
rheometer (Physica MCR 302, Anton Paar Co., Austria). Parallel plate 
was adopted to test the rate-dependent and magnetic dependent be-
haviors of SSG. Sample specimens were molded into a circle plate with 1 

mm in height and 20 mm in diameter. Magnetic field was generated by a 
programmable power supply (ITECH Electronic Co. Ltd, China). 

Three-point bending tests were conducted by a universal testing 
machine (Fig. 3) (MTS criterion 43, MTS System Co., America). The 
compressive speeds were controlled at 0.04 mm/s, 0.20 mm/s, and 1.00 
mm/s, respectively. The radius of indenter was 8 mm. 

The forced vibration experiment was conducted to investigate dy-
namics characteristics of the sutural composite structure. Two identical 
beam specimens were fixed in the testing devices as shown in Fig. 4, 
which were fixed at the middle of the vibration source with plugs. The 
fixed length was 10 mm and the free length was 170 mm. Three piezo- 
electric acceleration sensors were fixed at the free end, the middle and 
the fixed end of the beam specimen to monitor the motion of different 
points. Furthermore, a parallel magnetic field was generated by a pair of 
permanent magnets (Fig. 4a). By changing the distance of magnets, the 
magnetic flux density can range from 0 to 0.3 T. All sensor data were 
gathered synchronously by a digital acquisition system, including a 
charge amplifier (Mode YE5853, Jiangsu Sinocera Piezotronics. INC., 
China) and an oscilloscope (Mode DPO2012B, Tektronix INC., USA). 

3. Results and discussion 

3.1. Rheological properties of SSG 

The rheological properties of SSG were firstly investigated (Fig. 5). 
The shear amplitude was 0.1% and the environmental temperature was 
controlled at 25 ◦C. The rate dependent behaviors of SSG were 
remarkable. The storage modulus of SSG was 17.86 kPa at the initial 
0.628 rad/s. When the shear rate increased to 62.8 rad/s, the storage 
modulus gradually came into plateau period. It achieved 753.93 kPa at 
628 rad/s. The typical rate-dependent behaviors could be also illustrated 
in loss modulus. The loss modulus obtained peak value, 335.82 kPa, 
when the shear rate was 9.96 rad/s. Then, it fell down to 24.98 kPa. The 
rate-dependent behaviors of SSG should be owed to the break and 
reattachment of the transient “B-O” bonds. When the shear rate was low, 
it permitted enough time for B-O bonds to break up. The gel matrix 
showed soft and deformable behaviors. As the shear rate exceeded the 
relaxation rate of B-O bonds, the motion of gel chains was hindered and 
large numbers of agglomerations were generated. The gel matrix 
became stiff. 

The enhancement of magnetic field was also remarkable. Soft mag-
netic particles were induced to agglomerate into clusters in the direction 
of magnetic field, which provided additional stress to resist deformation. 
With the increase of magnetic field from 0.1 T to 0.3 T, the storage 
modulus of SSG increased from 405.82 kPa to 790.58 kPa at 0.628 rad/s. 
Meanwhile, the loss modulus increased to 276.88 kPa. SSG still held 
rate-dependent behaviors under different magnetic field. When the 

Fig. 1. Fabrication of sutural beam composites.  
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shear rate increased to 628 rad/s, the enhancement amplitude of storage 
modulus induced by magnetic fields was 255%, 169%, and 124%. This 
unique behavior provided favorable conditions to achieve the active and 
passive adjustment of structural stiffness. 

3.2. Three-point bending tests 

The structural stiffness was tested via three-point bending device. It 
could be observed that the sutural interfaces heavily influenced the 
structural stiffness of beam specimens. Sutural angles with 45◦ and 30◦

showed remarkable enhancement. 180◦ sutural beam held nearly linear 
elastic behaviors when the deformation was smaller than 1.4 mm. Then, 
the force curve came into a plateau, which illustrated the yield and 
failure mechanical behaviors in the composite beam. Under the loading 
speed of 0.04 mm/s, the maximum deformation of 180◦ sample was 
18.92 mm, and the force capacity was 0.31 kN. Meanwhile, the 
maximum force capacity of 45◦ and 30◦ sample was 0.48 kN and 0.52 
kN. Compared to 180◦ sample, the maximum force capacity got an 
improvement of 55% and 68%. Meanwhile, the structural stiffness 
showed a growth of 94% and 116%, respectively. Under the large 
deformation, sutural interface contributed to achieve strain hardening. 
The slopes of force–displacement came to increase after the 5 mm when 
the sutural angles were 45◦ and 30◦. However, sutural angles with 60◦

