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ADVANCES IN HEARING PROSTHETICS

This text analyses several topics connected witlrihg test methods and hearing
prosthetics for patients with hearing impairmenth@aring loss. The hearing is one
of the senses which plays a crucial part in humeoégition of the surrounding
world and spatial orientation. Proper functionifighe hearing organ is a foundation
of communication between people as well as the Idpueent of civil society.
A hearing impairment or hearing loss disrupts daekationships between people,
it entails developmental disorders in children, eadses learning difficulties. Meth-
ods of diagnosing patients and hearing prosthatiesrery complex topics and are
investigated by interdisciplinary research teantse fievelopment of these fields
of medicine and technology contributes to improvihg quality of life for people
with hearing impairment or deafness. This papesqrts ways and means of im-
proving or compensating for hearing losses withu$e of hearing aids. Nowadays,
hearing impairments and hearing losses concernyauamg people. One of the rea-
sons for the deterioration of hearing is the uli@mis noise in the modern world.
Moreover, this text discusses the constructioneafrimg aids, with a particular em-
phasis placed on modern technological solutions. tighlighted that hearing aids
are currently available for the general public.

Keywords: auditory perception, hearing test methods, heaidg

1. INTRODUCTION

Hearing is one of the long-range senses. It isi@rut order for humans to
be able to receive information about the externalldy and to orientate them-
selves in space. The hearing organ receives stimiliout our conscious
knowledge — it is even active when we are sleepiing human ear is a system
that detects the direction, volume, pitch and tenbf sound. A diagram of the
construction of the human ear is shown in Fig. 1.
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8 Tadeusz Jasski, Rzeszow University of Technology, e-mail: jakii@prz.edu.pl
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Fig. 1. The hearing organ. Outer ear: 1 — PinnaA2ditory Canal, 3 — Tympanic
membrane. Middle ear: 4 — Malleus, 5 — Incus, 8ap&s. Inner ear: 7 — Cochlea,
8 — Cochlear nerve, 9 — Vestibule, 10 — Round wind

Hearing is said to be the most important sociasselts impairment or loss
affects social interaction [1, 2].

Depending on the patient age, hearing loss mayea@selopmental deficits
(in children) or learning difficulties, or may sitggprevent the affected individual
from functioning in a world where communicatiorbessed on sounds. Therefore,
considerable attention is paid to hearing prosthetihich can restore hearing
even to a large extent, depending on the degrbearfng loss and the applicable
prosthetics.

Hearing disorders may be due to a variety of hgatigfects. Consequently,
the location of the hearing problem is a key elenmenhoosing a suitable hearing
aid.

Depending on whether interaction with the patiemtrdy a hearing test is
necessary or not, the types of hearing tests cdiviged into subjective (psycho-
physical) tests, in which the patient’s active ggoation is essential, and objec-
tive (electrophysiological) tests, in which no gaetcooperation between the pa-
tient and the testing person is required [3].

2. SUBJECTIVE HEARING TESTS

2.1. Psychophysical tests

The most common subjective hearing tests include:
* speech audiometry,

* behavioural observation audiometry,

e pure tone audiometry [4].
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Irrespective of the hearing test to be subsequapttied, the first diagnostic
step should be to take the patient’s medical hystoaims to identify the patient’s
problems, as well as the sound environment theyifivand the level of hearing
improvement they expect.

2.2. Speech audiometry — distance test

This test method is used to assess hearing aquityhearing loss. Hearing
acuity defines the greatest distance from whiclespés clearly heard and exactly
repeated by the patient. It is expressed in metresntimetres.

Such a hearing test based on natural speech dba#iave determination of
the location of hearing loss in the auditory pathwaonly makes it possible to
determine whether a given patient has a heariniglgmo[3].

Weber test

This test allows for a determination of the typehefring loss - it makes it
possible to determine whether the patient's heasiragymmetric or symmetric
(Table 1). Symmetric hearing means that the hedoisgyis of the same type and
degree in both ears. If sound is heard only inna ear, then the patient hearing
is asymmetric.

Table 1. Patient cases of hearing loss

Sound is heard everywhere in the head Symmetric hearing

Sound is heard in the middle of the head Symmetric hearing

Sound is heard on the left Asymmetric hearing

Sound is heard on the right Asymmetric hearing
Rinne test

The Rinne test is performed separately for eachBzssed on the length of
time the patient can hear the tuning fork, it isgble to determine the type of
hearing loss in the ear tested.

Schwabach test

The Schwabach test is based on comparing bone comaun the patient
and that in the examiner (with an assumption thetexaminer has normal hear-
ing). The test is performed separately for each Hae type of hearing loss can
be determined by comparing the lengths of timeptiteent and the examiner can
hear the bone-conducted sound.

Bing test

This test is based on an assessment of the oacleext in an occluded ear.
It is performed separately for each ear, with the of tuning forks. It is used to
test absolute and relative bone conduction of solfrithe result of this test is
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positive, then the patient’s hearing is normakhere is sensorineural hearing loss
in the ear tested. If the Bing test yields a negatesult, then the patient's hearing
loss is conductive hearing loss.

Lewis-Federici test

This test is performed using a tuning fork. If teet yields a physiological
result, the patient has normal hearing or sensarahéearing loss. If the test re-
sult is pathological, the patient has conductivaring loss.

Gellé test

This test helps to confirm, in the case of a pathickl result to the Lewis-
Fereici test, that the patient has conductive hgdass.

2.3.Audiometers

Audiometric tests are performed using an audiontbtrgenerates auditory
stimuli consisting of sine waves and noise [5].

An audiometer is a measuring device designed tluatamhearing acuity us-
ing pure tone or speech signals. It is built ofyatam setting signal intensity,
a signal generator producing tones and noise fardift frequencies and volumes,
air and bone conduction headphones and a loudspemii¢ing such signals. Au-
diometers can be broken down by the type of emitgdals, the type of signal
presentation and by functions, hearing levels aggliencies.

The aim of an audiometric test is to determinedbgree of hearing loss.
Threshold tests are performed to determine themiatihreshold of hearing. The
audible thresholds are presented as a brokenriaa audiogram. The line con-
nects dots representing hearing levels for thaqudat frequencies expressed in
dB HL (decibels Hearing Level ).

Audiometric tests require a conscious responsedday stimuli from the
patient.

2.4 Methods for measuring auditory thresholds

Auditory threshold measurements for air and bomedaotion differ due to
the difference in the two conduction mechanismgr&threshold tests are for the
purpose of assessing the impact of supra-threstiohdli (i.e. stimuli above 0 dB
SL (decibels Sensation Level)) on the organ ofihggable 2).

Supra-threshold tests also allow the determinaifathe precise location of
damage to the auditory pathway. There are fourstygfesupra-threshold tests,
namely:

¢ loudness compensation,

 intensity differentiation,

e adaptation and auditory fatigue,

* hearing in noise.
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Intensity differentiation tests, adaptation teatslitory fatigue tests and hear-
ing in noise tests (HINTSs) are also used to measeaging loss.

Table 2. Sound assessment scale

Sound reception [(;/S lgﬁ]
No sound heard 0
Very quiet 1-11
Quiet 11-20
Moderately loud (well heard) 21-30
Loud 31-40
Very loud 41 - 50
Too loud > 50

3. OBJECTIVE HEARING TESTS

3.1. Impedance audiometry

Impedance audiometry is a simple, non-invasive arndmated method for
hearing assessment. The test takes no more tham mihutes. The test result is
not influenced by the attitude of the patient otlhsir level of cooperation, so this
method is very useful in measuring children’s hegarit is also the most wide-
spread among apparatus-based methods, and thermgadevices used in this
method are part of the basic equipment of everyotagly room [6].

The parameter tested is the acoustic impedandeeomiddle ear. It is the
resistance put up by the sound conduction systammpénic membrane, three au-
ditory ossicles and ligaments in the tympanic ¢auit acoustic waves. The most
common impedance values for a normally hearingra&age between 1000 and
3000 acoustic ohms.

Most modern audiometric devices are based on tigroeal of acoustic im-
pedance, that is, acoustic admittance. Admittarase e defined as the ease
of acoustic energy flow through the vibrating systef the middle ear. The unit
of admittance is 1/ohm.

Tests using impedance audiometry help to dete@usiconditions of the
middle ear and the state of the connections betweeomponents.

Impedance audiometry refers to several tests wadlol:

« calculation of the acoustic impedance value forettie

 testing of the motor function of the facial nerve,

« assessment of patency of the Eustachian tube,

» determination of the acoustic reflex threshold,

« differentiation between cochlear and retrocochtezaring losses based

on the stapedius reflex.
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3.2.Tympanometry

Tympanometry is a measurement of pressure in thdlemear. The imped-
ance of the middle ear is measured using the $edcahpedance bridge [7].
In such a measurement, air pressure in the extauaditory canal is changed from
negative to positive and, at the same time, attest of a specific frequency
is generated - this is the measurement of the mystenpliance. The compliance
is the ability of the ear structures to stretch mbeposed to various factors. Mod-
ern tympanometric devices automatically calcullaéeriddle ear compliance [8].
The tympanometry result in the form of a tympanaioeturve provides infor-
mation about possible defects in the sound conolustystem. Depending on the
tympanogram type, the distinctive shape of the €umay, for example, indicate
exudative otitis media, Eustachian tube dysfunstimnatrophic scars in the tym-
panic membrane etc. [8].

3.3. Stapedius reflex

The stapedius reflex, also known as the acoudtexteccurs in people with
normal hearing and is absent in deaf people [9§.tliggered by a high-intensity
sound stimulus in the transversely striated musahekis one of the bilateral re-
flexes (activation of one side with a strong stinsutriggers a binaural reflex).
It is a defense reflex - it protects the inner against loud sounds and Corti's
organ against damage.

The aim of the acoustic reflex test is to testriféex and to determine the
lowest intensity of an acoustic stimulus that wificrease the compliance of the
middle ear. Absence of the reflex may indicate catisle or perceptive hearing
loss.

3.4.0toacoustic emission

The phenomenon of OAE (otoacoustic emission) wasodered in 1976
[10]. The emission is a reaction of auditory hali<to a sound stimulus. When
sounds are heard, the sensory cells of the coelste@s an amplifier, contracting
and relaxing. The cochlea is the place where aacotgstic emission is generated.
An echo comes from various cochlear processessaadsiociated with the con-
traction of the outer hair cells. When the soundrtiés pleasing, the brain “or-
ders” the cochlea to make it louder, and, in cattnahen the sound is received
with reluctance, the cochlear has to make it sof{grart of the sound comes back
to the ear. It can then be measured and the heguadgy can be assessed.

An otoacoustic emission is a faint sound genertited within the inner ear
and emitted to the external auditory canal.

OAEs are among the objective and non-invasive naistiiar the assessment
of the cochlear micromechanics. OAEs allow assestof¢he inner ear function
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and detection of disturbances in sensory cellss iethod is used to test for hy-
peracusis and to detect hearing losses causeddosnpbeutical agents. The phe-
nomenon of otoacoustic emissions is present isudljects, even in newborns.

Spontaneous otoacoustic emission (SOAE)

A spontaneous otoacoustic emission (SOAE) is adseuritted from the ear
spontaneously, without external acoustic stimutatiés clinical application is
limited. It is not observed in all subjects withrnal hearing and is therefore not
commonly used to diagnose hearing impairment.

