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Àííîòàöèÿ

Íà øëèöåôðåçåðíûõ ñòàíêàõ îáðàáàòûâàþòñÿ èçäåëèÿ çíà÷èòåëüíî îòëè÷àþùèåñÿ ïî äèàìåòðàì

è äëèíàì, ñîîòâåòñòâåííî, ïî âåëè÷èíàì èçãèáíîé æåñòîêîñòè è èõ ñîîòíîøåíèþ ñ æåñòêîñòüþ îïîð.

Ïîýòîìó â ñòàòüå ðàññìîòðåíû àêóñòè÷åñêèå õàðàêòåðèñòèêè øëèöåôðåçåðíûõ ñòàíêîâ, ó êîòîðûõ

óçåë ðåçàíèÿ ïðåäñòàâëåí êàê ñèñòåìà ñ ðàñïðåäåëåííîé ìàññîé ñ òðåìÿ óñëîâèÿìè çàêðåïëåíèÿ:

øàðíèðíî-îïåðòîãî, æ¼ñòêî çàùåìëåííîãî ñòåðæíÿ è íà óïðóãî-ïîäàòëèâûõ îïîðàõ. Ðàññìîòðåíû

ñèëîâûå âîçäåéñòâèÿ ïðîöåññà ôðåçåðîâàíèÿ è ïðåäñòàâëåíû äèôôåðåíöèàëüíûå óðàâíåíèÿ êîëåáàíèé

çàãîòîâêè, à òàêæå èõ ðåøåíèå ïðè ðàçëè÷íûõ ñïîñîáàõ çàêðåïëåíèÿ ñ ó÷åòîì ñïåöèôèêè çàäàíèÿ

ñèëîâîãî âîçäåéñòâèÿ. Ðåçóëüòàòû òåîðåòè÷åñêèõ èññëåäîâàíèé äàþò âîçìîæíîñòü ïðîãíîçèðîâàíèÿ

îæèäàåìûõ óðîâíåé øóìà íà ýòàæå ïðîåêòèðîâàíèÿ êàê ñòàíî÷íîãî îáîðóäîâàíèÿ, òàê è òåõíîëîãè÷åñêèõ

ïðîöåññîâ, òàê êàê ó÷èòûâàþò âñå ãåîìåòðè÷åñêèå, ôèçèêî-ìåõàíè÷åñêèå ïàðàìåòðû îáðàáàòûâàåìûõ

èçäåëèé è ðåæóùåãî èíñòðóìåíòà, à òàêæå òåõíîëîãè÷åñêèå ðåæèìû îáðàáîòêè è ñïîñîáû çàêðåïëåíèÿ.

Êëþ÷åâûå ñëîâà: ôðåçà, ðåçüáîâîé ðåçåö, øàðíèðíîå çàêðåïëåíèå, æåñòêîå çàêðåïëåíèå,

óïðóãî-äèññèïàòèâíîå çàêðåïëåíèå, óðàâíåíèå êîëåáàíèé.
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Abstract

Products signi�cantly di�ering in diameters and lengths, respectively, in the values of bending cruelty

and their ratio to the sti�ness of the supports are processed on slotted milling machines. Therefore, the article

considers the acoustic characteristics of slotted milling machines, in which the cutting unit is presented as a
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system with a distributed mass with three conditions of fastening: a hinged, rigidly pinched rod and on elastic-

yielding supports. The force e�ects of the milling process are considered and the di�erential equations of the

workpiece vibrations are presented, as well as their solution with various methods of �xing, taking into account

the speci�cs of the task of force action. The results of theoretical studies make it possible to predict the expected

noise levels on the design �oor of both machine equipment and technological processes, since they take into

account all geometric, physico-mechanical parameters of the processed products and cutting tools, as well as

technological processing modes.

Keywords: milling cutter, threaded cutter, hinge fastening, rigid fastening, elastic-dissipative

fastening, oscillation equation.

