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For dielectric elastomers (DEs), the inherent viscoelasticity leads to a time-dependent deformation

during actuation. To describe such a viscoelastic behavior, a constitutive model is developed by uti-

lizing a combined Kelvin-Voigt-Maxwell (KVM) model. The established model captures both the

initial jumping deformation and the following slow creeping. Subsequently, with an employment

of VHB 4910 elastomer, experiments are performed to validate the viscoelastic KVM model.

The results indicate a good agreement between the simulation and experimental data. Effect of

the parameters in KVM model on the viscoelastic deformation of DEs is also investigated.

Published by AIP Publishing. [http://dx.doi.org/10.1063/1.4974991]

Subject to a voltage across the thickness, a dielectric

elastomer (DE) membrane expands in area and shrinks in

thickness.1–6 Numerous DE materials, especially silicone

and very-high-bond (VHB) elastomer, demonstrate signifi-

cant advantages in soft actuators and machines due to their

large deformation and high energy density. Recently, DEs

have been extensively explored in various potential applica-

tions, such as artificial muscles,7 wings,8 lenses,9 loud-

speakers,10 and energy generators.11

Although possessing many merits, a majority of DE

materials belong to macromolecular polymers, suffering

from the effect of viscoelasticity.12–15 Viscoelasticity causes

internal stress and strain of an elastomer to change with

time, namely, creep and relaxation. Experiments show that

the stress-strain curve of DEs strongly depends upon the

stretching rate,14,16 and the strain has an obvious time-

dependence under the actuation of voltage.17,18 Since the tra-

ditional hyperelastic models cannot describe such a visco-

elastic behavior, many researchers attempted to develop the

viscoelastic models of DEs. Based on an assumption of a

quasi-linear viscoelasticity, Wissler and Mazza19 first pro-

posed the Prony series model to simulate the time-dependent

deformation of DEs. Subsequently, Foo et al.20 and Hong21

reported that the DE can be approximately represented by a

rheological model that includes two parallel units, that is, the

standard linear solid (SLS) model. In the SLS model, one

unit consists of a spring that deforms instantly and revers-

ibly, the other unit consists of another spring and a dashpot

that relaxes in time. Since the SLS model is relatively simple

and reliable, a great deal of work about modeling viscoelas-

tic DEs employs it.17,18,22–25 Afterwards, Khan et al.26 estab-

lished the Generalized Maxwell (GM) model for viscoelastic

DEs, demonstrating a more accurate agreement with experi-

mental data. When DEs are under a step excitation, both the

SLS and GM models assume the deformation occurs

instantly.18,20–23 However, experiments demonstrate that the

DE initially deforms rapidly and dramatically, and tends to

eventually be steady when a step DC voltage is applied.18,27

Therefore, improving the SLS and GM rheological models

and developing a more reliable viscoelastic model of DEs is

necessary and significant.

In view of the various rheological models, the Kelvin-

Voigt model can better describe the creeping behavior, and

the Maxwell model is usually utilized to characterize the

relaxation. Creep and relaxation are two typical viscoelastic

behaviors and inevitably emerge in the actuation of DEs.

Therefore, in this research, we parallelly connect the Kelvin-

Voigt model and the Maxwell model and name it as the

Kelvin-Voigt-Maxwell (KVM) model, as illustrated in

Fig. 1. The Kelvin-Voigt model includes an ideal spring as

and a shunt-wound dashpot ad , and the Maxwell model

includes an ideal spring bs and a series-wound dashpot bd. In

the following, we model the viscoelastic DEs by employing

the KVM model.

Fig. 2(a) presents a DE membrane of length L1, width L2

and thickness H in the initial state. The DE is coated on both

sides with compliant electrodes of negligible electrical resis-

tance and mechanical stiffness. Subject to in-plane nominal

FIG. 1. The Kelvin-Voigt-Maxwell model. The Kelvin-Voigt model

includes an ideal spring as and a shunt-wound dashpot ad , and the Maxwell

model includes an ideal spring bs and a series-wound dashpot bd .
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stresses r1 and r2, and a voltage /, the DE deforms to length

l1, width l2 and thickness h, and the two electrodes gain

charge Q in the actuated state, as plotted in Fig. 2(b). The

total stretches in in-plane directions are defined as ki ¼ li=Li

(i¼ 1, 2). The stretch in thickness is defined as kh ¼ h=H
and can be obtained as kh ¼ k�1

1 k�1
2 due to the assumption of

incompressibility of DEs.3

By referring to the KVM model, we define that the

stretch in spring as is ka, the stretch in spring bs is kb, the

stretch in dashpot ad is na, and the stretch in dashpot bd is

nb. It is obvious that the total stretch of DE is equal to the

stretch of spring as and the dashpot ad, that is k ¼ ka ¼ na.

