ENGLESKI JEZIK ZA INZINJERE 2
$kolska godina 2017/2018 fond ¢asova 2+0

VI semestar — struéni kurs engleskog jezika za studente energetike
Predmetni nastavnik: lvana Mirovi¢, sajt: ivanamirovic.wix.com/pocetna
Konsultacije: sreda 9:30, kabinet 109, blok F

Udzbenik: skripta: 1zbor tekstova i vezbanja (l. Mirovic)
moze se nabaviti u fotokopirnici FTN-a

PREDISPITNE OBAVEZE: Test (40 poena) MoZe se polagati samo tokom
semestra na ¢asu.

Da bi mogao polagati test student mora biti prisutan na predavanjima min 3 puta

Proverava se znanje iz sledecih oblasti:
- vokabular ( nove reci i struéni termini), kolokacije
- redeniéne konstrukcije koje su se pojavljivale i uvezbavale u tekstovima i
vezbanjima posle tekstova
- tvorba reéi (imenica-pridev, glagol-imenica i sl.)
- snalaZenje u nepoznatom tekstu

Da bi izadao na usmeni deo ispita student mora imati min 20 poena

ISPIT: mak'simalno‘ 60 poena. Ispit je usmeni. Student izvladi ispitno pitanje
(ceduljica sa naslovom jednog od obradjenih tekstova iz skripte), Cita tekst i
odgovara na pitanja koja postavlja nastavnik

Studenti koji su redovno pohadali nastavu mogu odluciti da umesto usmenog

ispita rade prezentaciju na odabranu temu.

FORMIRANJE KONACNE OCENE: prema skali koja je prihvac¢ena na Fakultetu.
(50 — 100 poena)
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20.02. - uvod

27.02. Man'’s abilities
' mnozina imenica, modalni glagoli, in spite of...

06.03. - Electricity in Early Days (from: Scientific English Practice)
vokabular, proper names — common nouns, word formation,
inversion
13.03. — Conductors and Conductivity (from: The Structure of Technical
English)
It is + adjective + to .... structure

120.03. - Reactor Cooling System (from: The Structure of Technical -
English )

27. 03. - Impulse Turbines (from: The Structure of Technical English)
Contracted time statement

03. 04. - Introduction to Electric Power Systems (from: Technical English)
10.04. — APRILSKI ISPITNI ROK

17. 04. - Conduction and Transmission of Electric Power (from: Technical
English

24. 04. — Circuit breaker (from: Wikipedia)

08. 05. — Transformers (from: Technical English)

15. 05. — Japan’s digital grid scheme

‘22.05. — Origami-Folded Hydrogel Paper lnstantily Generates 110 Volts ef
Electricity

hitps://spectrum.ieee.orqg/video/biomedical/devices/origamifolded-hydrogel-paper-
instantly-generates-110-volts-of-electricity

29.05. -TEST

05. 06. — Prezentacije, potpisi, pitanja
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Section 18_ ' g ' 18-02

Introduction to Electric Power Systems

18-03
CHARACTERISTICS INFLUENCING GENERATION AND
/ TRANSMISSION OF ELECTRICITY .

‘There are three main characteristics of electricity suoply whicll, however
" obvious, have a profound effect on the manner, hich it is engineered. They
are as follows. ‘ R

a) Electricity, unlike gas and water, cannot be stored and t upplier has
small control over the load at any time. Control engineers ¢ndeavout Yo keep
the output from the generators equal to the connected load-at-the specified
voltage and frequency. The load consists basically of a steady component known
the base load plus peaks depending on the time of day.

b) There is a continuous increase in the demand for power. A large and
continuous process of adding to the system us)exists. Networks are evolved
over the year et than planned in a cléar-cut manner and then left
untouched. T

¢) The distribution and nature of ‘the fuel avmlable This aspect is of great
interest and importance.