Ââåäåíèå

Â ìàøèíîñòðîèòåëüíîì ïðîèçâîäñòâå äîñòàòî÷íî øèðîêî ïðèìåíÿòñÿ ïðîöåññ
ôðåçåðîâàíèÿ íàðóæíûõ è âíóòðåííèõ ðåçüá. Ýòîò ïðîöåññ çà÷àñòóþ ñîïðîâîæäàåòñÿ
íåãàòèâíûìè ÿâëåíèÿìè, ïðåâûøàþùèìè ñàíèòàðíûå íîðìû ïî ïðåäåëüíî-äîïóñòèìîìó
óðîâíþ øóìà íà ðàáî÷èõ ìåñòàõ ñòàíî÷íèêà øëèöåôðåçåðíûõ ñòàíêîâ. Âîçäåéñòâèå
ïîâûøåííîãî øóìà ïðèâîäèò êàê ê ïðîôåññèîíàëüíûì çàáîëåâàíèÿì, òàê è ê ñíèæåíèþ
ïðîèçâîäèòåëüíîñòè òðóäà. Â íàñòîÿùåå âðåìÿ èçó÷åíèþ âîïðîñîâ ïîâûøåíèÿ
âèáðîàêóñòè÷åñêîãî êîìôîðòà ïîñâÿùåí áîëüøîé îáúåì íàó÷íûõ èññëåäîâàíèé [1�10],
íî äëÿ ðàáî÷èõ ìåñò ñòàíî÷íèêîâ øëèöåôðåçåðíûõ ñòàíêîâ îñòàåòñÿ íåäîñòàòî÷íî
èçó÷åíûì.

1. Îáúåêò èññëåäîâàíèÿ

Ñêîðîñòè êîëåáàíèé îïðàâêè ÷åðâÿ÷íîé ôðåçû êàê ñèñòåìà ñ ðàñïðåäåëåííîé
ìàññîé îïðåäåëåíû äëÿ òðåõ óñëîâèé çàêðåïëåíèÿ: � øàðíèðíî-îïåðòîãî, æ¼ñòêî
çàùåìëåííîãî ñòåðæíÿ è íà óïðóãî-ïîäàòëèâûõ îïîðàõ èñõîäÿ èç óðàâíåíèÿ:

EJ∂4z(y)

∂x4
+ ρF

∂2z(y)

∂t2
= 1,3 · 10−4Pz,yδ(x− x0),

ãäå E è J � ìîäóëü óïðóãîñòè (Ïà) è ìîìåíò èíåðöèè (ì4) îïðàâêè; ρ è F �
ïëîòíîñòü (êã/ì3) ìàòåðèàëà è ïëîùàäü ïîïåðå÷íîãî ñå÷åíèÿ (ì2); δ(x − x0) � äåëüòà
ôóíêöèÿ â êîîðäèíàòå x0 .

Ñèëîâûå âîçäåéñòâèÿ ïðîöåññà ôðåçåðîâàíèÿ èìååò ãàðìîíè÷åñêèé õàðàêòåð,
ïîýòîìó ðåøåíèå óðàâíåíèÿ êîëåáàíèé öåëåñîîáðàçíî ïðåäñòàâëÿòü â âèäå ãàðìîíè÷åñêîé
ôóíêöèè. Òîãäà, óðàâíåíèå, îïðåäåëÿþùåå ôóíêöèþ f(t) , ïðåäñòàâëåíû â ñëåäóþùåì
âèäå: 

f”kz(t) +
(

k
Rφ

)2
6,3·106
lφ

fkz =
4Pz ·10−5

R2
φlφ

cos
[
0,1nz∗t− (q − 1)2π

z∗

]
f”ky(t) +

(
k
Rφ

)2
6,3·106
lφ

fky =
1,6Pz ·105
R2
φlφ

cos
[
0,1nz∗t− (q − 1)2π

z∗

]
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2. Ìåòîäû èññëåäîâàíèÿ

Äëÿ êðóãëîãî ñòàëüíîãî ñòåðæíÿ â çàâèñèìîñòè îò êðàåâûõ óñëîâèé çàêðåïëåíèÿ
è ó÷èòûâàÿ, ÷òî êîîðäèíàòà ñèëîâîãî âîçäåéñòâèÿ íå èçìåíÿåòñÿ â òå÷åíèå âðåìåíè
îáðàáîòêè ïîëó÷åíû ñëåäóþùèå óðàâíåíèÿ è èõ ðåøåíèÿ îòíîñèòåëüíî ìîäóëÿ ñêîðîñòåé
êîëåáàíèé è ñ ó÷åòîì ýôôåêòèâíîãî êîýôôèöèåíòà ïîòåðü êîëåáàòåëüíîé ýíåðãèè (η).

