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To develop a well designed practical spring-roll dielectric elastomer
actuator system, we have to optimize the design parameters of spring-roll
dielectric elastomer and develop a voltage supply that is able to pump
enough controlled charges and provide a wide range of controlled
voltages to the actuator. In this paper, switched based multistage charge
pump driven by a controlled low voltage switching power supply and a
voltage driver is proposed as a wide range output voltage supply.
Soring-roll dielectric elastomer optimal design parameters according to
[1] aren,"=5, n,’=2, a=10. It is proven that 72,” has a subtle effect on both
actuationA; and dimensionless axial force p/td,L; however it has a great
effect on the applied voltage required activating the actuator.
Furthermore, when A,° increases, the applied voltage decreases and the
problems of high voltage are avoided. Therefore the optimal design
parameters modified to A,"=5, A,°=5, a=10 instead of A"=5, A,’=2,
a=10.

In this paper, based on the equations of state, new approaches for
designing a spring-roll dielectric elastomer actuator have been devel oped.
The key issue of the actuation range depends upon weather the actuator
has a fixed load or variable multi-loads.

The achieved results based on the proposed approaches show that the
applied voltage has been reduced and the design of the actuator is getting
simpler.

KEY WORDS: Soring roll dielectric elastomer actuator, modes of
failure, optimal design parameters, switching power supply, charge pump.

1. INTRODUCTION

Dielectric elastomer actuators have been interstelgied in the recent decad@hen
the actuator is subjected to an applied voltage amépplied axial force, the axial
elongation couples the electrical and mechanidabrae The construction of a spring-
roll dielectric elastomer actuator was indicate{Pib].

Providing dielectric elastomer actuators with aelesf pre-stretch can improve
properties such as breakdown strength, actuatiomnsend efficiency [6]. The
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parameters of design include the prestretcheseotlfistomer and the stiffness of the

spring.
Equations of state of the dielectric elastomer @totuwere derived from its
Helmholtz free energy. Equations of state namedy ar
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Where,

P : is the axial force which the actuator is loadethw
M is the shear modulus of the dielectric elastomaterial.

L, L,, and L;: are the actuator membrane length, width, andktieiss.

A, : is the elongation or actuation.

AP, A% and A): are pre-stretches in actuator membrane lengthithyiand

thickness.

a : is the spring stiffness.

Q: is the charge accumulated on one of the electrodleéhe dielectric elastomer

actuator.

£ . is the dielectric of the elastomer material.

@ is the voltage applied to the electrodes of tie¢edtric elastomer actuator.

The range of operation of an actuator is limitedvlyious modes of failure.

Each mode of failure restricts the state of theia@or to a region on the plane of the
generalized coordinates. The common region thatsa# modes of failure constitutes
the set of allowable states [} The modes of failure namely are;
Electromechanical instability (EMI) that is represented mathematically by;

NgLI_lLZ:\/(1+67)/|f()'§)2Jr3 ©)

Electrical breakdown (EB) that is represented mathematically by;

Q £
—— = ANE. |[—
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where E_. is the critical electric field at which breakdowecars.

Loss of tension (S;) due to the stress in the axial direction [10] tisatepresented
mathematically by;

2= a(ef -1 ©)
JueLL,

Loss of tension (S,) due to the stress in the circumferential directibat is
represented mathematically by;
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Tensile rupture of the elastomer occurs when the values Aff, A), or A, are

exceeding the critical valuel. >5. Therefore the values of the above mentioned
stretches should not exceed 5.

Compressive limit of the spring which occurs at, = A? /4.

The continuation of the paper is as follows: A neamcept of actuation range
is introduced in section 2. Optimal design paransetge prescribed in section 3,
design approaches and samples of actuator desgoresented in section 4. Actuator
system voltage supply is proposed in section 5ti@e® gives the conclusion and
future work

This paper is an extension to our work in [1] whenlancements to optimal
design parameters, actuation range concept, anidgsptl dielectric elastomer
actuator design procedures have been presentec anedv charge pump design is
introduced as a controllable voltage supply.

2. ACTUATION RANGE

The actuation range is an important issue becauseapplied voltage may take
different values within the actuation range.

