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Ïàðàìåòðû ïðîöåññà ïëàñòè÷åñêîé äåôîðìàöèè
ïðè âíóòðåííåì ðåçüáîâûäàâëèâàíèè

Â ñòàòüå ïðåäñòàâëåí àíàëèç óñëîâèé ôîðìèðîâàíèÿ âíóòðåííèõ ðåçüáîâûõ ïðîôèëåé
ïðè ðàáîòå íà÷àëüíîãî äåôîðìèðóþùåãî âèòêà ðåçüáîâûäàâëèâàþùåé êðåïåæíîé äåòàëè.
Äëÿ îïèñàíèÿ óñëîâèé ïðåäñòàâëåíû ãåîìåòðè÷åñêèå ýëåìåíòû ðàáî÷èõ ó÷àñòêîâ äåôîð-
ìèðóþùåãî âèòêà è ãðàôè÷åñêèå ñõåìû ïðîöåññà åãî âíåäðåíèÿ. Ðàçðàáîòàíû ìàòåìàòè-
÷åñêèå çàâèñèìîñòè äëÿ óñòàíîâëåíèÿ îñíîâíûõ ïàðàìåòðîâ ïðîöåññà äåôîðìàöèè, òàêèõ
êàê ñòåïåíü, ñêîðîñòü, îáú¼ì äåôîðìàöèè è äð. Îíè íåîáõîäèìû äëÿ ïðîèçâîäñòâà ðàñ÷å-
òîâ ñèëîâûõ ïîêàçàòåëåé ïðîöåññà ðåçüáîîáðàçîâàíèÿ êàê â îáû÷íûõ óñëîâèÿõ, òàê è ïðè
èñïîëüçîâàíèè èíòåíñèôèöèðóþùèõ âîçäåéñòâèé. Ïðåäëàãàåìàÿ ðàñ÷¼òíàÿ ìåòîäèêà ìî-
æåò áûòü ëåãêî àäàïòèðîâàíà äëÿ àíàëèçà ïîäîáíûõ ïðîöåññîâ, â ÷àñòíîñòè, ïðè ðàáîòå
ðàñêàòíèêîâ.

Êëþ÷åâûå ñëîâà: ðåçüáîâûäàâëèâàíèå, âíóòðåííÿÿ ðåçüáà, ñòåíêà îòâåðñòèÿ, ïëàñòè-
÷åñêàÿ äåôîðìàöèÿ, ðåçüáîôîðìèðóþùèé êðåï¼æ, ðàñêàòíèê, àáñîëþòíàÿ äåôîðìàöèÿ

Ïîëó÷åíèå âíóòðåííèõ ðåçüá ðàñêàòíèêàìè è ðåçüáîôîðìèðóþùèì êðåïåæîì

ñâÿçàíî ñ ïëàñòè÷åñêîé äåôîðìàöèåé, â ðåçóëüòàòå êîòîðîé îïðåäåë¼ííûé îáú¼ì ìå-

òàëëà âûäàâëèâàåòñÿ âåðøèíîé èíñòðóìåíòà è ïåðåòåêàåò â åãî ðåçüáîâóþ âïàäèíó,

ôîðìèðóÿ âíóòðåííèé ïðîôèëü. Òàêîé ïðîöåññ ïðîòåêàåò â ñòåñí¼ííûõ óñëîâèÿõ,

ñîïðîâîæäàþùèõñÿ âûñîêèìè çíà÷åíèÿìè óñèëèé è ìîìåíòîâ äåôîðìàöèè. Ïîñëåä-

íèå, â ñâîþ î÷åðåäü, çàâèñÿò îò ñêîðîñòè ðàáîòû èíñòðóìåíòà, ãåîìåòðèè åãî ðàáî÷èõ