Äëÿ óñëîâèé øàðíèðíîãî çàêðåïëåíèÿ

d2z

dt2
+ 107d20

(k
l

)
z =

3 · 10−4Pz
d20l

cos
[
0,1nz∗t− (q − 1)

2π

z∗

]
d2y

dt2
+ 107d20

(k
l

)
y =

1,2 · 10−4Pz
d20l

cos
[
0,1nz∗t− (q − 1)

2π

z∗

]

Vk =

√(dz
dt

)2
max

+
(dy
dt

)2
max

=
3,2 · 10−5Pznz

∗

d20l
·
k∗∑
k=1

[
106d20

(
k
l

)4
− 0,01

(
nz∗
)2]

[
107d20

(
k
l

)4
− 0,01

(
nz∗
)2]2

+ 1014d40

(
k
l

)8 ,
ãäå d0 � äèàìåòð îïðàâêè, ì; l � äëèíà îïðàâêè, ì.

Äëÿ óñëîâèé æåñòêîãî çàêðåïëåíèÿ

Âûâîä çàâèñèìîñòåé ñêîðîñòåé êîëåáàíèé çàãîòîâîê ïðè íàðåçàíèè âíóòðåííèõ
ðåçüá.

Ïðè ôðåçåðîâàíèè âíóòðåííåé ðåçüáû óðàâíåíèå êîëåáàíèé çàãîòîâêè äëÿ óñëîâèé
êîíñîëüíîãî çàêðåïëåíèÿ îïðåäåëÿåòñÿ ñëåäóþùèì îáðàçîì

d2z1
dt2

+ 8 · 108d20
(
k
l

)4
z1 =

7,5·10−5Pz
d20l

cos
[
0,1nz∗t− (q − 1)2π

z∗

]
d2y1
dt2

+ 8 · 108d20
(
k
l

)4
y1 =

3·10−5Pz
d20l

cos
[
0,1nz∗t− (q − 1)2π

z∗

]


d2z2
dt2

+ 1 · 107d20
(
k
l

)4
z2 = −2,3·10−4Pz

d20l
cos
[
0,1nz∗t− (q − 1)2π

z∗

]
d2y2
dt2

+ 1 · 107d20
(
k
l

)4
y2 = −1·10−5Pz

d20l
cos
[
0,1nz∗t− (q − 1)2π

z∗

]

∣∣Vkz∣∣max =

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣
10−5Pznz∗

d20l
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(
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)4
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(
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)2
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(
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l
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(
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(
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−
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(
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(
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Vkmax =
√

(Vkymax)
2 + (Vkymax)

2.

Äëÿ óñëîâèé óïðóãî-äèññèïàòèâíîãî çàêðåïëåíèÿ

Âûâîä çàâèñèìîñòåé ñêîðîñòåé êîëåáàíèé çàãîòîâîê ïðè íàðåçàíèè âíóòðåííèõ
ðåçüá.

Ïðè ôðåçåðîâàíèè âíóòðåííåé ðåçüáû óðàâíåíèå êîëåáàíèé çàãîòîâêè äëÿ óñëîâèé
êîíñîëüíîãî çàêðåïëåíèÿ îïðåäåëÿåòñÿ ñëåäóþùèì îáðàçîì

d2z1
dt2

+ 6
EJz
ρF

(10k − 1

l

)4
z1 =

1,6 · 10−5Pz
ρF

cos
[
0,1nz∗t− (q − 1)

2π

z∗

]
,

d2z2
dt2

+ 6
EJz
ρF

(6k + 1

l

)4
z2 =

1,6 · 10−5Pz
ρF

cos
[
0,1nz∗t− (q − 1)