Evoked otoacoustic emission (EOAE)

An evoked otoacoustic emission (EOAE) is one oftlost valuable methods
to test hearing. It is observed in all or alimothehlthy ears. Such an emission is
a response from the cochlea to an auditory stimethisted to the outer ear. We
can distinguish between several types of EOAEs lwiffer in the stimulus pro-
duced.

Evoked otoacoustic emissions are used in a widetyaof clinical applica-
tions. With them it is possible to:

» perform screenings for potential hearing loss,

* monitor hearing impairments resulting from expodoraoise,

e monitor ototoxicity of drugs

» detect functional deafness

« diagnose tinnitus

* monitor the cochlear functions during neurootolagj@perations.

Auditory evoked potentials

Auditory evoked potentials (AEPS) are of great imi@oce in the diagnosis
of hearing disorders [6]. These techniques measuexpression of the electrical
activity in certain sections of the auditory patlgwa

We can distinguish between potentials generated in:

» the cochlea,

» the vestibulocochlear nerve,

* the brain stem,

» subcortical centres and the cerebral cortex.

AEPs are critical in the diagnosis of hearing impeint in babies and new-
borns. They allow early detection of retrocochitiaorders and are used to assess
hearing sensitivity, to make differential diagnostand to intraoperatively moni-
tor the electrical activity of the auditory systefine evoked potential method is
shown schematically in Fig. 2.
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Fig. 2. The apparatus set used for recording atydéeoked potentials. +, - electrodes

3.5. Types of auditory evoked potentials

Electrocochleography

Electrocochleography (ECOG) is a hearing test whafsists in measuring
electrical potentials generated in the middle paesponse to sound stimulation.
ECOG is not very useful in clinical practice be@as electrode must be placed
in the tympanic cavity or in the auditory canale&rocochleography is seen as
an invasive method. It is applied only when augiteeuropathy or Méniere's dis-
ease is suspected.

Brainstem auditory evoked potentials

Brainstem auditory evoked potentials (BAEPS) aezus [8]:

» determine audible thresholds,

» perform screenings for potential hearing loss wirans,

» perform differential diagnostics of hearing disasje

* monitor the function of the brain stem and the ibedcochlear nerve
during otoneurosurgical procedures.

This test is performed to examine patients of gésa including adults and
babies.
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BAEPs are often used to diagnose retrocochleaiirfiedisorders. In this
test, response to a click is recorded separateleich ear and then the parameters
are compared to each other and to normal ranges.

Middle latency responses (MLR)

MLR can be used to assess auditory thresholdsciedlpdor low frequen-
cies which are difficult to assess by other methods

Mismatch negativity (MMN)

Auditory mismatch negativity (MMN), or long-lateneyditory evoked po-
tentials should be the cerebral cortex’s autontaponse involving detection of
a lack of compliance between the features of tequent stimulus and those of
the rare stimulus. The MMN method can be applietegearch on sound recog-
nition and perception processes as well as in exations of patients with disor-
ders relating to the central process of auditofgrmation processing.

Auditory steady state response (ASSR)

Auditory steady state response (ASSR) is linkeditixlle latency responses.
ASSRs are analysed using modern statistical methidus ASSR method can
have applications in determining the auditory thadd in normally hearing and
hearing-impaired individuals. The use of continustisiuli makes it possible to
record responses from both persons with hearirgyaid those with cochlear im-
plants. This allows an objective assessment oétleetiveness of the process of
choosing hearing aids or implants for children.

4. CORE COMPONENTS AND CLASSIFICATION OF HEARING AIDS

4.1. Diagram of a hearing aid
A block diagram of a hearing aid [6] is shown igiiie 3.

MICROPHONE RECEIVER
AID CON- D/A CON-
D:> VERTER || PROCESSOR  UerreR :>|:K:|

Fig. 3. A block diagram of the digital processiratpin a hearing aid
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Microphone

In hearing aids, the microphone is responsibledoverting an acoustic sig-
nal into an electrical signal which is then proeeisky the hearing aid processing
systems. The electrical signal must be as clogmsasible to the acoustic input
signal of the hearing aid.

The use of several microphones in one hearing ai@nsthat they must be
miniaturized whilst maintaining similar acoustic@aeters. The introduction of
MEMS (microelectromechanical systems) technologbéss construction of mi-
crophones with considerably smaller sizes thanetleassting to date.

Amplifiers
An amplifier is used to increase the value of tleteical signal from the
microphone (accordingly for the particular frequebands required and depend-
ent on the patient’'s hearing loss). The amplifiekes the sound, the level of

which is lower than the hearing-impaired individtfaleshold of hearing, audible
to the individual.

Compression systems

Compression systems are used to limit the outgmiasiof the hearing aid
and to adjust the acoustic signal dynamics of #rihg aid microphone to the
auditory dynamics of the hearing-impaired individua

Filters

Hearing aid filters are systems that allow the simpf the frequency char-
acteristic in the hearing aid receiver.

Distinctions are made between:

* high-pass filters that allow higher signal ampbfion for higher

frequencies,

* low-pass filters that allow ensuring higher amphtion for lower

frequencies,

» band-pass filters that pass components of the acaignal for a specific

frequency range — between the lower and the uppesfEfrequencies,

« band-elimination filters that pass components efgboustic signal which

are present outside a specific frequency range [6].

Filters are applied in hearing aids for shapingatmplification characteristic
within a wide frequency range. The frequency chargstic includes specific res-
onances - sudden signal escalations by even selamiblels for narrow frequency
bands. This has an adverse effect on the hearillg faequency characteristic.
The main reason for these resonances to occuroie than anything else, the
system characterised by a specific resonance fnegudependent on the sizes of
the said components.

The resonances make speech less clear, causeltffiicidentifying sounds
and reduce the quality of the sound transmittedhey hearing aid. Variously
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shaped silencers, made from different materialsedding on the hearing aid pa-
rameters, are used to eliminate the resonancés indquency characteristic.

Digital system

The digital technology applied in hearing aids whothem to more effec-
tively process the acoustic signal because théatligignal processor:
« compresses and amplifies the signal (in accordamttethe perception
models for a given pathology and those for nornealrimg),
« performs spatial filtering and reduces disturbingjsas and acoustic
feedback (separately for the useful signal andiemoisy signal), etc.
The system uses specialist algorithms respongiblstéring specific setting
parameters in the hearing aid (which depend ordéygee and type of hearing
loss and on the patient’s perceptual habits). Ektengs are selected automatically
in accordance with the acoustic conditions of &gienvironment [11].

4.2.Sampling and quantization

A process in which a discrete value is attributeceéach and every value
within the time of the signal amplitude componemd & which a numerical quan-
tity is attributed to discrete components is cafiigghal quantization. This process
is completed by an analog-to-digital converter @@dverter). Quantization, sam-
pling and processing of a digital-analog signabikes the risk of a specific error.

It is possible to minimize such errors by startingeries of procedures for
the sampling, processing, and quantizing of theadig

Speech signal components (vowels and consonastseasitive to quanti-
zation errors. Vowels are more sensitive than cossis. For vowels, an individ-
ual with normal hearing will notice differencesthre auditory perception when
the resolution of the converter is transformed Wyit8, whereas for consonants,
differences are noticeable when the resolutiom@nged by 10 bits. This is due
to the easier detection of the disturbances oaayiiri the harmonic structure of
vowels.

People with normal hearing demonstrated the samerstanding of speech,
when the signal was quantized with either an &ditverter or a 16-bit converter
(an 8-bit converter is characterised by signal dyioa of 48 dB, whereas a 16-bit
converter by dynamics of 96 dB). When using a Imggaid with a converter with
a degree of quantization above 12 bits, they desdithe speech signal as “noisy”.
Typically, the use of analog-to-digital convertarigh a resolution above 8 bits
guarantees that the reception of the quantizaiiserwill fade out.

In digital hearing aids, the components that maytrioute to delay distor-
tions are the microphone and the receiver, bothle¢h are analog components.
Given their physico-material and geometric paramseiecan be speculated that
the distortions caused by them are very slight.
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Receivers

Most hearing aids feature an electromagnetic recelts operating principle
is identical with that of a dynamic loudspeakeramtpes in the current flowing
through the coil in the speaker cause change®im#dgnetic field it generates. In
turn a permanent magnet is inside this magnetid tiennected to a membrane.
The changing magnetic field causes it to movejrgethe membrane in motion.
The membrane forces air particles to move anddbeltris an acoustic wave.

In the hearing aid receiver, the membrane’s mdenade by a small circuit
system that connects the variable magnetic fiethégated by the coil) to the
fixed magnetic field generated by the magnet.

Hearing aid receivers, just as hearing aid micropspshould feature a fre-
quency characteristic that ensures good transmisdithe “speech banana”. It is
equally important that this characteristic is ek flat and devoid of distinct
extrema. The structure of the entire electromedadsystem contributes to the
occurrence of such extrema. The extrema are & adsubgnetic resonance of the
membrane and of resonance of the air inside theverc A lack of evenness in
the frequency characteristic can be compensatedhbgus solutions, such as
acoustic and electric filters [6].

Powering hearing aids

Powering electronic hearing aids has always bewh séll is, an important
issue.. A hearing aid should work continuously &rdas long as possible. This
determines the necessary properties of the povpgiysurhe hearing aid param-
eters should not vary over time. It is thereforeassary to use a stable source of
energy. Electric cells, or batteries, have been irsdnearing aids as a source of
energy for many years. Today, electric cells enapkration of a hearing aid for
as long as 2 weeks.

Accumulators are also used in hearing aids (mamlfjrst class devices)
however they work for a considerably shorter timant batteries. The positive
point of this solution is the possibility of makirige hearing aid smaller. The
negative points are the relatively high manufaomircost of such an energy
source, and its short working time after rechargifigis solution therefore re-
quires frequent access to an external electricipphy.

4.3. Classification of hearing aids

Hearing aids can be divided up into a number oésy[l2]. The simplest
division is that according to their structuresitlirectly associated with the device
sizes.

* Pocket devices are the biggest hearing aids .

* Behind-the-ear (BTE) hearing aids are most popular.
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Another group is made up of hearing aids insentethé ear canal. All the
hearing aid components are enclosed in the hotlsatgs individually moulded
to fit the patient ear.

* In-the-ear (ITE) hearing aids are custom-made ttedimpletely in the

patient ear, i.e. in the concha (cavum and cymba).

* In-the-canal (ITC) hearing aids are smaller thatherear hearing aids

and are partly visible in the concha.

« Completely-in-the-canal (CIC) hearing aids areudlty invisible in the

patient ear.

Hearing aids that are directly inserted in thegrdtear canal are hardly visi-
ble and, compared to other hearing aid types, erthar best location of sound
sources (when inserted, the microphone is insidexternal auditory canal). The
drawbacks of such hearing aids are their high gty to acoustic feedback
(due to the short distance between the microphodedtee receiver), exposure to
dampness (a risk of damage to the hearing aidyrand difficult volume control
(due to the small size).

An eyeglass hearing aid is a combination of heasiidg and glasses. The
eyeglass rims have in-built BTE hearing aids [6].

5. MODERN TECHNOLOGICAL SOLUTIONS FOR HEARING AIDS

5.1. Elimination of acoustic feedback

The following non-exhaustive list of systems desmjto prevent generation
of redundant signals can be applied to reduce &cdasdback [13 ]:

« tight ear moulds,

< reduction of amplification within the set frequen@nge in which the

feedback arises,

« smaller ventilating holes in the ear mould or uka closed ear mould,

* narrow-band filters (so-called notch filters).

