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Abstract. The paper develops an analytical approach for determining the law of contact pressure
distribution in the radial sealing zone of premium threaded connections. It is based on elastic
contact theory and the general theory of cylindrical shells. The relevance of the study is associated
with the need to ensure the required level of gas sealability and operational reliability of premium
threaded connections used in oil and gas wells. The analytical model is formulated on the basis of a
set of assumptions enabling the derivation of relationships for evaluating the distribution of contact
pressures along the interface of the metal-to-metal sealing. The problem formulation accounts for
the geometry of the contact bodies, the magnitude of radial interference and material constants of
the interacting bodies. The proposed structural model is validated using the OMK VEGA premium
threaded connection model with a spherical sealing surface geometry. Verification of the analytical
solution is carried out through comparison with numerical simulations of the connection make-
up process performed in an axisymmetric formulation using the finite element method (FEM).
A satisfactory agreement between the analytical and numerical contact pressure distributions is
obtained, confirming the applicability of the proposed model. The developed analytical tool can be
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:)%?%@A%. 6$A B#$(A#%&CB#)% @%D#%EFG()HI B’)FJA@ )FJ@%KLAM N&%M%@-
#(M ?&O D($MA$()F@AO ’(&(@@H #$PQ O)&OR#BO $%GCQ()H% B(%?A@%@AO. 1B(Q(%
M%B#( B$%?A S$AB(%?A@A#%&C@HI N&%M%@#() #$PQ @%D#%EFG()(E( B($#FM%@#F GF-
@AMFR# $%GCQ()H% B(%?A@%@AO ’&FBBF T6$%MAPMU. ,F’A% B(%?A@%@AO, S(MAM(
BS%VAF&C@HI S$(DA&%K $%GCQH, (Q&F?FR# ’(@B#$P’#A)@HM N&%M%@#(M, (Q%BS%-
WA)FRXAM EFG()PR E%$M%#AW@(B#C ) B’)FJA@% – PS&(#@A#%&C@HM PG&(M, D($-
MA$PRXAM $F?AF&C@HK @F#OE S$A B)A@WA)F@AA B(%?A@%@AO. 6$A N#(M ’(@#F’#-
@H% S()%$I@(B#A PS&(#@%@AO M(EP# QH#C )HS(&@%@H ) $FG&AW@HI E%(M%#$AW%-
B’AI ’(MQA@FVAOI: ’(@PB-’(@PB, BD%$F-’(@PB, BD%$F-BD%$F A #.?. 2&O (SABF@AO
$FBS$%?%&%@AO ’(@#F’#@HI ?F)&%@AK @F N#AI S()%$I@(B#OI A, ) ?F&C@%KL%M,
(V%@’A E%$M%#AGA$PRX%K BS(B(Q@(B#A $%GCQ()(E( B(%?A@%@AO, M(J%# QH#C AB-
S(&CG()F@F #%($AO ’(@#F’#@(E( )GFAM(?%KB#)AO Y%$VF. 1?@( AG PB&()AK ) S(-
B#F@()’% GF?FWA Y%$VF GF’&RWF%#BO ) #(M, W#( #%&F )?F)&A)FR#BO ?$PE ) ?$PEF
@F GF?F@@(% $FBB#(O@A%. : B&PWF% S$%MAF&C@(E( $%GCQ()(E( B(%?A@%@AO ?F@@HK
S(?I(? @% (#$FJF%# $%F&C@HI PB&()AK )GFAM(?%KB#)AO #%&, #F’ ’F’ ) #$PQFI,
B(%?A@O%MHI S$A S(M(XA MPD#H, @(BA’, @F ’(#($(M )HS(&@%@( $F?AF&C@(%
PS&(#@%@A%, (Q&F?F%# (S$%?%&%@@(K S(?F#&A)(B#CR, W#( @% B((#)%#B#)P%# S(-
B#F@()’% GF?FWA Y%$VF. : B&PWF% #$PQ, B(%?A@O%MHI ?$PE B ?$PE(M Q%G ABS(&C-
G()F@AO MPD#, @%(QI(?AM( #F’J% PWA#H)F#C S(?F#&A)(B#C $FB#$PQ@(K WFB#A
B(%?A@%@AO. Z%&CR ?F@@(K $FQ(#H O)&O%#BO B(G?F@A% F@F&A#AW%B’(K M(?%&A,
(SABH)FRX%K $FBS$%?%&%@A% ’(@#F’#@HI ?F)&%@AK B PW%#(M S(?F#&A)(B#A @(-
BA’F #$PQH $%GCQ()(E( B(%?A@%@AO.