In this paper the concept of actuation range depepdn whether the actuator
has a fixed load actuator or variable multi-loatbator. The fixed load actuator is the
actuator subject to a fixed axial force (i.e., adieveight). In this case the actuation
range is very small value starting at the stateesb charge, and ending at the state
where the line of a failure mode intersects thealaforce line. Fig. 1 shows the

actuation range for a fixed load actuator. The &@in range extends fromh = 44 to
A, = 4515 (the two highlighted black points) when
A =5 A0 =5 a=10 P/iL,L,=-1 andE. =10°v/m.

4.55

2 =4.515 L
45 [
S
E A EB
g piul, Ly =—1
3= 445]
=]
=]
-
4.49 A4 =44
X =5 2 =1a=10
plul, L =—1
435 ‘ . .
0 5 10 15 20 25 30 35 40
o/ (JusL L,

Fig. 1: The actuation range for a fixed load acuathen
A =5 A =5 a=10 P//L,L,=-1 andE. =10°v/m.
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The load of the exchangeable multi-load actuator lwa replaced by another
unequal load and this load in turn can be repldmednother unequal one and so on.
The actuation range of the exchangeable multi-ledator starts at the state of zero
charge of heaviest load and ends at the state vilvedene of a failure mode intersects
the line of the lightest load. Fig. 2 shows theuatibn range of the exchangeable
multi-load actuator. The actuator given in Fig. ubjects to one of the following

dimensionless  loads; P//,L,=-1, P/u,L,=-10, P/u,L,=-20,
orP/u,L, ==30. The actuation range in this case startslat 195 and ends at
A, = 452 (the two highlighted black points).
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0/(JueLL,)
Fig. 2: The actuation range of the exchangeabldi+toald actuator.
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3. SPRING-ROLL DIELECTRIC ELASTOMER ACTUATOR
OPTIMAL DESIGN PARAMETERS

Parameters of design are prescribed once the actsatonstructed therefore they
must well studied and selected to be optimal.

To optimize an actuator, the actuator should haaam features such as
higher actuation and the ability to burden healdads. To address this issue, we have
to figure out the space of design parameters vahasonfirm these features.

Spring-roll dielectric elastomer optimal designgraeters according to [1] are

AP =5, A9 =2, a =10. These parameters of design are prescribed oecactinator
is constructed.
In this paper we will address the effect o, on actuationl,, axial

forceP/sL,L, , and CD/(L31/,U/£) to prove that the valud =2 that was considered

as an optimal value should be changedte 5.
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3.1 The Actuation A, as a Function of A}

The obtained results in simulation show tldten A} increases, the actuatios,
slightly decreases. There is no big difference betw actuation atd} =1 and
actuation atd} =5 even at higher values of the dimensionless ch&mgen fig. 3, it is
clear thatA} slightly affectsi, .

465 T : /

46 )U;ZI q

4551+

A asl

445}

44

4351+

X =5a=10, p/ul,I,=-1

43

5 10 15
O/(JusLL,)
Fig. 3: The effect ofA} on the actuatiom, at A’ =5, a =10, and P/zL,L, =-1

3.2 The Dimensionless Force (load) P//L,L, as a Function of A}

The dimensionless axial forcB//4,L,is a nonlinear function ofl}. A5 Slightly

affects the value (modulus) of the axial farcEig. 4 shows the effect od; on the
axial force.

1715
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A =3 A =5 a=10,
©=3000v, L, =107 m

1735

L L 1 L
0 0.5 1 15 2 2.5 3 35 4 4.5 5
A

Fig. 4: The effect ofA} on the axial forceP/ L, at A, =3 A’ =5, a =10
L, =107, and ® =3000v
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3.3 The Effect of AYon the Applied Voltage @®
The work in paper [1] did not take the applied &gt into consideration as a measure
or standard for selecting optimal design paramet@esause if the applied voltage is
addressed, the optimal value 4§ might be changed.

A5 slightly affects both actuationd, and dimensionless axial load
p/ L L, but it has a great effect on the applied volt&®e When A} increase, the
applied voltage decreases. Let us take the apptitdge at a critical stat@ . where
one failure mode sets in as an example for thdioaldetween the applied voltage
andAb. When A =5, A0 =1 a =10, p/i,L, =0, and L, =1mm, the critical
dimensionless applied voltage is 0.215 and thécatiapplied voltage i42756v, as
shown in Fig. 5.

sl p /L1, = 0——E

A @ =12756%

X =52x2=1a=10

0 1 2 5 6

O/(JueL L)

Fig. 5: The critical applied voltage at
AP =5 A =1 a=10 p/,L, =0, and L, =1mm.