Currently, the most effective feedback reductiostesm is one that uses the
anaphase signal. The system monitors the heamg@itput by detecting feed-
back with a distinctive frequency and generategmas with the same amplitude
and frequency but in opposite phase. This resultsinplete disappearance of the
component responsible for the generation of acodisédback. The application
of this system allows additional amplification bétsignal by a few decibels.

5.2. Compression systems

Automatic gain control, or a compression systeng &/stem in which an
increase in the input signal amplitude resultsutomatic reduction of amplifica-
tion of the hearing aid’s output signal.
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There are two basic types of compression system:

e on-input compression system (AQQ@vhich adjusts the dynamics of the
acoustic input signal of the hearing aid to theatyits of the field of
hearing remnants in the hearing-impaired individual

e on-output compression system (Ag@hich reduces the pressure level
of the output signal of the hearing aid.

Hearing aids should be fit to the individual andittsettings should be later
corrected so as to meet the patient needs whichdeend on the acoustic envi-
ronment they live in. This is facilitated by thdléeving systems: Datalogging,
and Ddatalearning.

Datalogging, datalearning

The Ddatalearning and datalogging functions ard usa number of hearing
aid types by different manufacturers [3].

The data storage function, or datalogging, stdreslaita containing the hear-
ing aid user’s preferences during everyday usd) asc

« the length of time of remaining in an acoustic emwinent,

« the type of the environment in which the hearirdywser stayed (speech

without background noise, in noise, music, etc.),

 the duration of wearing the hearing aid,

« the preferences as to the use of different hegiagrammes.

The information collected during the use of therimgpaid, can be added to
the data received by interviewing the patient, lamdised by a hearing aid profes-
sional at the time of the correction of the heaadiysettings [14 ]. The data help
to correct the hearing programme settings enteyeal lhearing aid professional
and to establish the optimal amplification durihg hext visits of the user to the
hearing care centre. A hearing aid featuring autmneavironment classification
can activate the programme set for a specific titng 15 ].

The datalearning function offers automatic optirtima of the hearing aid
settings and additional training for the user.

6. SUMMARY AND CONCLUSIONS

The human process of hearing sounds, the typesasfriy loss or impair-
ment, the diagnostic methods for hearing impairmemd hearing prosthetics to-
gether make up a very complex issue. Today, mattigiinary research teams are
involved in testing and preventing hearing lossyal as in the fitting of hearing
aids. The development of these fields of medicime tchnology results in the
improvement in the quality of life of people in ageing society.

The World Health Organisation has set 3rd Marclthasinternational Ear
Care Day in order to draw the public’s attentiorsBues relating to ear conditions,
hearing loss, and hearing impairment. Hearing isssften a chronic disability
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even in young people. Causes of hearing loss iedloe noise surrounding us in
the modern world.

Modern, technologically advanced, hearing aidshare widely available to
the general population.
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POSTEPY W PROTETYCE StUCHU

W pracy dokonano analizy zagadievigzanych z metodami badania i protetyki stuchu paéjen

z niedostuchem i ubytkiem stuchu. Stuch jest jedrgymeceptoréw, ktéry odgrywa u cztowieka
wazna rolg w poznawaniu otaczgjegoswiata i orientacji w przestrzeni. Prawidtowe furdepwa-
nie naradu stuchu stanowi podstawomunikacji médzy ludzmi i rozwoju spoteczistwa. Uszko-
dzenie lub utrata stuchu zaburza relacje spoteazigdzy ludzmi, powoduje zaburzenia rozwoju
u dzieci oraz trudnii w nauce. Metody diagnozowania pacjentéw i pydtet stuchu stanowi
bardzo ztéone zagadnienia, ktérymi zajmusie interdyscyplinarne zespoty badawcze. Rozwoj
tych dziedzin medycyny i techniki przyczynig sio poprawy jakéci zycia 0s6b z niedostuchem
lub gtuchot. Przedstawiono w pracy sposoby iliwosci poprawy lub kompensacji ubytkéw stu-
chu za pomaogaparatow stuchowych. Wady i ubytki stuchu dotyobecnie nawet mtodych ludzi.
Jedn z przyczyn pogorszeniagsstuchu u czlowieka jest otaczey nas we wspotczesnyswiecie
hatas. Zaprezentowanaztes pracy budow aparatu stuchowego, ze szczeg6lnym uwdhgjeniem
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nowoczesnych rozwkan technologicznych. Podkéleno, ze aparaty stuchowe ®becnie dogpne
dla og6tu spoteczsstwa.

Stowa kluczowe:percepcja gwigku, metody badania stuchu, aparaty stuchowe
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LASERS IN INDUSTRY 4.0

In this paper is presented the general idea ahthestrial revolution which is called
Industry 4.0. The main assumptions and an analy$ie laser use and requirements
of lasers for flexible and agile production aresarted. Examples of the different
technological possibilities when lasers are joimgith other machines and IT sys-
tems are described.

Keywords: lasers, Industry 4.0 conception, agile production

INTRODUCTION

In the past when the steam engine was inventetb@raime implemented in
typical everyday use, the world came into the fage of industrialization. In the
factories and workshops the work stands were ménddand use of the steam
engine was in common practice. This was the firdtstrial revolution. Then to-
gether with electricity a new conception of joinitagether single work stands
appeared, the work stands were connected intodugtion line and the produc-
tion of products on an even greater scale becarsgilge. This has been named
Industry 2.0. The birth of computers and their dapzation then gave the possi-
bility of the development of companies on an unkn@md previously unprece-
dented scale. Digitalization processes and theygatanh of more and more effi-
cient integrated circuits, and structures for gatacessing and control, gave the
possibility of continuation of the factories devahoent.

Digitalization, more effective data processing aodtrol systems, and mod-
ern software made the production machines moreiefti, precise, and added the
possibility of connecting them for the creationflaixible production systems.
Their integrative parts were both planning and mstystems. Digitalization also
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allowed for a higher level of automatization, whighs determinant in the tech-
nological development level [1, 2]. This was thediof the third industrial revo-
lution.

Nowadays production activity enters into the stafjhdustry 4.0. The as-
sumption behind Industry 4.0 is the integratiomliffierent systems and the crea-
tion of a network connecting people with machinHse flow of information is
designed to go through the various componentseofdmpany and the IT depart-
ment (vertically), and between the machines angbtbduction system (horizon-

tally) [3].

1. THE PLACE OF LASER TECHNOLOGY IN INDUSTRY 4.0

In this section we introduce the concept of indusirthe age of computers
and robots, where the areas of the plant activigysapported by intelligent sys-
tems capable of decision making and automatizationhis concept there are
several areas concerning the functioning of plasitsh as [3]:

* software — as a tool of integration of differemdtions,

» collecting and processing of data in the Cloud -ctvlgives possibility
of the analysis and decision making based on a dogeint of data stored
in one place, available for many people in the stme,

e problems concerning cyber-security,

« artificial intelligence,

and many others relating to the comprehensive ctemigation of processes and
data flow on an unprecedented scale.

The fundamental changes affecting the productiahtechnological aspects
of industry are related to an approach to cust@ndmealization of its orders. Till
recent times mass production was fundamental. Newapproach is completely
changed — the industry has the need to be flefablmdividual customer orders.
This flexibility is possible thanks to computerizégthniques. In the context
of flexibility for individual customers the produeh is called “agile” [4]. In the
Fig. 1 is shown the example of the order of onapcd for one customer. The
typical production documents are not required. $@id machines are selected
by the software and saved in memory of the comptitee of production is also
calculated.

The laser technology has the potential of makingrowements in Industry
4.0. Many producers of lasers implemented new fasfreollaboration between
customers and system providers. Laser is onlyldment for performing the ma-
chining. The machines equipped in the laser head passibility of combined
technological operations preparation. Then the eotion of the modern laser
machining and typical, conventional technology fiogt drilling, thread forming,
welding, etc.) with time of carrying out reductimpossible [5].
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Technological operations are planned and condwetgdthe usage of the
additional equipment for parts sorting, feedingides with robots and rational
organization of the field of temporary parts steatn the machines advanced
optic systems, state sensors and control systeenequired [6]. They give the
possibility of data transfer about the state ofrttechine to the Cloud. Then the
communication between machines is possible (Fjd728].

Fig. 1. Computerized possibility of individual prozt ordering

This solution is used in the flexible lines fordagutting, marking or weld-
ing. Sometimes during the logical route of the texdtbgical operations a conven-
tional machine appears, like a bending machinexample. Then the produced
part does not leave the technological line. Anosiméution in the laser application
is the creation of multi-head systems, which caruded in the selective laser
manufacturing in the 3D production area [9].

An additional problem is individual customer ordiefinition from the rea-
son, that properties of the part should be transfor to the machine software
language without the errors (the loss of the coliiskness as the characteristics
of the material is possible). At present it is fied and corrected on-line thanks
to advanced computerized systems (Fig. 3).

Many producers of laser systems equipped their preduction cells with
the software for connecting machines. Mass ind@fidation of the production is
visible in the SMART industries, where the laseht@que is widely used. It has
a competitive advantage because of the shorterdfrparts manufacturing than
in conventional machining, the easiness of cleanimgjsafety.
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Fig. 2. Combined machines: a) advanced productibfocéaser cutting, b) the work stand for laser
welding with robots, c) the organization of the wstand for sorting and storage, d) the table with
the other part outside of the laser treatment zomegurrent machining inside the cabin is possible

Lasers are also used for the marking of parts tsecafithe necessity of the
fast parts navigation in the treatment space. Hneghould have individual prop-
erties, so it should be possible to tell one framther. Lasers enable the fast
encoding of parts for traceability, order numberd guality control [10]. Laser
marking is joined also with easy-to-install compuatsdike PC, electronics, beam
sources, and optics.
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Fig. 3. Control on-line of the production state

2. CONCLUSIONS

The diversity of the possible applications of lasgives a wide range of ways
of preparing for integrated, flexible productionds, which can be competitive
due to agility in adapting to customer order.

Lasers give the possibility not only for the regaent of typical, conven-
tional work stands, eg. for cutting and engravingf, they can also be a complex
manufacturing solution for the identification oktproduct, its measurement and
marking.

Additionally if one producer has the possibility gopply different techno-
logical solutions with tailored software, portablled compact, then it can be de-
liver to the whole plant, where the manufacturesbetsent follows from custom-
ers’ orders.
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AN ARC MELTING SYSTEM
WITH A NON-CONTACT IGNITION

Arc melting is a widely used method in materialygibs, in general in materials
science, as well as in metallurgy, to synthesiag n&terials starting from high
purity constituents. As the high temperature of tdehnological process is easily
attainable, typically arc melting is used to systhe new materials from metals, and
even oxides, with high melting points. In the mmajtimethods usually used the arc
is ignited by briefly touching the electrode to tracible and quickly withdrawing
it to a short distance. The contact ignition, hogrexan contaminate the tip of the
tungsten electrode and consequently can reducguttity of the obtained ingot as
compared to the initial components. In order ta@toe contact procedure and thus
the purity reduction, an arc non-contact ignitigstem for melting is proposed in
this paper. The arc melting system, the furnaceydethe ready for use arc furnace,
and the melting procedure, are presented and disduédditionally, an arc furnace
with a suction attachment to prepare ingots as iogsesented. The clean crystal
structures, known from literature, were determif@da number of the compounds
synthesized by the non-contact arc method. Thifitgwe crystal structures results
mainly from the maintained materials purity durgygthesis.

