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Àííîòàöèÿ

Ïðîöåññ øëèôîâàíèÿ ÿâëÿåòñÿ äèíàìè÷åñêîé òåõíîëîãè÷åñêîé îïåðàöèåé îáðàáîòêè äåòàëåé,

ôàêòè÷åñêè è îïðåäåëÿþùåé òî÷íîñòü ìàêðî è ìèêðîãåîìåòðèþ ïîâåðõíîñòè èçäåëèÿ. Èçâåñòíî, ÷òî

âîçäåéñòâèå ïîâûøåííûõ óðîâíåé øóìà íå òîëüêî íåãàòèâíî âëèÿþò íà ñîñòîÿíèå çäîðîâüÿ ñòàíî÷íèêîâ,

íî è ïðîèçâîäèòåëüíîñòü òðóäà è ïîâûøàåò áðàê âûïóñêàåìîé ïðîäóêöèè. Ïîýòîìó ïðîáëåìà ñíèæåíèÿ

àêóñòè÷åñêîãî äèñêîìôîðòà íàèáîëåå àêòóàëüíàÿ äëÿ ñòàíî÷íèêîâ øëèôîâàëüíîé ãðóïïû. Îñîáî ñëåäóåò

âûäåëèòü âàðèàíòû îáðàáîòêè òîíêèìè øëèôîâàëüíûìè êðóãàìè, èìåþùèìè ñðàâíèòåëüíî íèçêóþ

èçãèáíóþ æåñòêîñòü, ÷òî õàðàêòåðíî äëÿ ïðîôèëüíî-øëèôîâàëüíûõ ñòàíêîâ è çóáîøëèôîâàëüíûõ

ñòàíêîâ, ïî ìåòîäó êîïèðîâàíèÿ, à òàêæå øëèôîâàëüíîãî èíñòðóìåíòà ìàøèí äëÿ ðó÷íîé îáðàáîòêè.

Â ñòàòüå ïðèâåäåíû ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ è òåîðåòè÷åñêèõ èññëåäîâàíèé âèáðîàêóñòè÷åñêèõ

õàðàêòåðèñòèê øëèôîâàëüíûõ êðóãîâ, íà îñíîâå êîòîðûõ è ðàçðàáîòàíû ñïîñîáû ñíèæåíèÿ øóìà è

âèáðàöèè òîíêèõ øëèôîâàëüíûõ êðóãîâ.

Êëþ÷åâûå ñëîâà: øëèôîâàëüíûé êðóã, øóì, âèáðàöèÿ, êîýôôèöèåíò êîëåáàòåëüíîé ýíåðãèè,

çâóêîèçîëÿöèÿ, âèáðîïîãëîùåíèå.
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Abstract

The grinding process is a dynamic technological operation for processing parts, which actually

determines the accuracy of the macro and microgeometry of the surface of the product. It is known that

exposure to elevated noise levels not only negatively a�ects the health of machine operators, but also labor

productivity and increases the rejection of products. Therefore, the problem of reducing acoustic discomfort is

the most relevant for machine operators of the grinding group. Of particular note are the options for processing

with thin grinding wheels that have a relatively low bending sti�ness, which is typical for pro�le grinders and

gear grinders, according to the copying method, as well as grinding tools for manual processing machines.

The article presents the results of experimental and theoretical studies of the vibroacoustic characteristics of
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grinding wheels, on the basis of which methods have been developed to reduce noise and vibration of thin

grinding wheels.

Keywords: grinding wheel, noise, vibration, vibration energy coe�cient, sound insulation, vibration

absorption.

