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ABSTRACT

The volume of work is 60 pages, the number of illustrations - 23, tables - 1,
appendices - 0, sources on the list of links - 30.

Oral hygiene is one of the main factors affecting the health of teeth, oral cavity
and diseases of the gastrointestinal tract. Therefore, an important direction in the
development of modern dentistry is the development of new personal hygiene products.
One of the directions in these developments is the sonic toothbrush. Sonic toothbrushes
are used for deep cleaning of teeth and interdental spaces. Easy-to-clean dentures with
removable dentures are often recognized as the most powerful and effective
toothbrushes on the market. Sonic toothbrushes provide superior cleaning action against
surface blemishes and brightens and whitens your teeth with regular use

The relevance of the dissertation lies in the development of a high-frequency sonic
toothbrush, in the body of which there is a channel for supplying washer fluid directly
to the teeth.

Purpose of the work was to create a model of a sonic high-speed toothbrush in
the solidwork program

Objectives of the study were:

1. In the SOLIDWORK program, create the proposed sonic toothbrush.
2. Using the Fritzing program, create a printed circuit board of the device being
developed

3. Using the Ansys program, calculate the vibration frequency of the sonic toothbrush
model

The article examines the creation of a model of a high-frequency toothbrush in the
solidwork program. Frequency-amplitude characteristics of the developed device for
personal oral hygiene are investigated. The electronic circuit of such a device has been
analyzed in detail.
Key words: sonic toothbrush, plaque removal, toothbrush, dentistry, oral diseases, oral

hygiene.



PEDEPAT

O6csr pobotu 60 cTopiHKa, KIIBKICTh LTFOCTpalii - 24, Tabmuup - 1, nomarkis -
0, mxepen B ciucky mocwiianb - 30.

[lorana ririeHa MOPOXHUHU POTAa € OJHIEIO 3 MPUYUH DSy CTOMATOJIOTTYHUX
3aXBOpPIOBaHb. TakoXk cBoevyacHa 1 e(EKTHBHaA TirieHa MoXke OyTH SK 3aco00M
npo(diTakTUKH, Tak 1 3aco00M JIIKYBaHHS PI3HUX 3axBOpioBaHb. OMHAK iCHYE psf
npo0OiieM, TOB'I3aHUX 13 3a0€3MEUYEHHSM HaJIeKHOTO OYHUILECHHS TOBEPXOHb 3YOiB.
[Tactu Ta UITKH, 10 BUKOPUCTOBYIOTHCS HACETICHHSIM JIJISl YUIIEHHS 3y0iB, B OJIBIIOCTI
BUMAJKIB HE 37]aTHI 3a0€3MeUnTH €(DeKTUBHICTh BUIAJICHHS MTATOTEHHOT0 HAJIBOTY [17].

AKTYaJIbHICTIO € T€, IO Tiri€Ha MOPOKHUHU POTA - OJJUH 3 OCHOBHHUX (paKTOPIB,
[0 BIUIMBAIOTh Ha 3J0pOB'S 3y0iB, MOPOKHUHHU POTA 1 3aXBOPIOBAHHS LITYHKOBO-
KHIIIKOBOTO TPakTy. ToMy BaXKJIMBHUM HAIPSMKOM PO3BUTKY Cy4acHOI CTOMATOJIOTII €
po3poOKka HOBUX 3ac00iB 0coOucTOi TirieHu. OIUH 3 HAMPSMKIB B IIUX PO3pOOKax -
3ByKOBa 3yOHa IITKa. 3BYKOBI 3yOHI LIITKM BUKOPUCTOBYIOTHCS I TJIMOOKOIO
YUIIeHHs 3yO0iB 1 MDK3YOHUX MNpOMDKKIB. JIerko ouwMiyBajbHI 3yOHI MpOTE3u 31
3HIMHUMU MPOTE3aMHU YaCTO BBAXKAIOTHCS HAUTIOTY>KHIIIUMU 1 €eKTUBHUMU 3yOHUMU
I[ITKAMH Ha pUHKY. 3BYKOBI 3yOHI1 IITKU 3a0€3M€YyI0Th 4yJOBE OUHUIIAI0YY A1I0 TPOTH
MOBEPXHEBUX NIe(DEKTIB, a TAKOXK OCBITIIOIOTH 1 BIAOUIIOIOTH 3yOU MPHU PETYISIPHOMY
BUKOPHUCTAHHI.
AKTyanpHICTh AMCEpTallii MmoJyisirae B po3poOlll BUCOKOYACTOTHOI 3BYKOBOi 3yOHOI
IIITKK, B KOPITYCl SIKOT € KaHau I mojadi O0e3MmocepeHbo 0 3yOam.OMHBAIOIIEH
plavHU

Metoro poboTH Oyi0 CTBOPEHHS MOJEINi 3BYKOBOI BHCOKOYACTOTHOI 3yOHOI
miTky B iporpami Solidwork.
3aBaaHHA JOCIIKEHHS:
1. ¥V nporpami SOLIDWORK cTBOpiTF MOAENH BHCOKOYACTOTHOI 3BYKOBOI 3yOHOI
ITITKH.
2. 3a momomMororo nporpamu Fritzing cTBOpUTH APYyKOBaHY IUIATy PO3POOTIOBAIIBHOTO

HPUCTPOIO.



3. 3a nonomoroxo mmporpaMu Ansys po3paxyBaTH 4acTOTy BiOpallii Mojesi 3ByKOBOT
3yOHOI HIITKH.

VY craTTi pO3rNIANAETbCs CTBOPEHHS MOENi BHCOKOYACTOTHOI 3yOHOI HIITKH B
nporpami  Solidwork.  JlocnmiykeHO  YaCTOTHO-aMIUTITYAHI  XapaKTEPUCTUKU
PO3pOOJICHOTO MPHUCTPOIO MJIT OCOOMCTOI TIri€HW TOPOXKHWHHM poTa. JleTtanpHO
MpOaHaII30BaHO EIEKTPOHHA CXEMa TaKOTro MPUCTPOIO.

KalouoBi cjoBa: 3BykoBa 3yOHa IIiTKa, BHUAANEHHS HAIbOTy, 3yOHa IIIiTKa,

CTOMaTOHOFiH, 3aXBOPIOBAHHA ITIOPOKXHHUHU POTAa, ririeHa IIOPOKHUHHU pOTaA.
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INTRODUCTION

Personalized care and innovations in the field of oral hygiene are essential in
the prevention of dental caries and periodontal disease for adults and children, and
especially for patients undergoing treatment with fixed braces. For patients in the
period of puberty, this is most relevant, since the processes of mineralization of the
enamel of permanent teeth by the time of eruption have not yet been completed, thus
the insufficient quality of hygiene procedures can lead to an aggravation of the
cariogenic situation, violation of the integrity of the structure and the tightness of the
attachment of its elements.

Brushing your teeth is the easiest and most affordable way to avoid dental
diseases. To maintain adequate oral hygiene, many assistive devices are offered -
dental irrigators, interdental brushes, single-beam brushes, etc. it can be difficult to
motivate children to use something other than toothpaste and a brush. One of the most
common oral hygiene methods is the use of a toothbrush.

The benefits of sonic toothbrushes have been discussed more and more
recently.

Sonic brushes allow for better oral hygiene compared to mechanical hand and
electric toothbrushes.

Compared to mechanical toothbrushes, sonic brushes are more effective
precisely due to the complex mechanical and vibration effects. Some manufacturers
in sonic brushes additionally use the technology of mechanical or rotary action of the
head. However, such a function is superfluous for sound products, since the bristles
do their job perfectly under the influence of sound waves.

Compared to mechanical or chemical methods of dental surface treatment, this
sonic cleaning has the main advantage - the preservation of tooth enamel does not
suffer.

With this treatment, the tartar is separated much faster, and the enamel is not

damaged. Soft plaque is easily and completely removed. There is a significant
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decrease in bacterial activity, and these effects extend to soft tissues, to the pockets
of the gums. The sonic effect also prevents microbial growth on the bristles. Sonic
teeth cleaning procedure is comfortable for the patient, painless and safe.

Thus, a personal care product such as a sonic toothbrush can be an effective

tool for regular manipulations in the oral cavity, and also, with daily use, will help
prevent the development of various dental diseases.
There are different models of sonic brushes on the market with different vibration
speeds of the cleaning head. Vibration speed is usually in the range of 29,000 to
38,000 vibrations per minute, which can be attributed to medium and low speed
vibration vibrations.