The stretch in spring bs and the stretch in dashpot bd

are determined by a well-established multiplication

rule17,18,20–25 as k ¼ kbnb. To reveal the strain-stiffening

performance of DE, the Gent model28 is adopted to charac-

terize the strain energy. According to the KVM model, the

strain energy of DEs is stored in the two springs as and bs,

thus, the free energy density function is expressed as

W¼�laJa
lim

2
log 1�k2

a1þk2
a2þk�2

a1 k�2
a2 �3

Ja
lim

 !
�lbJb

lim

2

� log 1�
k2

a1n
�2
b1 þk2

a2n
�2
b2 þk�2

a1 k�2
a2 n2

b1n
2
b2�3

Jb
lim

 !

þD2

2e
; (1)

where e is the permittivity of DE; la and lb are the shear

moduli of spring as and spring bs, and Ja
lim and Jb

lim are the

corresponding extension limits of spring as and spring bs;

ka1 and ka2 are the stretches in spring as in two in-plane

directions (that is, the total stretches of DE k1 and k2); nb1

and nb2 are the stretches in dashpot bd in two in-plane direc-

tions; D is the electrical displacement, and is defined as

D ¼ Q=ðL1L2k1k2Þ.
During the DE actuation, the dashpots do a negative

work and dissipate energy. The work done by the dashpot ad

in two in-plane directions is calculated as 1
2
gaL2

1
dna1

dt dna1 and
1
2
gaL2

2
dna2

dt dna2,29,30 in which ga is the viscous damping of

dashpot ad, and na1 and na2 are the stretches in dashpot ad in

two in-plane directions. The work done by dashpot bd in two

in-plane directions is calculated as 1
2
gbL2

1

dnb1

dt dnb1 and

1
2
gbL2

2

dnb2

dt dnb2,29,30 in which gb is the viscous damping of

dashpot bd. For a viscoelastic DE system, it can be derived

that the variation of the free energy of DE is equal to the

work done jointly by the voltage, the tensile forces, and the

viscous forces,

L1L2HdW ¼ /dQþ r1L2
1Hdk1 þ r2L2

2Hdk2

� 1

2
gaL2

1

dna1

dt
dna1 �

1

2
gaL2

2

dna2

dt
dna2

� 1

2
gbL2

1

dnb1

dt
dnb1 �

1

2
gbL2

2

dnb2

dt
dnb2: (2)

As mentioned previously, the stretch in dashpot ad is con-

sistent to the total stretch of DE. To be simplified, we assume

r1 ¼ r2 ¼ r and L1 ¼ L2 ¼ L in the following modeling.

Hence, it can be derived that k1 ¼ k2 ¼ k, na1 ¼ na2

¼ na ¼ k, and nb1 ¼ nb2 ¼ nb ¼ n. Therefore, Eqs. (1) and

(2) are rewritten as

W ¼ � laJa
lim

2
log 1� 2k2 þ k�4 � 3

Ja
lim

 !

� lbJb
lim

2
log 1� 2k2n�2 þ k�4n4 � 3

Jb
lim

 !
þ D2

2e
(3)

and

L2HdW ¼ /dQþ 2rL2Hdk� gaL2 dk
dt

dk� gbL2 dn
dt

dn: (4)

On the basis of Eq. (3), we obtain

@W

@k
¼ 2la k� k�5ð Þ

1� 2k2 þ k�4 � 3ð Þ=Ja
lim

þ 2lb kn�2 � k�5n4
� �

1� 2k2n�2 þ k�4n4 � 3
� �

=Jb
lim

; (5a)

@W

@n
¼ � 2lb k2n�3 � k�4n3

� �
1� 2k2n�2 þ k�4n4 � 3

� �
=Jb

lim

: (5b)

@W

@D
¼ D

e
: (5c)

In Eq. (4), replacing the charge Q with electrical dis-

placement D yields

@W

@k
¼ 2/D

H
kþ 2r� ga

H

dk
dt
; (6a)

