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ABSTRACT: The article analytically describes the amplitude-frequency characteristics of the action of machine
mechanisms, taking into account kinematic characteristics. For the first time, the amplitude-frequency characteristics of
the drive shaft quenching process were analytically determined, taking into account the load-design parameters. As
special cases, the amplitude-frequency characteristics of the driveshaft are studied, taking into account the design
parameters during the damping process and without damping
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l. INTRODUCTION

There are hygienic, technical and diagnostic vibration standards. Hygienic regulation consists of limiting the
parameters of vibration affecting a person. During technical standardization, design vibration parameters are established
when designing equipment, and the influence of vibration on the technological process is taken into account. During
diagnostic standardization, zones of the technical condition of equipment are established: A - when the equipment is
accepted for operation, B - during operation without a time limit, C - during operation until the next preventive measures.
Zone D corresponds to the emergency condition of the equipment [1].

For inter-industry equipment, diagnostic standards are established by international or national standards, and in
some cases — by industry standards.

Vibration, according to the way it affects a person, is divided into general and local. General vibration is
transmitted to the body of a person sitting or standing on a vibrating surface of a machine, foundation, or structure through
the supporting parts of his body.

According to the source of occurrence, general vibration is divided into three categories [2-3]:

1) transport vibration affecting operators of mobile machines and vehicles when they move on roads; at timber
industry enterprises, such vibration is created, for example, by timber trucks, boats, and in-plant transport;

2) transport and technological vibration affecting machine operators with limited movement only on specially
prepared surfaces of production premises and industrial sites; it is created by cranes, feller skidders, forklifts, and floor-
mounted production vehicles;

3) technological vibration affecting operators of stationary machines or transmitted to workplaces that do not
have sources of vibration; occurs during the operation of woodworking and paper-making equipment, electrical machines,
pumps and fans.

Local vibration is transmitted to a person through the hands. It occurs when using hand-held machines: on
handles, levers and other controls of machines and units; when a worker’s hands come into contact with vibrating
equipment. Vibration affecting a person through his body parts in a wide range of frequencies excites vibrations of his
body and internal organs. In this case, resonant oscillations are possible. The frequencies of natural vibrations of internal
organs range from 3 to 6 Hz, the frequencies of natural vibrations of the shoulder girdle, hips, head in the “standing”
position are 4...6 Hz, the head relative to the shoulders in the “sitting” position is 25...30 Hz. External vibrations with a
frequency of less than 0.7 Hz form a pitching motion that disrupts the normal activity of the vestibular apparatus in a
person.
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Low-frequency vibrations and infrasonic waves (with a frequency of less than 16 Hz) depress the nervous system
and cause a feeling of anxiety. Oscillations with a frequency of 3...7 Hz are especially dangerous, causing resonance of
internal organs. Long-term exposure to general and local vibration in a wide range of frequencies leads to vibration
disease.

From the above opinions it is clear that vibrations above the limit greatly affect human health (operator and
passenger of mobile and technological machines) and the reliability of ground equipment. Until now, the amplitude-
frequency characteristics of the drive shaft damping process have been mainly described mathematically only taking into
account kinematic parameters. In this work, the analytical determination of the amplitude-frequency characteristics of
the damping process of the drive shaft takes into account the load (force, moment) and design (geometric dimensions of
the mechanisms) parameters. And so an analytical solution is considered one of the ways to solve this vibration problem.

II.LRESEARCH METHODS

Theory of stability of steady motions of mechanical systems; Routh's method for differential equations of
mechanical motion of machine mechanisms, the laws of theoretical mechanics with the subsequent identification of
periodic motion, which automatically collects stable solutions and allows you to find all the necessary characteristics.

I11. RESULTS AND DISCUSSION

An increase in machine productivity leads to an increase in dynamic loads, an increase in dynamic errors in the
laws of motion of working bodies, and thus necessitates a comprehensive dynamic analysis at the design stage [4]. The
causes of dynamic loads may be uneven rotation of the drive motor, non-synchronization and compliance of the
transmission, variable workloads, and dynamic effects of the control system.

The drive with cardan transmission is asynchronous. The transmission causes kinematic disturbance in the
machine unit [5]. In a system with a cardan transmission, parametric and forced oscillations occur. The problem of
controlling vibrations in oscillatory mechanical systems of a rotational type can be solved by introducing additional
connections into the original oscillatory system.