ó÷àñòêîâ, ìåõàíè÷åñêèõ ñâîéñòâ îáðàáàòûâàåìîãî ìàòåðèàëà è òåõíîëîãè÷åñêèõ ôàê-

òîðîâ. Ñèëîâûå è ñêîðîñòíûå ïîêàçàòåëè ïðîöåññà ðåçüáîâûäàâëèâàíèÿ äîñòàòî÷íî

ïîäðîáíî èçó÷åíû ðàíåå [2; 5; 6]. Ïàðàìåòðû æå ñàìîãî äåôîðìàöèîííîãî ïðîöåñ-

ñà îñâåùåíû íå â ïîëíîé ìåðå. Íàïðèìåð, â ðàáîòå ïðåäëàãàåòñÿ ìåòîäèêà ðàñ÷¼òà

ñòåïåíè äåôîðìàöèè ¾Ïîëó÷åíèå ðåçüá âûäàâëèâàþùèìè ìåò÷èêàìè¿ [5]. Èìåþòñÿ

íåêîòîðûå ñâåäåíèÿ ïî ãëóáèíå óïðî÷íÿåìîãî ñëîÿ, âëèÿíèè ñêîðîñòè çàâèí÷èâàíèÿ,

íà ñèëîâûå ïîêàçàòåëè ïðîöåññà è äðóãèå äàííûå [3]. Îäíàêî òàêàÿ ðàçðîçíåííàÿ

èíôîðìàöèÿ íå ôîðìèðóåò îáùåé êàðòèíû ïðîöåññà, è íå ïîçâîëÿåò îöåíèòü òàêóþ

ñîâîêóïíîñòü ïàðàìåòðîâ, êàê àáñîëþòíàÿ è îòíîñèòåëüíàÿ äåôîðìàöèè, ñêîðîñòü
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äåôîðìàöèè, äåôîðìèðóåìûé îáú¼ì, ïëîùàäü âíåäðåíèÿ ðàáî÷åé ãðàíè èíñòðóìåí-

òà è ïðîñòðàíñòâî å¼ ïåðåìåùåíèÿ, ñòåïåíü äåôîðìàöèè ïðè ðåçüáîâûäàâëèâàíèè.

Íåîáõîäèìî îòìåòèòü, ÷òî ñêîðîñòü çàâèí÷èâàíèÿ è ñêîðîñòü äåôîðìàöèè åñòü âå-

ëè÷èíû ñâÿçàííûå, íî ðàçíûå.

Îïðåäåëåíèå ïåðå÷èñëåííûõ ïàðàìåòðîâ ìîæíî ðàññìîòðåòü íà ïðèìåðå ïðîöåñ-

ñà ðàáîòû äåôîðìèðóþùåãî âèòêà ðåçüáîâûäàâëèâàþùåé êðåï¼æíîé äåòàëè (âèíòà,

øïèëüêè, áîëòà). Ãåîìåòðèÿ äåôîðìèðóþùåé ÷àñòè ýòîãî âèòêà ïðåäñòàâëÿåò ÷àñòü

ðåçüáîâîãî âèòêà, ïåðåñå÷¼ííîãî ïëîñêîñòüþ òîðöîâîé ôàñêè. Å¼ âèä ïðåäñòàâëåí íà

ðèñ. 1.

Äëÿ óäîáñòâà ïðåäñòàâèì äåôîðìèðóþùóþ ïëîñêîñòü çàõîäíîãî âèòêà â ïðÿìî-

óãîëüíîé ñèñòåìå êîîðäèíàòXY Z â ðàçâ¼ðíóòîì âèäå â ôîðìå òðåóãîëüíèêà F0K0C0.

Äëÿ òîãî ÷òîáû óñòàíîâèòü êîîðäèíàòû òî÷åê F0, K0, C0 â áåçðàçìåðíîì âèäå, âîçü-

ì¼ì êîîðäèíàòó Zc = CM , ðàâíóþ 1. Ïðè ïåðåìåùåíèè ïëîñêîñòè F0K0C0 íà âå-

ëè÷èíó ∆L âäîëü îòðåçêà K0K1 ïàðàëëåëüíî ñàìîé ñåáå âåëè÷èíîé àáñîëþòíîé äå-

ôîðìàöèè áóäåò ðàññòîÿíèå ìåæäó ñòàðûì (F0K0C0) è íîâûì ïîëîæåíèåì (F1K1C1)

ïëîñêîñòè FKC, âçÿòîå ïî íîðìàëè ê íåé. Â ðåàëüíîé ôîðìå (â êðóãîâîé ñèñòåìå

êîîðäèíàò) ðåáðî F0C0 ïðåäñòàâëÿåò ñîáîé Àðõèìåäîâó ñïèðàëü ñ óãëîì ïîäú¼ìà γ.

