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ANNOTATSIYA: bupuxmanapru xucobrawea KUpumuuioan asea, yuloy oupukmaniaped
OUpukmupunaémean OemalapHy CUINCUMUWEd UHMULY8YU KVHOAIAHe KY4 MabCup
KUnumuny aHukaao onuut ao3um. Cundicumyeyu Ky atlanuul yKuea Hucoaman 0emainap
MYB03AHAMU ULAPMUOAH AHUKTAHAOU

KALIT SO‘ZLAR: Kupxumnuue owcous xyunanuwu, Kremmanu oOupuxkma, Puuae
Ooepopmayuscu, uwkaraHuw oOyuuua saxupa kodgpguyuenmu, Kynoanane roxnamanap,
MAWKU CUTHCUMYBYUU KVY, MYMAHOCUO Ouamempuap

AHHOTAUUSA: [Ipesxcoe uem npucmynumos K pacuémy y3/108, He0OX00UMO Onpedenumn,
NOOBEPIICEHbL U MU Y37bl OCUCMBUI) NONEPEYHOU CUNbL, CMPEeMAWEUCcs CMecmums
coedunsiemvie Oemanu. Cuna nepemewjeHus onpeoensemcs U3 YCi08Us PABHOBECUs
oemareti OMHOCUMENbHO OCU 8PAUECHUSL.

KJIIKOYEBBIE CJIOBA: Jlonycmumoe KacamenbHoe  HANPAXCEHUE,  3AHCAmMoe
coedunenue, depopmayus pvluaea, KO3phuyuenm 3anaca mpenus, nonepeyHvle Hazpy3Ku,
BHEULHSSL COBULAIOUWAS CULA, NPONOPYUOHATbHBIE OUAMEMPbl

ANNOTATION: Before proceeding to the calculation of joints, it IS necessary to
determine whether these joints are subject to a transverse force that tends to move the
parts being joined. The moving force is determined from the condition of the balance of the
parts relative to the axis of rotation.

KEY WORDS: Permissible Shear Stress, Clamped Joint, Lever Deformation, Friction
Reserve Coefficient, Transverse Loads, External Shear Force, Proportional Diameters

RESULTS

The figure shows a clamped
connection of a lever to a shaft with a
diameter of D=60 mm. Determine the
internal thread diameter of the two bolts
securing the clamped connection, where
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the force Q is 2000 H, the dimension R is
300 mm, and the dimension a is 50 mm.
The coefficient of friction between the
shaft and the lever is f=0.12. If the
increase in the torsional stress for the
deformation of the lever is taken as
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Kp=1.5 of the required torsional stress,
the additional load on the bolt from the
tightening of the nuts is taken as K3=1.3

stress of the bolt is [c]= 160 MPa.
Solving

and the friction coefficient is taken as
Kn=1.5. The allowable torsional

1. We write the balance equation for the tension in the clamp connection and the

tension from the torsion of the bolts:P - (a + 2) -z =F, -2, here F,=2-P- (a + 2)5 =
2 2

p- (2-a+D)

, Z- number of bolts

2/ D

2. We write the equilibrium equation for the lever:

2-f-Fy-2=Q R-K, Ky Ky, 0 P=Q-R-K; K

Kn
3 f.(2-a+D)z

3. From the condition of torsion resistance, we determine the diameter of the internal
thread of the bolts: 0 = 4 - P/t - d? - z < [o], After permutations, we get:

Ky

d=4Q R K, K,

DISCUSSION: The solution of
problems is usually carried out in the
following order.

1) A calculation scheme for the
connection is drawn up and the load
acting on the bolt (screw, stud) is
determined.

External loads acting on a threaded
connection, depending on the loading
conditions, can be axial, transverse or
mixed, and by the nature of the action -
permanent or cyclic.
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(lo] -m-f-(2-a+D)-22)z

When transverse loads act, two
types of connections are used:

— the bolt is inserted into the hole
with a catch;

— the bolt is inserted into the hole
without a catch.

a) With a bolt inserted, a friction
force must be created on the surface of
the connection with the screw that is
greater than the external force that moves
the load.
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In this case, the tensile force of the bolt (screw, stud) is determined as follows:
_ K-F

foz-i
here Fg — force acting on the bolt; F - external shear force; K - safety factor:
under static load K = 1.3... 1.5, under variable load K = 1.8... 2.0; f - friction
coefficient in the connection: f = 0.15... 0.20 - for steel and cast iron (steel); f = 0.3...
0.35 - for steel (cast iron) and concrete; f = 0.25 - for steel (cast iron) and wood; z -
number of bolts; i - number of connections in the connection.

b) When the bolt is installed without a stud (by passing or tensioning), the friction
force in the connection is not taken into account, since it is not necessary to tighten the
bolts. In this case, the bolt rod is estimated based on the shear and crushing resistance
condition.