Therefore, the purpose of the work was to create a model of a sonic high-speed
toothbrush in the Solidworks program

The objectives of the study were:

- in the solidworks program, create the proposed sonic toothbrush;

- using the fritzing program, create a printed circuit board of the device being
developed;

- using the ansys program, calculate the vibration frequency of the sonic

toothbrush model.
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SECTION 1

FUNDAMENTALS OF DENTAL DISEASES PREVENTION

Personalized care and innovations in the field of oral hygiene are essential in
the prevention of dental caries and periodontal disease for adults and children, and
especially for patients undergoing treatment with fixed braces. For patients in the
period of puberty, this is most relevant, since the processes of mineralization of the
enamel of permanent teeth by the time of eruption have not yet been completed, thus
the insufficient quality of hygiene procedures can lead to an aggravation of the
cariogenic situation, violation of the integrity of the structure and the tightness of the

attachment of its elements.

1.1. Tooth Anatomy.

This drawing of a healthy tooth, as depicted in figure 1, is cut in half lengthways
shows the layers of the tooth and its internal structure, as well as how the tooth relates

to the gum and surrounding jaw bone [1].

- The crown is the part of the tooth that is visible above the gum (gingiva).

- The neck is the region of the tooth that is at the gum line, between the root and
the crown.

- The root is the region of the tooth that is below the gum. Some teeth have only
one root, for example, incisors and canine (‘eye’) teeth, whereas molars and
premolars have 4 roots per tooth.

The crown of each tooth has a coating of enamel, which protects the underlying
dentine. Enamel is the hardest substance in the human body, harder even than bone.

It gains its hardness from tightly packed rows of calcium and phosphorus crystals
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within a protein matrix structure. Once the enamel has been formed during tooth

development, there is little turnover of its minerals during life (figure 1.1).

NORMAL TOOTH

Enamel

Dentine

Crown

Pulp containing
blood vessels
and nerves

Gum (gingiva)

Neck

Bone

Periodonfal
membrane

Root

Cementum

Root canal

Opening at tip
of root

Figure 1.1 — Scheme regarding the Structure of the Tooth

Mature enamel is not considered to be a ‘living’ tissue. The major component
of the inside of the tooth is dentine. This substance is slightly softer than enamel, with
a structure more like bone. It is elastic and compressible in contrast to the brittle nature
of enamel. Dentine is sensitive. It contains tiny tubules throughout its structure that
connect with the central nerve of the tooth within the pulp. Dentine is a ‘live’ tissue.
Below the gum, the dentine of the root is covered with a thin layer of cementum,
rather than enamel. Cementum is a hard bone-like substance onto which the
periodontal membrane attaches. This membrane bonds the root of the tooth to the
bone of the jaw. It contains elastic fibers to allow some movement of the tooth within
its bony socket [2].

The pulp forms the central chamber of the tooth. The pulp is made of soft tissue
and contains blood vessels to supply nutrients to the tooth, and nerves to enable the
tooth to sense heat and cold. It also contains small lymph vessels which carry white
blood cells to the tooth to help fight bacteria.

The extension of the pulp within the root of the tooth is called the root canal.

The root canal connects with the surrounding tissue via the opening at the tip of the
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root. This is an opening in the cementum through which the tooth’s nerve supply and

blood supply enter the pulp from the surrounding tissue.

1.2.  Anatomy of Oral Cavity and Structure of Teeth

The oral cavity, as shown in figure 2, is the primary part of the digestive tract.
The oral cavity is divided into two sections:

- the vestibule of the mouth/buccal cavity;
- the oral cavity itself.

In the oral cavity, the enzymatic breakdown of carbohydrates begins under the
action of the amylolytic enzymes of saliva - ptyalin and maltase. Ptyalin breaks down
carbohydrates to maltose disaccharide, and maltase breaks down maltose to glucose.
In the oral cavity, food is disinfected with the bactericidal substance of saliva - the
vestibule of the mouth is limited in front and on the sides by the lips and cheeks,
behind and from the inside - by the teeth and mucous membrane of the alveolar
processes of the upper and lower jaws. The oral cavity itself is connected to the

pharyngeal cavity through the pharynx (figure 1.2) [3].

Oral Cavity

Upper lip SNPS.  Superior
Gum —7 // y \ lablal
‘ frenulum
Hard palate —
Soft palate e A Svalle
Buccal mucosa - Tehgue
(inner cheek . Lingual
lining) frenulum
Inferior labial Teeth
frenulum

_ - “submandibular
Lower lip duct opening

Figure 1.2 — Anatomy of Oral Cavity and Structure of Teeth
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1.3. Diseases of the Oral Cavity and Teeth (Periodontal)

Oral disease is the fourth most costly disease to treat in high-income countries,
with the burden of oral disease being reduced through the development of improved
oral hygiene systems that primarily provide curative care. Most systems are based on
the need for care provided by private dentists, although some high-income countries
establish public oral health systems. In most low- and middle-income countries,
investment in oral care is low, and resources are mostly dedicated to emergency oral
care and pain relief [4].

Periodontal diseases (periodontium is a complex of tissues: tooth,
periodontium, alveolar part of the jaw, gums) are among the most common dental
diseases and are found in 80% of children and almost the entire adult population. In
the occurrence of periodontal diseases, trauma, dental plaque, supragingival and
subgingival deposits of tartar, overhanging fillings, defects in prosthetics, and the
hygienic state of the oral cavity are important. Common factors include a lack of
vitamin A, groups B, C, E, disorders of phosphorus-calcium metabolism, protein,
mineral, carbohydrate metabolism, and changes in the digestive, nervous, vascular
systems, allergic reactions, and decreased immunity [5].

- Plaque: During the meal, the teeth grind the food, and small residues of it
inevitably remain in the mouth. They do not linger on the gums and fall into the
interdental spaces, which are very convenient for this, where they are located until
the next brushing of the teeth. If, however, tooth brushing is irregular, or
ineffective, then food remains in the dental gaps and becomes a habitat for
bacteria. Then the microflora of the oral cavity already turns into macroflora,
forming plaque on the teeth, which consists of 95% of flora and fauna. As a result,
this plaque causes tooth decay and periodontitis. In addition, the surface of plaque
IS not smooth, but rough, which improves the adhesion of food debris to it. And
the further, the more. When plaque lasts a week or more, it gets denser and turns

into tartar, which must be removed at the dental clinic [6].
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- Dental calculus (Fig. 3b): hardened plaque that forms on the surface of the teeth.
Tartar is quite dark, which is explained by the fact that it contains food debris, food
debris, dead cells, bacteria, phosphorus, iron and calcium salts [7].

- Tooth caries (fig. 3a): his is an infectious process associated with exposure to
microflora, violation of the diet, the composition of trace elements in food,
especially fluoride. According to the depth of the defect, initial, middle, and deep
caries are distinguished. [8].

- Periodontitis (fig. 3c): This is one of the variants of complicated caries, when the
nerve disintegrates and the ligament holding the tooth in the jaw is affected. The
tooth becomes mobile, it hurts at the slightest touch. Periodontitis often develops

in teeth with poorly healed root canals [9].

Periodontitis

Plaque
and
calculus

Inflammation

Deepening
pocket

(a) (b) ()

Figure 1.3 — Diseases of the oral cavity and teeth (periodontal):

a - dental caries; b- dental calculus; ¢ - periodontitis

Tartar will prevent you from brushing and flossing as thoroughly as you can.
Cavities and tooth decay may result from this. Tartar that forms over the gum line
can be harmful to health. This is because the bacteria in it causes gum inflammation
and damage. This could result in chronic gum disease [10]. Tartar is a serious oral
health issue that must be addressed. Although tartar is not instantly toxic or
dangerous, if it is not eliminated, it may trigger a variety of issues in the future [11]:
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— tartar increases the surface area to which dental plague may adhere, giving
bacteria a place to flourish;

— the same bacteria that causes cavities and irritates your gums will ultimately
contribute to gum disease;

— tartar retains stains quickly because it is porous, like a cotton shirt or a
marble countertop; the most prominent odors would be coffee, tea, and tobacco
smoke;

— tartar will find it difficult to clean and floss as well as you can. this will
result in extra cavities and tooth decay.

