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Àííîòàöèÿ

Â ðàáîòå áûëà ðàññìîòðåíà êîëåáàòåëüíàÿ ñèñòåìà ðîëüãàíãîâûõ ìåõàíèçìîâ. Ýëåìåíòû

êîëåáàòåëüíîé êîíñòðóêöèè ïðåäñòàâëÿþò ñîáîé ñòåðæíåâóþ êîíñòðóêöèþ. Ïîýòîìó àêóñòè÷åñêîé

ìîäåëüþ êàæäîãî ñòåíäà èñïîëüçîâàí ëèíåéíûé èçëó÷àòåëü.

Áûë ïðîèçâåäåí ðàñ÷åò ñêîðîñòåé êîëåáàíèé âàëêîâ ðîëüãàíãîâûõ ìåõàíèçìîâ è çàãîòîâêè.

Ðàñ÷åò ñêîðîñòåé êîëåáàíèé çàãîòîâêè ïðè ïåðåìåùåíèè çàãîòîâêè ïî âàëêàì îñíîâàí íà äîïóùåíèè,

÷òî ñèëîâîå âîçäåéñòâèå îò êàæäîãî âàëêà îñòàåòñÿ ïîñòîÿííûì â òå÷åíèè âñåãî âðåìåíè ïåðåìåùåíèÿ.

Ïðè ðàñ÷åòå ñêîðîñòè êîëåáàíèé âàëêîâ ó÷åòîì æåñòêîñòè îïîð áûëî ïðèíÿòî äîïóùåíèå, ÷òî æåñòêîñòè

âñåõ îïîð ðàâíû äðóã äðóãó.

Îñîáî ñëåäóåò îòìåòèòü ó÷òåííûé â ðàñ÷åòíûõ çàâèñèìîñòÿõ êîýôôèöèåíò ïîòåðü êîëåáàòåëüíîé

ýíåðãèè, ïîñêîëüêó èìåííî ýòà ôèçè÷åñêàÿ âåëè÷èíà îïðåäåëÿåò âûáîð ìàòåðèàëà è êîíñòðóêöèþ ñèñòåìû

âèáðîïîãëîùåíèÿ è, ñëåäîâàòåëüíî, óðîâíåé èçëó÷àåìîãî øóìà. Ïîëó÷åííûå çàâèñèìîñòè ïîçâîëÿþò

ôàêòè÷åñêè îïðåäåëèòü ñïåêòð øóìà.

Êëþ÷åâûå ñëîâà: ðîëüãàíãîâûé ìåõàíèçì, âèáðàöèîííàÿ ìîùíîñòü, êîëåáàòåëüíàÿ ñèñòåìà,
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A model of vibroacoustic dynamics of roller conveying rollers of drive roller

conveyors
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Abstract

In this article the vibrating system of roller table mechanisms was considered. The elements of the
vibrating structure are a rod structure. Therefore, the acoustic model of each stand used a linear radiator.

The calculation of the vibration speed of rollers of roller table mechanisms and workpiece was made.
Calculation of the vibration speed of the workpiece when moving the workpiece along the rolls is based on the
assumption that the force in�uence from each roll remains constant during the entire movement time. When
calculating the speed of oscillation of rolls taking into account the sti�ness of the supports, it was assumed that
the sti�ness of all supports are equal to each other.

Special mention should be made of the vibration energy loss coe�cient taken into account in the
calculated dependencies, as it is this physical quantity that determines the choice of material and design of the
vibration absorption system and, consequently, the emitted acoustic noise levels. The obtained dependencies
allow us to actually determine the acoustic noise spectrum.

Keywords: roller table mechanism, vibration power, oscillatory system, vibration speed, sound

pressure levels, acoustic characteristics.
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Ââåäåíèå

Ðîëüãàíãîâûå ìåõàíèçìû ÷àñòî èñïîëüçóþòñÿ â ïðîìûøëåííîñòè äëÿ óïðîùåíèÿ
è àâòîìàòèçàöèè ïðîöåññîâ. Îíè ìîãóò áûòü óñòàíîâëåíû íà êîíâåéåðàõ è òðàíñïîðòåðàõ,
ãäå ïîìîãàþò ïåðåìåùàòü ãðóçû. Áëàãîäàðÿ ñâîåé ãèáêîñòè è íàäåæíîñòè, ðîëüãàíãîâûå
ìåõàíèçìû çíà÷èòåëüíî óâåëè÷èâàþò ýôôåêòèâíîñòü ðàáîòû â ïðîìûøëåííûõ
ïðåäïðèÿòèÿõ.