18-01

PR

TEXT COMPREHENSION WITH DISCUSSION

- The author discusses the three main characteristics of electricity supply which
have a profound effect on the generatlon and transmission of .electricity. The first
characteristic of electricity is that it cannot be stored Does this statement hold good for
gas and water too?

~ What is the task of control engmeers‘7 ‘

- What does the load basically consist of?

— What do you understand by the term ”peak™?

— The second characteristic of electric power systems is that there is a.continuous
increase in the demand for power. How is this problem solved?

— What is the third charactensuc that has to be taken into cons1deratlon when
dealmg with the problem of electnc1ty supply?

RHETORICS 8-04

This introductory paragraph is typical of technical Enghsh The author mtroduces
the toplc by enunciating the three basic charactenstlcs affectmg the generation and
transmission of electricity.

The rhetorical device of enumeratlon gwes a clear survey of the problems involved;
Do you consider that the order of the given characteristics can be changed in terms ol‘
their 1mportance Are these characteristics functionally mterdependent or not"

. Representa
invariably three
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A very use
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18-02 . Representation of Power Systems. Modern electricity supply systems are
invariably three-phase. The design of Works is such that normal
operation is reasonably close to balanced three-phase’“ii}orking, and often a

study of the clectrical conditions in one phase is sufficient to give a complete
analysis. Equal loading on all three phases of a network is ensured by allotting
as far as possible equal domestic loads to each phase of the low voltage

distribution feeders; industrial loads usually take three-phase supplies.

18-03 * A very useful and simple way of graphically representing a network is the
schematic of line diagram in which three-phase circuits are represented by single
lines.

TEXT COMPREHENSION WITH DISCUSSION

R _ What kind of electricity supply systems are used today?
e The author states that often a study of electrical conditions in one phase is
P el 8 Sufficient to give a complete analysis. Give arguments for this statement.
) — How is equal loading on all three phases ensured? .
— How can a three-phase network be graphically represented ina useful and simple

way?
/

RHETORICS: STRUCTURING OF A TEXT

Technical information may be expressed either by words, by a text (the verbal form

of information) or be represented by diagrams (the non-verbal form). How does the
author conduct the information about the network of the power system which is usually

represented as a schematic diagram?
Use the following bearers of information:

design of distribution networks
normal operation
balanced three-phase working
the study of electrical conditions
the analysis of one phase
graphical refrésentation

single line diagram

18-04 A typical line or schematic diagram of a part of a power system is shown in
figure 17.{In this, the generator is star connected, with star point connected to
earth through resistance. The nature of the connection of the star point of
rotating machines and transformers to carth is of vital importance when
considering faults which produce electrical unbalance in the three phases. The

voltage is increased fI'om at the generator terminals by transformers
connected as shown. At the'end of the lines the voltage is reduced for the

" generator feeds two three-phase lines (overhead or underground). The lin€ .



R . S _
- :\ —
o\ L . . . _r
\:{T \“i _ secondary distribution of power JT(;WQ lines are provided to jmprove the s ity
@ of the supply, 1-€: if one line develops a fault and has to be swit upthe
\ remaining one still delivers power to the receiving end. It is not necessary in
~ r———Straight-f_orward current and voltage calculations t0 indicate the presence O
switches, etc., O the diagram, but in some cases such as{stability calculation
t transformers and p_rotection {5 very useful.
B. M. Weedy and John Wiley and ‘Sons, 1974)

the location of switches, curren
' (from Electric Ppower Systems by

BUSBARS

LOAD.

T

Fig. 17 Line diagram of @ simple system

Names of the components of a three-phase power system:
— line,.cable,

— busbar,

- synchronous machine, -

— two winding transformer, '
.. circuit breaker, »

~ delta connected,

Abstract

‘Variant 1
INTRODUCTION 1

The author discusses
generation and trai
stored, it can be cot
equals the connecte
ower, networks m
. electricity supply th
into consideration.
which three-phase ¢

Variant 2
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earth or ground electrode. ?), THEIR USE It
N : L b Systems
DISCUSSION ON THE SCHEMATIC DIAGRAM This i
g ‘ ‘ A 1is is use
_ Explain the symbols. - and prime Mot
- o — Explain how the generator is connected. '
\, A0 (= — Why is the connection of the star point of rotating machines and transformers t0 Load
AR earth of vital import nce? ‘ Thi
Tepdpy it 0 = What does the generator feed? devi § may
_ ‘What kind of lines may be used? - evices which
— Where and how is the line voltage increased? supply circuit;
gi-. — Where is the voltage reduced and for what purpose? '
— Why are two li‘nes'pro‘vi ed? Busbar
An elect
lines, loads,

aluminium.