Ââåäåíèå

Â êà÷åñòâå ìîäåëè èñòî÷íèêà øóìà ïðèìåíèòåëüíî ê øëèôîâàëüíûì êðóãàì
ïðèíèìàåòñÿ êðóãëàÿ ïëàñòèíà, çàêðåïëåííàÿ â öåíòðå. Çâóêîâîå äàâëåíèå è óðîâíè
çâóêîâîãî äàâëåíèÿ äàííîé ìîäåëè ñîãëàñíî äàííûì èññëåäîâàíèÿ [1-4] ïðèâåäåíû ê
âèäó:

P =
2dVkk

r

√
E

ρh
; Lp = 20lg

dVkk

10−5

(
E

ρh

)0,5

,

ãäå d � äèàìåòð êðóãà, ì; Vk � ñêîðîñòü êîëåáàíèé øëèôîâàëüíîãî êðóãà íà
ñîáñòâåííûõ ÷àñòîòàõ, ì/ñ; k � êîýôôèöèåíò, îïðåäåëÿþùèé ñîáñòâåííûå ÷àñòîòû
êîëåáàíèé; r � ðàññòîÿíèå îò ðàñ÷åòíîé òî÷êè äî øëèôîâàëüíîãî êðóãà, ì; E � ìîäóëü
óïðóãîñòè, Ïà; ρ � ïëîòíîñòü, êã/ì3; h � òîëùèíà øëèôîâàëüíîãî êðóãà, ì.

1. Ðàñ÷åò ñêîðîñòè êîëåáàíèé øëèôîâàëüíîãî êðóãà

Ðàñ÷åò ñêîðîñòè êîëåáàíèé Vk îñíîâàí íà ðàñ÷¼òíîé ñõåìå, ïðèâåäåííîé íà ðèñ.1

Ðèñ. 1. Ðàñ÷åòíàÿ ñõåìà êîëåáàíèé øëèôîâàëüíîãî êðóãà

Äàâëåíèå (P ) äåéñòâóþùåå íà øëèôîâàëüíûé êðóã îïðåäåëÿåòñÿ ñëåäóþùèì
âûðàæåíèåì:

P =
(Fp sin 0,017nt+ ϕ)

π ·RH

m0 =
ρh(R2

H −R2
b)

2RH

R =
RH +Rb

2
,

(1)

ãäå RH è Rb � íàðóæíûé è âíóòðåííèé äèàìåòð øëèôîâàëüíîãî êðóãà, ì; h -
òîëùèíà øëèôîâàëüíîãî êðóãà, ì.

Ïðîäîëüíîå óñèëåíèå (N) âîçíèêàþùåå â èñòî÷íèêå � øëèôîâàëüíîì êðóãå,
îïðåäåëÿåòñÿ ïî ôîðìóëå:

N = EF
U

R
, (2)
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ãäå F = π(R2
H −R2

b)

Òàê êàê øëèôîâàëüíûé êðóã âðàùàåòñÿ ñ ÷àñòîòîé w = V R, òî íà íåãî
âîçäåéñòâóåò ðàäèàëüíàÿ ñèëà:

Fïàä = m0(V R)
2u

ü+

[
EF

m0R2
− (V R)2

]
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Fp
2RH

sin(0,17nt+ ϕ)
(3)

Äåéñòâèòåëüíàÿ ÷àñòü ñêîðîñòè êîëåáàíèé îïðåäåëÿåòñÿ âûðàæåíèåì:
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·
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]
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EF
m0R2 − (V R)2

]2
+
(

EF
m0R2

)2 (4)

2. Êîýôôèöèåíò ïîòåðü êîëåáàòåëüíîé ýíåðãèè äëÿ øëèôîâàëüíîãî

êðóãà

Íà îñíîâå ïîëó÷åííûõ òåîðåòè÷åñêèõ çàâèñèìîñòåé ðàñ÷åòíûì ïóòåì
îïðåäåëÿþòñÿ îêòàâíûå óðîâíè çâóêîâîãî äàâëåíèÿ, ïðè ñðàâíåíèè êîòîðûõ ñ ïðåäåëüíî-
äîïóñòèìûìè íîðìàìè è îïðåäåëÿåò íåîáõîäèìóþ àêóñòè÷åñêóþ ýôôåêòèâíîñòü ñèñòåìû
(4L) êàê:

4L = Li − Lc,

ãäå Li � òåîðåòè÷åñêè ðàññ÷èòàííûå óðîâíè çâóêîâîãî äàâëåíèÿ, äÁ;
Lc - ïðåäåëüíî-äîïóñòèìûå óðîâíè çâóêîâîãî äàâëåíèÿ, äÁ.