1. 1SABF@A% S%$%M%X%@AK S$A BQ($’% $%GCQ()(E( B(%?A@%@AO. 2&O #(E(, W#(-
QH ) ’(@#F’#@(K M(?%&A PW%B#C S(?F#&A)(B#C @(BA’F B $F?AF&C@HM PS&(#@%@A-
%M, $FBBM(#$AM #$PQP B @F$%GF@@(K ’(@AW%B’(K $%GCQ(K ’F’ VA&A@?$AW%B’PR
(Q(&(W’P [1] B PB$%?@%@@(K #(&XA@(K, @FE$PJ%@@PR B(B$%?(#(W%@@HM PBA&A-
%M P @F $FBB#(O@AA x0 (# #($VF #$PQH. ,F’FO $FBW%#@FO BI%MF B((#)%#B#)P%#
B)A@W%@@(MP @ASS%&R B MPD#(K B PW%#(M $F?AF&C@(E( @F#OEF ) PS&(#@A#%&C@(M
PG&%. : ?F@@(M B&PWF%, ) B((#)%#B#)AA B (QX%K #%($A%K ?%D($MA$()F@AO VA&A@-
?$AW%B’AI (Q(&(W%’, S$(EAQH QP?P# S$%?B#F)&O#C B(Q(K B&%?PRXPR DP@’VAR
(B%)(K ’(($?A@F#H [2]:

v(x) = e→ω(x→x0)
[C1cosω(x → x0) + C2sinω(x → x0)] (1)

: )H$FJ%@AA (1) ω =
4

)︄
3(1→µ2)

R2h2 [ ’(NDDAVA%@# GF#PIF@AO S%$%M%X%@AK, µ [
’(NDDAVA%@# 6PFBB(@F, R [ $F?APB (Q(&(W’A, S$%?B#F)&ORXAK B(Q(K B$%?@%%
G@FW%@A% M%J?P $F?APB(M B$%?@%K &A@AA $%GCQH A PS&(#@%@AO ) AGM%$A#%&C@HI
S&(B’(B#OI. 1Q(B@()F@A% )HQ($F #F’(K )%&AWA@H S$A)%?%@( ) [1], S$A N#(M h
[ B((#)%#B#)PRXFO #(&XA@F (Q(&(W’A ?&O $F?APBF R, C1 A C2 [ @%AG)%B#@H%
S(B#(O@@H%.

: ’FW%B#)% S$AM%$F $FBBM(#$AM #$PQP B $%GCQ()HM B(%?A@%@A%M OMK
VEGA [3] B )@%L@AM ?AFM%#$(M 177.8 MM, #(&XA@(K B#%@’A 10.36 MM, ?&A@(K
12 M%#$(), )HS(&@%@@(K AG B#F&A E$PSSH S$(W@(B#A P110. !(NDDAVA%@#
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6PFBB(@F S$AM%M $F)@HM 0.3. 2&O #F’(E( B&PWFO )%&AWA@F ω = 30 M→1. \#(
(G@FWF%#, W#( PJ% @F ?&A@% 100 MM S$(EAQH GF#PIFR# S$AM%$@( ) 460 $FG, W#(
S(?#)%$J?F%# ’($$%’#@(B#C S$AM%@%@AO P’FGF@@(E( $%L%@AO #ASF ’$F%)(E(
NDD%’#F (1).

