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ELEMENTARY CALCULATION OF CLIP CONNECTIONS
WITH INCOMPLETE SWEEP OF SHAFT

LII Hlayekuii, JI.A. Pon’sax. EneMeHTapHUII PO3pPaxXyHOK KJE€MOBHX 3’€IHAHb 3 HEMOBHHUM OOXOIUIEHHSIM BaJja.
PosrnsHyTO mepcrneKTHBHI KOHCTPYKIii PO3’eéMHUX KIEMOBHX (TBUHTOBO-(PUKIIIHNX) 3’€HAHb 3 HEOBHUM OXOIUICHHSIM
Baya, SIKi 3aCTOCOBYIOThCS B MallMHAX i MexaHi3Max Hagrora3oBoi ramysi. ChopMyIp0BaHO KOHTAaKTHI 3amadi B3aeMOJil
MBCTYIHULb 3 BAJIOM [UIsi CHMETPUYHUX | HECUMETPHYHHX 3 €JIHAHb. Y CBOIO 4epry [UIsi HSCHMETPUYHUX BiIHOCHO CTATYBa-
JILHOTO 0ONTa KOHCTPYKIIif BUBYAIOTHCS JIBa BapiaHTH B3a€EMOIIi: 3 3a00pOHOI0 Ta i3 CB000010 OOKOBOTrO mepemimeHHs. Ha
HiJICTaBi anpiOPHUX MPUIYIIECHB I0A0 3aKOHIB PO3IOIIY KOHTAaKTHOTO TUCKY, IPUHHATUX B TPAAULIIMHUX HAaBYAJIBHUX Kyp-
cax «/lerani MamuH», po3poOJICHO IHXEHEPHY METOIHMKY PO3paxyHKy KIEMOBHX 3’€aHaHb. IIpy 1bOMy Pi3HHM XapakTepam
CpsDKeHHsT faertaneid (i3 3a30poM, y3ro/pKeHe, 3 HATSArOM) BiAIOBIJAIOTh 30CEPEMKCHHUM, KOCUHYCHUH 1 cTanuil (JTiHifHMIT)
PO3MONiINM KOHTAKTHUX HANpYKeHb. BCTAaHOBIICHO aHANITHYHI 3aJIE)KHOCTI TPAaHUYHAX MOMEHTIB Ta CHJ 3pYIIyBaHHS BifJ
KYTiB OXOIIJICHHS, CHITU 3aTATYBaHHS 00JTa 1 Bil TPHOOJIOTIYHHUX BIACTUBOCTEH CIIPSHKYBAaHHX JIETalel CKIIaanbHOTO By3Ja.

Kniouosi cnosa:xkiaeMoBe 3’ €JHAHHS, HETIOBHE OXOIUICHHS Bajla, PO3PaxyHOK.

LP. Shatsky, L.Ya. Ropyak. Elementary calculation of clip connections with incomplete sweep of shaft. The article de-
scribes promising structures of clip (screw and friction) connections with incomplete sweep of shaft used in machines and mech-
anisms for the oil and gas industry. The contact problems of interaction between semi-hubs and shaft for the symmetric and
asymmetric connections are formulated. For structures that are asymmetric relatively the joint bolt two types of interaction are
investigated: with and without lateral displacement. Based on a priori assumption about the distribution laws of contact pressure
accepted in traditional courses of “Machine Details” an engineering method for calculating of clip connections is developed.
Herewith different types of details coupling (with a gap, matched, with tension) correspond to concentrated, cosine and sustaina-
ble (linear) distributions of contact stresses. There are determined an analytical dependences of boundary points and breakloose
force on spanning angles, bolt tightening force and tribological properties of joined parts of subassembly.

Keywords: clip connection, incomplete sweep of shaft, calculation.

