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DIAGNOSIS OF THREADED JOINTS
USING ACOUSTIC WAVES

C.B. Kosanescokuii, O.C. Kosanescoka, I'A. €8006cbka. JliarHOCTHKA Pi3b00BHX 3’€/IHAHB 32 JI0NOMOI0K AKYCTHYHUX XBUJIb.
B po6oti po3risiHyTI cy4acHi METOI¥M aKyCTHYHOI JIarHOCTUKH JeTaneil. BHKOpHCTaHHS aKyCTHYHHMX XBWJIb NPH MIarHOCTHLI Pi3bOOBHX
3’€/IHaHb JI03BOJIE IPOBOJNTH KOHTPOIIb BY3IIiB, OOJNITOBHX 3’€/JHAHb NPH CKJIAJ[aHHI, @ TAKOXX Maike MUTTEBO BHABIATH Je()EKTHI BUPOOH,
HEBIipHI pO3Mipy Ta IHIII YMHHUKKM OpaKy 3a O3HaKaMH aKyCTHYHO YacTOTHOI XapakKTEepUCTUKH. [Ipu BeNuKii KiTbKOCTiI PI3HOMAHITTS
pi3bOOBHX JeTalieif, 3HAYHOTO PO3KUJY 3a IIaroM Ta JiaMeTpaJbHUM PO3MipaM, 3aCTOCYBaHHsA aKyCTHYHHX XBHIIb IPEICTaBIsA€ COOOIO
HOBHH IHHOBALIIHHUI MiIXiA 10 HEPYHHIBHOrO KOHTPOJIIO BY3JIiB IPH CKJIaJaHHI BUPOOIB ManIMHOOYyyBaHHs. MeTa — po3po0Ka alroputMy
IIarHOCTUKHM Pi3b0OBHX 3’€HaHb NpPU CKIAJaHHI BY3JiB i3 3aCTOCYBaHHSAM AaKyCTHYHHMX XBWIb. [lJI1 KOHTpPOJIO JAeTajell By3Iy
BHKOPUCTOBYBABCS aKyCTHYHMIT METOJ 31 3HATTAM 4aCTOTHOI XapaKTEPHUCTHKH i T0OYI0BOrO HEHpOHHOT Mepesxi. J{jist cTBOpeHHs! HeHPOHHOT
Mepexi Oyno BUMIpsiHE Bci po3MipH Jeraieil, MPOBENEHO aKyCTHYHY IIarHOCTUKY 31 3HATTSAM YacCTOTHHX XapaKTEPHCTHK i BHECEHO
orpumaHi naHHi B mporpamy NeuroPro. J{ns OTpUMaHHS YacTOTHHX XapaKTEPUCTHK BY3JiB BHUKOPHUCTOBYBABCSl IPUCTPIH 3 JBOMA
natynkamu. OJMH JaTYMK TIPAIfoe Ha MPUHOM APYTHH TOCHIAE TOCTiHHMIT cHrHam Ha dacToti Ginmoro mymy. KoxeH By3on Gonris Oy
3MiHEHHMIT 3arBHHYYBaHHAM OONTiB 0 Taiikyu Ha 10°. 3aMiproBaHHS NPOBOAMIIOCS 3 3arBUHYYBAaHHAM OonTiB B mosumisx: 0°, 10°, 20°. 3a
JIOTIOMOT'0I0 HEWPOHHOI Mepexi Oyyno MpoaHalli30BaHO CTYIiHb 3aTSDKKM T'BHHTIB BY3Ja, MOAICHO IO KAaTEropisiM Ta BU3HAYEHO 3 HHUX
HaiOinbI 3Hauyny. ExcriepuMeHT mokaszas, IO JOCTaTHBO MaTH 2 (inmpTpa 4acToT, mo0 BH3HAYaTH po3MipH 3 TouHicTio g0 0,03 Mm.
IoGynoBa HelipoHHOT Mepexi AeTaineii i CkIaJeHOro By3ily AO3BOJIMTH Maike MUTTEBO BHSBIATH Ae(eKTHI BUPOOH, HE BipHI pO3MipH Ta
iHIII YUHHUKKA OpaKy 3a 0O3HAKaMH aKyCTUYHO YaCTOTHOI XapaKTEPUCTHKH. 3a JAHOK METOAMKOI MOKIJIMBO MPOBOJUTH KOHTPOJb BY3IIB,
60:1TOBUX 3’€THAHB IIPH CKJIATAHHI.