Íåñìîòðÿ íà ðàçëè÷èÿ èõ ôóíêöèîíàëüíûõ íàçíà÷åíèé, êîíñòðóêöèÿ è
êîìïîíîâêà êîëåáàòåëüíîé ñèñòåìû ïîçâîëÿþò èñïîëüçîâàòü åäèíûé ìåòîäîëîãè÷åñêèé
ïîäõîä ê òåîðåòè÷åñêîìó îïèñàíèþ ïðîöåññîâ âîçáóæäåíèÿ âèáðàöèé è ïðîöåññà
øóìîîáðàçîâàíèÿ. Äåéñòâèòåëüíî, âàëêè ïðåäñòàâëÿþò ñîáîé öèëèíäðû îãðàíè÷åííîé
äëèíû, èìåþùèå îäèíàêîâûé äèàìåòð (â êàæäîì ðîëüãàíãå), à íåñóùàÿ ðàìà ïðåäñòàâëÿåò
ñîáîé ñèñòåìó ñòåðæíåâûõ êîíñòðóêöèé. Ïðè÷¼ì äëèíà êàæäîãî ñòåðæíÿ íàìíîãî
áîëüøå ðàçìåðîâ ïîïåðå÷íîãî ñå÷åíèÿ, ÷òî ñ îïðåäåë¼ííûìè äîïóùåíèÿìè ïîçâîëÿåò
èñïîëüçîâàòü ìîäåëü ëèíåéíîãî èñòî÷íèêà.

1. Ðàñ÷åò óðîâíåé çâóêîâîãî äàâëåíèÿ ñèñòåìû

Ïîñêîëüêó ïîäàþùèå âàëêè èìåþò öèëèíäðè÷åñêóþ ôîðìó, ïðè÷¼ì äëèíà
âàëêà íàìíîãî áîëüøå äèàìåòðà, â êà÷åñòâå èñõîäíîãî âûðàæåíèÿ ïðèíÿòà çàâèñèìîñòü
çâóêîâîãî äàâëåíèÿ [1,2] (ðèñ. 1).

P =

√
2

π

ρ0c0

R

B(k sin β)

cos βH ′(kRk cos β)
(1)

Bmr(k0 sin β) =

(
1

2π

)1,5 ∫ 2π

0

∫ ∞
−∞

(υ(ϕ, x) exp−i(ϕ+ k0 sin β)) dϕdx (2)

Ðèñ. 1. Ðàñ÷¼òíàÿ ñõåìà âàëêà ðîëüãàíãà êàê öèëèíäðà îãðàíè÷åííîé äëèíû

Â çàâèñèìîñòè (1) ïðèíÿòû ñëåäóþùèå îáîçíà÷åíèÿ: ρ0 − ïëîòíîñòü âîçäóõà,
êã/ì3; c0 − ñêîðîñòü çâóêà â âîçäóõå, ì/ñ; k0 − âîëíîâîå ÷èñëî, ì−1; β − óãîë
èçëó÷åíèÿ; R − ðàññòîÿíèå îò öåíòðà èñòî÷íèêà äî ðàñ÷¼òíîé òî÷êè, ì; B(k sin β) −
ôóíêöèÿ, îïðåäåëÿþùàÿ àìïëèòóäíî-ôàçîâîå ðàñïðåäåëåíèå êîëåáàòåëüíîé ñêîðîñòè íà
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ïîâåðõíîñòè âàëêà; υ(ϕ, x) − ñêîðîñòü êîëåáàíèÿ âàëêà, ì/ñ; H ′(k0Rk cos β) − ôóíêöèÿ
Ãàíêåëÿ ïåðâîãî ðîäà; Rk − ðàäèóñ âàëêà, ì.