showed negative influence on the structural stiffness. With the loading 
rate increased to 0.20 mm/s and 1.00 mm/s, the failure deformation 60◦

sutural beam was enlarged to 18.83 mm and 19.40 mm. 
Compared to 180◦ sample, sutural composite beam showed more 

remarkable rate-dependent behaviors under linear scope. With the 
loading speeds increased from 0.04 mm/s to 1.00 mm/s, the maximum 
force capacity of 30◦ sample increased from 0.52 kN to 0.59 kN, yet that 
of 180◦ sample held nearly constant. Fig. 6d showed the linear region of 
different samples. The stiffness of 30◦ sample was 6.48 times than that of 
180◦ sample. Meanwhile, 60◦ sample could withstand larger bending 
deformation. When the deformation was beyond 12 mm, the bending 
force of 180◦ sutural beam came to decrease with the increase of 
deformation. Remarkable strain hardening behaviors could be observed 
in 60◦ sutural beam. The tangent slope of force-distance curve of 60◦

sutural beam increased from 12.28 N/mm to 52.17 N/mm. Proper 
design of the interfaces could make for achieving high structure stiffness 
or failure strain. 

3.3. Vibration tests with cantilever beam 

To investigate the internal material damping behaviors of beam 
specimen, the functional composites in this work were excited under 
harmonic vibration to obtain stable response. Here, the motion of 
cantilever beam was limited in vertical direction. Firstly, theory model 
was established. The local coordinate axis was established from the fixed 

Fig. 2. The dimensions of sutural composites.  

Fig. 3. The three-point bending testing device.  

Fig. 4. The schematic forced vibration devices of cantilevered beam. (a) ver-
tical view. (b) front view. 
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end point of cantilever beam (Fig. 4b). The vertical motion of beam was 
defined as v(x,t). Under harmonic excitation, the control equations of 
cantilever beam could be expressed as follows: 

∂2

∂x2

[

EI
∂2v(x, t)

∂x2 + cI
∂3v(x, t)

∂x2∂t

]

+ ρA
∂2v(x, t)

∂t2 + c
∂v
∂t

= P(x, t) (1) 

P(x,t) was the equivalent distributed loading due to the external 
excitation from vibration source. EI was the equivalent flexural stiffness 
of the whole structure. c was the equivalent viscosity. ρ was the equiv-
alent density and A was the cross sectional area of cantilever beam. The 
boundary conditions could be obtained: 
{

v(0, t) = δsinwtv′

(0, t) = 0
v′′(l, t) = 0v′′

′

(l, t) = 0 

The whole vertical displacement of beam could be divided into rigid 
displacement and deflection: 

v(x, t) = vs + vd (2) 

Where vs indicated rigid displacement and vd indicated the deflec-
tion. The vs was caused by the motion of vibration source and vd along 
the cantilever beam was caused by inertial effect. Considering the free 
end of beam, it could be obtained that: 

vs(x, t) = δsinwt (3) 

vd could be regarded as the deformation led by a linear loading force, 
pd(x, t), along the beam. In this way, the external force loading, pd(x, t)
could be regarded as follows: 

pd(x, t) = ρA
x
l

δw2sinwt (4) 

The displacement boundary was transformed into force loading. 
Then, the control equation and boundary conditions for deflection vd 

could be expressed: 

Fig. 5. The rheological properties of SSG. (a) storage modulus, (b) loss modulus.  

Fig. 6. The force–displacement under different loading speeds. (a) 0.04 mm/s, (b) 0.20 mm/s, (c) 1.00 mm/s. (d) was the linear regions of (c).  
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⎧
⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

∂2

∂x2

[

EI
∂2vd(x, t)

∂x2 + cI
∂3vd(x, t)

∂x2∂t

]

+ ρA
∂2vd(x, t)

∂t2 + c
∂vd

∂t
= pd(x, t)

vd(0, t) = 0vd
′

(0, t) = 0

vd
′′(l, t) = 0vd

′′′ (l, t) = 0

(5) 

Generally, the solution of vd could be expressed: 

vd = q(t)φ(x)

Where q(t) was the time term and φ(x) was the vibration mode 
function. Generally, the vibration mode function could be expressed as: 

φ(x) = C1sin(αx)+C2cos(αx)+C3cosh(αx)+C4sinh(αx)