2&O @FI(J?%@AO S(B#(O@@HI ) )H$FJ%@AA (1), ABS(&CGP%M E$F@AW@H% PB&(-
)AO ?&O AGEAQFRX%E( M(M%@#F A S(S%$%W@(K BA&H:

Mx

[︄[︄[︄[︄[︄
x=0

= →D
d2v

dx2

[︄[︄[︄[︄[︄
x=0

= 0, Qx

[︄[︄[︄[︄[︄
x=x0

= →D
d3v

dx3

[︄[︄[︄[︄[︄
x=x0

= →P (2)

: PB&()AOI (2) D =
Eh3

12(1→µ2) [ VA&A@?$AW%B’FO J%B#’(B#C, E [ M(?P&C PS$P-
E(B#A.

.G E$F@AW@HI PB&()AK (2) @FI(?O#BO @%AG)%B#@H% S(B#(O@@H% C1 = → P
2Dω3 ,

C2 = 0. : A#(E% )H$FJ%@A% ?&O S$(EAQ() @ASS%&O S$A ?%KB#)AA $F?AF&C@(K
@FE$PG’A P #($VF S$A@AMF%# B&%?PRXAK )A?:

v(x) = → P

2Dω3 e→ω(x→x0)cosω(x → x0) (3)

7F 5AB. 1 S$%?B#F)&%@( B$F)@%@A% S$(EAQ(), S(&PW%@@HI S$A S(M(XA )H$F-
J%@AO (3) A M%#(?F ’(@%W@HI N&%M%@#() (*!\) SP#%M M(?%&A$()F@AO BQ($’A
$%GCQ()(E( B(%?A@%@AO ) (B%BAMM%#$AW@(K S(B#F@()’% Q%G PW%#F @F#OEF $%GCQH
A B PW%#(M @F#OEF $%GCQH. <WA#H)FO, W#( ?&A@F @(BA’F, B(?%$JFX%E( PS&(#@A-
#%&C@HK PG%& B(B#F)&O%# 13 MM, AG S(&PW%@@HI GF)ABAM(B#%K )A?@(, W#( @F#OE
$%GCQ()(K WFB#A (’FGH)F%# @%BPX%B#)%@@(% )&AO@A% @F S$(EAQH PS&(#@%@AO A
) $FM’FI ABB&%?()F@AO @FS$OJ%@@(–?%D($MA$()F@@(E( B(B#(O@AO $F?AF&C@(E(
PS&(#@%@AO AM M(J@( S$%@%Q$%WC.

,F’AM (Q$FG(M, AG )H$FJ%@AO (3) S%$%M%X%@A% ) M%B#% S$A&(J%@AO PBA&AO
((Q&FB#A D($MA$()F@AO MF’BAMF&C@(E( ’(@#F’#@(E( ?F)&%@AO ) PS&(#@%@AA)
M(J@( S(&PWA#C ) B&%?PRX%M )A?%:

v(x0) = → P

2Dω3 = ! (4)

: )H$FJ%@AA (4) ! [ $F?AF&C@HK @F#OE ) PS&(#@A#%&C@(M PG&%.
"#(A# (#M%#A#C, W#( )H$FJ%@A% (4) S(&PW%@( ) S$%?S(&(J%@AA, W#( MPD#F (Q-
&F?F%# G@FWA#%&C@( Q(&CL%K $F?AF&C@(K J%B#’(B#CR, W%M @ASS%&C@FO WFB#C
#$PQH ) )A?P G@FWA#%&C@( Q(&CL%K #(&XA@H ) G(@% PS&(#@A#%&C@(E( PG&F. :
B&PWF% Q%GMPD#()HI $%GCQ()HI B(%?A@%@AK ! QP?%# S$%?B#F)&O#C WFB#C (# BPM-
MF$@(E( S%$%M%X%@AO @ASS%&C@(K A $FB#$PQ@(K WFB#A.

2. !(@#F’#@FO M(?%&C $F?AF&C@(E( PS&(#@%@AO S$%MAF&C@(E( $%GCQ()(E(
B(%?A@%@AO. : $%GCQ()(M B(%?A@%@AA OMK VEGA $F?AF&C@(% PS&(#@%@A% AM%-
%# BD%$AW%B’AK #AS [4] B )HSP’&(K BD%$(K @F @ASS%&% A )(E@P#(K BD%$(K @F
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5%#. 1. =(/8","%, /"/+%$%;,#0)4) % ;%#+,"")4) (,3,"%9 >+9 ’()4%*)8 "%’’,+9 #
&;,$)- % *,? &;,$/ "/$94/ 8 (,?<*,.