Ïîñêîëüêó ïðè êîëåáàíèÿõ âàëêîâ èõ ñêîðîñòü ðàâíà υk, òî àíàëèòè÷åñêè âèä
ôóíêöèè ðàñïðåäåëåíèÿ ñêîðîñòè çàäàíî ñëåäóþùèì îáðàçîì:

υ(ϕ, x) =

{
υk exp iϕ ïðè x ≤ |lk|
0 ïðè |lk| > x

(3)

ãäå lk − äëèíà âàëêà, ì.

Ïîäñòàâëÿÿ çàâèñèìîñòü (3) â âûðàæåíèå (2) ïîëó÷åíî âûðàæåíèå B(k sin β) â
ñëåäóþùåì âèäå:

Bk =
υklk√

2π
Φ(β), Φ(β) =

sin klk
2

sin β

0,5klk sin β
(4)

Â èíòåðâàëå óãëîâ β îò 0 äî π
2
âûðàæåíèå Φ(β) ïðåäñòàâëÿåò ñîáîé ïåðâûé

ñïåöèàëüíûé ïðåäåë è òîãäà Φ(β) = 1.

Çàâèñèìîñòè äëÿ ðàñ÷¼òà çâóêîâîãî äàâëåíèÿ è óðîâíåé çâóêîâîãî äàâëåíèÿ
ïîëó÷åíû ñ ó÷¼òîì âûðàæåíèé àñèìïòîòè÷åñêîãî ïðåäñòàâëåíèåì ïðîèçâîäíîé ôóíêöèè
Ãàíêåëÿ äëÿ ñîîòíîøåíèé kRk cos β ≤ 1 è kRk cos β > 1.

Ïðè âûïîëíåíèè ñîîòíîøåíèÿ:

2πfk
c0

Rk cos β = 0,018Rk cos β ≤ 1 (5)

Âûðàæåíèå ìîäóëÿ çâóêîâîãî äàâëåíèÿ è óðîâíåé çâóêîâîãî äàâëåíèÿ (èñõîäÿ èç
çàâèñèìîñòè (1) ïðèìåò âèä:

|P1| =
3,5× 10−2 (fkRk)

2 υklk
R

(6)

ãäå fk − ñîáñòâåííûå ÷àñòîòû êîëåáàíèé âàëêà, Ãö.

Ïðè âûïîëíåíèè ñîîòíîøåíèÿ 0,018fkRk cos β > 1 ìîäóëü çâóêîâîãî äàâëåíèÿ
îïðåäåëÿåòñÿ ñëåäóþùåé ôîðìóëîé:

|P2 | =
22(fkRk)

0,5υklk
R

(7)

Óðîâíè æå çâóêîâîãî äàâëåíèÿ îïðåäåëÿþòñÿ ïî èçâåñòíîé ôîðìóëå [3]:

Lp = 20 lg P
2×10−5 .

Òîãäà

Lp1 = 20 lg
3× 10−2(fkRk)

2lkυk
2× 10−5R

= 40 lg fkRk + 20 lg
lkυk
R

+ 64 (8)

Lp2 = 20 lg
22lkυk(fkRk)

0,5

2× 10−5R
= 20 lg fkRk + 20 lg

lkυk
R

+ 10 lg fkRk + 121 (9)

Âàëêè ðîëüãàíãà ïðåäñòàâëÿþò ñîáîé äâóõ îïîðíûé ñòàëüíîé öèëèíäðè÷åñêèé
ñòåðæåíü, çàâèñèìîñòü äëÿ ðàñ÷åòà ñîáñòâåííûõ ÷àñòîò êîëåáàíèé ïðèâåäåíà ê âèäó:

fk = 4× 103Rk

(
k

l

)2

(10)
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Ñëåäóåò îòìåòèòü, ÷òî, â îñîáåííîñòè, äëÿ äëèííûõ çàãîòîâîê çâóêîâàÿ ýíåðãèÿ
èçëó÷àåòñÿ íåñêîëüêèìè âàëêàìè, êîëè÷åñòâî êîòîðûõ îïðåäåëÿåòñÿ êàê kÂ = lç

hâ
, ãäå lç −

äëèíà çàãîòîâêè, ì; hâ − øàã ðàñïîëîæåíèÿ âàëêîâ, ì.

