
Abstract— This paper describes a new SMA actuator design
and its application in the prosthetic hand replacing
conventional servo motors which are bulky and noisy in nature.
Two one-way memory SMA wires are used in the development
of the actuator. The proposed actuator consists of two 0.3mm
in diameter SMA wires inserted from both ends of a stainless
outer tube which functions as a guide and simultaneously a
heat sink for the dissipation of heat from the SMA. These wires
meet at the centre of the stainless tube where an electrode is
placed. There are 2 other electrodes, each located at the end of
the outer tube. These electrodes are the points where current is
passed through each of the SMA wire asynchronously.  In
order to actuate a degree of freedom (DOF) of a robotic finger,
2 actuators are used each for the flexion and extension actions
respectively. A high voltage PWM signal of very short intervals
is used in actuation to avoid excessive heat build-up in the SMA 
due to long unnecessary heating.
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I. INTRODUCTION

Shape memory alloys (SMA), are materials that exhibit
the characteristics of both the shape memory effect and the
pseudo-elasticity effect [1]. The shape memory effect
involves a temperature change in the phase change. When it 
is at low temperature, the SMA mostly remains in the form
of the crystalline structure of martensite, which displays an
elastic nature. When heated, the crystalline structure
transforms to the austenite structure, which is less elastic
thus strain induced to the SMA at the lower temperature
martensite phase can be recovered in the austenite phase [2].
The pseudo-elasticity is an effect where, phase change from
martensite to austenite occurs without the change in 
temperature but rather in the increase of load. As unloading
takes place martensite phase is restored, which can be
observed in its plasticity behavior. At present pseudo-
elasticity of the SMA is widely used for example in 
spectacle frames, brassieres, corrective braces and cell-
phone antennas.

The shape memory effect of the SMA has long been
applied in the field of robotics and prosthetic hands [3-7].
SMA is used because of its small in size characteristic as an 
actuator, gives a large recovery force and is corrosion
resistant. One major disadvantage is their response speed,
which is relatively slow being limited by the speed with
which the SMA can be heated and cooled. For actuation of a 
robotic finger, the conventional actuator of a push-pull type
or the bias-spring type mechanism (Fig. 1(a),(b)) for the
flexion and extension are used [7-10]. These conventional
actuators are appropriate when used for a small amount of
actuation. If a longer SMA is used for larger strain, when
one of the wire is heated and contracted, a large resistive

force is produced  which inhibits the contraction of the other
wire upon heating. Moreover, the SMA wires are in contact
and bent along the joint, which during actuation, loss in
force can be expected.
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Currently, the prosthetic hand developed in our
laboratory has 13 DOFs [12], and the movement of each
DOF is actuated by a HS-81MG RC servo motor, resulting
in 13 motors for the actuation of the whole prosthetic hand.
As seen in Fig. 3, the motors are strapped onto the limb, an
approach which makes the whole hand heavy, bulky and
non-user friendly.  Currently in use, a servo motor (19g) is
able to lift a maximum load of 2.6kg. Comparatively, a 

0.3mm SMA wire is able to carry a maximum load of 4-
6kg. To actuate within a strain of 2cm, approximately a 
50cm long SMA wire and outer metal tube are required,
altogether weighing less than 5g. The SMA can be described
as a light-weight, easy to use actuator when appropriate
control methods are applied. In this paper, we describe a new
actuator for the SMA wire in the 2 way actuation (flexion
and extension) of the robotic finger replacing the
conventional push-pull type and the bias spring type
actuators mentioned above. The proposed actuator, its
structure and design are shown in Fig. 2(a)-2(f), and the
details for the actuator design and the mechanism concept
are explained in the next section.
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Fig. 1 Conventional joint actuators, (a) push-pull type and
(b) bias spring type

II. ACTUATOR DESIGN

As seen in Fig. 2(a), two one-way memory SMA wires
are used in the development of the proposed actuator. Two

0.3mm in diameter, of length 500mm (when in non-
strained form) SMA wires are inserted from both ends of a
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Fig. 2 Detailed view of the actuator (a), whole view of the actuator (b), stainless outer tube used in actuator (c), whole wheel
photo of the actuator (d), photo of the position of the 3 electrodes on the actuator (e) and the centre of the stainless tube where
the 2 SMA wires meet (f). 