Minerals in your saliva bind with plaque to form crystals that solidify into tartar
if plaque is not removed routinely and completely. Tartar has a rough surface that
makes plaque removal with a toothbrush and floss impossible. Tartar is unsightly,
turning yellow or brown as stains build up. It may also lead to tooth decay, poor
breath, and severe causes of gum disease because it absorbs plaque and makes

brushing at home impossible (figure 1.4) [12].

(b) (c) (d)
Slight Dental Moderate Heavy Dental Heavy Dental
Calculus Dental Calculus Calculus
Calculus

Figure 1.4 — Stages of teeth tartar formation

Calculus removal is important to stop a variety of severe health complications.
Calculus buildup, according to studies, can cause gums to swell and bleed. Gingivitis,
or gum disease, is the first stage of periodontal disease. Periodontal disease has also

been linked to an increased risk of cardiovascular disease and stroke. [12].
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1.4. Modern tecnologies of individual oral hygiene

As we saw in the previous section, poor oral hygiene is one of the causes of a
number of dental diseases. Also, timely and effective hygiene can be both a means of
prevention and a means of treating various diseases. However, there are a number of
problems associated with ensuring proper cleaning of tooth surfaces. Pastes and
brushes used by the population for cleaning teeth, in most cases, are not able to
provide the effectiveness of removing the pathogenic plaque. Despite this, patients
still prefer to use traditional methods of cleaning teeth, the use of which, in addition
to the formation of tartar, also leads to damage to the neck of the tooth. The
possibilities of modern methods of prevention are practically not used in daily dental
care [13].

The main cause of diseases of hard tooth tissues (caries) and periodontal tissues
(periodontitis) is the formation of bacterial plaque in hard-to-reach areas of the tooth
surface. Plaque formation is caused by poor nutrition and ineffectiveness of the teeth
cleaning technique used. Immunocompromised patients should pay increased
attention to the prevention of plaque formation. The same applies to the removal of
dental calculus, which (as we have found out earlier) is hardened plaque [14]. Tartar
is the main sign of the need to use more effective methods of preventing diseases of
the teeth and gums.

The first generations of electric toothbrushes had a rectangular head, similar to
that of a traditional manual toothbrush, and performed reciprocating movements that
corresponded to back-and-forth movements of manual toothbrushes, especially in the
horizontal direction. The use of such toothbrushes has shown their low efficiency and
lack of advantages in comparison with the traditional method of brushing teeth using
manual toothbrushes, which led to the disappearance of this product from the market.
Technology, which made it possible to create an electric toothbrush with a small

round cup-shaped head, which performed high-frequency reciprocating rotational
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movements [15]. They operate at an audio frequency of an average of 30,000 strokes
per minute or 250 Hz, which allows for deeper and at the same time "gentle" foamy
cleaning. This electric toothbrush was already significantly more effective in
removing soft plaque and was more convenient to use than its predecessors. However,
such a brush has its drawbacks, it is the size of its cleaning head, which has a relatively
large dimensions and is not always convenient for use by patients [16].

One of the latest developments is the laser toothbrush. According to the
researchers, such a toothbrush is capable of ensuring the sterility of the oral cavity,
however, the developers are silent about the effect of this type of toothbrush on the
general microflora of the oral cavity, which maintains a healthy state of the oral cavity
in general and teeth in particular.

There are also sonic toothbrushes that work with the effect of magnetostriction
at sound frequencies (about 250 Hz). In these brushes, sound vibrations are sent to the
bristles, thereby providing improved cleaning of teeth from daily plaque, but the sonic
brush cannot cope with long-term plaque (for example, smoking plague). Toothbrush
tube. Such a brush has a cleaning hollow head with openings for supplying a dental
cleaner and bristles, a hollow neck, a hollow handle with a container for a dental
cleaner, and a dispensing device adapted to pressurize the cleaning agent [15].

The presented design allows you to simplify the dosing procedure and
maximize the efficiency of using the toothpaste. However, the advantages of this type
of toothbrush are not very convincing, and the design becomes much more
complicated and the manufacturing cost increases. Therefore, the question arises
about the use of this type of toothbrush. A toothbrush with the function of examining
the oral cavity differs from conventional toothbrushes in that a light source is mounted
in the head of a conventional manual toothbrush, which is powered by batteries
mounted in the handle of the toothbrush [15].

Sonic toothbrushes, as shown in figure 6, are less difficult to use than manual
toothbrushes and can help you improve your brushing habits. A sonic toothbrush

completes the brushing process for you - all you have to do is move the brush around
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your mouth, instructing it to reach all of your teeth's surfaces. Sonic toothbrushes
vibrate at 50,000 brushes per minute, which is far quicker than traditional
toothbrushes. Sonic toothbrushes vibrate at 10 times the rate of an electric toothbrush,
so a two-minute brushing session with one will clean your teeth more effectively. It
cleans your teeth completely using sonic technology. Brush heads that vibrate at a
high rate and move bristles from side to side. Another benefit of sonic toothbrushes
IS that they provide an extra sort of cleaning based on the fluid dynamics phenomenon.
Sonic toothbrushes swirl the fluids in the mouth (water, saliva, and toothpaste),
efficiently changing them into cleaning agents that reach crevices that the brush
cannot, such as between teeth and below the gum line, due to the substantially faster
brush speed [17]. Moreover, sonic toothbrushes are suitable for people with veneers,
fillings, braces, chronic inflammation in gums, old plaque, debris, arthritis, carpal
tunnel, as well as developmental disabilities. Users of both Sonicare sonic
toothbrushes and Oral-B electric toothbrushes improved their overall oral health in a
six-month research, but the sonic toothbrush was much more successful in eliminating
plaque, lowering gingivitis, and increasing tooth and gum health in adult periodontitis
patients [17].

1.4.1. Comparison of Sonic Toothbrush Technologies

A toothbrush is a must-have daily personal hygiene item for everyone's oral
cavity. A toothbrush is made up of a handle, a working portion (head), and a neck.
The bristles (pile) are reinforced in a variety of ways on the head. Toothbrushes are
classified into five types based on the hardness of their bristles: very soft, gentle,
medium hard, hard, and very hard. Brushes are classified as manual, electric,
ultrasonic, sonic, or ionic based on their cleaning method. Each toothbrush category
has its unique set of mechanical and functional properties. People tend to buy brushes

based on pricing and style rather than usefulness.
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Manual toothbrushes are the simplest to use and hence the most prevalent.
When selecting such a brush, you should consider the rigidity of the bristles. There
are five levels of hardness, ranging from extremely soft to very hard. Despite the fact
that they are substantially more expensive than mechanical toothbrushes, electric
mechanical toothbrushes have gained popularity in recent years. Which toothbrush to
choose: electric or sonic? Compared to rotary sonic brushes, they are more effective
precisely due to the complex mechanical and vibration effects [18]. Some
manufacturers in sonic brushes additionally use the technology of mechanical or
rotary action of the head. However, this option is superfluous for sound products,
since the bristles do their job perfectly under the influence of sound waves

Comparison Sonic and ultrasonic toothbrush has shown the feasibility of using
sonic toothbrushes in individual home oral hygiene. Whereas ultrasonic toothbrushes
should be used with professional recommendations

Because of the same root in the names, many people confuse ultrasonic and
sonic toothbrushes. Aside from the name, what do they have in common?

2. The vibrations in the bristles are caused by the waves. As a result of these
changes, when toothpaste is combined with water and saliva, it produces a thick
foam [19].

3. The resultant foamed liquid flows in the direction of the gingival grooves and
openings between the teeth as a result of brush vibrations. As a result, the
cleaning agent reaches the most difficult-to-reach regions and efficiently
dissolves plaque.

4. The brush's impulse motions aid to clean the tooth enamel and increase blood
circulation in the gum tissue.

Sonic and ultrasonic toothbrushes - the difference:

- frequency of waves - sound waves operate in the range up to 260 hz, and
ultrasonic waves - from 20 thousand hz;

- the frequency of vibrations of the bristles is 18-40 thousand / min in sound, and

up to 100 million / min in ultrasound [19].
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What is the difference between a sonic toothbrush and an ultrasonic one, if we

consider their principle of operation? The feature of sound devices is a more intense

(double) action, and ultrasound models have a very delicate effect on tissues, but are

contraindicated for children, unsafe for fillings, orthopedic structures (veneers,

crowns, etc.) [18]

Given the advantages and distinctions described, it is unclear which type of

toothbrush is better. Each of them has its own set of attributes and scope. The sonic

brush is more effective against tartar, plaque, and pigmentation. Ultrasound is useful

in the hygiene of problem gums, in preventing the formation of inflammatory

processes, and in preventing relapses in the presence of chronic disorders [19].