@W

@n
¼ �

gb

H

dn
dt
; (6b)

@W

@D
¼ /

H
k2: (6c)

Combining Eqs. (5) and (6), and eliminating the electri-

cal displacement D, we obtain

dk
dt
¼ 2H

ga

 
e/2

H2
k3 þ r� la k� k�5ð Þ

1� 2k2 þ k�4 � 3ð Þ=Ja
lim

� lb kn�2 � k�5n4
� �

1� 2k2n�2 þ k�4n4 � 3
� �

=Jb
lim

!
(7)

and

FIG. 2. (a) In the initial state, a DE membrane has the length L1, width L2,

and thickness H. (b) In the actuated state, subject to in-plane nominal

stresses r1 and r2, and a voltage /, the DE deforms to length l1, width l2,

and thickness h.
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dn
dt
¼ 2Hlb

gb

k2n�3 � k�4n3

1� 2k2n�2 þ k�4n4 � 3
� �

=Jb
lim

: (8)

Thereby, the governing equations for viscoelastic DEs based

on the KVM model are established.

In order to validate the derived theoretical model,

experiments are designed and carried out. The VHB 4910

film (from 3M company, USA) is employed to be the work-

horse DE material in our experiments. Fig. 3 presents the

experimental setup. VHB 4910 has an initial thickness

H¼ 0.001 m, and is prestretched with a biaxial 4� 4 multi-

ple (300%� 300% prestrain). Then we fix the prestretched

VHB film on a rigid framework with a diameter of 60 mm,

and place for 24 h to fully relax the internal prestress. The

carbon grease compliant electrodes are coated on both surfa-

ces of VHB 4910 film, forming a square configuration with a

length of 20 mm. A high voltage supply (Model 610E, Trek)

is utilized to generate the required step DC voltage, and a

laser sensor (LK-G150/G10, KeyenceTM) is employed to

measure the displacement of VHB film by attaching a light-

weight marker on the edge of the carbon grease electrodes.

Based on the experimental setup, we learn that the ten-

sile stress r of the active area of VHB 4910 film is acquired

from the surrounding inactive area. It is known that the ten-

sile stress r reduces gradually with expansion of the active

area of VHB film. Since the prestrain of VHB film is far

larger than the subsequent voltage-induced deformation,

therefore, in the following simulation, r is presumed as a

constant and expressed as r ¼ laðkp�k�5
p Þ

1�ð2k2
pþk�4

p �3Þ=Ja
lim

,17,18 in which

kp ¼ 4 denotes the prestretch of VHB film. Fig. 4 exhibits

the time history of the total stretch of VHB 4910 film under

several constant voltages, where the hollow symbols denote

the experimental data, the solid lines represent the corre-

sponding simulation by the KVM model and the dashed lines

describe the simulation by the SLS model. During the simu-

lation by KVM model, the permittivity of VHB 4910 is set

as e ¼ 4:11� 10�11 F=m,17,18 and Ja
lim and Jb

lim are pre-

scribed as Ja
lim ¼ 115 and Jb

lim ¼ 70.18 To guarantee the well

corresponding performance between experimental and simu-

lated results, other parameters in our simulation of the KVM

model are obtained as: ga ¼ 0:4 kN � s=m, gb ¼ 4 kN � s=m,

la ¼ 15 kPa, and lb ¼ 50 kPa. The units of the parameters

conform to the reported standards of DE transducers.31 For

comparison, the simulation by SLS model is also performed.

The process is the same as our previously reported work18

and is not addressed in detail here.

As seen in Fig. 4, the experimental data and the simula-

tions agree well. The rapid and large deformation at the

beginning is captured by the KVM model, which is escaped

when adopting the SLS model. The underlying physics can

be explained as follows. With an incorporation of the KVM

model, we can divide the deformation of VHB film into two

stages: stage I and stage II, as shown in Fig. 4. During stage

I, the dashpot ad plays a leading role since its viscous damp-

ing ga is small. The dashpot ad creeps rapidly and induces a

dramatic increase of the total stretch of VHB film.