Keywords: arc, melting system, non-contact ignition, furnedesign, synthesis pro-
cedure, suction attachment, materials purity

INTRODUCTION

The preparation of high-purity metallic alloys @aympounds in materials
science, materials physics, electronics, metallusggonstantly determining chal-
lenges for the synthesis procedure [1,2]. The isl@at to reduce the purity of the
synthesized material when compared to the purithefstarting constituents. In
this respect, materials synthesis by using thenalting technique is step by step
improved. [3-6].

Typically, the widely used arc furnaces consistaofhamber housing an
electrically insulated tungsten electrode and g@eohearth (crucible) upon which
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Tarnéw, Poland
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the sample is melted [1,2]. The DC (direct currert) is initiated by electrical
contact between the tungsten electrode tip anadpper hearth. The hearth is
internally water cooled and thus the container/mattion and consequently the
melt contamination is excluded even with the highmglting point metals.
Nevertheless, the so-called non-consumable tungdéetrode contaminates the
melt with materials of this electrode and the doiecias a result of the contact
ignition.

Fortunately, the development of the TIG (abbregratitungsten inert gas)
welding method enables one to also overcome tfisuty. In this case, the in-
verter welder with the HF (high frequency) non-@mtarc ignition as a power
supply for the arc system can be applied [4]. Anraelting system using this
power solution in order to omit the contact ignitiof the arc during the melting
procedure is proposed in the present paper.

1. THE ARC MELTING SYSTEM

The arc melting system with non-contact ignitiomplegdl to materials syn-
thesis has been developed (Figs 1, 2). The aréngdiirnace (1) is surrounded
by the supplementary elements: the lamp or a hatacbtemperature meter (2),
the inert gas system (3), the power supply unitgadl the vacuum pump (5).

4 3

Fig. 1. Scheme of the arc melting system with nontact ignition
composed of: arc furnace (1), lamp (2), inert gasesn (3), power
supply (4) and vacuum pump (5)

The lamp (2) is sometimes used to light up inshie melting chamber in
order to inspect through the other window the stgrtonstituents before melting.
The inert gas system (3) is composed of a stetebtite container of high purity
argon gas, under a pressure 200-300 bar. Befong tls¢ shielding gas the high
pressure must be reduced to a suitable workingspres The next necessary
component of the system is therefore a pressurngciegl valve with a gauge
where the current pressure of the outflow gas aamdad. The inert gas is
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introduced to the melting chamber of the arc fuenéacough the blocking valve
attended by the pressure meter, which is attaahedet melting chamber. The
power unit supply (4) is the typical inverter TIi@Mer [4] equipped with a high
frequency facility for ignition of the arc. In thgower unit supply inverter

technology is used [7-10]. Namely, in the invertee power supply from a

standard 50 Hz electrical current from the eledrid is used. However, instead
of being fed directly into a transformer (as in tiid welder version), it is first

rectified to 50 Hz DC.

Fig. 2. Arc melting system with non-contact igniticarc
furnace(1), lamp (2), inert gas system (3), power supg)y (
and vacuum pump (5) — not presented

The current is then fed into the inverter sectibthe power supply where it
is switched on and off by solid state switcheseqtiencies as high as 20 000 Hz.
Subsequently, this pulsed, high voltage, high feeqy, DC is fed to the main
power transformer, where it is transformed intoow holtage 20 000 Hz DC
suitable for welding or melting. Finally it is pthitrough a filtering and rectifying
circuit. Output control is performed by solid statentrols which modulate the
switching rate of the switching transistors. The@mower transformer, which
operates at 20 000 Hz is vastly more efficient tBGnHz transformers, which
means that it is much smaller and thus the weigttdimensions of the welder
are distinctly reduced. As a rule, the TIG weldaepies are equipped with an
ignition facility. This facility is a high frequegcunit (HF) which increases the
frequency to 2-4 million periods per second andubiéage to several thousand
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volts. These parameters are suitable to strike aakspetween the tungsten
electrode and the crucible with the charge, toteraaonductive path through the
shielding gas, and thus to strike the melting drge vacuum pump (5) is

composed of the rotary and the diffusion units al &s the vacuum meters. The
outlet of the vacuum pump is connected to the esthantilation system in order

to remove the pollution which can appear from thadtimg chamber during the

melting process.

2. THE MELTING CHAMBER

The new construction of melting chamber with the-oontact arc ignition,
and thus with non contact melting was designed. (BigAt the bottom of the
figure the cooler (1) made of stainless steel és@nted. Inside of the cooler the
water flow distributor (2) is located. The watelein(26) and the water outlet (27)
are welded to the cooler. The cooling water isai@e by the flow distributor (2)
onto the lower surface of the crucible housingwBjch is made of brass. On the
front of the crucible housing the replaceable awlacible (4) with a hollow for
a charge is mounted. It is possible to use crusikléh hollows of different
shapes. In the hollow of the cold crucible thetstgrmaterials to be synthesized
(charge) are placed before melting. The cold ctadih) also composes the posi-
tive electrode of the furnace electrical systeme €hntact of the cooler (1) and
the crucible housing (3) are sealed by the rubkrang(5).

The melting chamber (6) is mounted on the crudidlesing (3). These two
parts (6 and 3) are easily held together by thektbcrew joints (23) attached to
the side cuttings in the flanges (the fast fittirgee Fig. 2). The melting chamber
(6) is equipped with the window system that is $ight glass (8) which can be
used for inspection of the melting process, omntafamp or to fix the non-contact
temperature control system. Similar sight-gladeaated in the front of the melt-
ing chamber (6). Terminals for the vacuum pump (k)the pressure meter (20,
terminal not visible), for the inert gas inlet (2R) and for the safety valve (25)
are present on the melting chamber sides. Thengaltiamber (6) is covered with
the chamber lid (11).

The essential part for the non-contact arc ignitltooomposed of several el-
ements (Fig. 4). Namely, in the central part atiib#om surface of the lid (11)
the sliding rings (13) made of teflon are attachgdhe holding ring (24). These
sliding rings fix the placement of the ball guidel), also made of teflon. Use of
the electrically isolating teflon for these elenteahables the non-contact melting
in the arc furnace. These teflon elements (13,1#) well-chosen dimensions, as
well as the teflon bellows (15), exclude a paresitarc between the electrode
tube (12) and the chamber lid (11). Here it candated that as a rule in the contact
ignition arc systems stainless steel bellows amgphor bronze balls are used [1,
2]. The non-contact ignition melting procedure exies this solution.
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The ball guide (14) is pressed indirectly to tharober lid (11) by the holding
ring (24). The electrode tube (12) that is the hauod the tungsten end electrode
(7) can move throughout the ball guide (14). Tleetebde tube (12) and the tung-
sten end electrode (7) form the negative electoddee furnace electrical system.
The electrode tube (12) is equipped with a weldagle which covers the top of
the teflon bellows (15) in a vacuum tight manndre ™ivided ring (19) clamps
the bellows (15) to the flange. Similar rings fhetbellows (15) to the chamber
lid (11).
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Fig. 3. Design of the main part of the electrical furnace devised for the non-
contact arc ignition. Components numbered 1-28sfellws: 1 - cooler, 2 - flow

distributor, 3 - crucible housing, 4 - cold crueipb - O-ring, 6 - melting chamber,
7 - tungsten end electrode, 8 - window, 9 - lanfpcdnnection to vacuum pump,
11 - chamber lid, 12 - electrode tube, 13 - slidings, 14 - ball, 15 - bellows, 16 -
handle, 17 - water inlet, 18 - water outlet, 19vicked ring, 20 - pressure meter, 21
- metering valve, 22 - inert gas inlet, 23 - scjeint, 24 - holding ring, 25 — connec-

tion to safety valve, 26 - water inlet, 27 - watetlet, 28 - supporting table
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Fig. 4. A cross section of the part essentiallierrion-contact ignition com-

posed of the bellows made of teflon (15), the ebetet tube made of stainless

steel/copper (12), the guide ball made of teflof)(the sliding rings made

of teflon (13), the holding ring made of stainlessel (24), the lid made
of stainless steel (11), and the divided ring (19)

The teflon bellows (15), the ball guide (14), ahd sliding rings (13) elec-
trically isolate the negative electrode tube (12ell as the tungsten end elec-
trode (7) from the chamber lid and thus from tret of the furnace, including the
positive electrode (4).

The upper part of the electrode tube is equippet ®liectrically isolating
handles (16) with acorn nuts, all made of teflon.

The handles (16), the bellows (15), and the batie(14) enable both the
displacement of the electrode (7) and its devidafiom the vertical.

The water inlet (17) and the water outlet (18) amted to the electrode tube
(12), which is concentrically double tubed, forne tlater cooling system of the
negative tungsten end electrode (7). The complateate is mounted on
a supporting table (28).
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3. THE BASIC SYNTHESIS PROCEDURE

The high temperature synthesis procedure usingritheelting system with
non-contact ignition is a simple and convenienthodt After introducing the
components to be melted into the hollow of the amidcible (4), the melting
chamber (6) is covered with the chamber lid (1he @listance between the tung-
sten end electrode (7) and the charge in the deuéd) is then approximately
equal to 10-15mm.

As a next step, the distance muff with a semiciletter type cross section
made of polyamide is interposed between the chatitb€l1) and the flange of
the electrode tube (12) (Figs 2, 3). The distang# precludes an excessive com-
pression of the bellows (15), and thus precludsiifa of the end tungsten elec-
trode (7) into the charge during the pumping procedSubsequently, air is evac-
uated from the melting chamber (6) and also froenbllows (15) using the vac-
uum pump system. After attaining the required vacilavel the connection to the
pump (10) is closed and the melting chamber (@)lesl up with the high purity
argon gas from the inert gas system. In orderrtmxe the rest of the oxygen the
pumping and the argon lavage is repeated sevenaktiUsually, the melting
chamber (6) is filled up with argon up to atmosphpressure or slightly higher,
which is controlled by the pressure meter (20).

Argon, an inert gas, cannot react with the othemeints during the melting
process. Moreover, this shielding gas plays an rapbrole in connection with
the transfer of current and heat in the arc. Adlerost filling up with argon, the
distance muff is removed and the mobility of theecdlode tube system
(7,12,15,16) is recovered. Afterwards, the coolimgter system is included
(17,18), the high frequency tungsten inert gas [&ver supply is switched on
and the arc, ignited in the non-contact mannedeshe melting chamber (6),
begins to work. It should be emphasized that tifis @rc does not do any melting,
but it is needed to start the proper melting athaeuit touching the tungsten elec-
trode to the crucible. Inert gas atoms are ionkaetbsing electrons and leaving a
positive electric charge. Then the gas ions flowh® negative pole (tungsten
electrode) and the negative electrons flow to thsitiwe pole (crucible with
charge). This is the so-called electrode negatolarily melting procedure. Re-
verse polarity can also be used, however in thée tlae current carrying capacity
of the tungsten electrode is extremely low. Morepwenall fragments of the
charge are launched from the crucible by this loairc.