Ðèñ. 1. Ïîëîæåíèå äåôîðìèðóþùåé ïëîñêîñòè â ñèñòåìå OXY Z ïðè îïðåäåëåíèè
âåëè÷èíû àáñîëþòíîé äåôîðìàöèè: γ � óãîë ïîäú¼ìà ñïèðàëè Àðõèìåäà F0C0; ϕ � óãîë
òîðöîâîé ôàñêè; ψ � óãîë ïîäú¼ìà âèíòîâîé ëèíèè; ∆L � ýëåìåíòàðíîå ïåðåìåùåíèå

Fig. 1. The position of the deforming plane in the system OXY Z at determining
the magnitude of the absolute deformation: γ � angle of elevation of the spiral

of Archimedes F0C0; ϕ � facet angle; ψ � helix elevation angle; ∆L � elementary movement

Ïðåæäå ÷åì ïåðåéòè ê îïðåäåëåíèþ âåëè÷èíû àáñîëþòíîé äåôîðìàöèè, ðàññìîò-

ðèì ïðîöåññ âíåäðåíèÿ äåôîðìèðóþùåé ïëîñêîñòè FKC â ìàòåðèàë ñòåíêè îòâåð-

ñòèÿ, ïðåäñòàâëåííûé íà ðèñ. 2.

Ïðîöåññ âíåäðåíèÿ äåôîðìèðóþùåé ïëîñêîñòè FKC íà÷èíàåòñÿ â òî÷êå 0, â

êîòîðîé òî÷êà F0 ýòîé ïëîñêîñòè êàñàåòñÿ ñòåíêè îòâåðñòèÿ. Ïðè äàëüíåéøåì âðà-

ùåíèè êðåï¼æíîé äåòàëè âîêðóã îñè ïëîñêîñòü FKC çà ñ÷¼ò óãëà ïîäú¼ìà γ (ðèñ. 1)
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ïåðåìåùàåòñÿ ê òî÷êå 1 íà âåëè÷èíó ýëåìåíòàðíîãî øàãà ∆δ, âûäàâëèâàÿ ìåòàëë

îòâåðñòèÿ ïåðåä ñîáîé â âèäå çàøòðèõîâàííîãî íàïëûâà 1.

Ðèñ. 2. Ñõåìû âíåäðåíèÿ äåôîðìèðóþùåé ïëîñêîñòè FKC â ìàòåðèàë ñòåíêè îòâåðñòèÿ:
d è d0 � íàðóæíûé äèàìåòð ðåçüáû è äèàìåòð îòâåðñòèÿ ñîîòâåòñòâåííî; H � âûñîòà
ïðîôèëÿ; α/2 � ïîëîâèíà óãëà ïðîôèëÿ ðåçüáû; ∆δ � ýëåìåíòàðíûé øàã âíåäðåíèÿ;

ϕ � óãîë òîðöîâîé ôàñêè

Fig. 2. Schemes for the introduction of the deforming plane FKC into the wall material
of the hole: d and d0 � the outer diameter of the thread and the diameter of the hole,

respectively; H � pro�le height; α/2 � half the angle of the thread pro�le; ∆δ � an elementary
implementation step; ϕ � facet angle

Ïðîöåññ ôîðìèðîâàíèÿ òàêèõ íàïëûâîâ áûë ýêñïåðèìåíòàëüíî äîêàçàí íà ñâèí-

öîâûõ îáðàçöàõ ñ êîîðäèíàòíîé ñåòêîé, ïðåäñòàâëåííûé â ðàáîòå ¾Àññèìåòðèÿ...¿ [3].

Ïîäíèìàÿñü äàëåå ê òî÷êàì 2, 3, 4, 5, ïëîñêîñòü FKC, òîëêàÿ ìåòàëë ïåðåä ñîáîé,

óâåëè÷èâàåò îáú¼ì íàïëûâà (çàøòðèõîâàííûå îáëàñòè ñëåâà), êîòîðûé çàïîëíÿåò

âïàäèíó ðåçüáû è îáðàçóåò âíóòðåííèé ïðîôèëü. Â òî÷êå 5 ïëîñêîñòü çàêàí÷èâàåò

ñâîþ ðàáîòó ñîáñòâåííîé òî÷êîé C1 óæå â ñâî¼ì íîâîì ïîëîæåíèè F1K1C1 (ðèñ. 1).