2π

z∗

]
,

d2z3
dt2

+ 6
EJz
ρF

(6k − 1

l

)4
z3 =

6,4 · 10−5Pz
ρF

cos
[
0,1nz∗t− (q − 1)

2π

z∗

]
,

d2z4
dt2

+ 6
EJz
ρF

(2k + 1

l

)4
z4 =

6,4 · 10−5Pz
ρF

cos
[
0,1nz∗t− (q − 1)

2π

z∗

]
,

d2z5
dt2

+ 6
EJz
ρF

(2k − 1

l

)4
z5 =

2,6 · 10−5Pz
ρF

cos
[
0,1nz∗t− (q − 1)

2π

z∗

]
,

d2y1
dt2

+ 6
EJy
ρF

(10k − 1

l

)4
y1 =

6,4 · 10−5Pz
ρF

cos
[
0,1nz∗t− (q − 1)

2π

z∗

]
,

d2y2
dt2

+ 6
EJy
ρF

(6k + 1

l

)4
y2 =

6,4 · 10−5Pz
ρF

cos
[
0,1nz∗t− (q − 1)

2π

z∗

]
,

d2y3
dt2

+ 6
EJy
ρF

(6k − 1

l

)4
y3 =

2,6 · 10−5Pz
ρF

cos
[
0,1nz∗t− (q − 1)

2π

z∗

]
,

d2y4
dt2

+ 6
EJy
ρF

(2k + 1

l

)4
y4 =

2,6 · 10−5Pz
ρF

cos
[
0,1nz∗t− (q − 1)

2π

z∗

]
,

d2y5
dt2

+ 6
EJy
ρF

(2k − 1

l

)4
y5 =

10−5Pz
ρF

cos
[
0,1nz∗t− (q − 1)

2π

z∗

]
.

Àíàëîãè÷íûì îáðàçîì çàäàþòñÿ óðàâíåíèÿ êîëåáàíèé ïðè íàðåçàíèè âíóòðåííåé
ðåçüáû ðåçüáîâûì ðåçöîì (ñ ó÷åòîì àíàëèòè÷åñêîãî âûðàæåíèÿ ñèë ðåçàíèÿ).

d2z1
dt2

+ 6
EJz
ρF

(10k − 1

l

)4
z1 =

1,6 · 10−5Pz
ρF

(1 + 0,3 sinωt),

d2z2
dt2

+ 6
EJz
ρF

(6k + 1

l

)4
z2 =

1,6 · 10−5Pz
ρF

(1 + 0,3 sinωt),

d2z3
dt2

+ 6
EJz
ρF

(6k − 1

l

)4
z3 =

6,4 · 10−5Pz
ρF

(1 + 0,3 sinωt),

d2z4
dt2

+ 6
EJz
ρF

(2k + 1

l

)4
z4 =

6,4 · 10−5Pz
ρF

(1 + 0,3 sinωt),

d2z5
dt2

+ 6
EJz
ρF

(2k − 1

l

)4
z5 =

2,6 · 10−5Pz
ρF

(1 + 0,3 sinωt),

d2y1
dt2

+ 6
EJy
ρF

(10k − 1

l

)4
y1 =

1,6 · 10−5Py
ρF

(1 + 0,3 sinωt),



NOISE Theory and Practice 47

d2y2
dt2

+ 6
EJy
ρF

(6k + 1

l

)4
y2 =

1,6 · 10−5Py
ρF

(1 + 0,3 sinωt),

d2y3
dt2

+ 6
EJy
ρF

(6k − 1

l

)4
y3 =

6,4 · 10−5Py
ρF

(1 + 0,3 sinωt),

d2y4
dt2

+ 6
EJy
ρF

(2k + 1

l

)4
y4 =

6,4 · 10−5Py
ρF

(1 + 0,3 sinωt),

d2y5
dt2

+ 6
EJy
ρF

(2k − 1

l

)4
y5 =

2,6 · 10−5Py
ρF

(1 + 0,3 sinωt).