19-04

19-05

19-06

19-07

19-08

A complete electric circuit consists of a device or appliance, a path; a
method of control, and a source of electrical energy. There are. numerous
electrical devices, appliances, and gadgets for household purposes.

Match the technical term given on the left with its function.

Technicizl term

television for producing sound and pictures
switch for safeguarding the circuit
fuse for producing sound
radio for producing light
bell for controlling the current
telephone for sweeping the dust .~
refrigerator: for communicating over a certain distance
electric stove for producing heat :
washing machine for cooling food and drinks
vacuum cleaher for washing the laundry
electric ring /
toaster
_circuit breaker
electric iron
- TECHNICAL TERMINOLOGY
DEFINITION

rating

the fuse blows
the circuit breaker trips

switch on
switch off

furn on

turn off
plug in

take out the
plug, unplug

connect
‘disconnect

interrupt

Function

A designation, as established by definite standards,
of an operating fimit of a machine. It may be

expressed in kilowatts, e.g. of a d-c generator, in
kilovolt amperes, e.g. of an alternator.

EXAMPLES OF USEFUI:‘ EXPRESSIONS

The fuse blows whenever an overload occurs.
The circuit breaker trips whenever an overload
occurs. -

Switch on the light. Switch it on.
Switch off the light.

Switch it off. )

Turn on the radio. Turn it on.
Turn the radio off, Turn it off.
Plug in the lamp.

Plug in the tape recorder.
Plug in the refrigerator.
Unplug the lamp plug.

Take out the recorder plug. .
Unplug the refrigerator plug.

The source of emf is connected.

All devices are connected in the circuit.
When the source of emf is disconnected the current
stops flowing.

The flow of current is interrupted when the circuit is
broken.

Abstract
SWIT CHES, CIRCU.

The article summariz
protecting devices, suc
are predominantly ust
the requirements that
breaker for the given ¢
are of special importa
may be subjected, to-
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section 20

Conduction and Transmission of Electric
Current

20-01

20-02

B

Bus Structure. The bus structure is composed of heavy copper conductors
supported on insulators and installed in concrete cells. All generated power is
concentrated at the buses. From them it is fed through branch lines (feeders) to
points of use. Practice differs widely as to the number and arrangement of the
buses, but the principle is that of pooling the output of several generators. Each
generator is provided with several switches, by which it can be connected to any
bus desired. Instrument transformers, permanently connected to generator
circuits, furnish current to actuate the ammeters, voltmeters, wattmeters and/
watt-hour meters on panel boards in the control room which is the operating

headquarters of the electric power plant.

TEXT COMPREHENSION WITH DISCUSSION

— What is the function of the buses?

— What is the bus structure composed of?

— Each generator may be connected to any bus desired. By what?

— Through what is electric current fed from the buses to the points of use?

— Instrument transformers are permanently connected to generator circuits. Give
reason for this statement. -

— What kind of meters may be found on panel boards in the control room?