Kniouosi croea: pizb00Bi 3’€IHAHHS, aKyCTUYHI XBUJI, HEHPOHHA Mepexka, KDYTHUH MOMEHT

S. Kovalevskyy, O. Kovalevska, H. Yevdovska. Diagnosis of threaded joints using acoustic waves. The paper deals with modern
methods of acoustic diagnostics of parts. Using of acoustic waves in the diagnosis of threaded connections makes it possible to inspect
assemblies, bolted connections during assembly, as well as to almost instantly to identify defective products, incorrect dimensions and other
factors of rejection based on the acoustic frequency response. With a large variety of threaded parts, a significant variation in pitch and
diametrical dimensions, the use of acoustic waves represents a new innovative approach to non-destructive testing of units in the assembly of
mechanical engineering products. Purpose: Development of an algorithm for diagnostics of threaded connections when assembling units
using acoustic waves. To control the details of the node, an acoustic method was used to take the frequency response with the construction of
a neural network. To create a neural network, all dimensions of the parts were measured, acoustic diagnostics were carried out to remove
frequency characteristics, and the obtained data were entered into the NeuroPro program. To obtain the frequency characteristics of the
nodes, a device with two sensors was used. One of them worked for reception, the second sent a constant signal at the frequency of white
noise. Each bolt assembly was modified by screwing the bolts to the nut 10°. The measurement was carried out with screwing the bolts in the
positions: 0°, 10°, 20°. Using a neural network, data on the degree of tightening of the bolts of the node were obtained and divided into
categories. The most significant of them have been identified. The experiment showed that it is enough to have 2 frequency filters in order to
determine the dimensions with an accuracy of 0.03 mm. Building a neural network of parts and a prefabricated unit will allow to almost
instantly identifying defective products, incorrect dimensions and other factors of rejection based on the acoustic frequency response. This
technique can be used to control units, bolted connections during assembly.
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Introduction

Nowadays, issues related to the control of threaded connections in mechanical engineering are rele-
vant due to the fact that in many designs threaded connections are the responsible components that de-
termine the reliability, strength and safety of the whole mechanism. In case of insufficient or excessive
tightening force, the threaded connection does not meet the requirements for reliability and quality pro-
posed to it, so increased requirements are made to ensure the accuracy of the tightening force [1].

At the stage of tightening there is a power short circuit of the connecting parts, which is accom-
panied by a change in the stress-strain state of the connection and the micro geometry of the thread,
the operational properties of the threaded connections are finally formed [2].
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The efficiency of the assembly process depends on many factors, the main of which are static and
fatigue strength, pre-tightening force, thread geometry, etc. In case of insufficient or excessive degree
of tightening, the assembly does not meet the required characteristics, and plastic deformations of the
product, temperature factors and vibrations lead to the loss of locking properties of the connection dur-
ing operation.

Analysis of recent research and publications

To improve the quality of the assembly process, in [3, 4] it is proposed to use a combination of
ultrasonic and shock-pulse method. In the case of application of this approach in combination there are
changes in the kinematic conditions of contact of surfaces, friction is reduced, and the nature of the
stress state of the metal in the friction zone changes. However, the disadvantage is the inaccuracy of
the control of the variable length of the thread profile.

The use of known tool methods to control the parameters of threaded connections is limited by
low performance and inability to use during operation of the node.

The disadvantage of magnetic methods [5] is the inability to measure the depth of cracks, the dif-
ficulty of controlling the internal thread, as well as limitations in the study of non-ferromagnetic mate-
rials and alloys.

Weakening of tightening of a threaded connection can lead to sharp decrease in operational prop-
erties of knot or even to its breakage [6].

To increase the reliability and efficiency of threaded joints, the use of solid lubricating coatings,
such as polymers and composite materials based on solid lubricants, which increase the uniformity of
load distribution on the turns of threaded joints [7].

The main reason for the destruction of threaded parts is the inability to obtain reliable infor-
mation about the amount of force acting on these parts during installation and operation, as there are
no methods for experimental determination of these forces [8].

Non-destructive acoustic method, which involves the use of special ultrasonic equipment, is the
most advanced method of monitoring the condition of threaded connections [9]. In order to obtain in-
formation about the voltage inside the threaded connection, it is affected by acoustic waves, and then
takes them and compared the obtained characteristics with the reference.