When AP =5, A9 =2, a =10, p//L,L, =0, and L, =1mm, the critical
dimensionless applied voltage is 0.182 and theatiapplied voltage i80798v, look
at Fig. 6.

WhenA} =5 A) =3, a =10, p/,L, =0, and L, =1mm, the critical
dimensionless applied voltage is 0.122 and thecatiapplied voltage i¥238v, as
shown in Fig. 7.
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Fig. 6: The critical applied voltage at
AP =5 A =2 a=10 p/iL,L, =0, and L, =1mm.
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Fig. 7: The critical applied voltage at
AP =5 A =3 a=10 p/iL,L, =0, and L, =1mm.

25

Whend! =5, A} =4, a =10, p/l,L, =0, and L, =1mm, the critical
dimensionless applied voltage is 0.092 and theatiapplied voltage i$458v, look
at Fig. 8.
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vol—————p/uL,L, =0

®_.=5458 v

H=522=4a=10

15 20 25
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Fig. 8: The critical applied voltage at

AP =5 A =4, a=10 p/L,L, =0, and L, =1mm.

0 5 10 30 35

Whend! =5, AY =5, a =10, p/sL,L, =0, and L, =1mm, the critical
dimensionless applied voltage is 0.073 and theatiapplied voltage i€t331v, look
at Fig. 9.

5

as)———pful,L; =0 -
4+ i
o O, =4331 I
A 3f c T -

=5 2=5 a=10
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Fig. 9: The critical applied voltage at
AP =5 A =5 a=10 p/i,L, =0, and L, =1mm.
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The voltage at a critical stat® decreases from 12756v 4f =1 to 4331v at

A5 =5. In general, the applied voltage decreasesipimcreases and high voltage

problems can be avoided therefore the optimal degsayameters should be changed
from;

=5 =2 a=10 | to AP =5 =5 a=10
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4. SPRING-ROLL DIELECTRIC ELASTOMER DESIGN
PROCEDURES

Spring-roll dielectric elastomer actuator is des@jaccording to equations of state (eq.
5, and eq. 6). The first step of designing thetetasr actuator is to be aware of the
constant values of equations of state;

M The shear modulus of the dielectric elastomer (VA8B0 material) equals

10° Pascal [11].

& . The relative dielectric constant equals 3.21 fé1B/4910 material, at a
frequency of 1 KHz.

£,: The permittivity equals885x10**Farad/meter.

E. : The electric breakdown of VHB 4910 material equi0&v/m.

)llp, )lg, a: The design parameters are dealt as constant syalue
AP =5 A5 =5 a=10.

L, : The thickness of the dielectric elastomer (VHB @®&iaterial), 3M company
produces it in a thickness of 1 mm therefore itdalt as a constant value.

4.1 Spring-Roll Dielectric Elastomer Specifications Prescribed by
the Customer

The customer has to specify three specificatiorfereethe actuator is constructed,
axial force/forces in Newtons, length of the aabuadt relax L, ., in meters, and

actuator maximum required length, .. in meters. Dimensionless axial force/forces

should not be positive (tensile force/forces) ahdusd not situate in the region of
modes of failure. If this happens, the customeevéewed to modify his request.

4.2 Determining the Maximum Actuation (stretch) A, .,
Llrelax :A]‘?L:L
leax = AlmaxL:L relax

Ajmax = leax/Lirelax

4.3 Determining the Range of the Applied Voltage

The applied voltage may take infinite differentues along the actuation range starting
at @ =0 and ending & = ®.. E = ®/A,L, whereE is the electric field across the

elastomer membrane. Whén~= ®., E =E., where E_.is the electric breakdown

field. ThenE. = ®. /A, L, . Since the dielectric elastomer is incompressiierial,

A=Y (AA,).
_10L

= 7
C A2p/11 ()
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where;
E. =10°v/m for VHB 4910 dielectric elastomer material.
A according to new derived optimal design parametgusls “5”.

3 M company produces VHB 4910 membrane in a thiskref§ 1 mm.®. can be
determined.

4.4 Determining L,, the Width of the Elastomer Membrane

Substituting A, ,,and ®. in eq. 6, dimensionless chargé/( HeLL,) can be

1max

determined. Substituting the determir@d(qluaLle) and A
determined.

ineq. 7,L, can be

1max

4.5 Determining K, the Stiffness of the Spring

L = Lire,ax/ﬁp , L, has been determined in section 6.4. Substitutingnd L, in
the following eq;a = KL,/ /L,L, , K can be determined.