Additional connections can be implemented using various methods. One of the possible solutions is a method
of dynamic damping of rotational vibrations, based on the introduction of additional second-order connections interacting
with the field of inertial forces.

Amplitude-frequency characteristics of the system taking into account kinematic parameters [6]

A(w) = [wi, + ko — kyw?]/[wi, + ko] — w?] @
Amplitude-frequency characteristics of the absorber taking into account kinematic parameters (Fig.1)
A(wg) = 0%, + kiwi — kv2w?]/[w?, + kiw] — viw?] 2

Wy = Vwy stimulating influence.
The harmonic order of the extinguisher v = wgy/wg .
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Fig.1

To study the influence of the design parameters of the damper on its dynamic properties, we write the expressions
in expanded form

Alw,) { C20+nmgabi?w?cosay— }/
w = . .
¢ My [UJg + mgb?) (i + 1) + myb?(i — 1) — myabcosay|viw?
/{ C20+nmgabi2w’cosag- }
—My [Jg + mgb?) (@ + 1)? + my(b2(i — 1) — 2ab(i — Deosay)]viwi + Jsv?wi
3
_ nmgabi?cosay 4
Va = Mpy[(Jg+mgb2)(i+1)+mgb2(i—1)—-mgabcosay]’ 4)
%a = Jatnmypya?+njy(i+1)
2
J
—w3f34; + (— 0;63213 + 1) M; — M3 =0,

w3/
(1)3]3141 = (__ + 1) M1 - M3.
k21
Amplitude-frequency characteristics of the cardan shaft taking into account design parameters without damping

A1:[< —@)M1—M3]/w3]3, (5)

k21
Let's use this equation and determine the amplitude-frequency characteristics of the cardan shaft, taking into
account design parameters with damping

Ayg = [(1 - M) M; — Mg] [ Wi/ T2k (6)

kaku
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K _ my[(Jg+mgb?)(i+1)+mgb?(i-1)-mgabcosay|
2ku ™ ((J g+mgb?) (i+1)2+mgla2+b2(i-1)2—2ab(i—1)cosagl}+Js )
Amplitude-frequency characteristics of the damper for rod taking into account design parameters
Ay = A + _kl My, (8)
2ku
here A1d , A>— system oscillation amplitudes; o1, wq— Sstimulating and damper frequency; M: — reactive torque amplitude;

M‘zi = —a)dlez —amplitude of dynamic damping acting on a mass with a reduced moment of inertia J; ; m1=nn/30 —
angular frequency of shaft vibration; n — shaft vibration frequency per minute; v— order of the harmonic of the disturbing
influence (the number of harmonic periods that fits in one revolution of the shaft).

Analysis of the results shows that the greatest influence on the dynamic properties of the damper is exerted by
the ratio of design parameters a and b. Changing their ratio k¢ = @ / b within 3,75 >kq >0,94 allows us to provide a
dynamic damping mode in the range of changes w, from 80 sec ! mo 500 cex ~! and a self-tuning mode in invariant
systems at 1, 2, 3 harmonics of the carrier circular frequency.

Shaft torque without damping

2
My = ©)

Shaft torque with damping
Mld = _wﬁku]2+w%]1 — _(UZku/r)zlz‘l'(A)%]l

10)
w2] wZ] (
_Y1 _%1

iy +1 2 +1

A point located at a distance R from the axis passes the path As = RAgb .

A RA
v =lirn—s =lirn—¢ =Rd—¢ =Rw

The linear speed of the point is equal to At At dt ,

forrod Vopy = TWoky Waku = Voku/T2ku
here Vo, F2ky - linear speed and curac radius.

b;1
2k, =
21 njz(i+1)+nmga2+j;

—_ C12 _ C12
w3 = \/n]3(i+1)+nm3a2+j3’ Vatu/Taku \/n]3(i+1)+nm3a2+]3 (11)
Using the above equation, we describe

_ Cd2
Voku = eru\/n]2ku(i+1)+nm2kua2+]d "

IV.CONCLUSION

The amplitude-frequency characteristics of the operation of machine mechanisms are analytically described,
taking into account kinematic characteristics. For the first time, the amplitude-frequency characteristics of the vibration
damping process of the drive shaft were analytically determined, and the load-design parameters were taken into account.
Taking into account the load and design parameters when damping vibration will help more accurately carry out the
design and technological design work of new mobile and technological machines being developed.
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