Based on this boundary conditions of equation (5), the vibration 
mode function could be expressed as: 

φ(x) = cosh(αx) − cos(αx)+
cosα + coshα
sinα + sinhα [sin(αx) − sinh(αx)] (6)  

αl = 1.8751 

The natural frequency of cantilever beam was: 

wn = (αl)2

̅̅̅̅̅̅̅̅̅
EI

ρAl4

√

(7) 

The generalized mass: 

M =
ρAl
2

(8) 

And the generalized loading: 

P(t) =
∫ l

0
ρA

x
l

δw2sinwtφ(x)dx =
ρAδw2sinwt

l
C (9)  

C = 0.0055 

Equation (5) could be simplified as: 

q̈(t)+ 2ξβq̇(t) +w2q(t) =
P
M

(10) 

where the ξ was damping ratio and β was frequency ratio. The so-
lution for equation (10) was: 

q(t) =
2ρACl2δw2

(αl)4EI
(

(
1 − β2)sinwt − 2ξβcoswt
(
1 − β2)2

+ (2ξβ)2
) (11) 

Then, the solution for equation (1) could be obtained: 

v(x, t) = δsinwt+
∑ 2Cnδβ2

l2 (

(
1 − β2)sinwt − 2ξβcoswt
(
1 − β2)2

+ (2ξβ)2
)φ(x) (12) 

when x = l
2,x = l, it could be obtained: 

⎧
⎪⎨

⎪⎩

φ
(

l
2

)

= 0.606

φ(l) = 1.510 

For every point in the cantilever beam, the motion form could be 
regarded as forced harmonic vibration, which could be expressed as: 

v(x, t) = v(x)0sin(wt + θ)

where w was the external excitation rate and θ was the phase dif-
ference. In this way, the following equation could be obtained: 

v(0) : v
(

l
2

)

: v(l) = v̈(0) : v̈
(

l
2

)

: v̈(l) (13) 

Commonly, the transmission was defined as the ratio of 
displacement: 

Dp(x) =
v(x) − v(0)

v(0)
=

∑ 2ρACl2w2

(αl)4EI
(

1
(
1 − β2)2

+ (2ξβ)2
)

1
2φ(x) (14) 

Based on equation (11), it could be concluded that the transmission 
could be calculated by the ratio of acceleration when the external 
excitation was harmonic form. The damping ratio and natural frequency 
could be obtained from equation (14). 

Fig. 7 showed the motions of the free end point, the middle point and 
the fixed point of the cantilever beam. The amplitudes of acceleration 
under different frequencies were obtained by Fourier transform of the 
raw acceleration signal. The transmission ratio was fitted based on 
equation (14). Firstly, the influence of SSG was tested under 180◦ sutural 
beam compared to PDMS. 

Fig. 8 showed the vibration modes of 180◦ sutural beam with 
different core materials. Generally, the PDMS was a kind of elastic ma-
terial with low viscosity. Owing to the high modulus of PDMS, the 
resonance frequency of beam sample with PDMS was higher than sample 
with SSG. The low viscosity also led to high transmission of PDMS su-
tural beam. The transmission at free end point of PDMS sample achieved 
its peak value, 36.03, when the excitation frequency reaches 80 Hz. At 
the middle of beam, the transmission was 12.03. The introduction of SSG 
effectively suppressed the vibration of cantilever beam. The trans-
mission at free end point and middle points were 13.38 and 3.63. 
Compared to the PDMS beam, it made a reduction of 71% and 70%. 
When the excitation frequency came to 100 Hz, transmission of PMDS 
beam was 6.23. The transmission of SSG beam was only 3.05, which 
showed excellent suppression on the vibration. Based on equation (14), 
the vibration motion was fitted and results were shown in dash lines. It 
could be observed that the dash lines could fit the peak values well. The 
damping ratio of PDMS sutural beam was 2.14%. When it came to SSG 
sutural beam, the damping ratio was 11.99%. High viscosity of SSG 
enhanced the attenuation of vibration. 

Then, the influence of sutural interface on vibration behaviors was 
investigated. Fig. 9 illustrated the vibration behaviors of different su-
tural beam composites. The amplitude of vibration source was 0.1 mm. 
Excitation frequency ranged from 1 Hz to 150 Hz. 180◦ sutural beam 
showed typical visco-elastic beam characterization. Damping trans-
mission achieved its peak value at 62 Hz. The maximum transmission at 
free end point was 13.38. The damping transmission of middle point 
achieved its peak value at 63 Hz. The maximum transmission at middle 
point was 3.63. 