Íà ðèñ. 2 ïðîöåññ ïåðåìåùåíèÿ ïëîñêîñòè FKC ïî òî÷êàì 1�5 ïîêàçàí íà ôðàã-

ìåíòå â âåðõíåì ëåâîì óãëó. Äåôîðìèðóþùåå ðåáðî F0C0 ïîä óãëîì γ âíåäðÿåòñÿ â

ïðàâóþ áîêîâóþ ñòîðîíó ïðîôèëÿ ïî òðàåêòîðèè òî÷åê 1�5, ïåðåõîäÿ îò íà÷àëüíîé

òî÷êè F0 â òî÷êó C1. Òî÷êè ðåáðà F0K0 (0, à, á, â) äâèæóòñÿ ïî ëèíèè äèàìåòðà

îòâåðñòèÿ. Ïðè ýòîì â êîíå÷íîì ïîëîæåíèè òî÷êà K0 ïåðåõîäèò â òî÷êó K1. Ñî-

îòâåòñòâåííî òî÷êè â, ã, ä, îòíîñÿùèåñÿ ê ñòîðîíå K0C0, ïåðåìåùàþòñÿ ââåðõ ïî

ëåâîé áîêîâîé ñòîðîíå ïðîôèëÿ. Ðàññòîÿíèå ∆L, ñîîòâåòñòâóåò ýëåìåíòàðíîé (øà-

ãîâîé) äåôîðìàöèè ∆δ. Ñëåäóåò îòìåòèòü, ÷òî àáñîëþòíîé (ïîëíîé) äåôîðìàöèè δ

â ñâîþ î÷åðåäü ñîîòâåòñòâóåò è ïîëíîå ïåðåìåùåíèå ïëîñêîñòè FKC íà ðàññòîÿíèå
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L. Ïðè ýòîì â äàííîé ðàáîòå êîíå÷íîå ïîëîæåíèå ïëîñêîñòè F1K1C1 ðàññìàòðèâàåò-

ñÿ êàê äëÿ ýëåìåíòàðíîãî ñìåùåíèÿ ∆L, òàê è äëÿ ïîëíîãî L. Ïðè ýòîì, âåëè÷èíà

îòíîñèòåëüíîé äåôîðìàöèè áóäåò ñîîòâåòñòâîâàòü îòíîøåíèþ ∆δ/δ. Âåðòèêàëüíîå

(ðàäèàëüíîå) ïåðåìåùåíèå òî÷êè Ñ ïðè ïîëíîé äåôîðìàöèè áóäåò ðàâíî 0, 5(d− d0),

à ñîîòâåòñòâóþùåå åìó ïåðåìåùåíèå äåôîðìèðóþùåé ïëîñêîñòè FKC íà ðàññòîÿíèå

L áóäåò ðàâíî

L =
d− d0

2 tan γ
· β, (1)

ãäå γ � óãîë ïîäú¼ìà äåôîðìèðóþùåãî ðåáðà FC â íàïðàâëåíèè âèíòîâîé ëèíèè;

β � óãîë îòêëîíåíèÿ ðåáðà FC îòíîñèòåëüíî ïîïåðå÷íîé ïëîñêîñòè [2].

Â ñèñòåìå OXY Z (ðèñ. 1) êîîðäèíàòàìè îïîðíûõ òî÷åê ïëîñêîñòè áóäóò ñëåäó-

þùèå

F0(XF ; 0; 0); C0(XC ;YC ; 1); K0(0; 0; 0),

ãäå XF ; XC ; YC � êîîðäèíàòû èñõîäíûõ òî÷åê F0 è C0.

Òàêèì îáðàçîì, äëÿ óñòàíîâëåíèÿ âåëè÷èíû àáñîëþòíîé äåôîðìàöèè, íåîáõîäè-

ìî îïðåäåëèòü êîîðäèíàòû XF , XC , YC . Ñîãëàñíî ðàáîòå Ñ. ß. Áåðåçèíà [2, ðèñ. 2.3.],

ñïðàâåäëèâî ñëåäóþùåå ñîîòíîøåíèå:

FK

AB
=

h

H
,

ãäå AB � ïðîåêöèÿ ñòîðîíû FK íà ëèíèþ âíóòðåííåãî äèàìåòðà ðåçüáû;

H � âûñîòà èñõîäíîãî ïðîôèëÿ ïî ÃÎÑÒ 9150-81;

h � ãëóáèíà âíåäðåíèÿ âèòêà, â ñîîòâåòñòâèè ñ äàííûìè àâòîðà [2], h = CM = 1.

Â ñâîþ î÷åðåäü H = 0, 866P (P � øàã ðåçüáû).

Òîãäà êîîðäèíàòû òî÷åê F è C áóäóò ðàâíû

XF = FK =
AB

H
=

πd1

0, 866P
≈ P

0, 866P · tanψ
≈ 1, 1547

tanψ
.