However, due to a relatively large viscous damping gb, the

dashpot bd almost does not deform during the short-lived

stage I. At this moment, the external stress is sustained by

both spring as and bs. When ad is fully relaxed, the defor-

mation of VHB film transforms to stage II in which the

dashpot bd plays a decisive role. The stage II lasts for a

long time for the reason that the viscous damping gb is

large. The dashpot bd creeps slowly and relaxes the stress in

spring bs gradually, resulting in a slow increase of the total

stretch of VHB film. When bd relaxes completely, the stress

in spring bs reduces to 0, and the deformation of VHB film

becomes stable.

Compared with the SLS model, the added dashpot ad

forms the Kelvin-Voigt model with a combination with the

spring as. The Kelvin-Voigt model is capable of describing

the initial creeping behavior of VHB. When a step stimula-

tion is applied instantly, the VHB elastomer expands in an

area largely and rapidly. As for the molecular process, the

molecular chain in the polymer rapidly changes from the

curled state to the extended state. Such a process cannot

complete instantaneously because of the strong crosslinking

of molecular chains. The added dashpot ad describes such a

molecular deformation process.

FIG. 3. Experimental setup. A 4� 4 prestretched VHB 4910 film with a

square active area is fixed on a rigid framework; a laser sensor is used to

measure the high-voltage induced displacement of this VHB film with an

attachment of a marker on the edge of electrodes.

FIG. 4. Under an actuation of applied step DC voltage, the time history of

the total stretch of a 4� 4 prestretched VHB 4910 film. The hollow symbols

denote the experimental data, the solid lines represent the corresponding

simulation by the KVM model, and the dashed lines describe the simulation

by the SLS model.
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Besides the VHB film, the traditional DE materials in

widespread use include the polydimethylsiloxane (PDMS), sil-

icone rubber, polyurethane, and fluorine rubber, etc. Different

DE materials have various stiffness and viscoelasticity intensi-

ties. Furthermore, the stiffness and viscoelasticity of DE mate-

rials are also tuned by compounding the composites to achieve

the desired properties. With regard to the KVM model, the val-

ues of ga, gb, la, and lb disperse seriously when different DE

materials are used. Thereupon, we extend the governing equa-

tions to a dimensionless form to analyze the effect of ga, gb,

la, and lb on the viscoelasticity of DEs. Accordingly, Eqs. (7)

and (8) are re-developed as a generalized form

dk
dT
¼

gb

ga

la

lb

 
e/2

laH2
k3 þ r

la
� k� k�5

1� 2k2 þ k�4 � 3ð Þ=Ja
lim

� lb

la

kn�2 � k�5n4

1� 2k2n�2 þ k�4n4 � 3
� �

=Jb
lim

!
(9)

and

dn
dT
¼ k2n�3 � k�4n3

1� 2k2n�2 þ k�4n4 � 3
� �

=Jb
lim

; (10)

where T ¼ t=
gb

2Hlb is the dimensionless time.

From the observation of Eqs. (9) and (10), the values of

gb=ga and lb=la determine the deformation process of vis-

coelastic DEs. Fig. 5 reveals the time history of k when

gb=ga and lb=la take different values. In this simulation

case, the actuation condition and material parameters are set

as /
ffiffiffiffiffiffiffiffiffi
e=la

p
=H ¼ 0:2, r=la ¼ 1, and Ja

lim ¼ Jb
lim ¼ 100.

When lb=la ¼ 1, Fig. 5(a) demonstrates that k creeps more

rapidly when the value of gb=ga enlarges. Based on the

KVM model, increase of gb=ga means the dashpot ad

deforms speedily, and the dashpot bd creeps slowly.

Therefore, when gb=ga ¼ 0:1, the total stretch k creeps grad-

ually as the dashpot ad suppresses the deformation speed.

When gb=ga ¼ 10, k jumps dramatically and is followed by

a gradual creeping over a long time, resulting from a large

viscous damping of dashpot bd. The total stretch k of DEs

subject to different values of lb=la is given in Fig. 5(b)

under the condition of gb=ga ¼ 1. The difference in Fig. 5(a)

is an increase of lb=la that leads to a reduction of the defor-

mation speed of DEs.32 The reason is, a large lb lowers the

speed of relaxation of spring bs.

For the condition of purely mechanical loadings, the

established KVM model can also simulate the related visco-

elastic behaviors by neglecting the voltage in Eq. (9). As

reported by Suo,3 the Maxwell stress in the thickness direc-

tion can be equivalent to the in-plane tensile mechanical

stress. Therefore, the actuation case of purely mechanical

loadings is a simplified mode of the electromechanical cou-

pled actuation. With regard to the KVM model, when ga is

much smaller than gb (that is, the dashpot ad can be

neglected), the initial jumping behavior occurs. Under this

condition, the KVM model reduces to the traditional SLS

model. If a DE material does have the instantaneous defor-

mation, the KVM model can also predict the deformation by

making ga tend to 0.