Ïîëó÷åííûå çàâèñèìîñòè, ïîçâîëÿþò ñäåëàòü âûâîä, ÷òî èíæåíåðíûé ðàñ÷åò
óðîâíåé çâóêîâîãî äàâëåíèÿ âîçìîæåí ïðè èçâåñòíûõ çíà÷åíèÿõ ÷àñòîòíî-çàâèñèìîãî
êîýôôèöèåíòà ïîòåðü êîëåáàòåëüíî ýíåðãèè η. Ýòè äàííûå â íàñòîÿùåå âðåìÿ çàäàþòñÿ
òîëüêî ïî ýêñïåðèìåíòàëüíûì äàííûì. Ïîýòîìó äëÿ øëèôîâàëüíîãî êðóãà òîëùèíîé
h ìì ïðîâåäåíû ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ñîãëàñíî ìåòîäèêå, èçëîæåííîé â
ðàáîòàõ [5-7]. Ðåçóëüòàòû âûïîëíåííûõ èçìåðåíèé, øëèôîâàëüíîãî êðóãà òîëùèíîé
6 ìì, êîýôôèöèåíòîâ ïîòåðü êîëåáàòåëüíîé ýíåðãèè, ïîäâåðãíóòû ìàòåìàòè÷åñêîé
îáðàáîòêå è ïðåäñòàâëåíû â ãðàôè÷åñêîì âèäå íà ðèñ.2.

Ðèñ. 2. Êîýôôèöèåíò ïîòåðü êîëåáàòåëüíîé ýíåðãèè øëèôîâàëüíîãî êðóãà òîëùèíîé 6
ìì íà øïèíäåëå

Ðåãðåññèîííûé àíàëèç, âûïîëíåí íåëèíåéíûìè ôóíêöèÿìè, åãî ðåçóëüòàòû
ïðåäñòàâëåíû â òàáë. 1, à ãðàôèêè àïïðîêñèìàöèè íåëèíåéíûìè ôóíêöèÿìè íà ðèñ. 3.
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Òàáëèöà 1

Ðåçóëüòàòû ðåãðåññèîííîãî àíàëèçà íåëèíåéíûìè ôóíêöèÿìè

Íàçâàíèå êðèâîé Óðàâíåíèå ÑÊÎ
Ýêñïîíåíöèàëüíàÿ η = 0,2e−1,65·10−4f 5,58·10−2

Ñòåïåííàÿ η = 0,838f−0,278 2,71·10−2

Ãèïåðáîëè÷åñêàÿ 1 òèïà η = 0,123 + 6,458
f

5,21·10−2

Ãèïåðáîëè÷åñêàÿ 2 òèïà η = 1
5,22+0,0014f

5,65·10−2

Ãèïåðáîëè÷åñêàÿ 3 òèïà η = f
−252,7+9,41f

1,72·10−1

Ëîãàðèôìè÷åñêàÿ η = 0,438− 0,043 · lnf 2,53·10−2

S-îáðàçíàÿ η = e
−2,17+ 37,878

f 6,73·10−2

Îáðàòíîëîãàðèôìè÷åñêàÿ η = 1
−5,08+2,04·lnf

8,63·10−2

Ðèñ. 3. Ãðàôèêè àïïðîêñèìàöèè íåëèíåéíûìè ôóíêöèÿìè äëÿ øëèôîâàëüíîãî êðóãà
òîëùèíîé 6 ìì íà øïèíäåëå