Fig. 3 The prosthetic hand actuated by servo motors which are attached to the limb, making it heavy and bulky
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III. MECHANISM

When heat in the form of rrent is applied to a strained

 finger, two of the actuators

the

off for the successive heating for the extension of the finger.

n of the actuator in the actuation of the robotic finger, (a) a clockwise torque and (b)
torque

1
which functions as a guide and a heat sink for the SMA. In
the experiments conducted in our other research in heat
sinking for the SMA, we have found that incorporating the
stainless outer tube, the surface area for heat transfer
increases, increasing the rate of heat dissipation from the
SMA into the environment. A faster cooling for the SMA
increases its response speed as an actuator. 

The two inserted wires meet at the cen
tu  where an electrode is located. An opening of
approximately 25mm in length at the centre is made for the
contraction of the wires when heated. The SMA in the outer
tube is electrically insulated from being in contact with the
stainless outer tube using a PEEK tube of diameter 0.35 -
0.45mm.  At the point where both wires meet an electrode
is fixed, doing the same to each end of the SMA wires as
seen in Fig. 2(e),(f). Between the electrodes and the
stainless outer tube is fixed a plastic stopper, which
insulates the SMA wire electrically from the stainless outer
tube and  allowing only the other end of the wire attached to 
the middle electrode to strain or extend, pulling the PE line 
along with it.

These elec
ugh   each of the SMA wires asynchronously (ON and

OFF). The object intended to be actuated is attached to the 
PE string with the other end curled around the SMA wires
and protrudes from the other end of the stainless outer tube.
The mechanical concepts of this actuator will be discussed
in detail in the next section.

 cu
SMA wire, as the temperature rises above its transformation
point, shape memory effect causes the wire to contract and 
return to its original length. As the wire contracts, tension in
the wire pulls the centre electrode inwards, and stretches the 
other SMA wire attached to it. 

In order to actuate a robotic
are used each for the flexion and extension movements
respectively. The mechanism of the flexion-extension
actuator can be explained as follows. Take the case as in 
when the finger is flexed in a counter clockwise direction as 
seen in Fig. 4(a). In this flexed condition, before the
successive heating takes place, the SMA wires in both AB
and EF are in original length while BC and DE are in
extension. As the switches in AB and EF are turned off 
while switches in BC and DE are turned on, BC and DE
contract, pulling the wires in AB and EF into extension.
This produces a torque around the axis of the joint in the
clockwise direction, and the finger is extended as shown in
Fig. 4(b). Here, the switches for BC and DE are turned off
for the successive heating for the flexion of the finger.

Similarly, in this strained condition, before
successive heating, resulting from the last heating, both
wires in A’B’ and E’F’ remain in extension while the wires
in B’C’ and D’E’ are in contraction. As the switches in
A’B’ and E’F’ are turned on while switches in B’C’ and
D’E’ are turned off, A’B’ and E’F’ contract, pulling the
wires in B’C’ and D’E’ into extension. A torque is
generated around the rotational axis of the joint in the 
counterclockwise direction, flexing the finger as shown in 
Fig. 4(a). Here, the switches for A’B’ and E’F’ are turned
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Fig.  5 The actuation of a robotic finger using the proposed
SMA actuators.
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ontrol methodology, a fast hea
ro

n a fast response and to prevent heat build-up in the
SMA due to unnecessary continuous heating, a control
method, consists of short pulses in the milliseconds order
and of high voltage is applied. This fast and powerful
heating method is used together with temperature
monitoring using a type-K thermocouple. During actuation,
the strained SMA is heated just sufficient for it to reach its
phase-change temperature to prevent overheating of the
wire. As the temperature of the SMA increases and
exceeds a safety margin, the duty ratio of the pulses is 
reduced to reduce the power applied. This power supply
control is done using the H8/3664 chip, with the
programming work done in the C Language.

 V. CONCLUSION

o actuation of the prost
akes t

bu y, heavy and non-user friendly. The prosthetic hand
developed in our laboratory has 13 degree of freedoms,
where each DOF is actuated by a servo motor, resulting in
the usage of 13 servo motors for actuation of the whole
hand. In this paper, we described the designs and the
mechanism concept of a new actuator for the SMA wire in
the 2 way actuation (flexion and extension) of the robotic
finger, an initial step in actuation of the whole hand.