Ðåøåíèå óðàâíåíèé â âèäå ìîäóëåé äåéñòâèòåëüíûõ ÷àñòåé ñêîðîñòåé êîëåáàíèé
îïðåäåëÿþòñÿ ïî ôîðìóëàì:

Äëÿ òåõíîëîãè÷åñêîãî ïðîöåññà íàðåçàíèÿ ðåçüáû ðåçüáîâûì ðåçöîì

|Re{Vkz1}| =

∣∣∣∣∣∣∣∣∣
k∗∑
k=1

−0,8Pzl3∂
EJz

·
√

EJz
ρF

(
10k−1
l

)2
sin 6EJz

ρF

(
10k−1
l

)2
+

+4,8·10−6Pzω
ρF

·
[
6EJz
ρF

(
10k−1
l

)4
−ω2
]
cosωt[

6EJz
ρF

(
10k−1
l

)4
−ω2
]2

+36
(
EJz
ρF

η
)2(

10k−1
l

)8
∣∣∣∣∣∣∣∣∣

|Re{Vkz2}| =

∣∣∣∣∣∣∣∣∣
k∗∑
k=1

−0,8Pzl3∂
EJz

·
√

EJz
ρF

(
6k+1
l

)2
sin 6EJz

ρF

(
6k+1
l

)2
+

+4,8·10−6Pzω
ρF

· [6EJz
ρF

(
6k+1
l

)4
−ω2] cosωt[

6EJz
ρF

(
6k+1
l

)4
−ω2
]2

+36
(
EJz
ρF

η
)2(

6k+1
l

)8
∣∣∣∣∣∣∣∣∣

|Re{Vkz3}| =

∣∣∣∣∣∣∣∣∣
k∗∑
k=1

−0,8Pzl3∂
EJz

·
√

EJz
ρF

(
6k−1
l

)2
sin 6EJz

ρF

(
6k−1
l

)2
+

+10−5Pzω
ρF

·
[
6EJz
ρF

( 6k−1
l

)4−ω2
]
cosωt[

6EJz
ρF

(
6k−1
l

)4
−ω2

]2
+36
(
EJz
ρF

η
)2(

6k−1
l

)8
∣∣∣∣∣∣∣∣∣

|Re{Vkz4}| =

∣∣∣∣∣∣∣∣∣
k∗∑
k=1

−0,8Pzl3∂
EJz

·
√

EJz
ρF

(
2k+1
l

)2
sin 6EJz

ρF

(
2k+1
l

)2
+

+10−5Pzω
ρF

·
[
6EJz
ρF

(
2k+1
l

)4
−ω2
]
cosωt[

6EJz
ρF

(
2k+1
l

)4
−ω2

]2
+36
(
EJz
ρF

η
)2(

2k+1
l

)8
∣∣∣∣∣∣∣∣∣

|Re{Vkz5}| =

∣∣∣∣∣∣∣∣∣
k∗∑
k=1

−0,8Pzl3∂
EJz

·
√

EJz
ρF

(
2k−1
l

)2
sin 6EJz

ρF

(
2k+1
l

)2
+

+7,8·10−6Pzω
ρF

·
[
6EJz
ρF

(
2k−1
l

)4
−ω2
]
cosωt[

6EJz
ρF

(
2k−1
l

)4
−ω2

]2
+36
(
EJz
ρF

η
)2(

2k−1
l

)8
∣∣∣∣∣∣∣∣∣

Àíàëîãè÷íûìè çàâèñèìîñòÿìè îïðåäåëÿþòñÿ ñêîðîñòè êîëåáàíèé â íàïðàâëåíèè
îñè OY (ñ ó÷åòîì çàìåíû Pz íà Py è Jz íà Jy )