Ðåãðåññèîííûé àíàëèç âûïîëíåííûé ïîëèíîìèíàëüíûìè ôóíêöèÿìè ïðèâåäåí â
òàáë. 2, à ãðàôèêè çàâèñèìîñòè àïïðîêñèìàöèè ïîëèíîìàìè ïðåäñòàâëåí íà ðèñ. 4.
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Òàáëèöà 2

Ðåçóëüòàòû ðåãðåññèîííîãî àíàëèçà ïîëèíîìèíàëüíûìè ôóíêöèÿìè

Ñòåïåíü Óðàâíåíèå ÑÊÎ
1 η = 0,498− 0,0998(lgf) 2,70 · 10−2

2 η = 0,537− 0,18(lgf) + 0,0148(lgf)2 2,76 · 10−2

3 η = 0,019 + 0,462(lgf)− 0,235(lgf)2 + 0,0308(lgf)3 2,67 · 10−2

4 η = −2,35 + 4,4(lgf)− 2,587(lgf)2 + 0,632(lgf)3 − 0,0556(lgf)4 2,42 · 10−2

5 η = −13,815 + 28,203(lgf)− 21,75(lgf)2 + 8,118(lgf)3− 1,78 · 10−2

−1,478(lgf)4 + 0,1053(lgf)5

6 η = −18,034 + 38,684(lgf)− 32,34(lgf)2 + 13,692(lgf)3− 2,17 · 10−2

−3,091(lgf)4 + 0,349(lgf)5 − 0,015(lgf)6

7 η = 254,66− 748,02(lgf) + 921,58(lgf)2 − 616,86(lgf)3+ 1,145 · 10−2

+242,46(lgf)4 − 56,026(lgf)5 + 7,056(lgf)6 − 0,374(lgf)7

Ðèñ. 4. Ãðàôèêè àïïðîêñèìàöèè ïîëèíîìàìè äëÿ øëèôîâàëüíîãî êðóãà òîëùèíîé 6 ìì

Íàèìåíüøåå ñðåäíåêâàäðàòè÷íîå îòêëîíåíèå èç âñåõ ôóíêöèé ÿâëÿåòñÿ
ïîëèíîìèíàëüíîé ôóíêöèåé ñåäüìîé ñòåïåíè, òî ðåãðåññèîííàÿ çàâèñèìîñòü, èçîáðàæåííàÿ
íà ãðàôèêå, èìååò ñëåäóþùèé âèä [7-8]:

η = 254,66− 748,02(lgf) + 921,58(lgf)2 − 616,86(lgf)3 + 242,46(lgf)4−
− 56,026(lgf)5 + 7,056(lgf)6 − 0,374(lgf)7

3. Ñèñòåìà ñíèæåíèÿ øóìà îò øëèôîâàëüíîãî êðóãà

Ïîëó÷åííîå óðàâíåíèå ðåãðåññèè è ïîçâîëÿåò âûïîëíèòü ðàñ÷åò óðîâíåé çâóêîâîãî
äàâëåíèÿ øëèôîâàëüíîãî êðóãà. Ïðîöåññ øëèôîâàíèÿ ðåàëèçóåòñÿ ïðè ìàëûõ çíà÷åíèÿõ
ãëóáèíû ðåçàíèÿ. Ïîýòîìó ïðåäëàãàåìàÿ ñèñòåìà ñíèæåíèÿ øóìà (ðèñ.5) ïðåäñòàâëÿåò
ñîáîé óñòàíàâëèâàåìûå ñ äâóõ ñòîðîí øëèôîâàëüíîãî êðóãà øàéáû, äèàìåòð êîòîðûõ íà
8-10 ìì ìåíüøå äèàìåòðà øëèôîâàëüíîãî êðóãà [9-11].
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Ðèñ. 5. Óçåë êðåïëåíèÿ øëèôîâàëüíîãî êðóãà:
à) 1 � äâóõñëîéíûå ïëàñòèíû; 2 � ðåçèíà ãóá÷àòàÿ òîëùèíîé 2ö3 ìì;

