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These advanced ferrochromium and
stainless steel production processes at the
Pyykki Steelworks in Northern
Ostrobothnia were introduced in 2003.
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Mechanical engineering is the application of science to the
creation of useful devices to meet the needs of society.
Mechanical engineers focus on the design, manufacture,
operation and maintenance of a wide variety of machinery.
The products of their work range from jet engines to minute
instruments for use in medicine. Mechanical engineers
usually create engineering drawings of the devices which are
to be produced. Before the late 20th century, drawings were
usually made manually, but the widespread use of computers
has now enabled the creation of drawings and designs using
computer-aided design (CAD) programs. Modern CAD
programs allow engineers to produce three-dimensional
models, which can be used directly in the manufacture of the
devices depicted.

Mechanical engineering 15 the appheatonofscience...
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'A proton exchange membrane (PEM) fuel cell trans-
forms the chemical energy liberated during the electro-
chemical reaction of hydrogen and oxygen into electri-
cal energy, as opposed to the direct combustion of hy-
drogen and oxygen gases to produce thermal energy.
2A stream of hydrogen is delivered to the anode side of
the membrane electrode assembly (MEA). 3At the an-
ode side, it is catalytically split into protons and elec-
trons. “The newly formed protons permeate through
the polymer electrolyte membrane to the cathode side.
5The electrons travel along an external load circuit to
the cathode side of the MEA, thus creating the current
output of the fuel cell. Meanwhile, a stream of oxygen
is delivered to the cathode side of the MEA. At the
cathode side, oxygen molecules react with the protons
permeating through the polymer electrolyte membrane
and the electrons arriving through the external circuit
to form water molecules.

'...(PEM) fuel cell... the electrochemical reaction of hydrogen and oxygen ...

’A stream of hydrogen is delivered to the anode side ...

A
‘At the anode side, the hydrogen is catalytically split into protons an

“The newly formed protons permeate ...to the cathode side.
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electrons.
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*Meanwhile, a stream of oxygen is delivered to the cathode side of the MEA.
/

"At the cathode side, oxygen molecules react with the protons ...to form water

molecules.
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Polyester - PDMS

Fig. 3). The inset to Fig. 2a shows an enlarged view of the inner
structure of(the conductive yarn (for more structural characteriza-
tions, including scanning electron microscope images of different
magnifications, see Supplementary Fig. 4). This coiled structural
design/ensures that the yarn-based stretchable sensing unit main-
tains decent electrical conductivity even under extreme stretch-
ing, (guaranteeing the excellent robustness of the sensing units.
Different levels of axial tensile strain for both thel PDMS sleeve and
the coiled conductive yarn bring about a constant change in contact
area between the two during stretch—release cycles. As a result, an
electrical potential builds up due to the electron affinity ditference
between the two materials (PDMS has a strong ability to grab elec-
trons, whereas polyester tends to lose them upon physical contact
between the two, as schematically shown in Fig. 2b). A detailed
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PTFE layer tends to attract electrons that can be retained on its
surface due to the difference of electron affinity, while the Ni-

1) E)‘( ('815511'27 ) fabric layer tends to lose the electrons, thus producing tribo-

electric static charges on the contact surface. Then, as the gear is

2) Eﬂg ('BH(_'II}J 5:51"'47 ) driven to rotate by the stretching soft strip, the intermittent

contacts between PTFE layer and gear’s teeth will result in the

3). {ﬁﬁ&ﬂ‘jﬂg{ﬂ% ('Bﬁ[ﬂ‘]ﬁ[fﬂ!ﬁ continuous alternating of electrical potential between Cu

E? ) electrode and the ground, driving electron flow and generating
: the cyclic output peaks. To explore the performance of L-TENG

4). 1-t EA (1Ej1-|- ;Em,[i-? ) Sensor in various stretchi_ng situations, a prqgram.mable .linear

stepper motor as shown in Supplementary Fig. 3 is applied to

5). ;glg{’EI{’E? ) n:;cnntml strip’s motion and the open-circuit tests can be seen in
Supplementary Movie 1. The maximum stretchable length of the

) Eﬂgigimmu (Egﬂﬁ&ﬁ%fl' strip is 60 mm, which is limited by the disc spring mounted on

/A—? the rotation shaft that provides reccwery force, so the L-TENG
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are primarily perceived visually'. Through the signed mode,
the language is accessible at the optimal level through the
visual sense. However, without prior knowledge of sign language,

f igned languages are conveyed by the hands, face and body, and

=] 4 - -

EIBH LA ERS? it is difficult for non-signers to receive and understand this con-
P ZXANEEREE? ‘-.f.ersatmnal 111ed1ur111- This creates a commun‘ma:_ll?n barrier between
—g signers and non-signers®. Wearable electronics™'” have a number of
2).1a)# attractive features, including their light weight, low cost, high flexi-
BHER_RAaER? bil.it)f and con.fﬂrr‘nability, and could offer a technulogic?l solution to
PRVESEEY C rr this communication barrier in the form of wearable sign language

AT AXB—1 RR? translation devices.

RADFRNE (BXR) BtA?

system to implement sign-to-speech translation. Our system offers

3). BRI good mechanical and chemical durability, high sensitivity, quick
Hth A JRpiSiti Lz R G =2 response time and excellent stretchability. To illustrate the capa-
bilities ot the wearable sign-to-speech translation system, a total of
N =W g P ys

RERDRETA? 660 sign language hand gestures based on American Sign Language
4).17i8 (ASL) were acquired and successfully analysed with the assistance
s HERS B AGZRLEES - of a machine-learning algorithm. The system has a high recognition

UG B SRR G RE—MFRIBRS R rate of 98.63% and a short recognition time of less than 1 s.
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