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ABSTRACT. 

The project of a new apparatus that can objectively detect pain had been developed. Previous research has 

shown mostly subjective methods, invasive or brain activity-based methods. Now the potential method of objective 

pain registration is founded but needs more samples. In this research, we made an electric scheme and working 

principle for new diagnostic apparatus based on skin capacitor changes. The new apparatus will make diagnostics 

using only one body zone. The method of objective pain registration and current developments are presented in 

this article.  
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INTRODUCTION 

The method that can objectively register, measure, 

verify pain and find its localization does not exist. Such 

apparatus that can satisfy that functions is often neces-

sary for proper diagnostics and science aspects of alge-

sia. Now there are problems in the definition of fantom 

pain and correct pain evaluation which is needed in re-

habilitate and treatment. In our research, we expand the 

knowledge of pain and facilitate current diagnostics 

making it available and cheap. 

Wrong evaluation of the pain that leads to the in-

correct doses of drugs is shown in Marks and Sachar 

research [1] when 32% of patients after the operation 

were suffering from pain because of too little amount 

of opioid anesthesia and their recovery was delayed. 

Correct pain registration is also necessary for distance 

or non-speaking (unconscious) diagnostics. Previous 

research has shown mostly subjective methods, inva-

sive or brain activity-based methods. The most popular 

is McGill pain questionnaire [2] which include sensory, 

affective and evaluative words that can be used by pa-

tients in their pain description. The problem with the 

use of subjective methods is that the descriptions of 

pain strongly depend on the degree of patients excita-

tion. [3]  

MATERIALS AND METHODS 

In the affected area there is an accumulation of al-

gogenic substances due to damaged cells, nociceptors, 

increased capillary permeability. Damage to tissues ex-

cites C-fibers in connection with the release of adeno-

sine diphosphate, adenosine triphosphate, serotonin, 

histamine and other algogenic substances - mediators 

of inflammation. Cellular damage leads to the release 

of proteases cleaved in the blood plasma. So, from ki-

ninogen, the peptide bradykinin is produced, which 

causes incoming current and action potential in C-fi-

bers. The strength of pain in humans is proportional to 

the concentrations of detectable bradykinin, which, 

among other things, enhances vascular permeability 

and sensitizes nociceptors [4]. Also, when a cell is dam-

aged from cell membranes, arachidonic acid is re-

leased, which is acted upon by the enzyme cyclooxy-

genase, forming prostaglandins sensitizing nociceptors 

to other algogenic compounds [1].  

When the primary afferent nociceptors are stimu-

lated, the peptide released in 1931 [5], the substance of 

P, expanding the vessels and causing edema, including 

through the release of histamine from the mast cells. 

Substance P also increases the excitability of C-fibers 

by blocking potassium channels. One of the reasons for 

the inadequacy of overcoming pain by classical meth-

ods is the difficulty in correctly estimating the degrees 

of pain. [6] Damage of the same severity can cause pain 

sensations of different severity in different individuals 

depending on the conditions and individual character-

istics. 

RESULTS 

The assumption of the connection between pain 

and the recording local physiological changes possibil-

ity led us to the creation of a new pain recording 

method. Our method will use a matrix of skin capacitor 

changes which deviation amounts from the neighboring 

healthy tissues is considered by us as a pain indicator. 

The project starts with the development of an electrical 

circuit of the apparatus. The next step is an electrode 

selection or creation. Finally, we will make an appa-

ratus body on a 3d printer, assemble and program it. 

Extra effort will be made to conduct research, collect 

and process statistics. Finally, our apparatus would ob-

jectively register local-pathology-based pain using 

pained zone analysis. 

The developed principles of registration: 

1. Short stimulating impulses 12V amount with 

frequency 10Hz are used between every two electrodes. 

2. A graph of the attenuation of the capacity 

value of biological tissue caused by changes in skin 

characteristics due to stimulation is recorded. 

3. The rate of change in the capacitive compo-

nent of the impedance is analyzed as correlating with 

the magnitude of the pathology and pain. 

4. Not the absolute amount is representative, but 

the difference between neighbor points amounts of one 

zone. 

5. To reduce the influence of subjective position-

ing a matrix of electrodes will be used. 

6. Apparatus will use a color attenuation coeffi-

cient gradient on LCD screen for making results easy 

readable. 

The electrical part of the apparatus includes a 

power supply unit, a transmitter and an electric signal 

receiver, a display for outputting data. System manage-

ment and information processing is carried out with the 

help of the microcontroller stm32f103. The power sup-

ply scheme of the device is shown in Figure 1. 
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Fig. 1. The power supply scheme 

 

The transmitter is shown in Figure 2. The principle 

of operation consists in follows: the microcontroller 

generates a PWM signal with a specified frequency and 

a duty cycle to the base of the transistor VT1. On the 

positive front of the PWM signal, the transistor VT1 

opens and in the throttle the current starts to flow grad-

ually increasing. The energy accumulates in the throttle 

- the longer the pulse, the more energy. At the negative 

PWM signal front, the transistor closes and as a result 

of the self-inductance phenomenon on the drain transis-

tor VT1, a large voltage surge occurs and an increased 

power signal is applied to the transmitting electrode. 