Fig. 7. The vibration mode of 180◦ sample. The green curve, red curve and 
black curve illustrated the motion of free end point, the middle point and the 
fixed point of the cantilever beam. (For interpretation of the references to 
colour in this figure legend, the reader is referred to the web version of 
this article.) 
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The suppression of sutural interface on vibration was significant. The 
peak damping transmission of 60◦ sutural beam was only 3.80. 
Compared to the 180◦ sutural composite beam, the reduction reached 
71%. Meanwhile, 45◦ and 30◦ sutural composite beams also showed 
remarkable suppression on vibration. The reductions were 25% and 
43%, respectively. The damping transmission of middle point of 180◦

was 4.13. With the presence of sutural interface, the damping trans-
mission decreased into 1.81, 2.33 and 4.04 with sutural angles were 60◦, 
45◦, and 30◦, respectively. 

However, the presence of sutural interface geometry led to nonlinear 
vibration behaviors in the damping transmission. In the classical visco- 
elastic vibration system, after the first resonance point, the damping 

transmission would gradually decrease until the next resonance point. 
However, sutural interface geometry expedited this progress. The 
nonlinear dynamic response was not obvious in the 180◦ sutural beam. 
The damping transmission of 60◦ sutural beam held 1.04 after 88 Hz and 
came into a plateau stage. The damping transmission fell to 0.75 when 
the excitation increased from 91 Hz to 100 Hz. The plateau stage at 
middle point lasted from 71 Hz to 100 Hz. With the decrease of sutural 
angles, the nonlinear behavior was further amplified. Under the influ-
ence of 45◦ sutural interface, the cantilever beam achieved its second 
resonance point at 61 Hz after the first resonance point at 51 Hz. The 
damping transmission achieved its second peak value of 1.88. The 
nonlinear vibration behaviors in 30◦ sutural composite were more 

Fig. 8. The vibration mode of 180◦ sutural beam with core material of (a) PDMS and (b) SSG.  

Fig. 9. The vibration mode of different sutural beam composites with SSG core. (a) 180◦, (b) 60◦, (c) 45◦, and (d) 30◦. The black lines illustrated the motion of free 
end point and the red lines illustrated the motion of middle point. Solid curves illustrated the experimental data and the dash curves illustrated the fitting results. (For 
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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obvious. The damping transmission at the 62 Hz achieved 7.20, which 
was close to the amplitude at the first resonance. The nonlinear vibra-
tion in damping transmission should be owed to the rate-dependent 
behaviors of SSG core. The elastic modulus of SSG increased with the 
external excitation frequency, which led to the improvement of struc-
tural stiffness of sutural beam. According to the equation (8), the natural 
frequency should be increased with the external excitation. Sutural 
interface amplified the local strain. The first resonance point was moved 
together with the excitation frequency. Then, the second small reso-
nance point was observed. 

Considering the rate-dependent of SSG core, the damping behaviors 
of sutural beams under harmonic excitation with different amplitudes 
were investigated. The resonance frequency and damping ratio were 
calculated based on the equation (14). Fig. 10a, b illustrated the 
damping transmission of the free end point and middle point of 180◦

sutural beam. 180◦ sutural beam showed similar vibration behaviors 
under different amplitudes. However, significant changes could be 
observed in resonance points and damping transmission. As the ampli-
tude of the source vibration increased from 0.1 mm to 1.2 mm, the 
resonance point of 180◦ sutural beam increased from 63 Hz to 86 Hz, 
and the damping transmission at free end point also gradually increased 
from 13.38 to 18.01. The vibration in the middle point showed similar 
behavior. Sutural structure showed more effective vibration isolation 
behavior under small amplitude vibration. Further, the resonance fre-
quency and damping ratio of different sutural beam under harmonic 
excitation with different amplitudes were also calculated and shown in 
Fig. 5.8c, d. With the increase of excitation amplitude, the strain rate of 
the structure in deformation also increases. The rate-dependent 
behavior of SSG led to the increase of overall stiffness of the sutural 
beams, which led to the increase of the resonance frequency. Due to the 
existence of suture interface, the sutural structure shows higher struc-
tural stiffness and higher damping ratio. With the increase of source 

amplitude from 0.1 mm to 1.2 mm, the resonance frequency of 30◦ su-
ture structure increases from 70 Hz to 89 Hz, which was similar to that of 
45◦ suture structure. The resonance frequency of changed from 67 Hz to 
86 Hz. It showed that there was the highest damping ration in 60◦ su-
tural structure, which reached 18.46% when the excitation amplitude 
was 0.1 mm. The storage modulus of SSG core increased with the in-
crease of excitation amplitudes, which led to the decrease of damping 
ratio of the whole structures. The damping ratio of 60◦ sutural beam 
came to be 11.25% with the amplitude of 1.2 mm. Similarly, the 
damping ratios of 45◦ and 30◦ sutural beams decreased from 14.09% 
and 12.03% to 8.42% and 8.81%, respectively. The sutural structure 
showed the advantage of isolating small vibration. 