This mechanism differs from the push-pull type and the
bias spring type actuators mentioned in the earlier part

th paper. The SMA wires are all embedded in the stainless
steel wire which functions as a guide and simultaneously a 
heat sink. When set for linear actuation, the SMA wires can
produce the maximum force compared to when they are
bent during actuation.

With only 2 actuators, each weighing less than 13g, the
actuation of a DOF can

proposed
SMA
actuator

a ating a robotic finger using the new SMA actuators is
currently being carried out in our laboratory (Fig. 5). By
introducing the SMA into the actuation of the prosthetic
hand, the weight of the hand can be reduced. Together with
the control methodology developed for the optimum heating
of the SMA wires, a faster response can be obtained,
making its usage on a prosthetic easier and lighter in near
future.

robotic finger proposed
SMA
actuator

This research as partially supported

Scientific Research (B), 2004, No.16360118.

REFERENCES

 “Shape Memo
modelling and nu

dissertation of UCB, Berkeley, 1995.
[2] Dr. Abhijit Bhattacharyya et al. “Shape Memory Alloy”. University of

Alberta, Edmonton, Alberta, Canada, 2001.
http://web.cs.ualberta.ca/~database/MEMS/sma_mems/sma.html

[3] Yavuz Eren, Constantinos Mavroidis and Jason Nikitczuk, “B-Spline
Based Adaptive Control of Shape Memory Alloy Actuated Robotic

[5]

[6]

[9]

[10]

Systems”. Proceedings of IMECE ‘02, November 2002.
[4] Amir Khajepour, Hamid Dehestani and Farid Golnaraghi, “A new

Shape Memory Alloy Rotary Actuator: Design and Modelling”. Proc.
of the Int. Symposium on Impact and Friction of Solids, Structures and
Machines (ISIFSM 98), Ottawa, ON June 27 30.
Michael J. Mosley, Constantinos Mavroidis and Charles Pfeiffer,
“Design and Dynamics of a Shape Memory Alloy Wire Bundle
Actuator”. Proceedings of the ANS, 8th Topical Meeting on Robotics
and Remote Systems, Pittsburgh, PA, 1991. 
Othon K.Rediniotis, Dimitri C. Lagoudas, Hyoung Y. Jun and Richard
D.Allen, “Fuel-Powered Compact SMA Actuator”. Proceedings of 
SPIE, vol. 4698, pp. 441-453, July 2002 

[7] Kathryn J.De Laurentis and Constantinos Mavroidis, “Mechanical
Design of a Shape Memory Alloy Actuated Prosthetic Hand”. 
Transactions of the ASME, Vol. 124, No. 4, pp. 652-661, 2002 

[8] Shigeo Hirose, Koji Ikuta and Koichi Sato, “Development of Shape 
Memory Alloy Actuator(Improvement of output performance by the 
introduction of a -mechanism).”. Advanced Robotic, 3, 2, pp.89-108
(1989).
R. Andrew Russell and Robert B.Gorbet, “Improving the Response of
SMA Actuators”. Proceedings of the 1995 IEEE International
Conference on Robotics and Automation, vol. 3, pp. 2299-2304, May
1995.
Kuribayashi, K., “Improvement of the response of an SMA actuator
using a temperature sensor”. The Interntional Journal of Robotics
Research, vol. 10, pp. 13-20, February 1991.

[11] R. Featherstone & Y. H. Teh 2004, “Improving the Speed of Shape 
Memory Alloy Actuators by Faster Electrical Heating”. Int. Symp.
Experimental Robotics (ISER'04), Singapore, 18-21 June 2004.

[12] A. H. Arieta, H. Yokoi, “Integration of a Multi-DOF Individual
Adaptable with Tactile Feedback for an EMG Prosthetic System”.
IAS-8 F.Groren et al.(Eds.) IOS Press, pp.1013-1021, (2004).

6903

Authorized licensed use limited to: Univ Carlos III. Downloaded on June 14,2010 at 14:25:08 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF005500730065002000740068006500730065002000730065007400740069006e0067007300200074006f0020006300720065006100740065002000500044004600200064006f00630075006d0065006e007400730020007300750069007400610062006c006500200066006f007200200049004500450045002000580070006c006f00720065002e0020004300720065006100740065006400200031003500200044006500630065006d00620065007200200032003000300033002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