3 � ñòåêëîïëàñòèê òîëùèíîé 2 ìì; á) 3D ìîäåëü

Ñàìè øàéáû ïðåäñòàâëÿþò ñîáîé äâóõñëîéíóþ ñèñòåìó, ñîñòîÿùóþ èç
íàìàãíè÷åííîé ðåçèíû ìàðêè 1002, èìåþùåé âåëè÷èíó η = 0,6 è òîëùèíîé 6 ìì [6,7].
Äëÿ ïðåäîòâðàùåíèÿ âîçäåéñòâèÿ ñòðóæêîé ñ íàðóæíîé ñòîðîíû âèáðîïîãëîùàþùèé
ñëîé çàêðûâàåòñÿ ñòàëüíûìè øàéáàìè òîëùèíîé 0,5÷0,8 ìì.

Äëÿ êðóãà h x d = 6 x 250 ìì è h x d = 13 õ 250 ìì äèàìåòð øàéáû ñîñòàâëÿåò
230 ìì, ïðè÷åì ïî ìåðå èçíîñà øëèôîâàëüíîãî êðóãà äî êðèòè÷åñêèõ ðàçìåðîâ øàéáû
ñîîòâåòñòâåííî ìåíÿþòñÿ (ñ ó÷åòîì òîãî, ÷òî äèàìåòð øàéáû ìåíüøå äèàìåòðà êðóãà íà
20 ìì).

Äëÿ êðóãà h x d = 6 õ 250 ìì ñíèæåíèå øóìà çà ñ÷åò óìåíüøåíèÿ ïëîùàäè
çâóêîâîãî èçëó÷åíèÿ ñîñòàâëÿåò 12 äÁ. Ñíèæåíèå óðîâíåé çâóêîâîãî äàâëåíèÿ îò ýôôåêòà
âèáðîïîãëîùåíèÿ îïðåäåëÿåòñÿ ïî ôîðìóëå:

L = lg
4 · 109 · 2,16 · 10−7 · 0,05 + 2 · 107 · 2,16 · 10−7 · 0,6

(2 · 109 · 2,16 · 10−7 + 2 · 107 · 2,16 · 10−7)0,05
= 7äÁ

Òàêèì îáðàçîì, ó÷èòûâàÿ ñëîæåíèå âåëè÷èí ñíèæåíèå óðîâíåé çâóêîâîãî
äàâëåíèÿ êðóãà h x d = 6 õ 250 ìì ñîñòàâëÿåò 13 äÁ.

Äëÿ êðóãà h x d = 13 õ 250 ìì ñíèæåíèå óðîâíåé çâóêîâîãî äàâëåíèÿ îò
ñíèæåíèÿ ïëîùàäè çâóêîèçëó÷àþùåé ïîâåðõíîñòè ñîñòàâëÿåò 13 äÁ, à çà ñ÷åò ýôôåêòà
âèáðîïîãëîùåíèÿ � 6 äÁ.

Çàêëþ÷åíèå

Ñëåäóåò îòìåòèòü, ÷òî ýôôåêò ñíèæåíèÿ øóìà ïîëó÷àåìûé çà ñ÷åò ÷àñòè÷íîé
çâóêîèçîëÿöèè çíà÷èòåëüíî áîëüøå, ÷åì îò âèáðîïîãëîùåíèÿ, îäíàêî ñíèæåíèå
óðîâíåé âèáðàöèè øëèôîâàëüíûõ êðóãîâ îáåñïå÷èâàåòñÿ èìåííî âèáðîïîãëîùàþùèìè
ýëåìåíòàìè, à ýòî ïðèâîäèò ê ñóùåñòâåííîìó óëó÷øåíèþ êà÷åñòâà îáðàáàòûâàåìûõ
ïîâåðõíîñòåé, êîòîðûå äîñòèãàåòñÿ ïðè ôèíèøíîé îáðàáîòêå øëèôîâàíèåì.
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