Based on the magnetic-dependent behavior of SSG core, the vibra-
tion characteristics of cantilever beam under magnetic field were further 
studied(Fig. 11). Uniform magnetic fields of 0.1 T, 0.2 T and 0.3 T could 
be obtained by adjusting the distance between permanent magnets. The 
experimental results showed that the spatial magnetic field had a sig-
nificant suppression effect on the structural vibration. The damping 
transmission factor at the free end point of the 180◦ sutural beam was 
rapidly reduced from 13.38 to 7.29. The damping ratio also increased 
significantly from 11.99 to 15.25. The effect of magnetic field improved 
the stiffness of SSG in the central layer, which led to the enhancement of 
the structural stiffness. The resonance frequency was increased from 63 
Hz to 68 Hz. At the same time, the magnetic field also provided an 
additional magnetic damping for the whole structure. Sutural beam was 
subjected to a magnetic force pointing to equilibrium point, which 
further improved the suppression of structural vibration. 

To conclude, due to the passive and active vibration attenuation 
performance, this novel sutural composite showed considerable poten-
tial in various engineering applications. Higher bending stiffness could 
help the structure to undertake more loading and maintain stable me-
chanical behaviors. The passive and active vibration suppression 

Fig. 10. The vibration mode of free end (a) and middle point (b) of 180◦ sutural beam under harmonic vibration of different amplitudes. The changes of resonance 
points (c) and (d) damping ratio of different sutural beam. 
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capacities could be expected to be adopted in some dynamic engineer 
fields, such as automobile and aircraft suspensions. Meanwhile, it could 
be used in the milling machine to weaken the vibration during parts 
processing, and showed potential for turbine blades to suppress the 
aerodynamic tremor. 

4. Conclusion 

In this work, four kinds of sutural beam composites with different 
geometric parameters were prepared with SSG as enhancement mate-
rial. Three-point bending structure tests with different loading rates 
were adopted to characterize the effects of sutural interface on the 
structural stiffness and fracture strength of sandwich beams. The dy-
namic mechanical behavior was characterized by the vibration test of 
cantilever beam under stable harmonic excitation with different fre-
quency. Based on the results, the following conclusions could be drawn:  

(1) The existence of suture interface could significantly affect the 
mechanical properties of the structure. Though a certain suture 
angle reduced the structural stiffness, appropriate angles could 
effectively improve it. Meanwhile, sutural interface contributed 
to achieve strain hardening under large deformation, which could 
improve the failure and softening behavior. Thus, proper angles 
could expand the fracture deformation limit. To this end, inge-
nious interface design helped to achieve high structural stiffness 
or failure strain, so as to adapt to various application 
requirements.  

(2) Compared with PDMS pure elastic material, sandwich beam with 
SSG core structure held better vibration suppression ability. SSG 
could effectively reduce the resonance frequency of the beam and 
obtain attenuated transmission. Owing to the rate-dependent ef-
fect, the storage modulus increased as the vibration amplitude 
raised, resulting in the reduced damping ratio. Thus, the sutural 
structure showed more effective vibration attenuation perfor-
mance under small amplitude vibration load. Besides, based on 
the magneto-rheological behavior, magnetic field could provide 
an additional magnetic damping for the whole structure, 
enhancing the suppression capacity for vibration excitations.  

(3) The sutural interface could significantly reduce the vibration 
amplification factor of the cantilever beam. The existence of su-
tural interface contributed to higher structural stiffness and 
damping ratio. Meanwhile, it could result in nonlinear vibration 
behaviors in the damping transmission and amplified the local 
strain. The proper design of sutural angle could suppress the 
damping transmission of free end and middle points. In conclu-
sion, this unique sandwich beam structure with sutural interface 
and SSG core showed a larger damping ratio under small 

amplitude vibration excitation, which was conducive to isolating 
small vibration and its engineering application. 
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