4.6 Determining n, Number of Turns of Actuator Membrane
Around the Spring
Approximately the number of turns of the actuat@nmbrane can be determined by

dividing the width of the actuatdr, by the circumference of the spring.
_AL

Comr

where;r is radius of the used spring.

n

(8)

4.7 Samples of Spring-Roll Dielectric Elastomer Design Results

In appendix A we develop equations of state base¥at-Lab program help design
spring-roll dielectric elastomer actuators. Thetomer has to specify the relaxed

length of the actuatdy the maximum required length the actuator has to

relax !

achievel and axial load the actuator will treat with. Usithe above mentioned

software, we can design the following actuator sjpetions; the dimensions of the
actuator membrane, the stiffness of the used spttiegmaximum applied voltage, and
maximum achieved actuation. Table 1 includes sasnpil@esign specifications where

the dimensions L, L,, L;, L o Lig.o@nd rare  measured in meters,

® . or ®d . is measured in volts, stiffness of the sprikgis measured in
newtons per meter , and the axial loag is measured imewtons.

Imax?
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Table 1: Samplesof spring-roll dielectric elastomer design specifications

p L L r L L, L D, Atmax Kk

-4 0.01 0.02 | 0.001 0.02 0.0014 0.00L 10000 2 679.7 108
-8 0.02 0.05 | 0.001 0.004 | 0.0034 0.001 8000 2.5 846 2.
-12 0.03 0.09 | 0.001 0.006 | 0.0067 0.001 6667 3 1114 8.3
-16 0.04 0.14 | 0.0025 | 0.008 0.013| 0.00L 5714 3.5 16p4 4.14
-20 0.05 0.05 | 0.0025 The actuator is overloaded

-24 0.06 0.07 | 0.0025 The actuator is overloaded
+28 0.07 0.14 | 0.0025 The load is a tensile forces
+32 0.08 0.184 | 0.0025 The load is a tensile force

-36 0.09 0.225 | 0.005 | 0.0180| 0.0152 0.001 80Q0 2.5 846 2.4
-40 0.1 0.29 0.005 0.02 0.021 0.001 6897 2.9 1048 3.3
-44 0.11 0.352 | 0.005 0.022 0.028 0.00L 6250 3.2 124 45
-48 0.12 0.42 0.005 0.024 0.039 0.00L 5714 3.5 1624 6.2
-52 0.13 0.234 | 0.005 0.026 0.0164 0.00L 11111 1.8 629 2.6
-56 0.14 0.294 | 0.005 0.028 0.0198 0.00L 9524 2.1 708 3.2
-60 0.15 0.345 | 0.005 0.03 0.231 0.001 8696 2.3 771 3.7
-64 0.16 0.432 | 0.005 0.032 0.03 0.001 7407 2.7 937 4.8
-68 0.17 0.527 | 0.005 0.034 0.0404 0.00L 6452 3.1 1189 6.4
-72 0.18 0.702 | 0.005 0.036 0.092 0.00L 5128 3.9 2555 14.6
-76 0.19 0.76 0.01 0.038 0.1132 0.00L 5000 4 2980 9
-80 0.2 0.82 0.01 0.04 0.143 0.001 4878 4.1 3576 11.4
-84 0.21 0.399 | 0.01 0.042 | 0.0275 0.00L 10526 1.9 634 2.2
-88 0.22 0.484 | 0.01 0.044 | 0.0325 0.00L 9090 2.2 738 2.6
-92 0.23 0.598 | 0.01 0.046 | 0.0409 0.00L 7692 2.6 889 3.3
-96 0.24 0.576 | 0.01 0.048 | 0.0387 0.00L 8333 2.4 807 3.1
+100 0.25 0.975 0.01 The load is a tensile force

5. SPRING-ROLL DIELECTRIC ELASTOMER ACTUATOR
VOLTAGE SUPPLY
In spring-roll dielectric elastomer actuator systenachieve a specific actuatioh, a
specific voltage should be applied to the electsaafethe actuator and specific charges

should flow to them, therefore a voltage supply séroutput ranges from several volts
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up to 15000v is required. This voltage supply should be adpistatomatically to
any voltage between 0 and 15000v whatever the \dltiee required voltage is.