Ïðîåêöèÿ ñòîðîíû FC íà ïëîñêîñòü XOY ðàâíà

FM =
1

(tanϕ) · sin β
,

ãäå β � óãîë íàêëîíà ïðîåêöèè ñòîðîíû FC íà ïëîñêîñòü XY ê ëèíèè ïîïåðå÷íîãî

ñå÷åíèÿ.

Ïðîåêöèÿ FM íà îñü áóäåò ðàâíà

XFM = FM · cos β =
cot β

tanϕ
.

Òîãäà, ñîãëàñíî ðèñ. 1, êîîðäèíàòà XC îïðåäåëèòñÿ â âèäå

XC = FR−XFM =
1, 1547

tanψ
− cot β

tanϕ
.
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Êîîðäèíàòà Y ðàâíà ïðîåêöèè íà îñü OY

YC =
1

tanϕ
.

Ñâåäåì íàéäåííûå êîîðäèíàòû â åäèíóþ ñèñòåìó

F

[
1, 1547

tanϕ
; 0; 0

]
, K(0; 0; 0);

[(
1, 1547

tanϕ
− cot β

tanϕ

)
;

1

tanϕ
; 1

]
.

Äàííûå êîîðäèíàòû ïîçâîëÿþò ïîëó÷èòü óðàâíåíèå ïëîñêîñòè

∣∣∣∣∣∣
X −X0 Y − Y0 Z − Z0

X1 −X0 Y1 − Y0 Z1 − Z0

X2 −X0 Y1 − Y0 Z2 − Z0

∣∣∣∣∣∣ =

∣∣∣∣∣∣∣∣∣∣∣∣

X Y Z[
1, 1547

tanψ

]
0 0[

1, 1547

tanψ
− cot β

tanϕ

] [
1

tanϕ

]
1

∣∣∣∣∣∣∣∣∣∣∣∣
. (2)

Ðàçâåðíóâ îïðåäåëèòåëü (2), ïîëó÷èì óðàâíåíèå ñëåäóþùåãî âèäà:

∣∣∣∣∣∣
0 0
1

tanϕ
1

∣∣∣∣∣∣− Y
∣∣∣∣∣∣∣

1, 1547

tanψ
0

1, 1547

tanψ
− cot β

tanϕ
1

∣∣∣∣∣∣∣+ Z

∣∣∣∣∣∣∣
1, 1547

tanψ
0

1, 1547

tanψ
− cot β

tanϕ

1

tanϕ

∣∣∣∣∣∣∣ =

= −Y 1, 1547

tanψ
+ Z

1, 1547

tanψ · tanϕ
. (3)

Óðàâíåíèå (3) ÿâëÿåòñÿ óðàâíåíèåì ïëîñêîñòè FKC â êîîðäèíàòàõXY Z â ôîðìå

AX +BY + CZ +D = 0. Èç íåãî ìîæíî óñòàíîâèòü çíà÷åíèÿ êîýôôèöèåíòîâ À, Â,

Ñ, D

A = 0; b = −1, 1547

tanψ
; C =

1, 1547

tanψ · tanϕ
; D = 0.

Íà ðèñ. 3 ïðåäñòàâëåí îáú¼ì ïåðåìåùåíèé, ïðîèçâåä¼ííûõ ïëîñêîñòüþ FKC ïðè

åå ñäâèãå ïîä óãëîì ψ îòíîñèòåëüíî îñè íà âåëè÷èíó ∆L (L).

Åñëè âíåäðåíèå äåôîðìèðóþùåé ïëîñêîñòè FKC â ìàòåðèàë ñòåíêè îòâåðñòèÿ

íà÷èíàåòñÿ â òî÷êå F0, òî, ñîãëàñíî ðèñ. 2, îíî çàêàí÷èâàåòñÿ â òî÷êå C1, ïåðåìåñòèâ-