Before proceeding to the calculation of joints, it is necessary to determine whether
these joints are subject to a transverse force that tends to move the parts being joined. The
moving force is determined from the condition of the balance of the parts relative to the

axis of rotation: 2T, =XF, % =0,

Fp

where F; is the shear force acting on the diameter of the bolt (screw, stud) location; D;
is the rotational force acting on the corresponding diameters, usually the resistance force of
the parts being moved. This transverse force is balanced by the friction force at the
junction of the parts being joined, ensuring a tight screw connection. In this case, the bolt
(screw, stud) is stretched.

CONCLUSION: In the combination shown in Fig. 1, the torque of the friction
forces must be 20... 25% greater than the shearing torque for accurate transmission to the
rotary saw, i.e.

Tuk 21,25 T gup O Fux -(D1/12) 2125 F-(D/2), where Fi is the friction
force between the saw blade and the washer when tightening the nut F\x = f - N; f is the
coefficient of friction between the saw blade and the washer, we take f = 0.12;

N is the pressure force in the connection resulting from the tightening force Fg = N.
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Figure 1
In the connection (Fig. 2, a), the force Fg acting on the screw is determined from the
condition of the hammer equilibrium (Fig. 2, b) F - (a + b) = Fg - b. Given that the stress is
given asymmetrically, the acting load is divided into parts and transmitted to the center of
gravity of the connection. If the number of bolts is not indicated in the problem, then their
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number is given. T AT ]

Figure 2

Let's look at the compounds in the problems (Figures 3 and 4). In these cases, an

asymmetric applied load will open the circuit (and cause the details to move). Solving such

issues is a mixed bag. The acting load is divided into parts - axial and transverse, and then

transferred to the center of gravity of the connection. It is also possible to use the
recommendations given in solving the problems of the first group.
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Figure 4
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As a result, the joint is subjected to axial and transverse forces, which are generally
equally perceived by all threaded parts, and a moment tending to open the joint. From the
equilibrium equation - the equation of moments with respect to the center of gravity of the
joint - additional forces acting on the bolts (screws, studs) in the axial direction are determi
ned.The inner diameter of the thread is calculated based on the maximum value of the
axial (breaking) force from the condition of the tensile strength of the bolt (screw, stud)
rod. The bolts are pre-tightened in the joint (Fig. 5), which ensures the joint is tightly
closed.

The external force Fgacting on the bolted joint reflects the internal pressure of the air
compressed in a container with a diameter of D:Fg = P - (7D 2/ 4)
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r
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Figure 5

2) The material of the bolt (screw, stud) is selected, and if necessary, the material of
the parts to be joined. Fasteners for general use are made of low and medium carbon
steels such as 10 steel ... 35 steel.

3) Depending on the operating conditions of threaded parts, the permissible tension
for tightening, crushing or shearing is found.

The permissible tension for tightening for bolted joints [o,] found in the absence of
plastic deformations. It is the yield strength of the screw material o depends on and [o p]=
or/ [s1] is equal to.

Here [st] — strength reserve factor. [st] It is recommended to select the quantitative
value of the reserve coefficient depending on the assembly technology. If such assembly is
performed with a torque wrench that allows for strict control of the tightening torque, then
[st]=1,3...1,5. The tightening of the screw in this version of the assembly is called
controlled. However, in most cases, the wrenches for tightening do not have means for
controlling the torque, as a result of which the tightening force remains uncertain. The
assembly performed with such a wrench is considered uncontrolled. In this case, it is
necessary to increase the value of the reserve coefficient and [st] = 1,5... 4,0 It is advisable
to take it equal to . In addition, the largest values in the indicated range should be chosen
for small diameters of screws (d < 10 mm), since the possibility of stretching is much
higher in them. The permissible shear stress can be determined from the following
relationship:
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[7cp] =(0,2...0,3) o7,

Permissible crushing stress: [o ¢ = (0,35... 0,45) or.

4) The inner diameter of the thread is d1, the bolt (screw, stud) with the largest inner
diameter of the thread is selected.

5) A verification calculation is performed.

6) If necessary, the connection can be checked for the absence of movement along the
base, in which the moving part is compared with the friction force that occurs when
turning the bolt (screw, stud).

If the base material is not strong enough compared to the material of the bolts, for
example: a cast-iron bracket is attached to a concrete wall (base), then the wall is checked

SF

for maximum compressive strength. Ocy =——< [JCM],

Acr

here 2F; — the total load on the base compressing (crushing) bolt; A-; — base surface,
[o cm] — Permissible crushing stress for the strength of the threaded pair is less detailed.

Permissible compressive stress at the joint for a brick wall built in a mortar mixture
— 0.7..1.0 N/mm? for a brick wall built in cement mortar — 1,5..2,0 H/mm?; for
concrete — 2...3 N/mm?; for wood — 2...4 N/mm?

i
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