Òîãäà óðîâíè çâóêîâîãî äàâëåíèÿ îïðåäåëÿþòñÿ êàê

LpΣ = Lp + 10 lg
lç
hâ

(11)

2. Ðàñ÷åò ñêîðîñòåé êîëåáàíèé ñèñòåìû

Íàèáîëåå âûñîêèå óðîâíè øóìà ïðè ðàáîòå ðîëüãàíãîâ âîçíèêàþò â ñèòóàöèÿõ,
êîãäà îáðàáàòûâàåìûå èçäåëèÿ ñêàòûâàþòñÿ íà âàëêè èç ñîîòâåòñòâóþùèõ íàêîïèòåëåé.
Ýòî ñîîòâåòñòâóåò óñëîâèÿì ñêàòûâàíèÿ áð¼âåí äðåâåñèíû ïðè ïîäà÷å â ðàáî÷óþ çîíó
ëåñîïèëüíûõ ðàì è ñòàëüíûõ ïðóòêîâ, â îñîáåííîñòè, áîëüøîãî äèàìåòðà. Â ýòîì ñëó÷àå
âîçíèêàåò äâà ¾ðåæèìà¿ èçëó÷åíèÿ çâóêîâîé ýíåðãèè. Â ïåðâîé ôàçå ïðè ñêàòûâàíèè
çàãîòîâîê âîçíèêàåò óäàð î âàëêè, ÷òî ñîîòâåòñòâóåò èìïóëüñíîìó øóìó. Â ñëåäóþùåé
ôàçå âðàùàþùèåñÿ âàëêè ïåðåìåùàþò çàãîòîâêó â çîíó îáðàáîòêè. Ýòîò ðåæèì
ñîîòâåòñòâóåò óñëîâèÿì ñòàöèîíàðíîãî øóìà. Ïðè ñîóäàðåíèè çàãîòîâîê ñ âàëêàìè
ñèëîâîå âîçäåéñòâèå îïðåäåëÿåòñÿ çàâèñèìîñòÿìè (3):

F (t) =
1,14υ2

0

k1αm
sin

1,1υ0

αm
t ïðè t ≤ τ è 0 ïðè t > τ , (12)

ãäå υ0 − ñêîðîñòü â ìîìåíò ñîóäàðåíèÿ, ì/ñ; τ − âðåìÿ ñîóäàðåíèÿ, ñ.

Âåëè÷èíû, âõîäÿùèå â ôîðìóëó (12), îïðåäåëÿþòñÿ ñëåäóþùèìè ñîîòíîøåíèÿìè
[4]:

αm =

(
5υ2

0

4k1k2

)0,4

; k1 =
m1 +m2

m1m2

;

k2 =
q

3/2
k

(µ1 + µ2)
√

1
R1

+ 2
R2

; τ =
2,9

υ0,2
0

(
1,25

k1k2

)0,4

,

ãäå µi − êîýôôèöèåíòû Ïóàññîíà ìàòåðèàëà âàëêîâ è çàãîòîâîê; R1 è R2 − ðàäèóñû
çàãîòîâîê è âàëêîâ, ì, (ñîîòâåòñòâåííî); qk − êîýôôèöèåíò, îïðåäåëÿåìûé ïî äàííûì [4]
â çàâèñèìîñòè îò ñîîòíîøåíèÿ R1/R2 (äëÿ óñëîâèé êîíòàêòèðîâàíèÿ ïåðïåíäèêóëÿðíîãî
ðàñïîëîæåíèÿ îñåé âàëêîâ è çàãîòîâîê); m1 − ìàññà çàãîòîâêè, êã; m2 − ìàññà âàëêà, êã.