In summary, based on the method of virtual work, we

develop a constitutive model of viscoelastic DEs by utilizing

the KVM model. The established model captures both the

jumping behavior of DE’s deformation at the beginning

stage, and characterizes the following slow creeping over a

long time. With employment of the VHB 4910 film, experi-

ments are performed to validate the developed KVM model.

Good correlations between experimental data and simulated

model are achieved. Furthermore, to describe the viscoelastic

properties of various DE materials, the effect of parameters

in the KVM model is subsequently analyzed. This KVM

model strengthens the fidelity in modeling the viscoelasticity

of DEs, independent of the chosen DE materials.

This work was supported by the National Postdoctoral

Program for Innovative Talents of China (Grant No.

BX201600126), the China Postdoctoral Science Foundation

(Grant No. 2016M600783), and the National Natural Science

Foundation of China (Grant Nos. 51290294 and 11321062).

1R. Pelrine, R. Kornbluh, Q. Pei, and J. Joseph, Science 287, 836 (2000).
2P. Brochu and Q. Pei, Macromol. Rapid Commun. 31, 10 (2010).
3Z. Suo, Acta Mech. Solida Sin. 23, 549 (2010).
4F. Carpi, S. Bauer, and D. D. Rossi, Science 330, 1759 (2010).
5T. G. Mckay, B. M. O’Brien, E. P. Calius, and I. A. Anderson, Appl. Phys.

Lett. 97, 062911 (2010).
6I. A. Anderson, T. C. H. Tse, T. Inamura, B. M. O’Brien, T. G. McKay,

and T. A. Gisby, Appl. Phys. Lett. 98, 123704 (2011).
7Q. Pei, R. Pelrine, S. Stanford, R. Kornbluh, and M. Rosenthal, Synth.

Met. 135–136, 129 (2003).
8J. Zhao, J. Niu, D. McCoul, Z. Ren, and Q. Pei, Appl. Phys. Lett. 106,

133504 (2015).
9F. Carpi, G. Frediani, S. Turco, and D. D. Rossi, Adv. Funct. Mater. 21,

4002 (2011).

FIG. 5. (a) Under the condition of

lb=la ¼ 1, the total stretch k of DEs is

subject to different values of gb=ga. (b)

Under the condition of gb=ga ¼ 1, the

total stretch k of DEs is subject to dif-

ferent values of lb=la.

044104-4 Zhang et al. Appl. Phys. Lett. 110, 044104 (2017)

http://dx.doi.org/10.1126/science.287.5454.836
http://dx.doi.org/10.1002/marc.200900425
http://dx.doi.org/10.1016/S0894-9166(11)60004-9
http://dx.doi.org/10.1126/science.1194773
http://dx.doi.org/10.1063/1.3478468
http://dx.doi.org/10.1063/1.3478468
http://dx.doi.org/10.1063/1.3565195
http://dx.doi.org/10.1016/S0379-6779(02)00535-0
http://dx.doi.org/10.1016/S0379-6779(02)00535-0
http://dx.doi.org/10.1063/1.4915108
http://dx.doi.org/10.1002/adfm.201190096


10C. Keplinger, J.-Y. Sun, C. C. Foo, P. Rothemund, G. M. Whitesides, and

Z. Suo, Science 341, 984 (2013).
11S. J. A. Koh, X. Zhao, and Z. Suo, Appl. Phys. Lett. 94, 262902 (2009).
12H. S. Park and T. D. Nguyen, Soft Matter 9, 1031 (2013).
13A. York, J. Dunn, and S. Seelecke, Smart Mater. Struct. 19, 094014

(2010).
14J. S. Plante and S. Dubowsky, Int. J. Solids Struct. 43, 7727 (2006).
15S. Michel, X. Q. Zhang, M. Wissler, C. L€owe, and G. Kovacs, Polym. Int.

59, 391 (2010).
16M. Pharr, J. Y. Sun, and Z. Suo, J. Appl. Phys. 111, 104114 (2012).
17Y. Bai, Y. Jiang, B. Chen, C. C. Foo, Y. Zhou, F. Xiang, J. Zhou, H.