øèñü â íîâîå ïîëîæåíèå F1K1C1. Òîãäà îáú¼ì ìåæäó íà÷àëüíûì è íîâûì ïîëîæå-

íèåì ïëîñêîñòè áóäåò ïðåäñòàâëÿòü íàêëîííóþ 3-ãðàííóþ ïðèçìó (F0K0C0F1K1C1),

îáú¼ì êîòîðûé ìîæíî íàçâàòü ñäâèãîâûì îáú¼ìîì. Îí ëèøü ÷àñòè÷íî ñâÿçàí ñ îáú-

¼ìîì äåôîðìàöèè. Äëÿ îïðåäåëåíèÿ ïîñëåäíåãî íåîáõîäèìî ñïðîåöèðîâàòü íîâîå

ïîëîæåíèå ïëîñêîñòè F1K1C1 íà îñü OZ. Òîãäà óñòàíàâëèâàåòñÿ íîðìàëü δ ìåæäó

íà÷àëüíûì è êîíå÷íûì ïîëîæåíèåì ïëîñêîñòè, êîòîðàÿ ïî ñóòè ÿâëÿåòñÿ àáñîëþò-

íîé äåôîðìàöèåé, ñîîòâåòñòâóþùåé ïîëíîìó ñìåùåíèþ L. Âåëè÷èíà äåôîðìèðóåìîãî

îáú¼ìà V áóäåò ðàâíà îáú¼ìó 3-ãðàííîé ïèðàìèäû F0F1K1C1 (ðèñ. 3)
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V =
1

3
· δ · SF1K1C1 , (4)

ãäå SF1K1C1� ïëîùàäü äåôîðìèðóþùåé ïëîñêîñòè.

Ðèñ. 3. Ïîñòðîåíèå îáú¼ìà ïåðåìåùåíèé â êîîðäèíàòàõ OXY Z, îáðàçóåìîãî
ïðè ñìåùåíèè ïëîñêîñòè FRC íà âåëè÷èíó ∆L: δ � àáñîëþòíàÿ äåôîðìàöèÿ;

F0K1C1F1 � îáú¼ì äåôîðìàöèè

Fig. 3. Construction of the volume of displacements in the coordinates OXY Z, formed
when the plane FRC is shifted by ∆L: δ � absolute deformation;

F0K1C1F1 � deformation volume

Âåëè÷èíó àáñîëþòíîé äåôîðìàöèè ìîæíî óñòàíîâèòü èç óðàâíåíèÿ (3) â ôîðìå

δ =
AXK1 +BYK1 + CZK1 +D√

A2 +B2 + C2
. (5)

Ïîñëå ïîäñòàíîâêè êîîðäèíàò òî÷åê è ïðåîáðàçîâàíèé, ñ ó÷¼òîì íîâîãî ïîëîæå-

íèÿ òî÷êè K 
XK1 = ∆L · cosψ;

YK1 = −∆L · sinψ;

ZK1 = 0.

Ïîëó÷èì
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δ =

(
sinψ · 1, 1547

tanψ

)
· L√

1

(tanψ)2 + (tanψ)2 · (tanϕ)2

= L · sinψ sinϕ. (6)

Ñêîðîñòü äåôîðìàöèè çàâèñèò îò ñêîðîñòè âðàùåíèÿ êðåïåæíîé äåòàëè Vτ è ãåî-

ìåòðèè äåôîðìèðóþùåé ïëîñêîñòè. Âåêòîð ñêîðîñòè äåôîðìàöèè ñîâïàäàåò ñ âåê-

òîðîì δ è ïî âåëè÷èíå ðàâåí

νL = 0, 5 · ντ sin 2ψ · ϕ.

Ïðè ýòîì ðàáîòà äåôîðìàöèè, ñîâåðø¼ííàÿ ãðàíüþ FKC, áóäåò îïðåäåëÿòüñÿ

èíòåíñèâíîñòüþ êîíòàêòíûõ íàïðÿæåíèé, îáú¼ìîì è âåëè÷èíîé îòíîñèòåëüíîé äå-

ôîðìàöèè íà äëèíå ïåðåìåùåíèÿ L

A = σKV

∫ d

d0

dZ

Z
= σ +KV ln

d

d0

, (7)

ãäå Z � âåðòèêàëüíàÿ êîîðäèíàòà ïî âûñîòå âèòêà;

σK � êîíòàêòíîå íàïðÿæåíèå ïðè ïëàñòè÷åñêîé äåôîðìàöèè [1];

V � îáú¼ì äåôîðìàöèè â ñîîòâåòñòâèè ñ ôîðìóëîé (4).

Âûðàæåíèå ln
d

d0

ïðåäñòàâëÿåò ñðåäíþþ âåëè÷èíó îòíîñèòåëüíîé äåôîðìàöèè

ïðè âäàâëèâàíèè ïëîñêîñòè FKC ïðè å¼ ïåðåìåùåíèè â íàïðàâëåíèè ââèí÷èâàíèÿ

íà âåëè÷èíó L.