Ñêîðîñòü â ìîìåíò ñîóäàðåíèÿ îïðåäåëÿåòñÿ èç óñëîâèÿ ðàâåíñòâà êèíåòè÷åñêîé
ýíåðãèè è ïîòåíöèàëüíîé â ìîìåíò êîíòàêòà çàãîòîâêè è âàëêà. Òîãäà

υ0 =

√
2gm1H

m2

= 4,4

√
m1H

m2

,

ãäå H − âûñîòà ïàäåíèÿ çàãîòîâêè íà âàëîê, ì.

Ïðè ðàñ÷¼òå ñêîðîñòåé êîëåáàíèé âàëêîâ îíè ðàññìàòðèâàþòñÿ êàê ñèñòåìû
ñ ðàñïðåäåëåííûìè ïàðàìåòðàìè. Ïîñêîëüêó ðàçìåðû ïëîùàäêè êîíòàêòà âàëêà ñ
çàãîòîâêîé ãîðàçäî ìåíüøå äëèíû âàëêà, òî ðàñ÷¼ò ñêîðîñòåé äëÿ îáîèõ ðàññìàòðèâàåìûõ
ôàç îïðåäåëÿåòñÿ èç óðàâíåíèÿ

EJ
∂4J

∂x4
+ ρF

∂2Y

∂t2
= P (t)δ(x− x0) , (13)

ãäå E − ìîäóëü óïðóãîñòè âàëêà, Ïà; J − ìîìåíò èíåðöèè, ì4; ρ − ïëîòíîñòü ìàòåðèàëà
âàëêà, êã/ì3; F − ïëîùàäü ïîïåðå÷íîãî ñå÷åíèÿ, ì2; δ (x− x0) − äåëüòà ôóíêöèÿ,
ñìåùåííàÿ ïî êîîðäèíàòå.
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Ïîñêîëüêó âàëêè ïðåäñòàâëÿþò ñîáîé ñòàëüíîé öèëèíäð, òî óðàâíåíèå (13) ïðèìåò
âèä:

d2y

dt2
+ 1,7× 106d2 d

4y

dx4
=

1,6P (t)× 10−4

d2
δ(x− x0) (14)

Ðîëüãàíãè, ýêñïëóàòèðóåìûå â ìàøèíîñòðîåíèè è äåðåâîîáðàáàòûâàþùåé
ïðîìûøëåííîñòè, çíà÷èòåëüíî ðàçëè÷àþòñÿ ãåîìåòðè÷åñêèìè ðàçìåðàìè, â îñîáåííîñòè
äèàìåòðîì âàëêîâ è èõ äëèííîé. Ïîýòîìó ðàñ÷åò ñêîðîñòåé êîëåáàíèé âûïîëíåí äëÿ äâóõ
âàðèàíòîâ îïîð è, ñîîòâåòñòâåííî, êðàåâûõ óñëîâèé çàêðåïëåíèÿ − øàðíèðíî-îïåðòîãî
ñòåðæíÿ ïðè ñîèçìåðèìûõ ñîîòíîøåíèÿõ æåñòêîñòè îïîð è èçãèáíîé æåñòêîñòè âàëêà,
à òàêæå óïðóãîïîäàòëèâûõ îïîð. Ñóùåñòâåííîå ðàçëè÷èå â ïðîöåññàõ âîçáóæäåíèÿ
âèáðàöèé è øóìîîáðàçîâàíèÿ äâóõ ôàç çàêëþ÷àåòñÿ â òîì, ÷òî ïðè ñîóäàðåíèè ïðóòêîâ
ñ âàëêàìè êîîðäèíàòà ïðèëîæåíèÿ ñèëîâîé íàãðóçêè ÿâëÿåòñÿ ïîñòîÿííîé, à ïðè
ïåðåìåùåíèè çàãîòîâêè (âòîðàÿ ôàçà), ó÷èòûâàåòñÿ ñêîðîñòü ïîäà÷è çàãîòîâêè. Ñ
èñïîëüçîâàíèåì ìåòîäà ðàçäåëåíèÿ ïåðåìåííûõ [5-9], ïðèìåíèòåëüíî ê ðîëüãàíãàì
äèôôåðåíöèàëüíûå óðàâíåíèÿ ïðèìóò ñëåäóþùèé âèä:

Äëÿ ïåðâîé ôàçû ñ ó÷åòîì êðàåâûõ óñëîâèé øàðíèðíîãî çàêðåïëåíèÿ:

d2y

dt2
+ 1,6× 103d2

(
k

l

)4

y =
2,28× 10−4υ0

k1dml

∑k∗

k=1 sin
πkx0

l
sin

1,1υ0

dm
t ,

ãäå k − êîýôôèöèåíò, îïðåäåëÿþùèé ñîáñòâåííûå ÷àñòîòû êîëåáàíèé âàëêà; k ∗ −
êîëè÷åñòâî ñîáñòâåííûõ ÷àñòîò â íîðìèðóåìîì äèàïàçîíå ÷àñòîò (f ≤ 11200 Ãö).

×àñòîòíîå ðåøåíèå îòíîñèòåëüíî ìîäóëÿ ìàêñèìàëüíîãî çíà÷åíèÿ äåéñòâèòåëüíîé
÷àñòè ñêîðîñòè êîëåáàíèé ñ ó÷åòîì äåéñòâèòåëüíîé ôóíêöèè ïîëó÷åíî â ñëåäóþùåì âèäå:

∣∣Re{υk}∣∣ =
2,5× 10−4υ0

2

k1dm
2l

∑ 1,6× 103d2
(
k
l

)4 − 1,1υ0
dm[

1,6× 103d2
(
k
l

)4 −
(

1,1υ0
dm

)2
]2

+ 2,56× 1016η2
(
k
l

)3
d4

(15)

ãäå η − êîýôôèöèåíò ïîòåðü êîëåáàòåëüíîé ýíåðãèè.

Äëÿ óñëîâèé âàëêîâ ñ ó÷åòîì æåñòêîñòè îïîð (ïðè äîïóùåíèè, ÷òî æåñòêîñòè âñåõ
îïîð ðàâíû äðóã äðóãó) ñèñòåìà óðàâíåíèé ïðèìåò âèä:

d2y

dt2
+ 1,6× 108d2

(
k

l

)4

y =
1,7× 10−4υ0

k1dml

∑
cos

πkx0

l
sin

1,1υ0

dm
t

d2y

dt2
+ 1,3× 1010d2

(
k

l

)4

y =
5,7× 10−5υ0

k1dml

∑
cos

3πkx0

l
sin

1,1υ0

dm
t

Îáùåå ðåøåíèå îïðåäåëÿåòñÿ ñëåäóþùèì îáðàçîì:

∣∣Re{υ0

}∣∣ =
1

j

(
1,3× 104d

(
k

l

)2

cos 1,3× 104d2

(
k

l

)2

t+ 1,1×

×105d

(
k

l

)2

cos 1,3× 105

(
k

l

)2

t

)
,

(16)

ãäå j − æåñòêîñòü ïîäøèïíèêîâîé îïîðû, í/ì.
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×àñòîòíîå ðåøåíèå îïðåäåëÿåòñÿ ñëåäóþùèì âûðàæåíèåì:

∣∣Re{υk2

}∣∣ =

∣∣∣∣∣∣∣∣
1,9× 10−4 υ2

0

k1d2
ml

∑ [
1,6× 108d2

(
k
l

)4 −
(

1,1υ0
dm

)2
]

cos 1,1υ0
3πdm

+ cos πkx0
l[

1,6× 108d2
(
k
l

)4 −
(

1,1υ0
dm

)2
]

+ 2,56× 1016η2
(
k
l

)3
d4

+

+
6,3× 10−5 υ2

0

k1d2
ml

∑ [
1,3× 1010d2

(
k
l

)4 −
(

1,1υ0
dm

)2
]

cos 1,1υ0
dm

+ cos 3πkx0
l[

1,3× 1010d2
(
k
l

)4 −
(

1,1υ0
dm

)2
]2

+ 1,7× 1010η2
(
k
l

)4
d4

∣∣∣∣∣∣∣∣∣
(17)

Äëÿ ôàçû, êîãäà çàãîòîâêà ïåðåìåùàåòñÿ ïî âàëêàì ïðè øàðíèðíûõ îïîðàõ
äèôôåðåíöèàëüíîå óðàâíåíèå èìååò âèä:

d2y

dt2
+ 1,6× 103d2

(
k

l

)4

y =
2× 10−3m

d2l

∑
sin

πkx0

l
sin

πkS

dm
t , (18)

ãäå S − ñêîðîñòü ïîäà÷è, ì/ñ; m − ïðèâÿçàííàÿ ê âàëêó ìàññà, êã.