The non-contact arc melting procedure is preseintédg. 5. The working
arc inside the chamber illuminates the window (Bigd.). The glowing arc occur-
ing between the tungsten end electrode and thandisti from it cold crucible
melts the sample (Fig. 5-2). The tungsten endreldet the cold crucible, and the
synthesized drop, as they are after the arc ixbedt off, are presented in Fig. 5-
3; the considerable distance is visible. The resuthe melting procedure, the
solidified drop inside the opened melting chambeshiown in Fig. 5-4.
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Fig. 5. The non-contact arc melting is switched ) — ultraviolet radiation prevails, the
synthesized drop after the arc is switched off{(3¢d radiation prevails and the solidified
drop inside the opened melting chamber (4)

4. THE TUNGSTEN END ELECTRODE

The fundamentally important tungsten end electisgeepared from rods of
pure tungsten metal. Tungsten is a metal with laoith extremely high melting
point, 3695K, and boiling point, 6203K. Thus thedsten melting and boiling
points are more than double as compared to théngelhd boiling points of iron
(1811K and 3134K respectively), cobalt (1768K a2@@K) or nickel (1728K
and 3003K). Therefore the tungsten electrodeseatetd as standards in the TIG
welding and arc melting procedures.

Nevertheless, alloying the tungsten with a few pent of certain metal
oxides (ThQ, ZrO,, LuG,, CeQ) improves the electrode properties. Thorium
oxide especially is predicted to improve the etmds for the TIG welding
method. However, the tungsten electrodes with dulitian of the thorium oxide
are slightly alpha-radioactive and thus inhalatbiground thorium dust, smoke
containing thorium, or fumes containing thorium, hazardous for health.
Evidently, these thorium content pollutants radin@ty contaminate the
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environment. Therefore the use of thorium electsq@e market marked with red
colour) during the arc melting procedure in the faroaces should be definitely
refused.

There is a relationship between the electrode lamadrntelting (welding) arc.
Namely, parameters of the arc depend to some egtethe dimensions, end
shape and the grinding of the electrode [7-10]. dlzemeter of the electrode
should be adjusted for the current intensity. Wivetding is done with a direct
current and the electrode polarity is negative eleetrode point should be conical
in order to obtain a concentrated arc that wilMmte a narrow and deep penetra-
tion profile. A small pointed angle gives a harnaeld pool and the larger pointed
angle gives the wider weld pool. Blunting the alede point to make a flat area
can increase the lifetime of the tungsten electrddlitionally for the welding
procedure the grinding traces for the electrodatmsiiould lie along the electrode
in order to obtain a narrow weld pool.

These restrictions are not necessarily suitableghferarc melting process.
Namely, often a wide arc is necessary to perforraficient melting process. In
this case, the flattened electrode point or everetactrode with a half globular
form extends the arc wide. Moreover, circular gimgd of the electrode point
introduce an umbrella-like shape to the arc. Thaiggherical cavity inside the
cold crucible (4) (Fig.3) stabilizes the umbrellelshape of the melting arc. This
shape of the arc is advantageous for the meltioggalure. As a result of not too
large a travel down the electrode tube (12) withttingsten end electrode (7) the
umbrella-like arc pushes the charge in the cruciblé melts it as a whole almost
immediately. A standard type arc also can meltttsge. This arc can be directed
throughout the charge by using the handles (16)eiball the charge constituents
together.

5. FURNACE WITH THE SUCTION CHAMBER

Figure 6 presents the version of the arc meltimgéoe with the system de-
signed to prepare rods from the melt. The uppdrgiahe furnace is identical to
the basic version (Fig. 3), but different numbets ased to identify particular
components. Nonetheless the construction of thedgart of the furnace is con-
siderably different. In this case, the crucible $ing that is the suction chamber
(3), equipped with the connection to the vacuum py81), is mounted to the
cooler (1). This cooler is without the flow distutior. The main plate of the cold
crucible (4) is settled on the cooler (1) whergasentral conical part connects
by lower tailpiece with the crucible housing (3)side of the cold crucible (4) the
divided cold crucible (5) is fixed by the clampgif7). The charge to be melted
is placed inside of the hollow of the divided chlei(5).

The arc furnace, with the cooler (1) situated diyegbove the circular table
(30) and the suction chamber (3) situated diraatiger the circular table (30), is
presented in Fig. 7.
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Fig. 6. The design of the arc furnace with an sinctittachment composed of cooler (1), crucible
housing (3) equipped with the vacuum outlet (3d)d @rucible (4), divided cold crucible (5) and
clamp ring (7), all fixed to the melting chamb8y (

As mentioned above, inside the suction attachnientlivided cold crucible
(5) is placed. This divided cold crucible is prasenas a whole and in parts in
Fig. 8.
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Fig. 7. The arc melting system with the suctioactment
which is visible immediately above and under thewar table

Fig. 8. The divided cold crucible as a whole (left)yd in parts (right)
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In practice, divided cold crucibles with differeditmeters of holes are used.
However these diameters are in the 0.5-3mm range.

6. A SYNTHESIS WITH THE SUCTION OF THE MELT

The first steps of the synthesis procedure wittstiaion chamber are similar
to those discussed above. Nevertheless, after edbenplelting of the starting ma-
terials, which are placed inside the hollow of tiégded crucible (5), the rapid
vacuum pumping of the crucible housing (3) (thetismcchamber) is included
shortly through the vacuum pump outlet (31) (Figtiee drop melt is sucked into
the hole of the divided cold crucible (5) and affeat the melt is immediately
solidified into the rod form (Fig. 9).

Fig. 9. Exemplary cast rods prepared using
the furnace with the suction attachment

7. SUMMARY

The above described arc melting system and paatiguts main component,
the arc furnace with the non-contact ignition, besn used and tested many times.
Hundreds of new crystallographically clean comp@jatloys and even ceramics
have been synthesized for scientific and pracpoaboses (for instance [3,6,11-
13]). The clean crystal structure mainly follows turity of the solidified melt of
these materials.

The presented furnace and thus the arc meltingmsysias a number of
advantages. First of all, the arc system and ealbetie furnace is convenient
and easy to operate. Here, it can be added thaappked power supply unit
enables control of the arc current and thus comfahe arc power used for
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melting [4]. The melting chamber can be easily aisected before a cleaning-
up procedure using the side fast fittings (Fig8,7). Vacuum- or air-tightness is
maintained by the o-rings placed in circular u-gemon particular parts of the
melting chamber.

Two sight-glasses aimed at the middle of the calatible can be used for
inspection of the melting process, for non-congggireciation of the temperature
of the melt or to light up the melting chamber dgsiln order to protect ones vision
the melting process must be observed using welshifigty goggles with proper
filter lenses. These must filter out harmful infed and ultra-violet rays emitted
from the melting arc, and reduce visible light tieeel which is sufficient to see
the melting process without straining the eyeserlitively, the sight-glasses
must be equipped with the cover windows composédeoproper filter lenses [7-
10,14]. Windows of the sight-glasses are easilggtiembled in order to clean up
the lenses.

Both the crucible housing close together with thecible and the electrode
tube with the tungsten end electrode are intensisebled by the water system.
The negative pole of the welder is connected byectbthe electrode tube to
establish the electrically negative electrode, wherthe positive pole of the
welder is connected by a second cable to the flahtie crucible housing to form
the positive electrode from the crucible and trst of the melting chamber. The
isolating handles with the acorn nuts prevent atsdtshock during melting and
also during high voltage ignition. Neverthelesginty the melting procedure all
welding safety rules should be fulfilled. Suitabl®es, protective apron and weld-
ing gloves must be used [7-10,14].

It can be emphasized, that the presented arc-medtistem, well-tested in
practice, can be treated as useful equipment ensfic or technological labora-
tories as well as factory equipment for a high-tpobduction on a small scale.
The bigger arc melting system with non-contacttignican of course be devel-
oped for a higher scale of production. Moreovetait be mentioned that the next
step for further studies is to test the microscopé@tallurgical properties of the
obtained ingots.
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ZESTAW DO TOPIENIA W tUKU ELEKTRYCZNYM
Z BEZKONTAKTOWYM ZAPLONEM

Topienie w tuku elektrycznym jest metpdzeroko uywara w fizyce materiatlow, w ogdlriai

w nauce o materiatach, jak rowaiev metalurgii do syntezy nowych materiatow ze skitdw

0 wysokiej czystéci. Z reguly tuk elektryczny jestzywany do syntezy nowych materiatdw
z wysokotopliwych metali a nawet tlenkéw, gdgtwo jest uzyskiwana wysoka temperatura w tym
procesie. W typowych metodach topienia tuk elektnyc jest zapalany przez krétki kontakt
a nasgpnie oddalenie elektrody od tygla na niewigtidlegic¢. Taki kontaktowy zapton nie
jednake zanieczici¢ koncOwkg elektrody wolframowej i w nagpstwie obniy¢ czystdé
otrzymanego wytopu w poréwnaniu ze sktadnikamis$eigwymi. W celu unikngcia procedury
kontaktowej i tym samym redukcji czystb w pracy jest zaproponowany zestaw do topienia
z bezkontaktowym zaptonem tuku elektrycznego. Zesta topienia w tuku elektrycznym, projekt
pieca, gotowy do zycia piec, proces topienia przedstawione i dyskutowane. Dodatkowo jest
przedstawiony piec tukowy z przystagvksica do otrzymywania wytopéw w ksztatcie gpdw.
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Czyste struktury krystaliczne znane z literaturyzynano dla wielu zwizkdw syntetyzowanych
metod tuku elektrycznego z bezkontaktowym zaptonem. dalstruktur krystalicznych wynika
gtéwnie z utrzymania czystoi materialdw podczas syntezy.
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INFLUENCE OF THE SURFACE CONDITION
ON THE ADHESION
OF COMPOSITE MATERIALS TO ENAMEL

This work presents a method of measuring the maxiratress that a composite
sample fixed on a tooth surface will withstand. Té& was carried out for 3 differ-
ent surface conditions of enamel: no processing; aBatment with a diamond drill,
and after treatment with a diode laser. The forftadhesion was measured in an
Instron 5960 testing machine. The results dematestraignificant effect of the sur-
face condition on the adhesion of the compositeecenamel.

Keywords: strength machine, dental treatment, laser, drill

INTRODUCTION

Conservative dentistry is a dynamically develogietd of medicine. Eve-
ryone dreams about healthy teeth and a nice sitfile.role of dentists and the
team working on the quality of dental materialsoisnake the most durable fill-
ings, similar (especially in external appearanodpoth enamel.

1. AIM

The purpose of the work was to determine the vafube maximum shear
stress at which the composite material breaks #mgaythe enamel. It is assumed
that the condition of the tooth surface will afféioe value of stress. The studies
considered three surface conditions most frequeisiyd by dentists:

a) enamel without treatment,

b) enamel after machining with a drill, and

¢) enamel after laser treatment.
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2. IMPORTANT CONCEPTS

Adhesionis the tendency of dissimilar particles or surfatecling to one
another (cohesion refers to the tendency of sinoitddentical particles/surfaces
to cling to one another)[1]. IUPAC definition of taekion , it is the process of
attachment of a substance to the surface of anstistance

Maximum tangential stress— the adhesion force is the maximum tangential
stress (force exerted on the surface) at whichctimposite loaded with shear
force F will break away from the enamel surface.

We calculate the maximum tangential stress fronfdhaula [2]:

Tmax = Fﬂ;ax [%] (1)

Fmax— maximum load at which the composite will break,
S- contact surface of the composite with the tooth.