A charge pump driven by a low voltage switching powupply and a voltage
drive is presented in this paper [12].

5.1 Charge Pump

Increased voltage levels are obtained in a chartgeppas a result of transferring
charges to a capacitive load and do not involvelifiers or transformers. The charge
pump is constructed by cascaded voltage doublers. Charge pump operates by
switching on and off a large number of switchesohhtharge and discharge a large
number of capacitances, transferring energy toatmput load. Switched-capacitor
charge pumps have exponentially growing voltage gaia function of the number of

stages (voltage doublers) up26[13].
A switched-capacitor organization of a two phase T voltage doubler is
shown in Fig. 10. It contains 2 clock controlledtsives and 2 capacitors.

ke
) B Voul

Fig. 10: The DC-DC TPVD voltage doubler

For a simple explanation of the voltage doublerrapen, let us assume that
the switches and capacitors are all ideal. Thawvésassume that there is no leakage
current in capacitors, switches dissipate no enargythe electric charge transferring
is instantaneous. Fig. 11.a shows the equivalecitiof the voltage doubler when the
circuit is in the Kth iteration cycle and the clock is in phase 1. A$ time instance,

the load capacito€, holds the previous voltage value.

[K] —yy[K-1]
Vout _Vout (9)
el K
v vl
+
+ | C Cs
v VII’] j— c - —

in_l_ - L W L

) VR

7 N’

(@) (b)
Fig. 11: The equivalent circuits in two clock phase
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The voltage across the capaci® changes from—(V,, -V ™) to V, .
The chargeAQ!¥! transferred from the voltage souidg to Cq is obtained from

8Q* = Cyfv = (- v V)= v, - i) (10)

Equation (15) implies that the voltage sourde, would stop transferring

charge toCq if VI =2V .
Figure 11.b shows the equivalent circuit of thetagé doubler when the
circuit is in the(k +1)th iteration cycle and the clock is in phase 2. Adaag to the

charge conservation law at the node connectiggand Cg, and evaluating charges
stored in capacitors a® = C V, the relationship between voltages lkathand

(k +1)th iteration can be expressed by

Vi XCs +VAET xC, = (Vi =V, Jx o + Vi xC, (11)
I O . .
If we setr “c 10 to represent the capacitor ratio, then
L S
Viar = (L-r)Va + 2V, (12)

where 0< r < 1. Thus,\V,, can be represented as a sequence of the iteniadiexk.
Figure 12 shows the voltage gaiAg as a function of the iteration indekx
with differentr. The smaller the, the larger the ratio of the grounded capac{@prto

the switched capacitdZs. It is clear that the final (steady state) valuelef voltage
gainAv is 2 independently of the capacitor ratiorhat is, the circuit in Fig. 11 works

as a voltage doubler provided that the voltagecs\y, supplies enough charge to the

charge pump. The larg€Z, (smallerr) requires more clock cycles (bigdgrto reach
the desired output voltage. The valueg dbes not influence the final voltage gain.

=05

= f
s ||/
i“.j, 1 I.' /
s/
= |/
[/
05} /
0 L L 1 L
0 100 200 300 400 500

clock index k
Fig. 12: The voltage gain as a function of the klimzlexk
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5.2 Proposed Actuator Voltage Supply

A new organization of spring-roll dielectric elaster actuator voltage supply is
presented in this paper. Switched multistage chptgep driven by a controlled low
voltage switching power supply and a voltage drigeused as a variable output high
voltage supply. Coarse adjustment of the outputgel is automatically accomplished
by connecting a specific number of the stages efctiarge pump to the actuator. Fine
adjustment of the output voltage is automaticakkgaenplished by controlling the
width of the pulse of the low voltage switching paveupply. Fig. 13 shows the block
diagram of the proposed voltage supply.

Control
‘ XXX
Volta Variable number of charge pump stages l
g.e ] 1st —®— 2 nd —®—e o © o &—| 71th
drive |
o000
Low voltage ®
switching power . L
supply Control
T . .
(]
Control v v
Outout

Fig. 13: Block diagram of the proposed voltage $upp

The voltage driver is designed to supply 120 vola &0% duty cycle in the
low voltage switching power supply. The input andipwt voltages of each stage of the
charge pump are indicated in table 2.