∣∣Re{υk}∣∣ =

∣∣∣∣∣∣6,3× 10−3 mS

(dl)2

∑ [
1,6× 108d2

(
k
l

)4 −
(
πkS
l
t
)2
]

cos πkS
l
t[

1,6× 108d2
(
k
l

)4 −
(
πkS
l
t
)2
]

+ 2,56× 1016η2d4
(
k
l

)3

∣∣∣∣∣∣ (19)

Äëÿ óñëîâèé ñ ó÷¼òîì æåñòêîñòè îïîð:

d2y

dt2
+ 1,6× 103d2

(
k

l

)4

y =
1,5× 10−3m

d2l

∑
cos

πkx0

l
cos

πkS

l
t

d2y

dt2
+ 1,3× 1010d2

(
k

l

)4

y =
5× 10−4m

d2l

∑
cos

3πkx0

l
cos

3πkS

l
t (20)

×àñòíîå ðåøåíèå îïðåäåëÿåòñÿ ôîðìóëîé:

∣∣Re{υk2

}∣∣ =

∣∣∣∣∣∣4,7× 10−3mS

(dl)2

∑ [
1,6× 108d2

(
k
l

)4 −
(
πkS
l

)2
]

sin πkS
l
t cos πkx0

l[
1,6× 108d2

(
k
l

)4 −
(
πkS
l

)2
]

+ 2,56× 1016η2d4
(
k
l

)4
+

+
1,5× 10−3mS

(dl)2

∑ [
1,3× 1010d2

(
k
l

)2 −
(

3πkS
l

)2
]

sin 3πkS
l
t cos 3πkx0

l[
11,3× 1010d2

(
k
l

)2 −
(

3πkS
l

)2
]2

+ 1,7× 1010η2d4
(
k
l

)8

∣∣∣∣∣∣∣
(21)

υk = υ0 + υ2

Ïåðåìåùàåìûå ðîëüãàíãîì çàãîòîâêè ìîãóò èìåòü ôîðìó, îòëè÷íóþ îò
öèëèíäðè÷åñêîé. Ïðè ïîäà÷å â çîíó ðåàëèçàöèè òåõíîëîãè÷åñêîãî ïðîöåññà ïðîêàòà
â êà÷åñòâå àêóñòè÷åñêîé ìîäåëè çàãîòîâêè öåëåñîîáðàçíî ïðèíÿòü ëèíåéíûé èñòî÷íèê,
àíàëèòè÷åñêàÿ çàâèñèìîñòü çâóêîâîãî äàâëåíèÿ êîòîðîãî ïî äàííûì ðàáîò [2, 5] ïðèâåäåíà
ê âèäó:

P = 70υka

√
fk
r
, Lp = 20 lg υka+ 10 lg

fk
r

+ 131,

ãäå a − ðàçìåð ïîïåðå÷íîãî ñå÷åíèÿ çàãîòîâêè, ì.
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Àíàëîãè÷íî ðîëüãàíãàì äëÿ çàãîòîâêè òàêæå ñëåäóåò ðàññìîòðåòü äâå ¾ôàçû¿. Â
ïåðâîé ¾ôàçå¿ ñëåäóåò ó÷åñòü, ÷òî âçàèìîäåéñòâèå çàãîòîâêè ïðîèñõîäèò ñ íåñêîëüêèìè
âàëêàìè.

Â ýòîì ñëó÷àå ñîãëàñíî çàâèñèìîñòè (12) óðàâíåíèå êîëåáàíèé èìååò âèä:

d2y

dt2
+ 6

EJ

ρF

(
k

l

)4

y =
1,14Kâυ

2
0

k1αm
sin

1,1υ0

αm
t ,

ãäå Kâ − êîëè÷åñòâî âàëêîâ.