MPD#%. =F’(@ $FBS$%?%&%@AO ’(@#F’#@(E( ?F)&%@AO M(J%# QH#C (S$%?%&]@ @F
(B@()% #%($AA Y%$VF ?&O S&(B’(K ’(@#F’#@(K GF?FWA VA&A@?$AW%B’AI #%& [5]:

p(s) =
E↑

2R↑

↑
a2 → s2, R↑

=
Rs1Rs2

Rs1 + Rs2
, E↑

=
E

2(1 → µ2)
(5)

: )H$FJ%@AA (2): R↑ [ N’)A)F&%@#@HK $F?APB ’(@#F’#@(K (Q&FB#A, Rs1 [
$F?APB BD%$H @F PS&(#@A#%&C@(K S()%$I@(B#A @ASS%&O, Rs2 [ $F?APB BD%$H
@F PS&(#@A#%&C@(K S()%$I@(B#A MPD#H, a [ S(&PLA$A@F ’(@#F’#@(K G(@H, E↑

[ N’)A)F&%@#@HK M(?P&C PS$PE(B#A, ABS(&CGP%MHK ) S&(B’AI GF?FWFI #%($AA
PS$PE(B#A ) B&PWF% (?A@F’()HI MF#%$AF&() ’(@#F’#A$PRXAI #%&, s [ ’(($-
?A@F#F )?(&C ’(@#F’#@(K S()%$I@(B#A ) &(’F&C@(K BAB#%M% ’(($?A@F# SO#@F
’(@#F’#F.
6$A N#(M B#(A# (#M%#A#C, W#( ) B&PWF% PS&(#@%@AK #ASF T’(@PB-’(@PBU GF’(@
$FBS$%?%&%@AO ’(@#F’#@HI ?F)&%@AK (2) B&%?P%# GFM%@A#C @F GF)ABAM(B#C, S(-
&PW%@@PR ) GF?FW% ( )?F)&A)F@AA L#FMSF [5].
: ’FW%B#)% @FE$PG’A, ABS(&CGP%M(K ) )H$FJ%@AOI (2) – (4), S$AM%M PBA&A% (#
$F?AF&C@(E( @F#OEF @F S()%$I@(B#A PS&(#@%@AO @ASS%&O, ’(#($(% M(J@( S$%?-
B#F)A#C B&%?PRXAM (Q$FG(M [6]:

P =

]︄ a

→a
p(s)ds (6)

6$%?S(&FEFO, W#( $FBS$%?%&%@A% ’(@#F’#@HI ?F)&%@AK S(?WA@O%#BO GF’(@P
(2), S(&PWAM:
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5%#. 2. @/8%#%-)#$< 0)"$/0$")4) >/8+,"%9 )$ )#,8)A 0))(>%"/$B >+9 /"/+%$%;,#0)4)
% ;%#+,"")4) (,3,"%9.

P =
E↑

2R↑

]︄ a

→a

↑
a2 → s2ds =

εE↑a2

4R↑ (7)

:H$FGA) AG B((#@(L%@AO (7) S(&PLA$A@P ’(@#F’#@(K G(@H A S(?B#F)A) PBA-
&A% AG (4), S(&PWAM B&%?PRX%% )H$FJ%@A% ?&O S(&PLA$A@H ’(@#F’#@(K G(@H:

a =

⌊︄
8D!R↑ω3

εE↑ (8)

,F’AM (Q$FG(M, )HFJ%@A% ?&O $FBS$%?%&%@AO ’(@#F’#@HI ?F)&%@AK S$A@A-
MF%# B&%?PRXAK )A?:

p(s) =
E↑

2R↑

⌊︄
8D!R↑ω3

εE↑ → s2 (9)

7F 5AB. 2 S$A)%?%@( B$F)@%@A% $FBS$%?%&%@AO ’(@#F’#@HI ?F)&%@AK ?&O F@F-
&A#AW%B’(E( $%L%@AO (9) A WAB&%@@(E( $%L%@AO, S(&PW%@@(E( S$A S(M(XA *!\
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