3. THE EXPERIMENTAL METHOD

A tooth immersed in acrylic with a composite ategtho the surface was
placed in a testing machine. A load was appligthéocomposite sample.
Figure 1 shows a schematic of the experimentalset

Load

\

Composite

/ Acrylic

— —

|
|f‘\‘
TRV

Fig. 1. Adhesion measurement scheme

4. ENAMEL TREATMENT

Drill processing

The first way used to process the enamel was &b tine surface with a drill.
A diamond drill bit with a grain size of approx.@fpm was used. Diamond drills
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are made of high quality stainless steel whichoigeeced with industrial diamond
filings. Thanks to the advanced production techgplaf diamond drills, it is pos-
sible to obtain the desired granularity [3].

Laser treatment

During the experiment, the Lasotronix Smart M ladiede was used with
a 0.2 mm optical tip.

Laser parameters:

a) wavelength — 980 nm

b) power — 2W

c) operating mode — pulse mode, the duration optitee being equal to the
duration of the interval between pulses and 490

d) frequency — 5 kHz.

The beam of light was introduced in such a way tihebptical fiber touched
the surface of the tooth. Without removing the ehthe optical fiber, the beam
was moved linearly along the surface (surface @béehnique). Thanks to this
technique, power losses were avoided [4].

5. IMAGE OF ENAMEL AFTER TREATMENT

In order to compare the surface of the teeth gitecessing, they were
viewed under a microscope. A scanning electronaagmpe (SEM) was used for
observation.

The pictures show:

a) enamel without treatment (Fig. 2),

b) enamel surface after drill treatment (Fig. 3)

c) enamel surface after laser treatment (Fig. 4).

Surface roughness of the enamel

On the basis of the above images, we can conchateehamel after treat-
ment with a drill has a greater roughness. Theeefihe composite should better
adhere to the enamel after being treated with titiebd.

6. MATERIALS AND EQUIPMENT USED IN THE EXPERIMENT

Preparing for the experiment, special metal mowdse designed, which
were later used to make a silicone cast — an aandiuld and a composite mould.
The necessary materials were purchased, such asgosite, an intermediate
layer, phosphoric acid for etching the surface enaderials for sample prepara-
tion.
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Fig. 3. Image of enamel after drill treatment, nifigation 500x
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Fig. 4. Image of enamel after laser treatment, rfizgtion 500x

Composite

Boston's Arkona is a light-curing composite.
Applications of composites is like as [5]: for pttoatic restorations, fillings
for all classes of cavities, for bridges and croviosthe concept of stability rails.
The Boston composite consists of [5]:
» an organic base matrix (bisphenol A diglycidetherethacrylate,
diurethane dimethacrylate, triethylene glycol dinaetrylate)
e inorganic solid fillers (barium-aluminum-silicatelags, fire silica,
titanium dioxide)
» additional substances (photoinitiators, inhibitodggestive, stabilisers,
pigment)

Intermediate layer

Gluma 2 Bond manufactured by Heraus is a lightrguinterlayer between
enamel and composite.

In dental practice it is used to [6]:fix compoditkngs, fix ceramic fillings,
and for the treatment of tooth hypersensitivity.

The bond consists of [6]:

* Methacrylate

» Ethanol
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* Photoinitiator
* Glutaraldehyde
* Fillers

Endurance machine

In the experiment, the INSTRON model 5960 machtine,Instron Bluehill
software package and several own components wete us

7. THE COURSE OF THE EXPERIMENT

he experiment was carried out in several stagésally, the density of the
composite was determined, then a vice handle, mézddaelements and silicone
moulds were designed and made.

Stages of fixing the composite on enamel:
1. Fixing the teeth in the actyl

Acrylic was prepared by a mixture of self curingypler and a monomer
(liquid) according to the following instructions bglume: 3 parts powder and 1
part liquid.

The monomer was poured into the powder and mixedgproximately 30
seconds to obtain a homogeneous consistency. Titesovas then poured into
a silicone mould. After about 3 minutes, when tbesistency was dense enough,
a tooth root was placed in it.

2. Preparation of phosphoric acid solution

Before proceeding with direct sample preparatid@® tnl of 37.5% ortho-
phosphoric acid solution was prepared, by mixingrd4f 85% orthophosphoric
acid solution with 56 ml of water.

3. Direct sample preparation
Each sample was prepared by the following steps:
a) The acid was applied to the enamel surface.
b) Waited 20s.
c) The tooth was splashed with water spray for 20s.
d) The sample was partially dried to reach optimumikdiitgnfor the purpose
of experiment.
e) Bond layer — intermediate layer was applied, afbed for 30s.
f) The sample was blown again.
g) The sample was exposed to a polymerization lamp.
h) The composite was applied to the prepared place.
i) The sample was exposed again.
Samples (Fig. 5) were then suitably placed in @ngsnachine.
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[—

Fig. 5. Samples ready for measurement

4. Measurement of the adhesion force in a strengtthimac

a) Attaching the sample to the vice handle

A sample was placed in the previously prepared kaedle. The bolt was
then tightened with the omni-key to prevent the @anfrom moving.

b) Placement of a vice handle with a sample into taehime

The next step was the precise placement of thehadodle with the sample
in a strength machine. Stable mounting was possitdaks to the pneumatic
clamps of the machine.

c) Positioning of the sample

An important aspect was the exact location of faque relative to the tooth
surface. This allowed the exact measurement dbtwekat which the sample was

broken.

k l
Fig. 6. Sample in the strength machine
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8. OBSERVATION OF THE DETACHMENT OF THE COMPOSITE

The plate was moving at a speed of 0.5 mm/min. @ynecting the testing
machine with the computer it was possible to foltbe course of the experiment
on an ongoing basis. The values of forces in thpladtement function were ob-
served on the monitor. It was possible to complaeetést results with previous
samples.

9. RESULTS OF ADHESION FORCE MEASUREMENTS

The developed method of measuring the adhesiore fanmed out to be
effective. The presented results have a largeefiseicy due to the diverse state
of the enamel surface.

Received results

For each case, the maximum shear stress was ¢aftalecording to formu-
la (1).

Table 1. Values for glaze samples without treatment

Lp Sample label Maximum load Maximum tangential stress
’ F [N] Tmax [MPa]

1 sample_1 14,61 4,65
2 sample 2 17,68 5,63
3 sample_3 22,14 7,05

4 sample 4 70,66 22,49

5 sample_5 55,39 17,63
6 sample_6 20,88 6,65

7 sample 7 69,43 22,10

8 sample_8 64,61 20,57

Average 41,92 13,35
Standard deviatio 25,20 8,02

Samples 1 to 8

load [N] 80
70 ad
.
60 Sample nr
S0 1
— 2
40 3
p—
30 6
'S 7
20 A
/ 8
{1
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

displacement[mm)

Fig. 7. The dependence of the load on the movenfait glazed specimens without processing
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Average tangential stress maximum with uncertdiotyhe enamel without
treatment:

Tmax,, = 134 £85 [MPa]

Table 2. Values for glaze specimens after machiwiitiy a drill

Lp Sample label Maximum load Maximum tangential stress
' F [N] Tmax [MPa]
1 sample_1 40,20 12,80
2 sample_2 31,50 10,03
3 sample_3 44,50 14,16
4 sample 4 77,83 24,77
5 sample_5 43,32 13,79
6 sample_6 68,49 21,80
7 sample 7 46,20 14,71
Average 50,29 16,01
Standard deviatior 16,55 5,27

Average tangential stress maximum with uncertafotythe enamel after

brazing:
Tmax,, = 16,0 £5,6 [MPa]
Samples 1 to 7
load [N] 80 ry
70
60
50 Sample N
: |

40 — 2
30 -»| /A z
20 y 4 — 5

F i —_— e
% ] / 7
0 . = /
0.0 0.1 0.2 0.3 0.4 0.5 07 o8

displacement[mm)]

Fig. 8. The dependence of the load on the movepnfait samples on the enamel
after the treatment with a bit
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Table 3. Values for samples on the surface of tlzenel after laser treatment

Lp Sample label Maximum load Maximum tangential stress
’ F [N] Tmax [M Pa]

1 sample_1 26,51 8,44
2 sample 2 27,59 8,78
3 sample_3 26,92 8,57

4 sample 4 60,34 19,21
5 sample 5 29,17 9,28
6 sample_6 17,07 5,43

7 sample_7 57,66 18,35

Average 35,04 11,15
Standard deviation 16,85 5,36

Average tangential stress maximum with uncertdiotyhe enamel after la-
ser treatment:

Tmax,, = 11,2 £5,7 [MPa]

Samples 1 to 7

load [N] 70

Sample OF

e L

0.0 .1 0.2 0.2 0.4 0.5 0.e 0.7 0.8 0.9 1.0 1.1
displacement[rmm)]

Fig. 9. The dependence of the load on the movepofadt samples
on the glaze after laser treatment

Development of results

The maximum stress values for three enamel sudanditions were com-
pared:
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Fig. 10. Adhesion of the enamel composite a) withiratment
b) after treatment with a drill, c) after laseratment

10. CONCLUSIONS

1. It has been shown that the tooth surface conditema significant effect on
the adhesion strength of the composite to the ename

2. The highest load values were found to be sustdigeppecimens after machin-
ing with a drill (Fig. 10), then glazed specimerithaut processing, and glaze
samples after laser treatment were able to tratfsfesmallest loads.

3. It can be concluded that the greater the roughiiessstronger the adhesion
force in the joint will be.

4. Differences in the strength of adhesion were atased by differences in the
enamel structure, because the elemental compositidrhardness depend on
genetic conditions and oral hygiene of each persosignificant difference
can be seen in the results and the load and d&pkat graph for the glaze-
free composites (Fig. 10).

5. The uncertainty of measurements was influencedtoy<in the alignment of
the sample in the measuring machine. The offséte@tomposite by a small
angle could give completely different results fbe tshear force. Normal
stresses were not included in the experiment.

6. In all the samples, the composite was detachedegnfrom the enamel sur-
face. Therefore, it is important to properly preptre surface and use a good
quality intermediate layer.

7. The most reproducible results were obtained forpdasnwith enamel after la-
ser treatment, however, due to 2 measurementstihgyvimom the rest, the
calculated standard deviation turned out to betgreaan the enamel samples
after the treatment with a bit.
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BOILING, STEAMING OR RINSING?
(THE PHYSICS OF CHINESE CUISINE)

Some physical aspects of Chinese cuisine are didu¥ge start from the cultural

and historical particularities of Chinese cuisind #meir food production technolo-

gies. What is the difference between raw and bailedt? What is the difference in
the physical processes of heat transfer duringeithe steaming of dumplings or
during cooking them in boiling water? Why is it pise to cook meat stripes in

a "hot pot" in ten seconds, whilst baking a turkeyuires several hours? This article
is devoted to a discussion of these questions.

Keywords: complex organic molecules, proteins, damplingsf bransfer, temper-
ature conductivity, Fourier law, Newton’s law ofatimg

Globalization, which is rapidly taking place thréwagit the world, is vividly
manifested by the ubiquitous availability of distedsvarious cuisines from all
over the world. Of course, as a rule, these halyesmme semblance of the true
masterpieces of culinary art: in addition to thi#l sikthe cook, the creation of the
latter requires the corresponding products. Asfamiliar Italian gastronomic
critic, Sergio Grasso, says, "food does not gogeraon, this person should travel
to food."