1.4.2. Examples and characteristics of toothbrushes - as a Comparative Characteristic

v" Philips Sonicare Protective Clean 4500 HX6830 / 44

Ideal for daily use, as it takes very gentle care of teeth and gums.

Has two modes of operation:

The device's designers have packed it with a slew of handy features:

whitening;

cleaning and polishing.

philips sonicare technology - creating a pulsation that allows you to clean

enamel even in the interdental space;

warning in case of too much pressure on the gums;

complete with a nozzle with brushsync - an option for light and sound

notification that it's time to change the thick bristles for whitening;

attachment;

quadpacer - time control function for oral cavity care in each zone;

easy start is an easy start mode with a gradual rise in pulsation intensity, helpful

when transitioning from a manual brush or for persons with sensitive teeth.
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v" Philips Sonicare Diamond Clean HX9352 / 04

This brush, like a professional master, fights plague on the teeth and bacteria

that provoke the development of caries.

The advantages of the model:

- philips sonicare diamondclean is suitable for travel and frequent business trips

with a convenient case and usb travel charger;

- destroys pathogenic bacteria in the most inaccessible areas of the oral cavity;

- has 5 different modes:

- for a gentle massage of the gums;

- for delicate cleaning of sensitive teeth;

- for enamel clarification and polishing;

- intensive for removing stains from enamel;

- for everyday hygiene.

By using this brush, you will forget about gum problems and provide highly

effective protection of your teeth from caries.

v' EDEL WHITE Sonic Generation (Switzerland) (figure 1.5)

This brush is for the whole family, including children from the age of seven.

The versatility of the device is provided by 3 different operating modes:

- intensive - for effective but gentle cleaning of sensitive teeth, problem gums,

including inflammation, the formation of pockets, exposed tooth necks, for

braces and various types of implants;

- whitening - suitable for healthy teeth and gums, designed to remove plaque

and gently massage the gum tissue;

- delicate - provides high-quality preventive hygiene.

- the advantages of the model:

- unique erdmann design nominated for the red dot design award;

- double head for simultaneous fast hygiene of the teeth of the upper and lower

dentition;
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- the thinnest elastic bristles, do not injure the gums, are suitable even for the

thin enamel of children's teeth, penetrating into the narrowest spaces between

the teeth;

- the presence of a timer to control the duration of cleaning;

- led indicator that signals the need to change the nozzle.

a)

b)

Figure 1.5 — Examples of sonic toothbrushes: a) Philips Sonicare Protective
Clean 4500 HX6830 / 44; b) Philips Sonicare Diamond Clean HX9352 / 04; ¢c) EDEL
WHITE Sonic Generation
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Knowing the features of the operation of each type of electric brushes, we can
highlight the advantages of sound models. So, the sonic electric toothbrush - the pros:

- effective plague removal, dental calculus prevention;

- smoothness of the enamel after cleaning (the effect of a professional procedure);

- high efficiency of cleaning hard-to-reach areas;

- bristles remove impurities from the depressions at the base of the tooth, narrow
gaps between the teeth;

- under the influence of high-frequency vibrations, finely dispersed foam
saturated with oxygen is formed from biological fluids and toothpaste, which
easily penetrates into the most inaccessible areas, destroys and flushes out soft
plague.

What else is good sonic: there are practically no contraindications to its use. It
is suitable for everyone - children, adults with healthy teeth, with dental restorations

and prostheses, with gum problems and mobile teeth.

1.4.3. Basic vibration characteristics

Vibration is a type of mechanical vibrations that occur when mechanical energy
is transferred to a body from a source of vibrations. Vibration is the movement of a
point or a mechanical system, in which there is an alternate increase and decrease in
time of the values of at least one coordinate. Just like noise, vibration is one of the
factors in the physical environment of a person [20].

The parameters characterizing the simplest type of vibration - sinusoidal
(harmonic) vibrations are: frequency / (Hz); amplitude A (m) - the value of the
greatest deviation of the oscillating point from the equilibrium position; vibrational
speed V (m/s) - the maximum of the values of the speed of the vibrating point;
oscillatory acceleration W (m/s?) - the maximum of the values of the oscillating point

accelerations; vibration frequency —f, Hz = 1/s.
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Due to the specific properties of the sense organs, the effective values of the
above parameters are decisive in assessing the impact of vibration. So, the effective
value of the vibration velocity is the root-mean-square of the instantaneous values of
the velocity V (t) during the averaging time ty, which is chosen taking into account
the nature of the change in the vibration velocity over time

Since the absolute values of speed and acceleration vary over a wide range, like
noise, using the Weber-Fechner law, the relative levels of vibration velocity and
vibration acceleration, expressed in decibels (DB), are used to assess vibration:
where VO is the threshold (zero) value of the vibrational speed; WQ is the vibration
acceleration threshold.

The use of a logarithmic scale for the hygienic assessment of the impact of
vibration is also due to the fact that the sensitivity of the human body to the action of
vibration changes in proportion to the logarithm of the impact. The strength of
vibration that affects a person is governed by the velocity and acceleration of the
vibration, as well as the frequency response. This is due to the fact that the perception
of vibration is affected by speed for small amplitudes and acceleration for large
amplitudes.

Vibrations occurring in real production conditions are a complex oscillatory
process consisting of individual sinusoidal oscillations with different frequencies and
amplitudes. To characterize such vibrations, the spectra of the effective values of the
parameters characterizing the vibration are used.

By spectrum, vibrations are subdivided into:

- narrow-band, in which the vibration velocity levels at certain frequencies or
frequency ranges are more than 15 dB higher than the values in neighboring
ranges;

- broadband, which do not have pronounced frequencies or narrow frequency
ranges at which the levels of vibration velocity exceed the levels of
neighboring frequencies by more than 15 db.

The frequency composition is distinguished:
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low-frequency vibrations (with a predominance of maximum levels in the
octave frequency bands of 1-4 Hz for general vibrations, 8-16 Hz for local
vibrations);
medium-frequency vibrations (8-16 Hz - for general vibrations, 31.5-63 Hz for
local vibrations);
high-frequency vibrations (31.5—63 Hz - for general vibrations, 125—1000 Hz
for local vibrations).
vibration parameters, Are the amplitude values of the vibration displacement
Xt, the vibrational velocity Vm and the vibrational acceleration at, as well as the
period T (s) and the frequency / (Hz) of the vibrations.
amplitude of vibration displacement can be expressed as the distance between
the points with the maximum deviation achieved during movement (the
magnitude of the doubled amplitude), or as the distance from a central point to
the point of maximum deviation (the maximum value).
vibration displacement in the case of sinusoidal oscillations, it is determined by
the formula:

X = X,;sin (wt + @) (1.2)
In most cases, the initial phase is not taken into account in industrial sanitation
calculations.
vibration frequency, expressed in number of cycles per second (Hz), affects the
degree of transmission of vibration to the body (for example, the surface of a
chair or the handle of a vibrating instrument), the degree of transmission through
the body (for example, from a chair to the head), and the effect of vibration on

the body. The frequency is related to the oscillation period by the ratio f=/T.

ay, = w?X, =wV, (1.2)
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vibration can be defined by one or more frequencies (discrete spectrum) or by
a large frequency range (continuous spectrum). The frequency spectrum is
separated into bands (octave bands).

the upper cutoff frequency / in is twice the lower cutoff frequency / n, =2 in
the octave range.

the octave band has a geometric mean frequency of that/ s =1/ LL-

standard geometric mean frequencies are: 1; 2; four; eight; sixteen; 31.5; 63;
125; 250; 500; 1000 Hz.

a person is able to sense vibration in the range from fractions of a hertz to 8000
Hz. The threshold for perception of vibration velocity is considered to be 10-4
cm /s, and the threshold for painis1m/s.

since human organs do not respond to an absolute change in the intensity of the
stimulus, but to its relative change (Weber-Fechner law), logarithmic values
have been introduced - the levels of vibration velocity and vibration

acceleration, measured in decibels (dB):

1.4.4. Modern of Sonic Toothbrush Technologies

Sonic electric brushes are a type of oral hygiene appliance with a main

handle and changeable nozzles. The electromagnet-based mechanism sets it

apart from typical electric brushes. The accessories function with a sound wave

in addition to the amplitude swinging of the head with a cyclic movement of

the bristles. It is formed due to the moving elements of the head, where the

spring and the resonator create an oscillation frequency of up to 260 Hz, which

forms the sound wave [4]. The resulting frequency, together with the movement

of the bristles, forms a mixture of water, saliva and cleaning agent in the mouth.