Introduction. Clip (screw and friction) connections belong to the class of nominally fixed fric-
tion joints, in which required normal pressure is created by tightening bolts. There are designs with
split and one-piece hub. Traditionally units with complete sweep of shaft are commonly used. But
sometimes in structural considerations applicable are coupling in which semi-clips cling the part of
cylindrical surface of shaft. Such a situation arises from the need to regulate the angle of parts fixing.
An example of such a unit is combination of blades with hub in the axial fans of pressurization of gas
pumping units.

Literature review. The methods of typical calculations of most commonly used clip connections
with complete sweep of shaft are worked out in details today [1...3]. Instead, the quality issues of
gathering of clip connections with partial sweep of shaft are in fact unexplored. Especially it concerns
the units, that are asymmetric relatively the joint bolt.

Aim of the Research. In the article the theoretical aspects of modeling the interaction of ele-
ments of detachable clip connections with incomplete sweep of shaft are considered. Aim of the re-
search is to develop methods of engineering evaluation of bearing capacity of structures for different
types of details coupling. The declared simplicity of calculations is that they are held not on the basis
of rigorous solutions of contact problems, but on the basis of intuitive a priori assumptions about the
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contact pressure distribution law as it is done in traditional courses of “Machine Details” while calcu-
lation the detachable clips with complete sweep of shaft.

Main Body. Let’s consider split clip connections (Fig. 1). They consist of semi-hubs sweeping
the shaft with diameter D=2R in areas with angles of inclination 2 and a+[ respectively in
symmetric and asymmetric versions. Suppose angles o and 3 are acute, so every single arc of contact
is no longer than semicircle: 0<2B <7, 0<a+p < 7. Connection is tightened with through-bolt so
that the main vector of bolt tightening forces is P and passes through the axis of the shaft. Let’s find
the dependency of friction torque form tightening force.
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Fig. 1. Scheme of clip connection with split hub that partially sweep the shaft: symmetric (a)
and asymmetric (b) versions

Symmetric and asymmetric connections including the different character of parts coupling (with
a gap, adjusted and with tension) let’s consider separately. Let's start with the simplest situations.

Calculation of symmetric connection (Fig. 1, a). Running polar angle 9 is measured from the
vertical axis of symmetry clockwise. So for the upper semi-hub the dense clinging of shaft is possible
on area 9 € (—f,P).

Let g(8) is contact pressure that in this case is m -periodic even function. The main vector of
contact stresses applied to, for example, upper semi-hub has to be balanced by tightening force is

B
Y% =R[g(8)cos9d3-P=0.
-B
Hence

B
P=2R[q(8)cos 949 (1)

Let’s find the moment of friction forces M acting on the shaft while attempting to turn it at two
semi-hubs:

B B
M =2R f f4(9)RdY = fD- 2qu(9)d9, 2)
B 0

where f is dry friction coefficient.
Comparing (1) and (2), we find

B
j q(9)d9
M=fPD"— (3)
jq(S)cosSdS
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Postulating in (3) contact pressure distribution laws for a particular character of coupling, we ob-
tain the dependences of moment from the force P and angle [3.

When planting clip with large clearance ( R, > R ), when contact of semi-hub with the shaft pass-

es through the generating line 3 =0 and after tightening of bolts — a narrow strip, the contact pres-
sure was approximated by concentrated force per unit length

q(9)=pd(9)/ R,
where 8(9) is Dirac function;
p=P/L,

L — strip contact length (deep into Fig. 1).
Then the numerator and denominator in (3) are the same constants, and

M = fPD. 4
When adjusted (agreed) planting in conditions of equality of radii of the shaft circles and semi-
hub the contact pressure distribution is taken close to the cosine: ¢(3) =g, cos3, 3e(-f,B). By
calculating the integrals in (3)
4sinf
2B +sin2B

The presence of tension (R, < R) in untensioned condition in fact means the presence of gap at

M= (5)

small S and the point of contact at 9 = £3. When tightening the bolt the contact pressure localizes at
the edges around of angles 9 ==f, but after tightening mentioned gap is eliminated and further
growth of P leads probably to equalization of contact pressure. So in this case let be ¢(3)=¢ = const
and after calculating integrals in (3)

M= PP (6)

sinf

Calculation of asymmetric connection (Fig. 1, b). Let 3 € (—a,B) be the arc of probable contact
and ¢(39) be the contact pressure that in this case is 7 -periodic function.