Chinese cuisine is one of the richest and mostdstimg cuisines in the
world. Here everything, or, well, almost everythimgn be eaten. And the ways
of cooking are very different. One of the auth@&¥) had a chance during a visit
to Shanghai to open a small door into this wideldvand, under the guidance of
the two other authors, make some first steps leifyg interested not only in the
exotic tastes but also in the underlying unusugbgal processes.

Speaking about Chinese cuisine, the first things¢bme to mind, probably,
are the dumplings, worldwide the most popular Cégndish, which you can eat
in Chicago, Canberra, or Moscow. Dumplings are bosd all over China,
especially in Jiangnan region of China (close ® Ylangtzi Delta). Three types
of dumplings are commonly seen, especially in Shangnd Suzhou, namely,

1 Andrey Varlamov, CNR-SPIN, Viale del Politecnicol-D0133 Rome, Italy
2 Zheng Zhou, Department of Physics, Fudan UniterShanghai, China
3 Yan Chen, Department of Physics, Fudan UniverSihanghai, China
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Siaulon Pay SantsieMoedeuandWonton Made of a thin dough, filled with
pork, the fat of which melts into the soup whenkemh and served with Chinkiang
vinegar, they are all pretty much the same. Thet sigsificant difference is the
method of their heat treatmeiSantsieMoedeu (large size dumpings) are pan-
fried, this process is called in Shangt@antsie’. Wonton dumplings are boiled

in 100°C, whereasSiaulon dumplings are processed also at 100°C, but in an
atmosphere of saturated steam in small bamboo stgd@skets which are called
"Siaulon" (see Fig. 1).

Fig. 1. The three kinds of dumplings in Jiangnann&hThe left one is Santsie Moedeu,
the middle one is Siaulon Pau and the right ongasiton

Hotpotis also a popular type of Chinese cuisine. Oridirgain Mongolia
more than 1,000 years ago and gaining its popylarithe times of the Qing
Dynasty all over the country, hotpot boasts a profountbinys During its spread,
hotpot was diversified into many variationBeijing hotpot lays particular
emphasis on the soup base and sa@emgqing hotpoboasts a stimulating and
refreshing Ma La’ (“ B#”, “numb and spicy”) flavor, an€Chaoshan hotpot

is famous for its deliberately-prepared thin-cuttto, named Shuan Yangrdu

(“ WZ*EE") in Chinese.

When enjoying hotpot, one puts ingredients sudieasballs, fish balls, crab
meat, or vegetable slices into the elaborately gmegpsoup base and waits for it
to be done. After picking it up and dipping it hretsauce, delicious food is ready
to eat. The whole process is callethti” (“&”, “to boil”) in Chinese, and takes
5-10 minutes or so, when applied to meat ballsegetables. Remarkably, in the
meantime, another process can be used to geteaatitfkind of food in the same
hotpot, but much quicker. In Chinese it is callegshuan” (“J#l”, “rinse” or

“instant-boil”). It consists of soaking the thinicsliced beef or mutton in the
boiling soup. Surprisingly in only 10 seconds thieesl beef changes it colour

4 The Qing dynasty was the last imperial dynastgZbiha, established in 1636 and ruling China
from 1644 to 1912 with a brief, abortive restoratin 1917. It was preceded by the Ming dynasty
and succeeded by the Republic of China.
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from pink to white or gray, indicating that thecsliis ready to eat. The beef slice
becomes ready even without being let go of by Hupsticks (see Fig. 2).

Fig. 2. Cooking in the hotpot

Today, cooking has become not only a giant industog only an art, but
also a vast field of science. Here, biology, chémpiphysics, economics, ethics
and many more intersect. The tasks of this scianeénfinite. All the time, new
methods of cooking appear. We will not even triigbthem here — neither those
for the frying of meat, nor those for baking turkepr even the preparation of
a BBQ on charcoal, none of them will be discusser hinstead let's talk about
the physical processes underlying cooking in trergdes of the dishes described
above - about the physics of boiling, steaming, ‘@mding in hotpot”.

Boiling
What is the essence of the process of boiling mea&¥eryday language,
raw meat should become cooked. And what does thértscientifically"?

folded proteins proteins unfold proteins compactify

f i beginning [ 4 boild meat |t
} L._ofboiling | |

Fig. 3. Protein denaturation

Meat, basically, consists of complex organic maai@cules called proteins
(the type of protein varies depending on the tyigaent). In raw meat, the protein
molecules are in a state of long entangled chaits 8). In the course of heat
treatment, the temperature rises and these chiaighgen, and when the tem-
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perature reaches valuq, Bpecific for each type of meat, they are comfiadti
into a kind of "carpet". This process is calledtpino denaturation. It occurs at
relatively low temperatures: for meat it is 55~8pa@d for fish the temperature
is even lower. In any case, anyone who has evene@athicken soup can be sure
that boiling it at 100°C turns out to be sufficidat completely compacting the
proteins in the meat.

From the point of view of physics, the states aft@ins in raw meat and
boiled meat differ in their energy.

To turn the protein from its native state to theaterated one, an energy
barrier must be overcome (Fig. 4). At room tempgagatthis barrier is high. In
the process of cooking, the temperature rises.eSpandingly the energy of the
protein changes, as is shown in Fig. 4. Havingheddhe top of the "hill", the
protein falls down to the new state — a denaturetejn — the meat is cooked!
This is what happens in a pot of boiling séup.

o
freeenergy —

native 4
Lo/ |

(-

AP N

denatured

free energy
X

=

£

Fig. 4. A schematic presentation of the process
how protein overcomes the energy barrier when
the temperature increases

So, the first task of the cook when boiling meatarms of physics is to
increase the temperature throughout the voluméeptece to at least the tem-
perature of denaturation.

5 It should be noted that in recent years becastidaable to cook meat at relatively low temper-
atures, the so-called "sous-vide" method. The riseglaced in a thermostat with a temperature
somewhat lower than that of denaturation. Eachragmanacromolecule lack energy alone to
jump over the barrier. However, it can occasiondlgrrow" it from the environment. So, grad-
ually (it takes a long time - many hours, maybeneazelay), all bulk of the meat transfers into the
denaturated state.
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Fig. 5. Penetration of heat in the spherically
symmetrical piece of meat

In the light of the above, we formulate the simplesdel of the process
of meat cooking. Let a spherically symmetric hommgmis piece of meat
(radiusR) with an initial temperatur@, and a thermal conductivity coefficiert
be placed in an environment where a fixed tempegdiizis maintained. How
much time does it take for the temperature of tleatm the center of the ball to
reachTy? (Fig. b)

In mathematical physics, the process of heat tearisside a sphere is de-
scribed by a complicated differential equation [1]

aT@.t) _ x @ (,0TC.1)
ot pcar\| or

(1)

whereT(r, t) is the temperature at a poirat timet, « is the thermal conductivity
of the meatpis its density, and is the specific heat. Since the water is boilimg i
a saucepan, the temperature at the surface ofptieres at any instant of time
remains constant and equal to 100°C

TG = R,vt) = 100°C ()

We took the meat from the refrigerator, so at thee twhen it was dropped
into the water, the temperature was 4°C throughswolume:

T(vr.t = 0) = 4°C 3)

Equations (1)-(3) determine the problem of a défgial equation with
boundary conditions. How to deal with them is welbwn for mathematicians,
and knowing the numerical values of the thermabcetivity of meat, its density
and specific heat, they will be able to accuratgliye a recipe for cooking broth.
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Nevertheless, let's try to figure out the answeolngselves using the method
of dimensional analysis. The temperature of deatitur of meat is the same order
of magnitude as the boiling point of water (it dif from it by only 20~25%).
Therefore, we assume that the time of "deliverythef necessary temperature to
the center of the solid sphere depends only anaterial parameters: the thermal
conductivity of the meat, its density, specific head radius. Therefore, we seek
the dependence of the required time on the siteeagphere in the form:

r = x%pPcrR® @)
By comparing dimensions, we write:

[r] = KI°[P)P [T [R)° (5)

K= (kg - m)/
The dimension of the thermal conductivity (s* -°C) . Sub-
stituting this and the dimensions of all the otbleysical values into equation (5),

and then comparing them on the right and left hside, we find:# = —1 |
f=y=16=2  Thus, we conclude that

=c.PCpz
r—C‘,KR ()

WhereCo is an unknown constant of the order of urBiybstituting the
—nacW P _ 9 K] '/,
= 0.45 /(m 2 :c) ,p =11x10% /n13 c 2.8 /.'tkg .°C) |

1

quantities

c 2
we find that for the mee = /pc = 1.5x 107 ™ Is- This value is called the
coefficient of temperature conductivity. Conseqlyerda half kilogram piece of
meat should be cooked for about an hour and aTiadf estimate is in some way
exaggerated, since we do not distinguish here dhwérature of denaturation
from the boiling point of water, but the order oAgmitude is correct.

Returning to the dumpling whose diameter is abootr2 we find that it
should be cooked for several minutes, which cooedp to our life experience.

Steaming

Now let's discuss the physical aspects of the patipa of Siaulon
dumplings. Here, a meat ball of radius R (our madehe dumpling) is placed
into an atmosphere of saturated steam at 100°Cprdssure here is atmospheric
pressure, i.e. equal to 1 atm. Formally, $i@ulondumpling can be considered
here as under the same boundary conditions asah®ndumpling in the boiling
water. Indeed, it is taken from the same refrigeratnd is placed into an
environment with a temperature of 100°C. Thereftnamn the point of view of



Boiling, steaming or rinsing? ... 61

a mathematician, the propagation of heat inStaeilondumpling is described by
the same equation (1) with the boundary conditi@)sand (3). Therefore, if
condition (2) is satisfied, then the temperatugritiution inside it will be the
same as for theontondumpling of the same size, and its preparatiomniishtake
about the same time. However, a physicist is oligeanswer: how is one to
ensure a temperature of 100°C on the surface @ithdondumpling?

In the case of a "wonton" this was easy: even thdognediately after its
placement in the pan the boiling around it templyrée&rminates. Due to the high
heat capacity of the water, its good heat condiigticonvection, and the con-
stantly supplied heat to the pan, the water witixgickly boil again thus provid-
ing condition (2) and hence, the required heat flow the dumpling.

Fig. 6. A schematic representation of the procéskimpling steaming in the phase
diagram of water. The environment ensures not thdyheat flow but also the negative
feedback suppressing its fluctuations

In the case of the "Siaulon”, cooked in an atmospbésaturated steam, the
mechanism of the heat transfer into the dumplingoisso evident. How in this
case is the boundary condition (2) ensured. Herddlat transfer has a completely
different character from the one discussed in ttevipus section. At the first
moment, the vapor molecules near the still coltbserof the "Siaulon” are locally
in the state of a strongly supersaturated vapoeyT¥egin to condense on the
surface rapidly increasing its temperature up eoambient temperature, 100°C
(Fig. 6). Assuming that the temperature jump ocougsvery narrow region close
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to the surface, we return to the same equationvith) boundary conditions (2)
and (3). l.e., the temperature distribution ingltke"Siaulon” should change with
time in the same way as in the case of the "Wontamiled in the water.