ReVk =

√√√√ 5∑
1

(ReVkz)2 + (ReVky)2

äëÿ óñëîâèé ôðåçåðîâàíèÿ

|Re{Vkz1}| =
k∗∑
k=1

−0,8Pzl
3
∂

EJz
·

√
EJz
ρF

(10k − 1

l

)2
sin 2,45

√
EJz
ρF

(10k − 1

l

)2
t+

+
1,6 · 10−6Pznz

∗

ρF
·
[
6EJz
ρF

(
10k−1
l

)4 − (0,1nz∗)2
]
sin
[
0,1nz∗t− (q − 1)2π

z∗

][
6EJz
ρF

(
10k−1
l

)4 − (0,1nz∗)2
]2

+ 36
(
EJz
ρF
η
)2(10k−1

l

)8
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|Re{Vkz2}| =
k∗∑
k=1

−0,8Pzl
3
∂

EJz
·

√
EJz
ρF

(6k + 1

l

)2
sin 2,45

√
EJz
ρF

(6k + 1

l

)2
t+

+
1,6 · 10−6Pznz

∗

ρF
·
[
6EJz
ρF

(
6k+1
l

)4 − (0,1nz∗)2
]
sin
[
0,1nz∗t− (q − 1)2π

z∗

][
6EJz
ρF

(
6k+1
l

)4 − (0,1nz∗)2
]2

+ 36
(
EJz
ρF
η
)2(6k+1

l

)8
|Re{Vkz3}| =

k∗∑
k=1

−0,8Pzl
3
∂

EJz
·

√
EJz
ρF

(6k − 1

l

)2
sin 2,45

√
EJz
ρF

(6k − 1

l

)2
t+

+
6,4 · 10−6Pznz

∗

ρF
·
[
6EJz
ρF

(
6k−1
l

)4 − (0,1nz∗)2
]
sin
[
0,1nz∗t− (q − 1)2π

z∗

][
6EJz
ρF

(
6k−1
l

)4 − (0,1nz∗)2
]2

+ 36
(
EJz
ρF
η
)2(6k−1

l

)8
|Re{Vkz4}| =

k∗∑
k=1

−0,8Pzl
3
∂

EJz
·

√
EJz
ρF

(2k + 1

l

)2
sin 2,45

√
EJz
ρF

(2k + 1

l

)2
t+

+
6,4 · 10−6Pznz

∗

ρF
·
[
6EJz
ρF

(
2k+1
l

)4 − (0,1nz∗)2
]
sin
[
0,1nz∗t− (q − 1)2π

z∗

][
6EJz
ρF

(
2k+1
l

)4 − (0,1nz∗)2
]2

+ 36
(
EJz
ρF
η
)2(2k+1

l

)8
|Re{Vkz5}| =

k∗∑
k=1

−0,8Pzl
3
∂

EJz
·

√
EJz
ρF

(2k + 1

l

)2
sin 2,45

√
EJz
ρF

(2k + 1

l

)2
t+

+
2,6 · 10−6Pznz

∗

ρF
·
[
6EJz
ρF

(
2k+1
l

)4 − (0,1nz∗)2
]
sin
[
0,1nz∗t− (q − 1)2π

z∗

][
6EJz
ρF

(
2k+1
l

)4 − (0,1nz∗)2
]2

+ 36
(
EJz
ρF
η
)2(2k+1

l

)8
|Re{Vky1}| =

k∗∑
k=1

−0,8Pzl
3
∂

EJy
·

√
EJy
ρF

(10k − 1

l

)2
sin 2,45

√
EJy
ρF

(10k − 1

l

)2
t+

+
6,4 · 10−6Pznz

∗

ρF
·
[
6EJy
ρF

(
10k−1
l

)4 − (0,1nz∗)2
]
sin
[
0,1nz∗t− (q − 1)2π

z∗

][
6EJy
ρF

(
10k−1
l

)4 − (0,1nz∗)2
]2

+ 36
(EJy
ρF
η
)2(10k−1

l

)8
|Re{Vky2}| =

k∗∑
k=1

−0,8Pzl
3
∂

EJy
·

√
EJy
ρF

(6k + 1

l

)2
sin 2,45

√
EJy
ρF

(6k + 1

l

)2
t+

+
1,6 · 10−6Pznz

∗

ρF
·
[
6EJy
ρF

(
6k+1
l

)4 − (0,1nz∗)2
]
sin
[
0,1nz∗t− (q − 1)2π

z∗

][
6EJy
ρF

(
6k+1
l

)4 − (0,1nz∗)2
]2

+ 36
(EJy
ρF
η
)2(6k+1

l

)8
|Re{Vky3}| =

k∗∑
k=1

−0,8Pzl
3
∂

EJy
·

√
EJy
ρF

(6k − 1

l

)2
sin 2,45

√
EJy
ρF

(6k − 1

l

)2
t+