Calculating the vertical component of vector of contact stresses and the main moment of friction
forces instead of (1) and (2) we obtain respectively

B
P=R j ¢(9)cos 349, (7)
B
M = fDR [ q(8)d$. (®)

From (7) and (8) it is easy to find out the dependence between the friction torque and the total
strength of bolt tightening

B
[a(9)d9
M=fPD=——— 9)
[ a(9)cos 949

The feature of asymmetric connection is that depending on the way the semi-hubs are mounted
by bolt there are two possible situations:

— fixed connection without mutual horizontal displacement of semi-hubs;

— free connection with the possibility of mutual lateral displacement of parts.
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In first case the relative horizontal displacement equals zero and horizontal component of the
contact stresses vector is unknown. And vice versa in second case the relative horizontal displacement
is unknown and the projection of the main contact stresses vector on horizontal axis is zeroed:

B
X, =R [ q(9)sin9d9=0. (10)
> X =R

The last condition is used to establish the degree of asymmetry of contact pressure distribution.

Depending on the character of semi-hub coupling with the shaft let's obtain the different expres-
sions for the friction torque in asymmetric clip connection.

When planting the clip with a gap regardless of presence or absence of lateral displacement the
contact pressure is concentrated in 3 =0. Then from (9) also can be obtained (4).

In case of agreed contact for the task without lateral displacement we postulate the law
q(8) =q,.., cos 3. Calculating integrals in (9)

4(sina +sinf)
2(aL+B) +sin2a +sin2p

M = fPD (11)

In case of presence of lateral displacement we accept cosine distribution of contact pressure with
displaced maximum

4(0) = G oy €OS(8 = 9), (12)
where angle 3, can be calculated from (10).
Calculating quadratures in (9) and (10) after simple transformations
(sinou+sinB)cos 9, — (cosP —cosa)sin J,

M = fPD-4 ; ; —,
(2(a.+B)+sin20 +sin2B)cos Y, — (cos 2 —cos2a)sin I,

B cos 23 —cos2a
2(ou +B) —sin20 —sin 2B

tg 9,

It is easy to ensure that 3, >0 if o > 3.
Excluding 9,, finally we get

2(sina +sinf3) — (o + B —sin(a + B))
(o.+B)? — (o +B)(sin 20 +sin 2P) —sin? (o + B)

In order to guarantee the correctness of obtained result the inequality performing should be pro-
vided in (12)

M = fPD

(13)

Q(S)ZO: 86(—0,,[3).
This inequality is performed if cos(—a—3,) >0 . Hence

o 22—80
2
or

2(ot+ ) —sin 20 —sin 23

cos2f —cos2a

tga > ctg 9, = (14)

are the conditions under which it is possible to use of formula (13) when o > 3. In other words B does
not have to be less than o, then the area of contact covers the entire range (—a, ). In violated ine-
quality (14) in some areas (—a, —a, ) the contact is broken, then instead o in (13) it should be taken
a=0o,(B), where a, is the root of the transcendental equation
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_ 2(o; +B)—sin2a, —sin 2P

tga
8% cos2P —cos2a,

Let’s finally consider the asymmetrical coupling with tension. In the absence of lateral displace-
ments we accept ¢(3)=const, 3 (—a, ). Then from (9)
R (s)
sino +sin 3

To connect with an additional degree of freedom in the horizontal direction let's assume that the
contact pressure is distributed linearly