Thanks to the cyclic movement, the inner side of the tooth, the interdental

space, the palate and tongue, as well as hard-to-reach places near the gingival
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groove are washed. The bristles on the head move up and down. With the
correct positioning of the sonic brush (an angle of 45 degrees to the gingival
line and movement from below to the tooth edge), bacterial plaque is
completely swept away. The amplitude of oscillations varies from 20 to 40
thousand oscillations / minute for adult variants. The mode of operation with a
suitable sound wave depends on the required function (work with gums, dental
structures, and sensitive areas). Slightly less, up to 13 thousand vibrations /
minute, offer electric sonic brushes for children. It will turn out to find an
option for both the first baby tooth and teenage solutions with a stylish design.

The principle of operation of the sonic brush is as follows. A high-speed motor
rotates a metal weight with an offset center of gravity. As a result, the handle of the
toothbrush enters into resonance and begins to vibrate at a frequency of 17,000 -
22,000 movements per minute. Some manufacturers of sonic toothbrushes have
improved this technology by installing a micromotor directly into the brush head,
thereby increasing the vibration power. This can be seen in the already outdated
budget Lebond toothbrushes (figure 1.6).

Figure 1.6 — Lebond toothbrushes

Such brushes operate at low frequencies and have specific vibration
characteristics. Vibrations are chaotic, low quality of teeth cleaning, heavy load on

teeth (up to 300 grams per dentition), low vibration amplitude (up to 1 mm).
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The advantages of this technology are the low cost and compact size of the
brushes.

It is easy to determine that the product works according to this technology - the
pin on which the replaceable nozzle is put on is thick and made of plastic. The second
generation of sonic brushes - vibrating sonic toothbrushes. These are the most
common toothbrushes and there are many on the market. Such products from different
manufacturers have a similar operating technology, but there are also important
differences.

Classic electromagnetic brushes contain an electromagnet inside the product,
which moves up and down a metal armature (on a spring). Vibrations directed across
the teeth at a frequency of up to 31,000 movements per minute, the load on the
dentition is low (up to 120 g), the vibration amplitude is high (up to 3 mm) (figure
1.7).

Figure 1.7 — Internal Components of Classic Electromagnetic Brushes

There is also a type of toothbrush with directional vibrations (to the tooth or to
the side). In this case, the vibration frequency can be increased to 47,000 movements
per minute and the efficiency of plague removal can be increased. But there are also
disadvantages - a low vibration amplitude (up to 0.3 mm) and a high load on the

dentition (up to 500 g, which, according to dentists, is unacceptable).
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The most popular in this category are Philips Sonicare sonic toothbrushes with
advanced technology. There are 2 electromagnets inside the product, which
alternately drive the built-in armature. Vibrations directed to the tooth at an angle of
30 degrees. Vibration frequency up to 31,000 movements per minute (figure 1.8).
There is a high efficiency of plague removal with a relatively moderate load on the
dentition (250-400 g). Amplitude of vibrations up to 1 mm.

Figure 1.8— Electromagnets inside the product for sound toothbrush

Popular brushes: Philips Sonicare, iPik, Curaprox, Waterpik, CS Medica,
Megasmile and most "Chinese" toothbrushes.
The third generation of toothbrushes is based on M.TIC technology (developed by
Lebond) - high-frequency micro-rotation

Principle of operation: Inside the product there are 2 electromagnets between
which the armature performs micro-rotation (placed on bearings). Vibrations directed
strictly tangentially to the dentition. The vibration frequency depends on the stiffness
of the bristles used (figure 1.9).
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Figure 1.9 — The structure of the sonic toothbrush motor
Average vibration amplitude at different frequencies:
« The frequency is 31,000 movements per minute - the amplitude is up to 7 mm.
« Frequency of 33,000 movements per minute - amplitude up to 5 mm.
« Frequency of 37,000 movements per minute - amplitude up to 1 mm.
Vibration characteristics: Movement of the bristles strictly up and down the
dentition, low load on the dentition (up to 100 grams), high vibration amplitude (up
to 7 mm).
According to dentists, these brushes are priority in use and are absolutely safe for
teeth, do not affect dental structures, are delicate for the gums and do not lead to their
recession (drooping).
Popular brushes: Lebond, Xiaomi and some toothbrushes introduced since
2017 copy M.TIC technology (figure 1.10).

Jinct

BM73.02.3105.48/21-CI.I13,

31
U3m. Plnct |Ne gokym. |Niannc aTa




Conclusions to the section 1

Figure 1.10 —The internal structure of a sonic toothbrush

One of the reasons for a number of dental diseases is non-observance of the

rules of personal (individual) oral and dental hygiene. In the first place in such

violations, it is necessary to consider untimely brushing of teeth with dental,. One of

the most convenient and widespread methods of cleaning teeth and oral cavity is a

toothbrush. Currently, there are many directions in the development of toothbrush

shapes. One of these models is a sonic toothbrush. Sonic toothbrushes are used for

deep cleaning of teeth and interdental spaces. Easy-to-clean dentures with removable

dentures are often considered the most powerful and effective toothbrushes on the

market.
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SECTION 2
DEVELOPMENT OF SOFTWARE FOR CREATING A TOOTHBRUSH BASED
ON HIGH FREQUENCY VIBRATION
2.1. Proposed sonic toothbrush model implemented in SOLIDWORKS

The quality and features of today's electric toothbrushes do not completely
satisfy the expectations of customers in terms of improving dental care. According to
my consumer requirement analysis, the most essential characteristics are the
durability, and vibratory brushing modes, such as whitening, gums massage, and
sensitivity modes, which contribute to the elimination of dental plaque and general
dental health [21]. Furthermore, the consumer wishes for an electric toothbrush that
lasts for a long time, clean itself automatically, and improve the overall dental health
[22]. Therefore, the design should include high-quality materials for both the brush’s
head and body. Taking this researched information into consideration, my aim is to
develop a user-friendly sonic toothbrush that would further enhance the cleaning
quality of the teeth, better performance, longer battery life, and an attached micro-
bubbler (water channel).

This sonic toothbrush vibrates at around 10 times the rate of an electric
toothbrush, a two-minute brushing session with this sonic toothbrush will give you
more cleaning power and better dental hygiene results. The micro-bubbler that | have
installed makes it easier for the consumer to brush their teeth effectively without the
need to constantly rinse the mouth while brushing. Because of the much higher rate
of brush speed, this sonic toothbrush mix the fluids in the mouth (water, saliva, and
toothpaste), effectively turning them into cleaning agents that reach into gaps that the

brush can’t access, like between teeth and below the gum line.
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Therefore, the software | have used to implement the proposed sonic toothbrush
model, including its internal functionality, is SOLIDWORKS, as shown in figure 2.1.
SOLIDWORKS, a strong modeling computer-aided plan and computer-aided
designing program, is one of the foremost well-known computer program alternatives
for mechatronics engineers. It is utilized to create mechatronics frameworks from
starting to end. At the starting stage, the computer program is utilized for arranging,
visual ideation, modeling, achievability evaluation, prototyping, and venture
administration. The program is at that point utilized for plan and building of
mechanical, electrical, and program components. At long last, the program can be
utilized for administration, counting gadget administration, analytics, information
computerization, and cloud administrations. Mechanical, electrical, and electronics
engineers use SOLIDWORKS software solutions to create a connected design. (figure
2.1) The application of programs is intended to keep all engineers in communication

and capable of responding to design needs or changes [23].
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Figure 2.1 — Screenshot of the proposed model designed in SOLIDWORKS
- Vibrational Toothbrush Bristles

The bristles of this sonic toothbrush ensure proper cleaning action is achieved by the
vibration of the toothbrush bristles, due to the attachment of the DC motor that is

connected through a transducer till the head of the brush.
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- Flexible Micro-bubbler

The motor connected to the micro-bubbler to produced bubbles and it is targeted at a

position to ensure proper cleaning action. In addition, it has a flexible arm in order to
allow the user to adjust it according to their own comfort position.