Ìíîãî âîïðîñîâ âîçíèêàåò ïðè óñòàíîâëåíèè çíà÷åíèé ñòåïåíè äåôîðìàöèè ïðè

âûäàâëèâàíèè âíóòðåííèõ ðåçüá. Àíàëèçèðóÿ ðàáîòû, ïîñâÿù¼ííûå äàííîìó âîïðîñó

[4�6], ìîæíî âûäåëèòü äâå ôîðìû îöåíêè ñòåïåíè äåôîðìàöèè � ãåîìåòðè÷åñêóþ è

ôàêòè÷åñêóþ. Âîîáùå â öåëîì, ñòåïåíü äåôîðìàöèè � ýòî îòíîøåíèå îáú¼ìà äåôîð-

ìèðîâàííîãî (ïåðåìåù¼ííîãî) ìàòåðèàëà ê îáú¼ìó äåôîðìèðóþùåé ÷àñòè èíñòðó-

ìåíòà. Â ñîîòâåòñòâèè ñ ôîðìóëàìè (1), (4), (6) ãåîìåòðè÷åñêóþ ñòåïåíü äåôîðìàöèè

ìîæíî ïðåäñòàâèòü âûðàæåíèåì âèäà

W =
V

V1

=
d− d0

d− d1

· SF1K1C1

SF1B1C1

, (8)

ãäå V1 � îáú¼ì äåôîðìèðóþùåé ÷àñòè âèòêà ìåæäó íàðóæíûì è âíóòðåííèì äèà-

ìåòðàìè;

SF1K1C1 � ïëîùàäü äåôîðìèðóþùåé ïëîñêîñòè â ñîîòâåòñòâèè ñ ðèñ. 3;

SF1B1C1 � îáùàÿ ïëîùàäü îñíîâàíèÿ âèòêà ïî ëèíèè âíóòðåííåãî äèàìåòðà [2,

ðèñ. 2.3, ëèíèÿ ÀÂ].

Äëÿ îöåíêè ôàêòè÷åñêîé ñòåïåíè äåôîðìàöèè íåîáõîäèìî ó÷åñòü è òî, ÷òî ìàòå-

ðèàë ïîä âîçäåéñòâèåì äåôîðìèðóþùèõ ýëåìåíòîâ íå òîëüêî ïåðåìåùàåòñÿ (òå÷¼ò),

çàïîëíÿÿ âïàäèíó âèíòà, íî è óïðî÷íÿåòñÿ. Â êîíòàêòíûõ îáëàñòÿõ, ãäå ïðîÿâëÿåòñÿ

äåôîðìèðóþùåå âîçäåéñòâèå, îí óïëîòíÿåòñÿ, ç¼ðíà ìåòàëëà âûòÿãèâàþòñÿ, ò. å. ìû
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èìååì òàêóþ æå äåôîðìèðîâàííóþ îáëàñòü. Îíà ïðåäñòàâëåíà íà ðèñ. 4 è îòìå÷åíà

ïóíêòèðíîé êðèâîé. Ãëóáèíó óïðî÷í¼ííîé çîíû ìîæíî îïðåäåëèòü íà îñíîâå èçìåðå-

íèé ìèêðîòâ¼ðäîñòè ñïåöèàëüíî ïîäãîòîâëåííûõ îáðàçöîâ. Òàêèå äàííûå ïðèâåäåíû

â ðàáîòå Ñ. ß. Áåðåçèíà [3], íà îñíîâå êîòîðûõ óñòàíîâëåíî, ÷òî íàèáîëüøåå óïðî÷íå-

íèå ïîëó÷àþò ñëîè, ïðèëåãàþùèå ê âåðøèíàì ðåçüáû è ïðàâîé áîêîâîé ñòîðîíû, ãäå

â íàèáîëüøåé ñòåïåíè ïðîÿâëÿåòñÿ äåôîðìèðóþùåå äåéñòâèå ïëîñêîñòè FKC. Ãëóáè-

íà óïðî÷í¼ííîé îáëàñòè ðàñïðåäåëåíà íåðàâíîìåðíî, ïîýòîìó å¼ ñëîæíî ó÷åñòü ïðè

îïðåäåëåíèè ôàêòè÷åñêîé ñòåïåíè äåôîðìàöèè.