M = fPD

q(8)=A4+BS, Se(-a,p). (16)
Then
Al +B)+B(P*-a?)/2
- A(sina. +sinp) — B(asin o + cosB)
where from (10)
é: sina+sinf3 —acosa —fcosf 50
B cosP—cosa
Excluding 4/ B, finally we get
M:fPDOHB 2(sinoc+sinB)—(a+B)(cosa+cosB)‘ (17)

2 2—2cos(a+p)— (o + B)sin(a + )

Summary table

Contact pres-
Type (.)f Charact'er of sure distribu- Friction torque
connection coupling .
tion
. concentrated
M = fPD
with a gap force fP
4sin
Symmetric adjusted cosine = —B
Yy 2B +sin 2B
with tension uniform M = fPD _B
sinf3
with a oa concentrated M = fPD
A i gap force
symmetric . X
. 4
without lateral | adjusted cosine = /PD (sin . B).
displacement 2(o+p)+sin2a +sin 2B
of semi-hubs a+p
with tension uniform M=fPD———
sina +sinf3
. concentrated
M = fPD
with a gap force f
Asymmetric cosine with 2(sin o+ sin B) — (o + B —sin(a +B))
: i i M = fPD
dwltil lateralt adjusted r?ll;)lzllzlcfi / (o+PB)?> — (o +B)(sin 20 +sin 2B) —sin> (o +B)
isplacemen
of semi-hubs
o+ 2(sina +sin B) — (o + B)(cos o + cos B)
. . . M = PD
with tension linear JP 2 2-2cos(0+P)—(o+B)sin(c+B)
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Checking in (16) inequality ¢ >0 we find the condition of result (17) applicability
A—Ba >0,

o< sina +sinP —acosa — cos ‘

(18)

cosP—cosa

If a is too high and (18) is violated, then again in (17) it should be taken o =a,(B), where a, is
the root of the transcendental equation that depends from [

< sina, +sinf—acosa, —Pcosf

a,
cosP—cosa,

In this case the contact happens only on area 9 € (—a.;, p) .

Results. The final formulas for the calculation of limit values of moments that can be transmitted
by connections with incomplete sweep of shaft are consolidated in Table
In the case of mutual displacement of components additionally by axial force O (perpendicular

to the plane of Figure) in the last column of the table M should be replaced by /M ? +(QR)? .

Conclusions. On the basis of a priori assumptions about the distribution of contact stresses there
are determined an analytical dependences of boundary points and breakloose forces in detachable clip
connection on spanning angles, bolt tightening force and tribological properties of details surfaces.
The degree of adequacy of the results it is advisable to find out using numerical analysis of contact
problems of elasticity theory.

Jlitepatypa
1. Blake, A. Design of mechanical joints / A. Blake. — New York: M. Dekker, 1985. — 553 p.

2. Springer Handbook of Mechanical Engineering / ed. by K.-H. Grote, E.K. Antonsson. — New York,
N.Y.: Springer Science+Business Media, 2009. — 1580 p.

3. Contact Problems Between the Hub and the Shaft with a Three-angular Shape of Cross-section for Dif-
ferent Angular Positions / M. Dudziak, G. Domek, A. Kolodziej, K. Talaska // Procedia Engineering. —
2014. — Vol. 96. — PP. 50 — 58.

References

1. Blake, A. (1985). Design of Mechanical Joints. New York: M. Dekker.

2. Grote, K.-H. and Antonsson, E.K. (Eds.). (2009). Springer Handbook of Mechanical Engineering. New
York, N.Y.: Springer Science+Business Media.

3. Dudziak, M., Domek, G., Kotodziej, A. and Talaska, K. (2014). Contact problems between the hub and
the shaft with a three-angular shape of cross-section for different angular positions. Procedia Engineer-
ing, 96, 50-58.

Received March 25, 2015

MAIIMHOBYIYBAHHA. TEXHOJIOI'LA METAJIIB. MATEPIAJIO3HABCTBO