Wang, and Z. Suo, Appl. Phys. Lett. 104, 062902 (2014).
18J. Zhang, Y. Wang, D. McCoul, Q. Pei, and H. Chen, Appl. Phys. Lett.

105, 212904 (2014).
19M. Wissler and E. Mazza, Smart Mater. Struct. 14, 1396 (2005).
20C. C. Foo, S. Cai, S. J. A. Koh, S. Bauer, and Z. Suo, J. Appl. Phys. 111,

034102 (2012).
21W. Hong, J. Mech. Phys. Solids 59, 637 (2011).
22H. Wang, M. Lei, and S. Cai, J. Appl. Phys. 113, 213508 (2013).

23J. Zhang, H. Chen, J. Sheng, L. Liu, Y. Wang, and S. Jia, Appl. Phys. A

116, 59 (2014).
24J. Huang, T. Li, C. C. Foo, J. Zhu, D. R. Clarke, and Z. Suo, Appl. Phys.

Lett. 100, 041911 (2012).
25M. Kollosche, G. Kofod, Z. Suo, and J. Zhu, J. Mech. Phys. Solids 76, 47

(2015).
26K. A. Khan, H. Wafai, and T. E. Sayed, Comput. Mech. 52, 345

(2013).
27K. Kadooka, H. Imamura, and M. Taya, Smart Mater. Struct. 25, 105028

(2016).
28A. N. Gent, Rubber Chem. Technol. 69, 59 (1996).
29J. Sheng, H. Chen, B. Li, and Y. Wang, Smart Mater. Struct. 23, 045010

(2014).
30B.-X. Xu, R. Mueller, A. Theis, M. Klassen, and D. Gross, Appl. Phys.

Lett. 100, 112903 (2012).
31F. Carpi, I. Anderson, S. Bauer, G. Frediani, G. Gallone, M. Gei, C. Graaf,

C. Jean-Mistral, W. Kaal, G. Kofod et al., Smart Mater. Struct. 24, 105025

(2015).
32J. Zhang, B. Li, H. Chen, and Q. Pei, Soft Matter 12, 2348 (2016).

044104-5 Zhang et al. Appl. Phys. Lett. 110, 044104 (2017)

http://dx.doi.org/10.1126/science.1240228
http://dx.doi.org/10.1063/1.3167773
http://dx.doi.org/10.1039/C2SM27375F
http://dx.doi.org/10.1088/0964-1726/19/9/094014
http://dx.doi.org/10.1016/j.ijsolstr.2006.03.026
http://dx.doi.org/10.1002/pi.2751
http://dx.doi.org/10.1063/1.4721777
http://dx.doi.org/10.1063/1.4865200
http://dx.doi.org/10.1063/1.4903059
http://dx.doi.org/10.1088/0964-1726/14/6/032
http://dx.doi.org/10.1063/1.3680878
http://dx.doi.org/10.1016/j.jmps.2010.12.003
http://dx.doi.org/10.1063/1.4807911
http://dx.doi.org/10.1007/s00339-013-8092-6
http://dx.doi.org/10.1063/1.3680591
http://dx.doi.org/10.1063/1.3680591
http://dx.doi.org/10.1016/j.jmps.2014.11.013
http://dx.doi.org/10.1007/s00466-012-0815-6
http://dx.doi.org/10.1088/0964-1726/25/10/105028
http://dx.doi.org/10.5254/1.3538357
http://dx.doi.org/10.1088/0964-1726/23/4/045010
http://dx.doi.org/10.1063/1.3694267
http://dx.doi.org/10.1063/1.3694267
http://dx.doi.org/10.1088/0964-1726/24/10/105025
http://dx.doi.org/10.1039/C5SM02634B

	f1
	l
	n1
	d1
	d2
	d3
	d4
	d5
	d5a
	d5b
	d5c
	d6
	d6a
	d6b
	d6c
	d7
	d8
	f2
	f3
	f4
	d9
	d10
	c1
	c2
	c3
	c4
	c5
	c6
	c7
	c8
	c9
	f5
	c10
	c11
	c12
	c13
	c14
	c15
	c16
	c17
	c18
	c19
	c20
	c21
	c22
	c23
	c24
	c25
	c26
	c27
	c28
	c29
	c30
	c31
	c32