The condenser C1 installed in the signal path accumu-

lates the transmitting charge and facilitates the full 

transfer of energy to the electrode. The transistor VT1 

should be of high power. 

 

 
Fig. 2. Transmitter electrical scheme 

 

The receiver is shown in Figure 3. The principle 

of operation is to amplify the received signal using the 

DA6 instrument amplifier and transmit the amplified 

signal to the microcontroller for analog-to-digital con-

version. Condenser C3 is used to fully accumulate the 

received signal and then transmit it for measurement. 

 

 
Fig. 3. Receiver circuitry 

 

The algorithm of the device is divided into two 

stages: the first stage occurs with a positive PWM sig-

nal period, the second stage with a negative one. At the 

very beginning, in a positive period, the accumulation 

of charge by the throttle occurs. In the future operation 

of the system, during a subsequent negative front, the 

signal is emitted at the transmitter and the transmitted 

signal is accumulated at the receiver. During a positive 

front, the choke in the transmitter is charged and the 

accumulated values are processed at the receiver. The 

output of the digitized values in the graphical form is 

carried out using an OLED display via the I2C inter-

face.  

The sensitivity of the zones to the use of this 

method can be due to both skin galvanic reaction and a 

change in the membrane permeability of tissues with 

tissue polarization. More research is needed to deter-

mine the exact nature of the correlation. 

CONCLUSION 

The new approach for pain registration is founded. 

We made first steps for creating an apparatus for objec-

tive pain registration by developing a methodic of ac-

tion and electric scheme. We expect to achieve perfect 

diagnostic results using skin capacitor change analysis. 

Current research made on 32 patients [7] show us ex-

cellent opportunities in pain detection and evaluation. 
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It becomes possible to analyze pain objectively, imme-

diately and use only one body zone. Hence, our new 

apparatus will objectively register, measure and find 

the localization of pain which is also a new page in the 

study of pain. The results of this research will be incor-

porated in daily diagnostics.  
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АННОТАЦИЯ. 

Повышение стойкости инструмента спиральных сверл, путем использования колебаний негармони-

ческой формы. Измерение температуры резания с помощью термо-ЭДС. Получение зависимости стойко-

сти от скорости резания для непрерывного сверления и для сверления с помощью колебаний негармони-

ческой формы. Увеличение стойкости инструмента при сверлении с колебаниями негармонической формы 

на нормативных режимах резания на 65…75% выше, чем при обычном сверлении. 

ABSTRACT. 

Improving the tool life of twist drills by using non-harmonic oscillations. Measurement of cutting temperature 

using thermo-emf. The dependences of resistance on cutting speed for continuous drilling and for drilling using 

non-harmonic oscillations are obtained. The increase in tool life when drilling with non-harmonic fluctuations in 

standard cutting conditions is 65 ... 75% higher than in conventional drilling. 

Ключевые слова: сверление отверстий с колебаниями негармонической формы, стойкость инстру-

мента, нержавеющая сталь, устройство для дробления стружки. 

Keywords: drilling holes with non-harmonic oscillations, tool life, stainless steel, a device for crushing chips. 

 

В настоящее время для развития энергетиче-

ской, атомной промышленности и машиностроения 

применяется много новых материалов, обладаю-

щих повышенной коррозионной стойкостью, жаро-

прочностью и другими физико-химическими свой-

ствами. 

Обработка таких материалов резанием затруд-

нена, в частности, из-за образующейся прочной 

сливной стружки. При сверлении спиральными 

сверлами стружкообразование происходит в огра-

ниченном объеме, что усугубляет процесс резания. 

Сливная стружка застревает (пакетируется) в ка-

навках инструмента и, тем самым, затрудняет по-

ступление охлаждающей жидкости к режущим 

кромкам, что приводит к повышению температуры 

в зоне резания, быстрому износу, и поломке сверла. 

В связи с этим решающим фактором, обеспе-

чивающим протекание процесса сверления, явля-

ется удаление стружки из зоны резания. 

Широкое распространение получили спираль-

ные сверла, которые имеют и ряд недостатков, свя-

занных с геометрией режущей части и с неблаго-

приятными условиями отвода стружки из зоны ре-

зания.  

Стремление улучшить геометрию режущей 

кромки привело к созданию спиральных сверл с бо-

лее или менее постоянным передним углом. Для 

улучшений геометрии в зоне близкой к оси сверла 

разработано большое количество подточек попе-

речной кромки. 

Сложнее обстоит дело с отводом стружки, так 

как попытки его улучшить путем усовершенствова-

ния транспортирующей части, как правило, приво-

дят к уменьшению прочности и жесткости сверла. 

Поэтому, в настоящее время, широко исполь-

зуются различные методы дробление стружки в 

процессе резания, так как дробленая стружка зна-

чительно легче выводится из отверстия и позволяет 