+
2,6 · 10−5Pznz

∗

ρF
·
[
6EJy
ρF

(
6k−1
l

)4 − (0,1nz∗)2
]
sin
[
0,1nz∗t− (q − 1)2π

z∗

][
6EJy
ρF

(
6k−1
l

)4 − (0,1nz∗)2
]2

+ 36
(EJy
ρF
η
)2(6k−1

l

)8
|Re{Vky4}| =

k∗∑
k=1

−0,8Pzl
3
∂

EJy
·

√
EJy
ρF

(2k + 1

l

)2
sin 2,45

√
EJy
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(2k + 1

l

)2
t+
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·
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(
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sin
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(
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)4 − (0,1nz∗)2
]2

+ 36
(EJy
ρF
η
)2(2k+1

l

)8
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|Re{Vky5}| =
k∗∑
k=1

−0,8Pzl
3
∂

EJy
·

√
EJy
ρF

(2k − 1

l

)2
sin 2,45

√
EJy
ρF

(2k − 1

l

)2
t+

+
10−5Pznz

∗

ρF
·
[
6EJy
ρF

(
2k−1
l

)4 − (0,1nz∗)2
]
sin
[
0,1nz∗t− (q − 1)2π

z∗

][
6EJy
ρF

(
2k−1
l

)4 − (0,1nz∗)2
]2

+ 36
(EJy
ρF
η
)2(2k−1

l

)8
|Re{Vkz}| =

5∑
1

|Re{Vkzi}|; |Re{Vky}| =
5∑
1

|Re{Vkyi}|;

Re{Vk} =

√√√√ 5∑
1

(ReVkz)2 + (ReVky)2,

ãäå l∂ � äëèíà êîíñîëüíîé ÷àñòè äåòàëè, ì.

3. Ðåçóëüòàòû èññëåäîâàíèÿ

Ïðè íàðåçàíèè ðåçüáû íà òîêàðíîì ðåçüáîíàðåçíîì ñòàíêå ñ ó÷åòîì ñïåöèôèêè
çàäàíèÿ ñèëîâîãî âîçäåéñòâèÿ ïîëó÷åíû ñëåäóþùèå äèôôåðåíöèàëüíûå óðàâíåíèÿ è èõ
ðåøåíèÿ îòíîñèòåëüíî äåéñòâèòåëüíîé ÷àñòè ñêîðîñòåé êîëåáàíèé. Ïðèìåíèòåëüíî ê
âàðèàíòó øàðíèðíîãî çàêðåïëåíèÿ çàãîòîâêè

d2z

dt2
+ 6

E

ρ
d2
(k
l

)4
z =

0,64Pz
ρd2l

k∗∑
k=1

sin
πkSn
l

t+ 0,15
[
sin
(πkSn

l
+ ω

)
t+ sin

(πkSn
l
− ω

)
t
]

d2y

dt2
+ 6d2

(k
l

)4
y =

0,64Pz
ρd2l

k∗∑
k=1

sin
πkSn
l

t+ 0,15
[
sin
(πkSn

l
+ ω

)
t+ sin

(πkSn
l
− ω

)
t
]

|Vkz| =
0,64Pz
ρd2l


∑k∗

k=1

[
6E
ρ
d2
(
k
l

)4
−
(
πkSn
l

)2]
πkSn
l

cos πkSn
l

t[
6d2
(
k
l

)4
−
(
πkSn
l

)2]2
+36d4η2

(
k
l

)8 +

+0,15

{[
6d2
(
k
l

)4
−(πkSn

l
+ω)2

]
(πkSn

l
+ω) cos(πkSn

l
t+ω)t[

6E
ρ
d2
(
k
l

)4
−(πkSn

l
+ω)2

]2
+36d4

(
E
ρ

)2
η2
(
k
l

)4 }


|Vky| =
0,64Py
ρd2l


∑k∗

k=1

[
6E
ρ
d2
(
k
l

)4
−
(
πkSn
l

)2]
πkSn
l

cos πkSn
l

t[
6d2
(
k
l

)4
−
(
πkSn
l

)2]2
+36d4η2

(
k
l

)8 +

+0,15

{[
6d2
(
k
l

)4
−
(
πkSn
l

+ω
)2]