Switching and Transformer Equipment. If an electric power plant is serving
4 near-by load, the feeders will pass directly from the bus structure to the pole
lines or underground cables. Groups of switches are used to connect the feeder
to one bus or another for most economical operation according to the amount of
joad.df the plant output is to be transmitted to(distant load centres, the voltage
is stepped up by transformers in order that the resultant reduced currents will
cause a reduced amount of heating in the lines. As the voltage is increased the
current’ is decreased in inverse proportion. This permits the use of smaller
conductors and affords a saving in construction and operating costs. Part of the
saving in conductor costs is offset by the fact that operation at higher voltages
requires increased clearance between the wires and towers and the ground,
increased spacing between wires and increased cost of insulators.. Voltages are
stepped up by large power transformers, connected between generators and
buses or between buses and feeders. Switching between transformers and
transmission lines is usually done by high-voltage oil circuit breakers. Switching
and transforming equipment is often installed outdoors and is designed for
severe weather conditions. Plants in congested districts usually have indoor
switch houses feeding into underground cables.
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TEXT COMPREHENSION WITH DISCUSSION

— The author mentions two systems of electric supply service: one when the ‘electric
power plant is serving a near-by load, and the other when it is serving distant load
centres. Describe these systems. ,

— If the power plant output is to be transmitted to distant load centres the voltage is
stepped up by transformers. Give technical reason for this statement.

— As the voltage is increased the current is decreased in inverse proportion. This
affords different kinds of savings. What savings? ‘

~ — Voltages are stepped up by large power transformers. Where are they located and
how are they connected?

— What devices perform the switching between transformers and transmission lines?

— Where are switching and transforming equipment usually installed?

Transmission Lines. Transmission lines may be underground or overhead.
For long distances overhead lines are used exclusively. For shorter distances, in
residential and industrial communities, underground cables are often used.
When lines are overhead, the conductors are supported from the poles or

towers by insulators mounted on Crossarms.

‘Transmission conductors are usuallyv made of several strands of metal
twisted together in spirally wound layers. Copper conductors of the necessary
diameters would often contain more metal than could be justified economically.

" Conductors of aluminium wound around a core of steel strands have a larger

diameter for the same resistance; and after World War II, had a lower cost. As
the result, the use of aluminium increased greatly.

TEXT COMPREHENSION WITH DISCUSSION

— There are two systems of transmitting current. What are they?

. — What is the name of the structure on which the transmission lines are strung?
_ On what are the insulators mounted that support the transmission conductors?
_ What does the transmission conductor consist of? '

— What factors affect the choice of 2 conductor? .
(from Encyclopaedia Britannica, vol. 8)

ELECTRIC CURRENT-FLOW DIAGRAM

The diagram shows the main points where electric current is generated,
transformed and fed to the transmission lines. The detailed description of the

diagram starts from the left top side and follows the arrows to the transmission

lines at the bottom. -
The sentences that follow denote individual stages of the current flow. If

- you link these sentences together and reconstruct them if necessary, and if you

add the necessary connective words, you will obtain a cohesive whole, ie~a
complete descriptive text of the current-flow diagram.
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Fig. 18 Electric Current-Flow Diagram

Since this description follows the current flow-in a logical order, the text of
this description is said to be coherent. In other words, from the begmnmg to the

-end of the description the sentences-are logicaily developed one from the other,
thus making a logical whole.

— The heat energy of steam\s converted to mechamcal energy of rotation,
which in turn is converted to electrical energy.

~ Steam is produced in a steam turbine.

— Electrical energy is produced in a generator. . s

~ The mechanical energy of rotation is delivered .on the turbine shaft.
— The turbo-generator set is mounted on thé same shaft.”

- The synchronous a-c generator is separately excited by the exciter, a
small d-c generator. ‘

— The exciter supplies the main generator with the field current.

oL FIELD CURRENT
. I N
MECH. POWER MECH. . -
» GENERATOR EXCITER  |e—
FROM TURBINE _ POWER

BLOWER
GEN.CURRENT
. ol
. A
- NTROL
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— The turbo—generat&‘r set would get very hot if it were not cooled, so some
kind of cooling system must be provided.

— The metering transformers transform the generated current to the value
required for the control circuits connected to the control board.

~ Meters and instruments are mounted onan easily accessible switchboard.
- They indicate and record electrical quantities in all circuits.
_ Switches are located on the board for controlling the circuit breakers.