The acoustic method allows carried out contactless control of uniformity of tightening of thread-
ed connections in the course of operation without dismantling and stopping of production [10].

The authors [11, 12] show the relevance of the development of acoustic methods for controlling
the stress — strain state of threaded joints. Methods and schemes of acoustic measurements are pre-
sented. The result of development and introduction into the production process of specialized equip-
ment is described, which provides an increase in the accuracy of determining the mechanical stresses

in the threaded connection.
* ured, after measurement bolts were fed on nuts (Fig. 1).
Thus, 4 composite nodes were obtained. A special device with two sen-

Objective
To develop an algorithm for diagnosing threaded joints when assem-
Fig. 1. Bolts are folded ~ SOrS is used to obtain the frequency characteristics of the nodes, the sensors

bling assemblies using acoustic waves.

Presentation of the main material

Control the details of the node leading filling stations one by one and in
folded form, it is proposed to use the acoustic method with the removal of the
frequency response and the construction of a neural network. To build a neural
network, it is necessary to measure all the dimensions of the part, perform acous-

‘ tic diagnostics with the removal of frequency characteristics and obtain data to

enter the program Neuro Pro. In the program the neural network of a detail of
the representative is built then training of a neural network begins. The neural
network learns to correlate the obtained frequency characteristics with the data
of the details of the representative assembled node.

An experiment was performed according to the developed method.

8 M8 bolts were used for the experiment. All sizes of bolts were meas-
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are connected to a computer (Fig. 2). One sensor operates to receive the other sends a constant signal
at a white noise frequency (Fig. 3).

Each bolt assembly was changed by screwing the bolts to the nut by 10°. The measurement was
performed by screwing the bolts in the following positions: 0°, 10° 20°. The obtained data are pro-
cessed and entered into an Excel spreadsheet.

Audio Sweep Gen is used to create the signal (Fig. 4).

The program is used to remove the frequency response Spectrum Analyser (Fig.5).

; - — —— N
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Fig. 2. Device for acoustic Fig. 3. Connection of the sensor for signal supply
diagnostics of the clamping force
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Fig. 5. Removal of the acoustic spectrogram
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The obtained data of the frequency spectra are entered into the table Fig. 6. After data processing, the
file is prepared to work in the program Nero Pro. The transposed files are saved in DBF format (Fig. 7).