(πkSn
l

+ω) cos(πkSn
l

t+ω)t[
6E
ρ
d2
(
k
l

)4
−
(
πkSn
l

+ω
)2]2

+36d4
(
E
ρ

)2
η2
(
k
l

)4 }


Äëÿ óñëîâèé æåñòêîãî çàêðåïëåíèÿ çàãîòîâêè

d2z1
dt2

+ 5 · 102E
ρ
d2
(k
l

)4
z1 =

0,04Pz
ρd2l

k∗∑
k=1

sin
3πkV

l
t− 3 sin

πkV

l
t+

+ 0,15
[
sin
(3πkV

l
+ ω

)
t+ sin

(3πkSn
l
− ω

)
t
]
− 0,45

[
sin
(πkV

l
+ ω

)
t+ sin

(πkV
l
− ω

)
t
]

d2z2
dt2

+ 6
E

ρ
d2
(k
l

)4
z2 = −

0,12Pz
ρd2l

k∗∑
k=1

sin
3πkV

l
t− 3 sin

πkV

l
t+

+ 0,15
[
sin
(3πkV

l
+ ω

)
t+ sin

(3πkSn
l
− ω

)
t
]
− 0,45

[
sin
(πkV

l
+ ω

)
t+ sin

(πkV
l
− ω

)
t
]
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d2y1
dt2

+ 5 · 102E
ρ
d2
(k
l

)4
y1 =

0,04Pz
ρd2l

k∗∑
k=1

sin
3πkV

l
t− 3 sin

πkV

l
t+

+ 0,15
[
sin
(3πkV

l
+ ω

)
t+ sin

(3πkSn
l
− ω

)
t
]
− 0,45

[
sin
(πkV

l
+ ω

)
t+ sin

(πkV
l
− ω

)
t
]

d2y2
dt2

+ 6
E

ρ
d2
(k
l

)4
y2 = −

0,12Pz
ρd2l

k∗∑
k=1

sin
3πkV

l
t− 3 sin

πkV

l
t+

+ 0,15
[
sin
(3πkV

l
+ ω

)
t+ sin

(3πkSn
l
− ω

)
t
]
− 0,45

[
sin
(πkV

l
+ ω

)
t+ sin

(πkV
l
− ω

)
t
]

Çàêëþ÷åíèå

Âûâåäåíû çàâèñèìîñòè ñêîðîñòåé êîëåáàíèé ðåæóùåãî èíñòðóìåíòà è çàãîòîâêè,
èñïîëüçóÿ ðàçðàáîòàííûå ïîäõîäû ê ðàñ÷åòó âèáðàöèé è øóìà øëèöåôðåçåðíîãî ñòàíêà ñ
ðàçëè÷íûìè óñëîâèÿìè çàêðåïëåíèÿ è ïîëó÷åíû ñèñòåìû äèôôåðåíöèàëüíûõ óðàâíåíèé
âòîðîãî ïîðÿäêà äëÿ êàæäîãî èç âàðèàíòîâ.

Ðåçóëüòàòû òåîðåòè÷åñêèõ èññëåäîâàíèé äàþò âîçìîæíîñòü ïðîãíîçèðîâàíèÿ
îæèäàåìûõ óðîâíåé øóìà íà ýòàæå ïðîåêòèðîâàíèÿ êàê ñòàíî÷íîãî îáîðóäîâàíèÿ, òàê è
òåõíîëîãè÷åñêèõ ïðîöåññîâ, òàê êàê ó÷èòûâàþò âñå ãåîìåòðè÷åñêèå, ôèçèêî-ìåõàíè÷åñêèå
ïàðàìåòðû îáðàáàòûâàåìûõ èçäåëèé è ðåæóùåãî èíñòðóìåíòà, à òàêæå òåõíîëîãè÷åñêèå
ðåæèìû îáðàáîòêè è ñïîñîáû çàêðåïëåíèÿ.
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