— The operators in charge are informed about every piece of apparatus
included in the system.

— All power generated from the output of several generators is
concentrated at the buses. )

C The generated power is fed through the feeders to the transformers.
_Transformers step up the voltage to high value.

_ As the voltage is increased the current s decreased in inverse
proportion. ' ‘

ELECTRIC POWER PLANTS - ENERGY CONVERSION

Thermal power plant: _ The chemical energy of burning fuel is changed to
- the heat energy of steam, which in turn is changed
to mechanical and then 10 electrical energy.

Hydroelectric power plant: The kinetic energy of flowing water is changed to
mechanical energy and then to electrical energy-.

‘The nuclear energy in the reactor is changed to heat
) ~energy, then to mechanical energy and finally to
B ‘ electrical energy.

Costs investment costs,
maintenance or upkeep COSts,
operating costs or ‘costs of operation,
repair costs,
replacement costs

Nuclear power plant:

Abstract

CONDUCTION AND TRANSMISSION OF ELECTRIC CURRENT -

The author describes the conduction and transmission of electric current with
devices and equipment required for this purpose. The carrent is produced in
turbo-generator sets. The power generated from their output is concentrated at
the buses from which it is fed through feeders to power transformers. If the
output is to be trans itted to distant load centries, the voltage must be stepped
up by transformers, because if the voltage is increased the current is decreased
in inverse proportion. This permits the use of smaller conductors and affords a
saving in construction and operating cOsts. Further on, the author discusses the
transmission lines that may be overhead oOr underground. Overhead
transmission lines are predominantly made today of -aluminium conductors
‘wound around a steel core because aluminium is cheaper than copper.
Underground cables are used for local distribution of current in residential and
industrial districts. :

e
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Circuit breaker

A circuit breaker is an automatically operated electrical switch designed to protect
an electrical circuit from damage caused by excess current from an overload or short
circuit. Its basic function is to interrupt current flow after a fault is detected. Unlike

a fuse, which operates once and then must be replaced, a circuit breaker can be
reset (either manually or automatically) to resume normal operation.

Circuit breakers are made in varying sizes, from small devices that protect low-
current circuits or individual household appliance, up to large switchgear designed to
protect high voltage circuits feeding an entire city. The generic function of a circuit
breaker, RCD or a fuse, as an automatic means of removing power from a faulty
system is often abbreviated as OCPD (Over Current Protection Device).

All circuit breaker systems have common features in their operation, but details vary
substantially depending on the voltage class, current rating and type of the circuit
breaker.

The circuit breaker must first detect a fault condition. In small mains and low
voltage circuit breakers, this is usually done within the device itself. Typically, the
heating or magnetic effects of electric current are employed. Circuit breakers for
large currents or high voltages are usually arranged with protective relay pilot
devices to sense a fault condition and to operate the opening mechanism.

Once a fault is detected, the circuit breaker contacts must open to interrupt the
circuit; this is commonly done using mechanically stored energy contained within the
breaker, such as a spring or compressed air to separate the contacts. Circuit
breakers may also use the higher current caused by the fault to separate the
contacts, such as thermal expansion or a magnetic field. Small circuit breakers
typically have a manual control lever to switch off the load or reset a tripped breaker,
while larger units use solenoids to trip the mechanism, and electric motors to restore
energy to the springs. '

The circuit breaker contacts must carry the load current without excessive heating,
and must also withstand the heat of the arc produced when interrupting (opening)
the circuit. Contacts are made of copper or copper alloys, silver alloys and other
highly conductive materials. Service life of the contacts is limited by the erosion of
contact material due to arcing while interrupting the current. Miniature and molded-
case circuit breakers are usually discarded when the contacts have worn, but power
circuit breakers and high-voltage circuit breakers have replaceable contacts.