- Silicone Grip Coating

This sonic toothbrush has a soft touch silicone rubber coating to help ensure that a
proper grip has been made by the user.

- Toggle Switch

This brush can be utilized as an electrical brush or a manual toothbrush. A toggle
switch has been placed on the brush, which gives the user option on whether they
would like the brush to just function the vibrational tooth bristles or just the micro-
bubbler or use both the functionalities simultaneously.
- Water Tank

The water tank is connected to the reservoir tank that is installed inside the toothbrush
for easy handling. A centrifugal motor is installed inside the brush to pump the water
from the main tank into the reservoir tank. A non-return valve is installed with the
reservoir tank to avoid the stored water in the toothbrush to flow back into the main

reservoir (figure 2.2).

G Vibrational Tooth Bristles ‘

e Flexible Micro-bubbler

J

e Silicone Grip Coating ’

a Toggle Switch ’

Water Tank

Figure 2.2 — Labelled diagram of the Proposed Sonic Toothbrush
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2.2 Internal Functionality of the Proposed Sonic Toothbrush

The system of the brush has a printed circuit board, or PCB attached inside and
it is used to mechanically support and electrically connect electronic components
using conductive pathways, tracks or signal traces etched from copper sheets
laminated onto a non-conductive substrate. The circuit used is a small round printed

circuit board powered by the 700 mAH batteries (figure 2.3).

“‘ Transducer

‘f DC Motor

Hose ‘

1 Centrifugal Pump ‘

: Printed Circuit Board ‘

‘ Reservoir tank

© Non-return Valve \

; 700 mAH batteries ‘

Figure 2.3 — Labelled diagram of the internal components used in this sonic

toothbrush model

These batteries can ensure 30 minutes of working time for this brush, and it can

be charged up to 2 hours. Further, | have installed a DC motor that is connected

through a transducer till the tip of the tooth bristles. The DC motor receives electrical

signal from the circuit and transforms it into mechanical, hence, the motor rotates and

the transducers which is connected to the motor makes the bristles move back and

forth. Due to the vibrations produced in the toothbrush bristles, this would enable the
user to achieve better cleaning action for their teeth.

Moreover, the water tank as shown from the picture above, is connected to the

reservoir that is mounted inside the toothbrush. The centrifugal motor installed inside

the brush pumps the water from the main tank into the reservoir tank, in order to
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produce bubbles into the micro-bubbler. In addition, a non-return value is installed
below the reservoir tank to avoid the stored water in the toothbrush to flow back into
the main reservoir tank. A hose is connected between the Centrifugal Motor and the
micro-bubbler. The micro-bubbler rotates in such a way that it pushes out the water
in the form of bubbles. These bubbles implode with the sonic vibrations and remove
impurities such as food remnants, tartar, bacteria, staining etc. The tip of the micro-
bubbler is a geometrical shape and it is designed in such a way by taking calculations
into consideration, which will confirm the formation of bubbles by leaking a very
small amount of the water. The micro-bubbler is targeted at a position to ensure better

dental cleaning action.

2.1.General Description of How the Modal Works

The sonic toothbrush usually has a transducer attached to the puff face that
vibrates at a particular frequency and this vibration generally causes the cleaning
action. I have modelled this toothbrush with simple bristles attached to a body, which
can be seen by the isolator. It is a single head body so that it can move back and forth
motion and side by side motion, but this motion is not enough to clean your teeth,
hence, you will have to move it to the desired location. It will just provide the high
frequency oscillations that can help cleaning of the fine particles or other debris stuck
in your teeth. Further, a transducer is generally attached to the oscillating head and
this transducer is generally attached to a DC motor, these are generally the crystals
which are electronically powered and these crystals are tamed to produce a particular
frequency. Based on various studies, an electrical toothbrush generally uses 32000
strokes per minute, this will be the general frequency that the crystals will be
producing. The frequency can go higher or lower depending on the product you will

be making.
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A Printed Circuit Board (PCB) is installed inside the toothbrush, and it is
basically a circuit that ensures everything is tuned electrically as well as everything
performed in the optical function, and they can be controlled using an external switch
by a human intervention. PCB have a control unit that sends signals to other electronic
components to perform certain tasks or what functionality the user wants. Moving on
towards the battery section, | have installed a 700 mAH battery that powers the PCB
control unit with an operational time of 30 minutes when fully charged and it
generally takes 2 hours for the brush to be charged completely.

Moreover, | have mounted a micro-bubbler that produces bubbles and it is
placed at a position that enables better cleaning action to be achieved. The micro-
bubbler has a flexible host that made out of a braided steel so that a person can adjust
it according to their own preferences and the area they are targeting. It can also be
made rigid depending upon how the user would want it to function. The geometrical
shape on top of the flexible micro-bubbler will have a system which will ensure the
formation of bubbles by leaking a very small amount of the water.

Moreover, this sonic toothbrush is a wireless toothbrush as it needs to be
handheld, and not used when connected to the main charging unit. The charging unit
IS mounted at the bottom so that essentially when the toothbrush is not being used,
you can just place this toothbrush on the base and it will get charged. The brush has
to contain some amount of water or soapy water so that the bubble formation will take
place while brushing the teeth. A non-return valve is mounted below the reservoir
tank to ensure the water that is pumped into the brush will not go back into the main
reservoir unit. As per the water tank, the jar will contain 414 ml of water that will act
as a main source of water for the brush and it is connected to the reservoir tank with
the aid of a hose which is then connected to a centrifugal motor that allows the micro-
bubbler to produce water bubbles. The reservoir tank pumps and stores 75ml of water
from the main water tank. A toggle button has been installed on the outer section of
the brush that can be made as a rocker button with a toggled position to ensure

different parts can be turned on and off independently, in order to send signals to the
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PCB circuit. The toothbrush is coated with a soft grip silicone rubber surface that can

be removed and placed back.

2.2. Modal Analysis for the Sonic Toothbrush implemented in Ansys Software

A modal analysis has been conducted with the aid of Ansys software, as shown
in figure 2.4, in order to check whether issues will be encountered with the input
vibrational frequencies. Ansys offers a comprehensive software suite that spans the
entire range of physics, accurately simulating the structural, fluid, thermal and
electromagnetic performance of any product or process. Ansys Mechanical finite
element simulation software is used to simulate computational models of systems,
electronics, or device components in order to evaluate stability, durability, elasticity,
temperature distribution, electromagnetism, fluid flow, and other properties [13].
ANSYS utilizes certain data sources and assesses the item conduct to the physical
science that you are trying it in. It is a broadly useful programming used to recreate
the communications between different physical science like elements, statics, liquids,
electromagnetic, warm, and vibrations. ANSY S normally sets out the client a freedom
to establish a virtual climate to reenact the tests or working states of the items prior to
assembling the models. This would absolutely diminish the expense of creating
models and mostly the time. In this aggressive world the exactness and time are the
most main consideration for the organization or the association to support. ANSYS
helps in expanding the exactness and diminishing the hour of result of the eventual

outcome.
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Figure 2.4 — Screenshot of the modal analysis developed in Ansys program
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The main purpose of implementing this proposed project in Ansys software, is

to investigate the vibration characteristics of the sonic toothbrush. In order to conduct

this investigation, different frequencies were used on the modal analyses to determine

the durability and efficiecy of the proposed sonic toothbrush. Therefore, it is have

used two different frequency samples, in order to compare their vibrational analysis.

The figure 2.5 (a and b) shows the comparison between two sample frequencies.