Consequently, the heat flix

qR.t) = -K[

aT(r,t)
or =R

(7)

at its surface should be the same. Yet, now this f§ provided not by the
thermal conductivity of the water, but by the maeiles of the vapor “landing” on
1cn? of the surface during 1 second:

tu,
qR.) =T m@) =T —22NG).
Ny (8)
Herel is the specific heat of evaporatiV®) isrtheber of molecules
condensed per secorm(®) s their mNa;, s the Avogaumber#H0 s

the molecular mass of water. Thus, the number décates "landing” from the
steam atmosphere on a square centimeter of "Siapérrsecond is

N@®)= N, X {GT(), t)]
r- }l‘:{zo or r=R (9)
Perfect! Mathematicians can find this number byisgl the complicated
equation, the "Siaulon" itself "feels" what heatxfit needs to keep the tempera-
ture at 100 ° C on the surface ... It remains @alynderstand from where the
molecules of the vapor learn how many of them ghoahdense in a given second
at a square centimeter of the "Siaulon” surface.

Let's suppose that at some tiN({) + 6N instealV(®) mide@on-

dense. The firsNE)  of them are hospitably absorheth® “Siaulon” — in fact,

they are necessary to keep in harmony a centignadace and still a cold inner
part. The remainingN are personsrion gratd — they were not expected here,
the temperature conductivity of the “Siaulon” does allow their heat released

6 A basic way for heat to enter the substance isrthkeconduction [2,3]. When two objects with
different temperature are in contact, heat flovesrfrthe one with high temperature to the one
with low temperature. A basic model to study thdreeductivity is a slab of material of thick-
ness.

The rate of thermal conduction is measured byhta flux density, which is the amount of heat

BB EEZR

Experimentally, and inversely proportional to kxegth. The coefficient is written in the gradient.
The equation above is called “Fourier’s law”.
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to penetrate into the dumpling. What do they havda? To take off again? Too
troublesome, so they stay on the surface locatlyessing its temperature (see
Figure 6). As a consequence, the point that reptegbe local balance of the
vapor and water moves up along their coexistemee liet us notice that the pres-
sure in the system remains the same, equal to .ITékenefore, above the selected
square centimeter, the vapor locally ceases tahgated. As a result, the next
moment there will land somewhat fewer molecules ttiee required amount.
Consequently, the surface temperature will go down.

Exactly the same mechanism works also in the chffeabfewer than the
required number of molecules condense onto thecaiher second than would
return the temperature back to 100°C (see Figsigh a mechanism of self-reg-
ulation is called negative feedback.

L, =
S L(t; —>

Fig. 7. A schematic of temperature penetration ins@mi-space

Let us note the important culinary difference betwéoiling and steaming
of dumplings. In the former case water penetratesa dumpling due to the dif-
fusion process. Interacting with its filling it etes a tasty juice. Due to the same
diffusion, but in the opposite direction, this jeipartially flows out from the
dumpling to the surrounding liquid, transforming tlater into a diluted broth. In
the case of steaming the dumplings the ambientr@mvient is the saturated
steam. Once condensed at the surface of a dunmpkngater also diffuses into
its bulk, but there is no inverse process. Herejiice of the steamed dumpling
is richer than that of the boiled dumpling.
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Rinsing
At the beginning of this article we discussed thet'pot" and the different
ways of cooking meat in it. Yet there still remaihe mystery as to why the same
amount of meat in the form of a meatball or a #ice differs in its cooking time
by up to ten times. Why the oil soup base “Hongyimuthe Chongging pot boils
much earlier than the water soup “Qingtang” usedsirChaoshan and Beijing
versions? We will try to answer these questionewel

On cooking times

“Shuan” and “Zhu” is actually the same thermal psxcwhich was discussed
in the previous sections. Here heat conductivity @nvection provide a constant
temperature 100°C on the surface of the objecthmad enters inside it, raising
the internal temperature. So, what causes thisrggrdifference in time between
rinsing the thin-cut beef and boiling the meatb@Hl® answer requires an inspec-
tion of the thermal process of boiling.

With the time of “Zhu” everything is clear: the way heat propagation in
the ball, which can serve as a meatball model, lveady discussed (cooking of
the Wonton dumpling and we can use Eg. (6) to estimate the correspgtiche.
The cooking time of the “Shuan” process requirgmegte consideration.

We consider a body occupying the semi-sjx > 0 (se@)PWe assume
its density, heat capacity, and heat conductivaybt P-¢.X | and with a
temperaturTo  at the initial momet = 0 . Now let usngeathe temperature

atits surfacd =0 tTy  and fix it. Fig. 7 shows how thmperature evolves
with time in the bulk of the body. We can see tiet penetrates into the medium

little by little. One can introduce characterisltingthl-(f) to describe the propa-
gation of the temperature front with time. Retugnto Fourier law (see Eg. (9))

and replacing the thickne:Ax by the characteristigth L@ substituting
Q =mcAT | andm = pAL() | one finds

CPAL@AT _ AT
At UL

Solving this equation with respectZ®)
Kt
Le~ [ = JaE .
(10)

Solution of the exact differential equation desioigbthe process confirms
our qualitative consideration [4] and gives an &V coefficient in (20):
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L@) = Jaxt

Hence, we found that heat penetrates into the meHdiuthe square-root law

-
of time, the parametd = /cp s called the thermal giffity or coefficient of
temperature conductivity The time of the establishment of the temperzTy e

. . ~L?
in the slab of the thickneL can then be evaluz’ /'T;(
Now we can return to a comparison between thengnsime of a thin-cut

beef versus the boiling time of a meatball. We mersan@ X & rectangular slice

of thickness@ and a meatball of rad® 5 out ofstume volume of meat.

During the boiling process, temperature should pateeinto specimen up to
the farthest point from the surface. Thus, the ireguiength for thin-cut slices
and meat balls are respectively half its thickreessits radius. The times for them
to be done are

(&

‘7
(¢/2) R?
Tslice ™ Thall™

X X (11)

The ratio between their cooking times is

Thall N(—’-_R)
d

Tslice

The size of a thin-cut sliced beef in China tydicag @ x b = 3 X 15cm
and its thickness is 1mm, which is marvelously .tidut of the same volume of

3
4R /3 .

beef, usin@?d = we can make a beef ball whose ragR = 1.0cm

2R/ _
.The ratic” /d = 29 and the estimated difference in cogkimes is

(I Thall ) —
\Tslice / ggp. (12)

Stop! As we have mentioned above the common timethe ball and the
slice to be cooked are 5 minutes and 10 secoed#h& realistic value for the ratio
is

7 Thermal diffusivity is a physical quantity thatstribes the rate of change (align) the temperature
of the substance in a non-equilibrium thermal psses.
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( Thall ) —
real

\Tslice.

(13)

This number differs by an order of magnitude with)( this is too much. The
reason for this discrepancy is our assumptionghatf the cooking time is spent
on "delivery" of the necessary temperature thrahghwhole volume of the meat.
However, we ignored the time required for carrying the denaturation process
itself. In most cases, this timTdenat. , iS SO short thaan be neglected with
respect to the “delivery” time. Yet, the “Shuan’opess is so quick that the
denaturation time cannot be neglected and has aoldhed to

5 2
a','")
' ("2
¥

. Tslice = Tdenat T

r;lice : LY ¢ (14)

where the temperature conductivity of the beef iskeh as
Xbeet = 1.5x107m?*s™  The value of the second term in (14) is only

)/

4 ~0.5s , While one rinses it in the hotpot around 10 séeolft is why
we conclude that all this time is required for dhemical reaction of denaturation
i.e. Tdenat™~10s | Of course, this value is negligibly smalihqeared with that
required to increase the temperature throughoutritiee meatball volume above
the denaturation point, but it turns out to be dwani when rinsing a slice of meat
in a hot pot. The new estimeTslice™~10s Tpa1~220s  agrees well witik Ch
nese experience.

Table 1. Comparison among three ways of cooking ioeed above
— boiling, steaming and rinsing

Boiling Steaming Rinsing
slze RadiusR RadiusR Thicknessl & @, b
Cooking time - RZ“ '(“TT,'( vas RZ.‘ f‘.ﬂ,‘( o 12 ‘/.ﬁ;(
The Way Thermal conductivity Latent heat of the con- Thermal conductivity
of heat transfer = & natural convection densing steam & forced convection
Environment Boiling water/diluted  Saturated steam Boiling soup-base

broth
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On soup bases

Besides the process of boiling sliced beef itsb#, soup-base also contains
some physics in it. First of all, it differs strdpdgrom the diluted aquatic broth
formed during the boiling of dumplings(see aboVédi)e soup-base for the hot pot
is prepared in advance, mixing water with oil anleo ingredients. Below we
discuss some of its specific properties which &lgee interesting physical rea-
sons.

“Qingtang” soup base is commonly used in the Bgifmd Chaoshan hot-
pots. It constitutes a mix of water with a smallcamt of oil, salt and other con-
diments. Contrarily, for cooking in a Chonggingattthe “Hongyou” (spicy oil)
soup base serves. A large fraction of “Hongyou”ps@uoil stewed with chili
powder, Chinese prickly ash, etc. The remaining igaa small portion of water.
If one starts to heat both soups simultaneoustypthsoup-base will start to boil
much earlier than the water soup. It seems to theratrange, since the boiling
point of oil (if any) is much higher than that o&ter. Actually, what boils here is
not the oil, but the small portion of water in $@up. Hence, the Hong You soup
starts to boil at the boiling point of water ingtea that one of oil.

There are two reasons which explain why the “Homdysoup needs
a shorter time to boil.

The first is that the specific heat capacitiesibAnd water are respectively

o == 3 l/‘I = 3]
Coil =210 / (kg - °C) gpgwater = 4-2x10 /(kg *°C) | so that less than
half the heat is needed to raise the temperatutbeobil soup base from room
temperature to 100.

The second reason concerns heat dissipation. Toess of the heat dissi-
pation is due to both heat conduction and convegitocesses. In the latter en-
ergy is transferred by the movement of a heatestanbe as a result of differences
in densities of lower and higher layers.

The heat flux at the surface is loosely describebéwton’s law of cooling,
which claims that the latter is proportional to ttemperature difference:
q = hAT.

The coefficientt is called the heat transfer ce&ffit and describes how
violent the convection is. The typical values of theat transfer coefficient for
boiling water and oil are respectively2.5x 10%~25 x 10? and
0.05x 10*~1.5x 10% in units of W - m2K™ | The significant difference &
may be explained by the viscosity and the poor t&aductivity of oil. As a result,
the heat dissipation at the interface between ilheap and air is two orders of
magnitude less than that in the case of water soup.

Manman Ch#

8 {8181z -“eat slowly”, Chinese version of “enjoy your meal”
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GOTOWA C, GOTOWAC NA PARZE CZY MO 7ZE PLUKA C?
(FIZYKA KUCHNI CHI NSKIEJ)

W artykule zostaly przedyskutowane niektére aspkltohni chiskiej. Autorzy zaczyngjod omo-
wienia szczeg6tow kuchni atskiej i technologii produkcjtywnosci. Autorzy zadaj nastpujace
pytania: jaka jest mhica pomeédzy misem surowym a gotowanym? Jaka jeghnica w fizyce
procesu przenoszenia ciepta podczas pgeigania kluskow na parze wodnej a w getej s wo-
dzie? Dla czego jest mliwe przyrzdzanie kawatkow ngsa w "gogcym garnku" w cigu kilku
sekund, podczas gdy po to, aby upiec indyka potijieety kilku godzin? Artykut ten udziela odpo-
wiedzi na te i inne pytania.

Stowa kluczowe:ztozone molekuty organiczne, proteiny, kluski, przerse ciepta, przewod-
nictwo temperaturowe, prawo Fouriera, Newtonowgkavo chtodzenia
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