When a high current or voltage is interrupted, an arc is generated. The length of the
arc is generally proportional to the voltage while the intensity (or heat) is proportional
to the current. This arc must be contained, cooled and extinguished in a controlled
way, so that the gap between the contacts can again withstand the voltage in the
circuit
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Japan’s Digital Grid Scheme

Japanese consortium aims to transform the country’s
centralized grid into islands of interconnected cells

By John Boyd

Japan’s plan to phase out its nearly 50 gigawatts of nuclear capacity over the next two to three
decades has opened a window for renewable energy in the country. But swapping wind and solar
power for that nuclear generation, which produced 30 percent of Japan’s electricity prior to the
2011 Fukushima crisis, could also lead to major disruptions in energy supply, warns Rikiya Abe,
a University of Tokyo professor. The problem, says Abe, who came to academia after working in
the electrical generation industry for 30 years, is that Japan’s grid—and indeed that of many
developed countries—is set up to be centrally controlled. The utilities have to carefully regulate
the grid’s frequency and voltage by maintaining a fine balance between power generation and
changing demand. A diverse group of large J apanese firms is starting to explore a solution—a
gradual reorganization of the country’s power system so that in the end it resembles the Internet,
routers and all.

“The present synchronized system has served us well,” says Abe. “But when you introduce
various sources of renewable energy, they will certainly increase fluctuations in the system, until
at some point they become unmanageable.” What we need, he says, “is a shift from central to
decentralized control, with generated power being segmented and widely distributed.”

The answer is what he calls “the digital grid,” the architecture of which is based on the Internet.
The idea is to gradually subdivide the existing synchronized grid into asynchronous, autonomous
but interconnected cells of varying sizes. These assign the equivalent of IP addresses to
generators, power converters, wind farms, storage systems, rooftop solar cells, and any other grid
infrastructure within the cells.

“Theoretically it’s sound; technically it’s doable,” says Paul Scalise, a former energy analyst
who is now a research fellow at Temple University Japan and the University of Tokyo. “And it
has the added benefit of dealing with the renewable energy issue,” he says. “So it’s an idea that
could hold sway with utility companies worldwide. The question is, though, who is going to pay
for it?”

To get the concept off the ground, last September Abe established the Digital Grid Consortium,
which he heads. To date it has six members: Hitachi Yokohama Research Laboratory,
Kanematsu Electronics, National Instruments J. apan, NEC, Orix Corp., and Sekisui Chemical. In
the same month, Abe says, the group successfully demonstrated a key enabling technology—the
Mark I, a 2-kilowatt, three-legged “digital grid router.” DGRs would manage and regulate power
demands by providing asynchronous connections and coordination withi and between cells. The




multilegged DGR comprises a solid-state AC/DC/AC converter using insulated gate bipolar
transistors and other power electronics. These enable voltages to be raised or lowered on the fly
as cell frequencies change, according to various demands. Early next year, the consortium plans
to demonstrate two or more routers working together at the Knoxville, Tenn., Electric Power
Research Institute test facility.

Equipped with a CPU, memory, data storage, and network communications, a DGR assigns tags
(the equivalent of IP addresses) to discrete “packets” of power from various generated or stored
sources that are sent into the grid, while receivers simultaneously extract the same amount of
power from the grid. To illustrate how this would work, Abe gives as an example a cooperative
residential group that puts in an order for renewably generated power at a certain cost. Using an
Internet-based market mechanism similar to a stock exchange system for buying and selling
securities, a broker locates a solar farm that accepts the order, and a contract is agreed on. “If the
order is not matched, then there is no transaction,” he says. “This maintains balance in the

grid.”

Abe likens the process to the banking system. If one person remits money to another person, the
cash need not be physically transported to complete the transaction. The actual communication in
the digital grid is done primarily over the Internet, or in the case of power lines, by adding on a
high frequency signal. “Each energy transaction will automatically be recorded and collected by
certified service providers, along with additional properties such as location, time, generation
source, price, and CO, credits,” he says.