Sample 1 (a) depicts resonance in 905 Hz, this enables brush to handle 55000 strokes

per minute without causing any damage to the structure. This ensures that this Sonic

Toothbrush is safe to use while in vibrational motion. Sample 2 (b) depicts resonance

in 1224.2 Hz, which is equivalent to 73000 strokes per minute. However, the structure

of this sonic toothbrush will not be able to handle this amount of vibrational

frequency. Therefore, damaging the entire structure of the toothbrush.
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Figure 2.5 — Modal Analysis for the Sonic Toothbrush
a) depicts resonance in 905 Hz, this enables brush to handle 55000 strokes per
minute without causing any damage to the structure

b) depicts resonance in 1224.2 Hz, which is equivalent to 73000 strokes per minute

2.3.Circuit Model of the Sonic Toothbrush implemented in Fritzing Software

The following are circuit models that | have implemented with the aid of a
software called Fritzing. Fritzing is an open-source hardware project that allows us to
use electronics as an artistic medium. In the spirit of Processing and Arduino, we have
a coding tool, a community forum, and resources that promote an innovative
environment that enables users to record their designs, share them with others, teach

electronics in the classroom, and layout and produce professional PCBs [24].
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Moreover, these circuit models that |1 have designed would provide an in-depth
understanding of what components | have used in order to build this proposed sonic
toothbrush with a performance that provides better dental cleaning quality.

e Breadboard

Figure 2.6 is a breadboard, often known as a proto board, is a building platform
for electronics prototyping. It was originally just a bread board, a polished piece of
wood used for slicing bread. "Prototype" is also a synonym for "Breadboard." The
solderless breadboard is reusable since it does not require soldering. A breadboard is
a broadly utilized device to plan and test circuit[25]. You don't have to bind wires and
parts to make a circuit while utilizing a bread board. Attachment strips are utilized to
hold the vast majority of the parts in a circuit. By and large it comprises of two areas
each with 5 lines and 64 segments. This makes it simple to use for making temporary
prototypes and circuit design experiments. This was not a feature of older breadboard
models. Breadboards may be used to prototype a wide range of electronic systems,
from simple analog and digital circuitry to entire central processing units (CPUS).
The components on the circuit board's back are depicted in the diagram below. A mid-
range 8-bit microprocessor controls the toothbrush. Because the microcontroller is not
a bespoke chip, it must be configured with the appropriate software. The huge gold
rings and triangle toward the end of the toothbrush are used to accomplish this during
manufacture. The clock signal for the microcontroller's timing is provided by the
resonator. Moreover, an electromagnetic coil moves a magnet, which drives the
toothbrush head. The coil is divided into two halves, each connected in the opposing
way, resulting in magnetic fields on opposing sides. The coil is pulsed in one direction
to rotate the magnet, then pulsed in the opposite direction to rotate the magnet in the
other direction. The high-speed brushing vibration is the outcome. The driving
mechanism is dissected in the diagram below. The coil is continually switching
polarity, causing the north pole to move from top to bottom (the yellow and blue poles
of the coil). Because the magnet has poles on the front and rear edges (perpendicular

to the coils), it will try to spin back and forth along the toothbrush's long axis to line
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up with the coil. The mechanism restricts rotation to a few degrees, resulting in a
back-and-forth rotating vibration rather than a motor-like motion. The torsion bar
transmits this rotational vibration to the toothbrush head, causing the head and bristles
to vibrate.

Moving on towards the charging section of the sonic toothbrush, instead of
being plugged in, the toothbrush is placed on a stand and charged inductively. The
coil of the toothbrush is magnetically attached to the stand's coil, allowing power to
be sent wirelessly. At the bottom of the toothbrush, you can see the coil. When the
coil is put on the stand, it generates about 12 volts, which is used to charge the battery.
For efficiency, the electricity is carried at a high frequency of 80 kHz. A diode bridge
connects the coil to a diode bridge, which converts the electricity to DC. Then, as
commanded by the Arduino microcontroller, it passes via a transistor circuit that
regulates the charging. The toothbrush's battery is a 700 mAH rechargeable battery

with a 1.2 volts rating.

‘ Diode ’

; Battery | : ( \
N

Transistor (Electronic Key) ]

Current Limiting Resistance J

" Piezoelectric |
Element

‘ Arduino Microcontroller ’
Figure 2.6 — Labelled diagram of the Breadboard Circuit Model
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A circuit is the way that an electric flow goes on, and a basic circuit contains
three parts important to have a working electric circuit, specifically, a wellspring of
voltage, a conductive way, and a resistor. Circuits are driven by streams. A circuit is
a current-flowing loop. The circuit's energy is supplied by a power source, such as a
battery. Electrons travel from the power source's negative side via the circuit and back
to the source's positive side. The circuit is complete when the electrons have returned
to the power source. Figure 2.7 is a labelled diagram of the schematic circuit model

utilized in the proposed sonic toothbrush.

l —>) Piezoelectric Element
= L _

Part1 2 | 2—I _
} ‘ . Battery ? A Power plugl

— S— 52

Axt!:"vu ‘ Blmon ’
- Rev3) e D :
: AN f | Motor ,. .\
Arduino k__ 1t ’ |: Transistor |
_ Microcontroller | ‘Y’ (Electronic Key)
" Current Limiting i
. Resistance

Figure 2.7 — Labelled diagram of the Schematic Circuit Model
e Printed circuit board (PCB)

Using conductive paths, tracks, or sign lines cut from copper sheets coated onto
a non-conductive substrate, PCB is used to precisely maintain and electrically
interconnect electronic devices. It is a circuit board if it has just copper rails and wires,
and no circuit components such as capacitors, resistors, or dynamic devices have been
included into the actual substrate of the board it is also more accurately alluded to as
printed wiring board
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(PWB) or carved wiring board. Semiconductors, connectors, resistors, diodes,
capacitors and radio gadgets are mounted to, and "talk" to each other through the PCB.

Figure 2.8 is a PCB Circuit model used in Fritzing as you can see in the diagram

0000000000100000000

Arduino
Microcontroller

Current Limiting
Resistance
I

Piezoelectric
Element

00000000 000000

below.
Figure 2.8 — Labelled diagram of the PCB Circuit Model

The following are the description of every component used in the circuit
models depicted previously:
e The Motor

A motor is a machine that changes electrical energy over to mechanical
energy." In another words, the electrical energy is a "battery" and the mechanical
energy is the "turn.” To clarify an engine genuinely, the notable "Fleming's left hand
rule" is a decent methodology. At the point when electric flow courses through an
electrical wire put between two magnets looking with one another, it creates power.
Electric flow, attractive field and movement individually applies opposite headings
each other similarly as when you open the center finger (electric flow), the pointer
(attractive field) and the thumb (power) of your left hand separately to commonly

symmetrical tomahawks (figure 2.9).
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v" It is used to supply water.

v" Itis located in the water pump housing.

Y

(a) (b) (c)

Figure2.9 — Different Models of Motor

e The Transistor

A transistor is a kind of a semiconductor gadget that can be utilized to both
direct and protect electric flow or voltage. A semiconductor essentially goes about as
a switch and an enhancer. In straightforward words, we can say that a semiconductor
is a small gadget that is utilized to control or direct the progression of electronic signs

v It is used when the motor needs to turn on and off.
Below is the diagram used in Fritzing program to show different forms of button in
breadboard, circuit and PCB model (figure 2.10).

J’L 'i °‘ W
° =

=
@ (b) ©

Figure 2.10 — Different Models of Transistor
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e Resistance

A resistor is an aloof electrical part that makes obstruction in the section of
power. They might be found in for all intents and purposes every single electrical
organization and electronic circuits. In ohms, opposition is estimated. At the point
when one ampere of current goes through a resistor with a one volt drop between its

terminals, the opposition is estimated in ohms.
v" It helps to turn the motor on and off when needed.

Below is the diagram used in Fritzing program to show different forms of

button in breadboard, circuit and PCB model (figure 2.11).

\
&
g-—’VWV—-—

(a) (b) (c)

Figure 1.11 —Different Models of Resistance

e Diode
A diode is a semiconductor device that operates as a one-way current switch. It

permits current to flow smoothly in one direction but substantially limits current flow
in the opposing direction.
v" It helps to turn the motor on and off when necessary.
Below is the diagram used in Fritzing program to show different forms of
button in breadboard, circuit and PCB model (figure 2.12).
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(a) (b) ()

Figure 2.12 — Different Models of Diode

e The bhutton

The button is required to turn on your device when you start using it.

Below is the diagram used in Fritzing program to show different forms of
button in breadboard, circuit and PCB model (2.13).

}ﬁf]"

(a) (b)

Figure 2.13 — Different Models of the button

e The Microcontroller

Arduino microcontroller is made up of a hardware programmable circuit board
(also known as a microcontroller) and software called an IDE (Integrated
Development Environment) that runs on your computer and is used to create and

upload computer code to the physical board.