Ðèñ. 4. Ñôîðìèðîâàííûé ðåçüáîâîé ïðîôèëü ñ ó÷¼òîì îáëàñòè óïðî÷í¼ííîãî ìàòåðèàëà:
H � âûñîòà ïðîôèëÿ âèíòà; dO � äèàìåòð îòâåðñòèÿ ïîä ðåçüáó; d1K � âíóòðåííèé

äèàìåòð ñôîðìèðîâàííîé ðåçüáû; dK � äèàìåòð âåðøèí óïðî÷í¼ííîé çîíû â êîðïóñå;
ϕ � óãîë íàêëîíà äåôîðìèðóþùåé ïëîñêîñòè (ôàñêè)

Fig. 4. Formed threaded pro�le taking into account areas of hardened material: H � screw
pro�le height; dO � diameter of the hole for the thread; d1K � inner diameter of the formed

thread; dK is the diameter of the vertices of the hardened zone in the housing;
ϕ � angle of inclination of the deforming plane (chamfer)

Åñëè â ôîðìóëå (8) îñòàâèòü íåèçìåííûì îáú¼ì V1, òî â ÷èñëèòåëå íåîáõîäèìî

ó÷åñòü ãëóáèíó ýòîé óïðî÷í¼ííîé îáëàñòè â âèäå ñðåäíåãî îò ñóììû âûñîò äâóõ

îáëàñòåé � íèæå d è íèæå dK . Òîãäà ïîëó÷èì âûðàæåíèå äëÿ ôàêòè÷åñêîé ñòåïåíè

äåôîðìàöèè

W =
VK
V1

=
d+ dK − 2d0

2(d− d1)
· SF1K1C1

SF1B1C1

, (9)

ãäå VK � óñðåäí¼ííûé îáú¼ì äåôîðìèðîâàííîé îáëàñòè ñ ó÷¼òîì ðàçìåðîâ óïðî÷í¼í-

íîãî ñëîÿ.

×èñëåííûå èñïûòàíèÿ ôîðìóë (8) è (9) ïîêàçàëè ñëåäóþùåå:

1. Ôàêòè÷åñêàÿ ñòåïåíü äåôîðìàöèè äëÿ ñðåäíèõ ðàçìåðîâ êðåï¼æíûõ ðåçüá

(Ì10 � Ì14) íà 4�6 % âûøå, ÷åì ãåîìåòðè÷åñêàÿ ñòåïåíü.
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2. Ñðåäíèé óðîâåíü ôàêòè÷åñêèõ ñòåïåíåé äåôîðìàöèè äëÿ êðåï¼æíûõ ìåòðè÷å-

ñêèõ ðåçüá çàâèñèò â îñíîâíîì îò âåëè÷èíû ïðèïóñêà ïîä ðåçüáó, ò. å. îò äèàìåòðà

ïîäãîòîâëåííîãî îòâåðñòèÿ, è êîëåáëåòñÿ â ïðåäåëàõ (38�43 %).

Â ðåçóëüòàòå àíàëèçà ïðîöåññà ïëàñòè÷åñêîé äåôîðìàöèè ïðè âíóòðåííåì ðåçüáî-

âûäàâëèâàíèè óñòàíîâëåíû îñíîâíûå åãî ïàðàìåòðû, âêëþ÷àÿ âåëè÷èíû àáñîëþòíîé

è îòíîñèòåëüíîé äåôîðìàöèé, ñêîðîñòè äåôîðìèðîâàíèÿ, äåôîðìèðîâàííîãî îáú¼-

ìà, ïëîùàäè è ñòåïåíè äåôîðìàöèè. Îíè ïîçâîëÿþò áîëåå äåòàëüíî ïðåäñòàâëÿòü

ïðîöåññ îáðàçîâàíèÿ âíóòðåííåé ðåçüáû è èñïîëüçîâàòü ïîëó÷åííûå äàííûå äëÿ îïè-

ñàíèÿ è ìîäåëèðîâàíèÿ ðîäñòâåííûõ ïðîöåññîâ.
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Parameters of Plastic Deformation Process During Internal Thread Tapping

The article presents an analysis of the conditions for the formation of internal threaded
pro�les during the operation of the initial deforming scroll of the threaded fas-tener. To describe
the conditions, geometric elements of the working sections of the de-forming coil and graphical
diagrams of the process of its implementation are presented. Mathematical dependencies have
been developed to determine the main parameters of the deformation process, such as the degree,
speed, volume of deformation, etc. They are necessary for calculating the power parameters of
the thread forming process both under normal conditions and when using intensifying in�uences.
The proposed calcula-tion method can be easily adapted for the analysis of such processes, in
particular in the operation of deforming a taps.
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