Table[2]: Theinput and output and output of each stage of the charge
pump

Charge pump Input Output

stage number voltage | voltage
1 120 240
2 240 480
3 480 960
4 960 1920
5 1920 3840
6 3840 7680
7 7680 15360
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At reset state all switches are switched off, duytgle of low voltage switching
power supply is 50% and the output of the voltageed is 120 volt. Suppose that the
actuator needs instantaneous 4000 volt to achiegpeaific actuation, the control
circuit connects stages umber 1, 2, 3, 4, andseiiies and the output is taken from the
fifth stage (the automatic coarse adjustment), thercontrol circuit increases the duty
cycle (pulse width) of the voltage switching povgepply until the output of the fifth
stage reaches 4000 volt (the automatic fine adgistn

6. CONCLUSION

In this paper we search two problems, the firstoisdevelop an optimal design
parameters based spring-roll dielectric elastortrador, and the second is to develop
a controlled wide range output high voltage supply for the first problem, we prove

that A} has slight effect on both actuatioh and axial load, but has a high effect on

the applied high voltage, it reduces the requirpgdliad high voltage down to 35%
when raised to 5. Therefore the optimal design rpatars are changed to;
AP =5 A7 =5 a =10.

In this paper we develop procedures of designingpang-roll dielectric
elastomer actuator, involve a software help desmrhe actuator [appendix 1], and
mention samples of the results of designed spitiglielectric elastomer actuators.

In this paper the concept of actuation range depapdn whether the actuator
is a fixed load actuator or an exchangeable modtds actuator.

As for the second problem a switched multistagergghgoump driven by a
controlled low voltage switching power supply andgatage driver is proposed as a
wide range output high voltage supply.

Solving the two problems a complete spring-rolllet&ic elastomer actuator
system is developed.

For future work, the instantaneous change of aictuabf the spring-roll
dielectric elastomer actuator is required. Thisiaidn can be controlled by controlling
both charges pumped to the electrodes of the actaatl the voltage applied to them.
In a next paper we shall develop a sub controlesydib control charges pumped to
electrodes of the actuator and another sub cosystém to control the applied voltage.
Modes of failure of the actuator will be avoidedngsthe proposed control system.
Sensors of charges and sensors of high voltagéwiillsed. Intelligent system will be
proposed.
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APPENDIX

function [I1, 12, d1lmax, phic, k, n]=actdesign [frelax, I1max, r)

% We develop this equations of state based Matgragram to design spring-roll
% dielectric elastomer actuators.

% I1max is the maximum required actuator length.

% l1relax is the spring-roll dielectric elastometuator at relax.

% p (lowr case letter)is the compressive load iwtdes.

% P (upper case letter) is the dimensionless fxiak.

% phic is the applied voltage at a critical state.

% d1lmax is maximum actuation.

% r is the radius of spring.

% n number of turns of the actuator membrane arthmdpring.

% k is the stiffness of the spring.

% I1, 12 and 13 are the length, width and thicknefsthe actuator membrane.
% mu is the shear modulus of the actuator mat@tielectric elastomer).

% epsilon is the dielctric of the actuator material

% d1p & d2p are the prestretches in in the lengthwaidth of the

% membrane.

% Q (upper letter) is the dimensionless charge.

% Given (I1max, I1lrelax, and p), [I1, 12, d1lmaxj@tk]can be determined.
mu=10."5;
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epsilon=3.21*8.85*10.4=2;
d1p=5;
d2p=5;
a=10;
13=10.73;
if p<0
11=I1relax/d1p;
dImax=l1max/l1relax;
phic=(10.~8*13)/(d2p*d 1 max);
Q=dImax."2)*(d2p.”2)*(phic/13)*(sqrt(epsilon/mu));
P=d1max - ((d1max.*-3)*(d2p.”-2)) - ((Q.*2)*(max."-3)*(d2p."-2)) + a*(d1lmax-
dlp);
if P>35;
12=p/(P*mu*13);
k=(a*mu*12*13)/11;
n=(d2p*12)/(2*pi*r);
else
disp (‘'The actuator is overloaded";
% The word "overloaded" means that the actuator snajects to a failure mode.
1=(];
12=[];
dlmax=[];
phic=[];
k=1];
n=[];
end
else
disp ('The Load is a tensile force');
% The load should be a compressive load (-ve3andld not be tensile (+ve).
11=[];
12=[];
dlmax=[];
phic=[];
k=1];
n=[];

end
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