- it controls all the devices in the circuit;
- it receives a signal from the button to start the work;

- itincludes a piezoelectric element in the circuit;
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Below is the Arduino microcontroller used in Fritzing program to show the
breadboard, circuit and PCB model (figure 2.14).

Figure 2.14 — Different Models of the Microcontroller

e Piezoelectric Element

(b) (©)

Piezoelectric elements have a unique property in that when an external voltage

is provided, the element elongates or vibrates, similar to how it generates electricity

when external pressure is applied (figure 2.14).

When necessary, it helps to turn on and turn off the water pump in

the circuit (motor);

Once we are done using by the end of the program, it turns everything

off.

Figure 2.14 —Model of Piezoelectric Element
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Conclusions to the section 2

The scheme works as follows:

1) Pressing the button turns on the piezo element and it gives signal to the
microcontroller to start for a few minutes (brushing your teeth).

2) Then the water supply is automatically turned on if you want to use it for 60
seconds (rinsing the teeth).

3) At the end of the process, the following are automatically switched off: piezo

element and the water supply.

Technical characteristics of the proposed sonic toothbrush:

- Sound vibration 55,000 times / minute

- Suitable for adults and children

- Inductive charging (wireless)

- (Lithium battery) 700mAh full charge in 2 hours

- IPX7 Waterproof

- Bristles: DuPont (unique polyester based material used to create structured
surface)

- Noise: less than 40 dB (A)

- Dimensions (HXWxD) - 18 x 2.7 x 2.7 cm

- Weight - 0.2 kg
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SECTION 3
SAFETY AND PRECAUTIONS

3.1. Protection against negative factors arising from the operation of an sonic
toothbrush

Within this section, harmful and dangerous factors that affect the human body
during the operation of an ultrasonic toothbrush will be considered. Means and
warnings to avoid this negative impact will also be discussed.

Factors that analyze the working conditions, the workplace of the device
operator (doctor, nurse) was chosen, which is located in the dentist's office.

Negative factors that can affect the operator and the patient: noise, improper
lighting, disturbance of the microclimate, the influence of ultrasound. Let's analyze
the effect of ultrasound on the operator and the patient. Ultrasound has been used in
medicine for more than 30 years, and the most controversial and controversial issue
was the safety of the use of ultrasonic waves for the operator and the patient [26].

Many reputable international organizations have been involved in the
biological effects of ultrasound and its safe use in recent years: the World Health
Organization, the World Federation for the Application of Ultrasound in Medicine
and Biology, the International Electro technical Commission, and individual national
communities.

All of these organizations came to the same conclusion in their reporting
documents that to date no effects have been found that could prevent the widespread
use of sonic waves for therapeutic purposes. At the same time, the most significant
and definite conclusion for both developers and users is the conclusion made in
December 1987 by the American Institute for the Application of Ultrasound in
Medicine organization: When exposed to tissues in vivo (directly on the body) with
unfocused ultrasound intensities below 100 mW/cm?, there has been no evidence of
significant biological effects in the range of ultrasonic frequencies utilized for

diagnostic and therapeutic applications.
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This conclusion was confirmed several times in subsequent years. Thus, over
the past decade, it has been generally accepted to consider ultrasonic exposure to be
completely safe if the radiation intensity is less than 100 mW /cm2. At the same time,
in a number of publications it was noted that this threshold is conditional and adopted
for definiteness as a temporary reference point. In the future, as additional
experiments and research are carried out, its value can be revised.

The above conclusion of the AIUM can be represented as a graph of the
dependence of the intensity on the time of exposure to sound on the human body (Fig.
3.1).

Intensity W/cm?

2
/27//:/- Area of significant

100,0r &/\ biological effects

<

100" Safe area &

i | \éf/—/[/j'///[/:
0.1+

0,01}

01 1 10 100 1000 10000
Time, c
Fig. 3.1. Safe operation area of ultrasonic equipment
In the graph, the solid line indicates the area where the intensity levels of most
of the sonic devices in use today fall.
To regulate the issue of the spread of the intensity values of the spread of the
intensity values, the Food and Drug Administration in the United States adopted a
document (Table 3.1) regulating the threshold intensity levels depending on the field

of clinical application.
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Table 3.1.The level of the threshold sound intensity depending on the area of clinical

application
Application area I, MW / cm?
Cardiology 430
Peripheral vessels 720
Ophthalmology 17
Fetal imaging 94
Other applications 94

The intensity levels can surpass the given threshold numerous times, as seen in
the table above. In this scenario, the last sentence of the Application of Sound in
Medicine conclusion should be used as a guide: similar effects were not proven at
greater intensities, when the product of intensity and exposure duration was less than
50 J/cm?).

Organization of the Operator’s (Dentist’s) Workplace

The place of the dental filling operation is the dentist's office. The lighting in
this cabinet should be both natural and artificial [27]. The intensity of the artificial
illumination of the operator's workplace should be 300 lux (lux). The light coefficient
of natural lightening should be 1: 5-1: 6, the light coefficient at the farthest point from
the windows should be at least 1.0-1.5%.

3.2. Electrical Safety

Since the device for sonic oral hygiene is powered by alkaline batteries with a
nominal voltage of 1.5 V, the exposure current is constant [28]. Touch voltages and
currents flowing through the human body during normal (non-emergency) operation

of the electrical installation should not exceed the values specified in (Table 3.2.)
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Table 3.2 Thresholds for the safe impact of electricity on the human body

Current type U,B I, MA
No more
Alternating current ,50 I'il 2,0 0,3
Alternating current , 400 I'iy 3,0 0,4
D.C. 8,0 1,0
Notes:

1. Touch voltages and currents are given for a duration of exposure of no more than
10 minutes per day and are set based on the reaction of sensation.
2. Touch voltages and currents for persons performing work in conditions of high

temperatures (above 25 ° C) and humidity (relative humidity above 75%) should be

reduced by three times.

To protect the patient from influencing currents and voltages in the event of
device malfunctions, it is necessary to ensure proper isolation from water ingress on

the batteries.

3.3. Fire Safety

The dental office, like any other department of therapeutic institutions, is a
place where a large number of people are concentrated [29]. There are medical
devices in the office that work from the power supply, therefore there is a danger of
fire and such an office must be assigned category B fire safety. Therefore, it is
necessary to follow the standard fire safety measures in medical institutions. Electrical
appliances must be in good working order and grounded. The cabinet must be
equipped with a powder or carbon dioxide fire extinguisher (carbon dioxide and

refrigerant types of fire extinguishers are also applicable), since it is forbidden to use
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air-foam to extinguish electrical installations [30]. Do not store oxygen or other gas

cylinders indoors. Household items should not obstruct emergency exits.

Conclusion by section 3

An sonic toothbrush does not have negative effects on the human body, since

the intensity used does not exceed 100 mW/cm?, and the exposure time according to

the standard is no more than 3 minutes (180 s), which absolutely meets the safety

requirements. Exposure to electric current, even in emergency mode, does not exceed

the permissible limits of exposure to the human body, but in order to minimize such

an effect, as well as to ensure uninterrupted operation of the sonic apparatus, it is

necessary to provide for high-quality isolation from water ingress on the batteries and

toothbrush mechanisms.
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CONCLUSION

1. An enlarged comfortable sonic toothbrush that will further improve the quality of
brushing your teeth, better performance, longer battery life and an attached micro-
bubbler (water channel).

2. Developed a user-friendly sonic toothbrush that further enhances the cleaning
performance of the teeth with an attached micro-bubbler (water channel).
3 .According to the Modal Analysis that | have conducted,

- The proposed sonic toothbrush is safe to use while in vibrational motion;

- Shows resonance in 905 Hz which is equivalent to 55,000 strokes per minute.

4. High efficiency and low power consumption of the piezoelectric element allow:

Use lithium batteries of the type as batteries, which affects the ease of use, and also
increases the service life:

The cost of using such a toothbrush is reduced (batteries wear out over time and
require expensive replacement, which directly affects the life of the brush);
5. A sonic toothbrush has significant advantages over other personal oral hygiene
products:
- Sound effect is most effective mechanically plaque.
- possible gentle cleaning of the tooth surface without damaging the hard tissues of
the tooth. Sound effect makes it possible to avoid negative abrasive effects on the
tooth enamel.
- can be used by children and adults, people with artificial prostheses, implants,

braces systems.
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