Ðåøåíèå â âèäå ìîäóëÿ äåéñòâèòåëüíîé ÷àñòè ìàêñèìàëüíîãî çíà÷åíèÿ ñêîðîñòè
êîëåáàíèé ïîëó÷åíî â ñëåäóþùåì âèäå:

∣∣Re{υk}max∣∣ =
1,25Kâυ

3
0

k1α2
m

∑ [
6EJ
ρF

(
k
l

)4 − 1,2υ20
α2
m

]
[
6EJ
ρF

(
k
l

)4 − 1,2υ20
α2
m

]2

+ 36
(
EJ
ρF
ηç

)2 (
k
l

)8
,

ãäå ηç − êîýôôèöèåíò ïîòåðü êîëåáàòåëüíîé ýíåðãèè çàãîòîâêè.

Ðàñ÷åò ñêîðîñòåé êîëåáàíèé çàãîòîâêè ïðè ïåðåìåùåíèè çàãîòîâêè ïî âàëêàì
îñíîâàí íà äîïóùåíèè, ÷òî ñèëîâîå âîçäåéñòâèå îò êàæäîãî âàëêà îñòàåòñÿ ïîñòîÿííûì â
òå÷åíèè âñåãî âðåìåíè ïåðåìåùåíèÿ.

Â ýòîì ñëó÷àå äèôôåðåíöèàëüíîå óðàâíåíèå êîëåáàíèé èìååò âèä:

d2y

dt2
+ 6

EJ

ρF

(
k

l

)4

y =
2PKâ

ρF lç

∑Kâ

1 sin
πkli
lç

,

ãäå lç − äëèíà çàãîòîâêè, ì; li − êîîðäèíàòà ðàñïîëîæåíèÿ i-ãî âàëêà â ðîëüãàíãå, ì.

Â ýòîì ñëó÷àå ñêîðîñòè êîëåáàíèé çàãîòîâêè îïðåäåëÿþòñÿ ñëåäóþùèì
âûðàæåíèåì:

|υk|max =
∑ 2mçKâlçρFk

2

EJ(1 + η2
ç
)

.

Äëÿ îïðåäåëåíèÿ çâóêîâîãî äàâëåíèÿ ïîëó÷åííîå çíà÷åíèå ñêîðîñòè êîëåáàíèé
íåîáõîäèìî ïîäñòàâèòü â çàâèñèìîñòü (6) èëè (7), èñõîäÿ èç óñëîâèé, çàäàííûõ â
âûðàæåíèè (3), à óðîâíè çâóêîâîãî äàâëåíèÿ îïðåäåëÿþòñÿ âûðàæåíèÿìè (8) èëè (9).
Óðîâåíü çâóêîâîãî äàâëåíèÿ âñåé ñèñòåìû îïðåäåëÿåòñÿ ïðè ïîìîùè âûðàæåíèÿ (11).
Âåñòè ðàñ÷åò èìååò ñìûñë äëÿ ñîáñòâåííûõ ÷àñòîò âàëêà ðîëüãàíãà.

Çàêëþ÷åíèå

Ôàêòè÷åñêè ó÷òåíû íåîáõîäèìûå ãåîìåòðè÷åñêèå, ôèçèêî-ìåõàíè÷åñêèå
õàðàêòåðèñòèêè è óñëîâèÿ ýêñïëóàòàöèè. Îñîáî ñëåäóåò îòìåòèòü ó÷òåííûé â
ðàñ÷åòíûõ çàâèñèìîñòÿõ êîýôôèöèåíò ïîòåðü êîëåáàòåëüíîé ýíåðãèè, ïîñêîëüêó
èìåííî ýòà ôèçè÷åñêàÿ âåëè÷èíà îïðåäåëÿåò âûáîð ìàòåðèàëà è êîíñòðóêöèþ ñèñòåìû
âèáðîïîãëîùåíèÿ è, ñëåäîâàòåëüíî, óðîâíåé èçëó÷àåìîãî øóìà.
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