G - I |
fl A | 8 [ ¢ | b | E [ F | & [ ®w [ 1+ [ 3 [ ®x [ £ | ™M N T o [T al]&®rRI]]s [ 1 |5
1 {Hz 50 124 s34 M s5-6M S7-BM 5121 341 551 s7B1 s122 5342 562 782 [ lso s12H 534 M S56H S
2] 0 -29,68 -29,66 -29,65 -29,7 -29,7 -29,66 -29,68 -29,62 -29,65 -19,65 =19,67 -29,65 -29,42 o -19,68 -19,66 -29,65 -29,7
| 1723 -29,68 -29,66 -29,64 -29.7 -29.7 -29,66 -29,68 -29,62 -29,65 -19,66 -29,67 -29,65 -29.42 1723 -29,68 -29,66 -29,64 -29.7
4| 344.5 94,22 934 -95,01 92,32 91,76 91,37 -91 -91,44 -94,84 -B6,24 96,54 91,44 -90,06 3445 94,22 -93.4 -95,01 92,32 |®
5| 5168 9504 9624 9815 9803 966 94,65 9514 9556 9757 8676 97,23 0745 8715 5168 6504 9624 9815 9803
(6| 8o 67,9 9794 983 1003 9849 9373 95 97,22 9915 9147 9920 97,92 8705 6890 979 9794 983 1003
| B61,3 99,48 -99,33 -99,93 -99,88 -98,43 96,57 93,09 -84,91 -59,35 -94,35 -99,86 98,77 -92,37 B861,3 <9948 -99,33 -99,93 9988 |}
8 10336 98,68 -99.85 -100,57 9999 100,06 98,81 495,55 96,77 833 9571 -100,66 499,36 <9938 10336 9868 9985 -10057 -99,99
14| 12059 9897 100,14 -10011 -100,39 9988 9979 9930 9863 10022 9588 10066 -10052 96,00 12059 9897 100,14 -100,11 -100,39
i 13781 -100,23 -100.97 -99,72 -99.94 99,27 -101,06 -100,02 -99,09 -99,92 98,8 99,66 -100,09 -98,59 13781 -100,23 -10097 99,72 -99.94
11| 15504 10076 10056 100,26 101,66 100,46 100,04 10135 10019 9997 99,96 10085 1003 9471 1550,4 10076 100,56 100,26 101,66
12| 17227 10091 10088 -101,12 100,72 100,46 999 100,37 9948 10052 -100,1 101,21 10098  .91,95 1722,7 -100,91 -10098 -101,12 -100,72
(13| 18%4% -101,29 -100,08 <101  -100,61 -100,68 -100,34 -100,31 -88,11 -89,51 -89,91 -100,04 -100,56 84,75 18949 101,29 -100,08 -101  -100,51
14| 20672 -101,77 98328 -10041 -10007 -10042 -100,09 -100,75 97,57 9558 9971 032 10079 -E716 20672 101,77 9828 -10041 -100,07
(A5| 22395 102,16 -93,96 -99,18 99,73 98,25 -101,23 -100,14 -91,28 -90,65 -99,83 -BB.B3 98,12 -84,04 22395 -102,16 93,96 99,18 -99,73
16| 20117 40159 8868 47 10025 9454 10025 100,05 8192 9062 9931 892 9318 8529 24117 10159 8868 97 100,25
47| 2584 102,02 8720 9663 99,81 §7,46 10048 9834 7855 9434 90,89 9151 9130 8862 2584 10212 87,20 9663 9981
(1B| 27563 -101,7 80,66 -87.82 <9897 -B4,57 -100,53 96,27 -82,96 -96,93 -98,89 -84,13 93,55 -89,07 2756,3 =101,7 80,66 87,82 -598,97
19| 29285 -102,22 -93,87 -599,54 593,75 8768 -101,66 -93,88 -89,38 984 -98,84 <9568 497,51 -90,37 29285 -102,22 -83.87 499,54 499,75
20| 31008 -10224 9685 993 992 9314 101,74 868 941 9866 9939 0604 0745 917 31008 102,24 9685 993 992
21| 3273 21 97,27 99,2 -9934 9575 -10015 82,13 9587 9898 9972 9458 97,04 9296 3273 101,21 97,27 99,2 99,34
(22| 34453 10177 9685 99,26 99,85 05,09 100,11 8577 968 9965 99,07 9375 9651 04,19 34453 101,77 9685 9926 99,85
2 36176 -101,9 -85,17 -89.38 100,02 -98,95 -98,9 93,59 98,39 -98,98 -97,66 -93,02 96,39 95,5 6176 -101,9 -9517 -99,28 -100,02
(24| 37888 -101,59 -8563  -100,03  -100,44 -87,09 98,77 -896,95 -89,51 -38,73 86,75 82,75 -a7.82 87,33 3aTR9.E  -101,59 -85,63 -100,03 -100.44
E 3962,1 -102,04 -96,61  -100,46 -99,56 96,48 98,09 98,51 -99.57 -97 .55 -95,87 92,68 97,07 -97,05 3962,1 -102,04 96,61 -10046 99,56
E 41344  -102,41 <8594 -100,56 <9841 -96,63 98,18 98,55 -89,73 86,4 -96,02 92,37 97,2 -97,83 41344  -102,41 85,94  -100,56 98,41
E 4306,6 1028 <9481 -100,54 97,67 -98,16 -99,28 97,78 100,66 -96,27 -95,73 -92,14 96,42 -99,11 43066 -102,8 -94,81 -100,54 97,67
l 44789 -101,74 -93,29 -100,02 93,46 -98,85 98,48 -96,87 -100,64 -95,18 -96,17 -91,63 -95.97 -99.56 44789 -101,74 93,29 -100,02 -93,46
2 4651,2  -102,45 -83,93 -99,87 -50,96 -89,68 98,06 96,86 -101,57 -85.44 -87,67 91,5 86,61 -100,45 A651,2 102,45 -93,93 -99.87 -80,96
E 48234 -101.87 9772 -98.94 924 -99.23 96.27 <9429 -100.43 -96.08 -95.74 9169 -96.89 -99.1 48234 -101.87 97.72 -98.94 924 =