Since the 2011 earthquake, Abe says he’s seen a great upsurge of interest in the concept, but he
agrees that to turn the digital grid into a viable reality in Japan, he will have to win over the
power utilities and major electrical equipment manufacturers, which so far have declined to join
the consortium, “though we continue to talk with them and with METI [Ministry of Economy,
Trade and Industry],” he says. “Eventually, they will have to accept the reality of renewably
generated energy and [that] the present system is not set up to manage it,” says Abe. “If they’re
going to remain key players in the coming renewable energy era, they really need to start
changing their present business model.”

Scalise, author of an upcoming book on Japan’s energy restructuring effort, agrees. “Any
developed country moving towards a renewable energy portfolio will sooner or later have to deal
with the transmission and distribution grid issue,” he says. “And this is going to apply as much to
the United States as it does to Europe.”

In the meantime, the consortium is continuing to improve the DGR and has begun looking for
opportunities to introduce the technology first in an underdeveloped country where countrywide
grids don’t exist. “In such countries. . .they may not even require a conventional grid system over
the long run,” Abe says.

This article originally appeared in print as "An Internet-Inspired Electricity Grid."
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Origami-Folded Hydrogel Paper Instantly
Generates 110 Volts of Electricity

Researchers combine 3D-printed hydrogels and origami to
create an electric eel-inspired power source

By Christina Dabney

Animal-inspired technology has gone electric. These brightly colored, 3D-printed gels have the
potential to create up to 110 volts of electricity in an instant, similar to the electric eel.

Rows of small hydrogel dots are packed with positively and negatively charged ions that
combine together to mimic an electric eel’s cellular structure. Printing and stacking these
hydrogels produces the highest amount of voltage, while a connection to a larger contact area
produces the highest current. Scientists are hoping that this system could potentially lead to a
device that generates power from inside of the human body.

“The electric eel is able to create very, very large amounts of power. And we thought that this
was remarkable,” said Anirvan Guha, one of the researchers on the project, designed at the
University of Fribourg in Switzerland. “So we started to think about whether or not we could
create a system that could generate electricity in the same way.”

An eel’s unique ability comes from a specialized organ housing thousands of cells called
electrocytes. The chemical make up of these cells allows for a positive or negative charge. The
surrounding membranes contro] the charge by allowing ions to pass through, inciting an electric
reaction, or by blocking the ions and returning the organ to a neutral, dormant state,

When an eel is threatened or stalking prey, a neural impulse is sent to the membranes in the
electrocytes, and positive ions flood into the cells. In a second, the electric voltage in each cell
can go from zero millivolts to 150 millivolts, producing a total of up to 600 volts.

This new power generator works in a similar way.

It uses four different types of hydrogels to mimic the eel’s electrical system. One with a high salt
concentration, one with a low salt concentration, and two charged membranes—one negative and
one positive.

The first attempt at putting this system together involved using a fluidic autosampler that pushed
the gels into sequence in tubes. The more gels in a sequence, the higher the voltage. But the
researchers couldn’t build an array long enough to produce the desired voltage.




So the researchers moved on to 3D printing. They printed a sequence of about 2,500 gels on two
plastic sheets the size of regular printer paper. When they connected two gel papers, they were
able to produce 110 volts of charge within seconds.

This was a huge jump in electricity from the previous method, but the current was still too low
for most practical applications.

At the suggestion of a colleague, they tried connecting the gels through a Miura-ori fold, a type
of origami fold that allows the gels to stack on a folded sheet. The gels connect simultaneously
with a large contact area, more closely resembling the geometry of the eel’s cells. This method
increased the current and prevented energy waste by decreasing the time it took for the gels to
connect.

Guha says he and his team would love to find a way to make the hydrogels thinner, which would
allow for an even higher current. They imagine that one day this system, or one like it, could be
used to power internal biological devices such as pacemakers.

“Because the power source is ionic gradients,” Guha says, “our hope is that you could implant
one of these devices and the power could be maintained from the ionic gradients within the
human body.”

https://spectrum.ieee.org/video/biomedical/devices/origamifolded—hydrogel—
9@per-instantly~generates—llO—volts—of—electricity