Fig. 6. Obtained frequency spectrum data

DS oT pu v DX | D

1|17 x118  x119  x120 21 22«23 x124  x125  xi26  x127  xi28 P
203,01 -10331 -103,77 -10472 -10492 -10571 -107,58 -10948 -11104 -11079 -111,97 -12033 0
1033 -10399 -10351 -10391 -10545 -10528 -10661 -10824 -11013 -111,82 -112,42 -119.82 0
40331 -103,03 -10401 -10483 -10526 -10653 -10879 -10901 -11061 -11144 -112,22 -120,05 0
102,71 102,03 -10291 -10304 -10339 -10355 -10547 -1085 -10992 -11066 -11196 -12092 0
10225 -102,84 -10338 -10415 -10538 -10608 -107,37 -10891 -10913 -11073 -11196 -118,69 1
401,13 10245 -10372 -10509 -10663 -10636 -107,68 -1088 -1094 -11089 -112,08 -11946 1
10257 -10364 -10391 -10384 -10547 -10661 -107,42 -1085 -10981 -11039 -11138 -120,03 1
4031 103,66 -10353 -10438 -10525 -107,02 -107,85 -10947 -11013 -11148 -1118 -11868 1
10264 -10348 -1042 -10468 -10554 -10677 -1087 -10925 -10053 -11065 -111,88 -121,01 2 |
101,16 -10277 -10413 -10519 -10544 -10626 -107,39 -10885 -1105 -1109 -112,11 -119:88 2
102,08 -10371 -10443 -10391 -10466 -10578 -107,78 -1087 -11076 -110,85 -11154 -119,54 2
10402 10524 -1047 -10423 -10538 -10675 -10801 -1085 -11073 -111,08 -112,04 -1196 2

Fig. 7. Transposed file for building a neural network

The main condition for reliable operation of the threaded connection is to create the necessary ef-
fort and tightening torque, which for the responsible threaded connections must be specified in the
technical requirements of the assembly drawing of the unit or mechanism. In the General case, the
tightening torque (torque applied to the wrench) is equal to the sum of the moments of friction directly
in the thread and the time of friction of the bearing surface of the nut or bolt and is determined by the
where: d, — average thread diameter;

following formula:
B —thread lift angle;

p' — the angle of friction in the thread, which is equal to: p'=arctg f;, where f, the coefficient of

D
2 "

M =0|Sap- )+

friction in the thread isequal to f; = f / cos; ; a—thread profile angle, f, — thread friction coefficient;
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D, — the radius of action of friction forces on the bearing surface of the nut, which is equal to:

3 43
D, =§Bz—jg where D and d, — outer and inner diameters of the support annular surface of the nut
o
or bolt head;
f; , coefficient of friction on the bearing surface of the nut or bolt head.
For fasteners with a metric thread that has a profile angle of 60 degrees, the formula for calculat-
ing the tightening torque takes the following form:

M =0(0.16P +0.584,f,) +Q%fT;

where: Q — tightening force;

P — thread pitch.

The coefficient of friction in the threads and on the support surface depends on the type of coat-
ing of the fasteners and the presence of oil during assembly. At the same time their size fluctuates:

— for f,, from 0.64°2:2 when oxide coating and assembly with lubrication in the form of machine
oil with additive 20% molybdenum disulfide;

— for fr, from 0.3470% at an oxide covering and assembly without greasing, to 0.06°3% when

cadmium plated and assembled with lubrication in the form of machine oil with the addition of 20 %
molybdenum disulfide.

In this case, the minimum value of the tightening torque should ensure the tightness of the
threaded elements (for example, bolts and nuts, or studs and nuts), and the maximum value should not
exceed the strength of the threaded connection. Therefore, when calculating the amount of tightening
torque of the threaded connection of the fasteners of the manufactured parts:

— From carbon steels is acceptd ,,, =(0.6-0.7)c;, where o, — the yield strength of the bolt or

stud material;

— From alloy steels is accepted o,,, =(0.6-0.7)c; .

When tightening the threaded connection by applying external torque to the bolt rod, due to the
influence of two force factors (Q and M), there is a complex load state, which is characterized by the
value of normal o_zat and tangential loads t the ratio between the values of elastic deformation de-
pending on:

S_»
T

d
Sr t _ ! .
d. 9(B-p)
The tightening force taking into account the stress state of the bolt is determined by the following
formula:

o, F

zat

F , 2
\/1+ 0.75{dSr VTptg(B -p ):l

where: F — the cross-sectional area of the bolt;

W, — polar moment of inertia.

Results

After training the neuron, the network shared the input data Fig. 8 of the frequency x52, x58 the
main frequency at which the control puff goes at angles: 0°, 10°, 20° (Fig. 9). After learning the neu-
ron, the network clearly divides the tightening of the node screws into categories. It is enough to have
2 frequency filters that would control these two frequencies. Thus, the frequency response can deter-
mine the size with an accuracy of 0.03 mm.

Q=
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BH1 - L u58
BB BC BD BE BF BG BH
1 x52 X33 x54 X55 x56 x57 x58
2 998 9807 9503 9416 -9515 98,02  -99,22
3 9854 9823 988 99,01 -9825 -9813  -98,33
4 -10168 -1019 -102,03 -101,18 -100,8 -101,79 -102,01
5 96,18 9496 -93,23 -9096  -8891 -87,11  -87,51
6 -97,58  -97,54 -98,1  -98,97  -99,51 -98,33  -97,82
7 1002 -100,37 -100,42 99,62  -99,74 -100,06 -100,65
g8 9537 9459 9492 -94,02 -93,31 -94,67 -96,72
9 -102,2 -102,53 -101,57 -102,68 -102,15 -102,25 -101,73
10 98,27 9855 -9836 -100,1 -101,39 -101,74 -101,65

=
(IR -

9812 9825 99,12 -100,49 -101,21 -101,71 -101,6
-100,68 -101,93 -101,25 -100,81 -101,39 -101,65 -101,83
101,36  -102,1 -102,08 -102,8 -102,68 -101,91 -102,16

Fig. 8. Significance of frequency x52, x58 Fig. 9. Scheme of tightening bolts at angles

Verbal description of the site:

Database fields (initial symptoms): X 52

X58

Database fields (end syndromes):

P

Processing of database input fields for network supply:

X52 = (X52—98.785) / 3.414997

X58 = (X58—94.83501) / 7.325001

Functional converters:

Sigmoid 1 (A) = A/(0.1+|A))

Level 1 syndrome:

Syndrome 1_1 = Sigmoid 1 (-X52 + 0.7242469 * X58-0.08202159)
Syndrome 1_2 = Sigmoid 1 (X52-0.7271721 * X58 + 0.08119417)
Syndrome 1_3 = Sigmoid 1 (-X52 + 0.7217082 * X58-0.0831995)
Syndrome 1_4 = Sigmoid 1 (0.3791681 * X58)

Syndrome 1_5 = Sigmoid 1 (X52-0.3553772 * X58 + 0.5645317)
Syndrome 1_6 = Sigmoid 1 (-X52 + 0.3767371 * X58-0.541944)
Syndrome 1 7 = Sigmoid 1 (X58 + 1)

Syndrome 1_8 = Sigmoid 1 (-X52-0.2016536 * X58)

Syndrome 1_9 = Sigmoid 1 (-X52)

Syndrome 1_10 = Sigmoid 1 (-0.7135977 * X58-0.6515552)
Syndrome 1_11 = Sigmoid 1 (-X52-X58-0.8611292)

Syndrome 1_12 = Sigmoid 1 (X52-X58 + 0.09941051)

End syndromes:

0°, 10°and 20 °

P = - Syndrome 1 1 + Syndrome 1 2- Syndrome 1 3- Syndrome 1 _4- Syndrome 1 5 + Syn-
drome 1_6- Syndrome 1_7- Syndrome 1_8-0.3120861 * Syndrome 1_9 + Syndrome 1_10 + Syndrome
1 11-Syndrome 1 12 +1

Post-treatment of end syndromes:
P=(P*2)+2)/2)
Conclusions

The method of assembling threaded joints by applying external torque is simple and versatile, as
it allows the use of traditional tools and equipment for manual, mechanized and automated assembly,
while providing the necessary process performance. Its main disadvantage is the occurrence in the
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process of tightening in the bolt torsional stresses, which reduce the bearing capacity of the threaded
connection.

Modern methods of acoustic diagnostics of details are considered. The results of the experiment
of acoustic diagnostics of composite nodes with the construction of a neural network are shown. The
experiment showed that the construction of a neural network of parts and a composite node will almost
instantly detect defective products, incorrect dimensions and other factors of failure on the basis of
acoustic frequency response. According to this method, it is possible to control the units, bolted joints
during assembly.
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