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AUTHOR'S INFO ABSTRACT

After the elastoplastic deformation of the metal structures and the metal products (for example, after a torsion, a bending, a
compression, a stretching, the complex types of deformations), these bodies change their shape and partially springback. At the
same time, the residual stresses arise in the bodies. Under the appropriate external conditions (for example, when the temperature
changes), these stresses can lead to a significant distortion of the bodies’ shape (adopted after deformation) and even destroy
Key words: these bodies. To estimate the residual shape of the round steel beam, which it takes after the mechanical deformation (the form-
ing), it is necessary to know the springback coefficient of the round beam at the torsion. At the torsion of a round steel beam, the
torques (the torsional moments, the twisting moments) also appear in the beam. This moments are connected with the tangential
stresses in its cross-section. The maximum of the tangential stresses occur on the surface of the round beam and can lead to the
destruction of the metal beam. However, even at very strong elastoplastic torsion around the symmetry axis of the beam, the tan-
gential stress in the center of the cross-section of the round beam is zero and the elastic zone in the beam’s cross-section exists.
Therefore, the destruction of the round steel beam and the defects of its metal under the torsion always start at the beam’s surface.
The magnitude of the tangential stresses and angular deformations, their distribution along the cross-section of the round beam
are always associated with the torque of the external forces. The greater the torque, the greater the tangential stresses and angular
deformations. In this paper we have obtained the springback coefficient and the torques of the straight round beam under a torsion
for an elastoplastic medium with a linear hardening, depending on the beam’s radius, the shear modulus, the yield strength and
the hardening modulus of beam’s material. The research results can be used in the metallurgical and machine-building factories.
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1. Introduction In the field of material’s hardening (the elastoplastic tor-
sion), the dependence of the tangential stress T on the shear
We consider a straight beam with a circular cross-section angle v has the form
with the radius R. Further, we will assume that the mate- AT ¥ .
. . . . inear hardening
rial of the beam under the elastoplastic torsion has a linear sone
hardening. .
Let Tt and y be a tangential stress and a shear angle; G,
L and 7, be the shear modulus, the hardening modulus and T, §--gee=soo-- geeemmmeaes
the yield strength at shear of beam’s material [1-39]. The
diagram of tangential stresses of the beam for the medium
with linear hardening at shear is shown in fig. 1. o
In the field of elastic deformations, the tangential stresses
obey the Hooke’s law at shear

A Tmax

.

»
>
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T=Gy.
Fig. 1. The dependence of the tangential stress on the twist
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Plastic zone

Tmax

Fig. 2. The epure of the tangential stresses in the cross
section of the round beam

r=ty+L(y—yy)=‘cy+L(y—%),

T
=g T =T +L(vmx —é)

At a torsion of the straight beam with a circular cross-
section, the maximum tangential stresses are observed on
the beam’s surface. The epure of the tangential stress in the
cross-section of the round beam is shown in fig. 2.

Under the strength condition by Huber — Mises (the en-
ergy theory of strength), we have [1-4, 12, 13]

Gy
Ty =Ez 0.58 Gy,
but under the strength condition by Tresca — Saint-Venant
(the theory of maximum tangential stresses), we have

G}’
T, = 7 =0.5 c,.

2. Torsion of round beam

Let @(z) be the twist angle of the cross-section of the
round beam. The relative twist angle 6(z) of the beam’s cross-
section is equal

d
e=e(z)=d—‘zp.

The cross-section of the round beam under the torsion
is divided into two zones — the elastic zone and the plastic
zone. The value r, which determines the boundary of these
zones is found from the equations

T T

T,=Gy, =G, =, -1,
T EER DTG0 Gre

If the torque and the relative twist angle increase, the
elastic area of the beam’s cross-section decreases.

In the elastic area of the beam’s cross-section we have
[8—11, 19-21]

1=GYy=Gro,

but in the plastic area of the beam’s cross-section we have

—t 4 Lly-7,)=1, + Ly |=1, + 2 -2
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The relative twist angle of the beam, at which for the first
time the tangential stress on the beam’s surface equals to the
yield strength at shear 1, we find from the equations

T T
1,=GRo,, 6 =—1, — =

r =R, =— =1.
’ GR GR6,

¥y

According to the strength condition by Huber — Mises
(the energy strength theory), we have

GJ’ Ty Gy

but according to the strength condition by Tresca — Saint-
Venant (the theory of maximum tangential stresses), we have

N P
27 Y GR 2GR
3. Torque

Under the elastoplastic torsion, the torque M in the
cross-section of the beam is equal to

M= %nG{(G —L)(%T + LR“] +

3
T,
+gm (1—5) R—-| =1
37 G Go
Under L = 0 (the tangential stress diagram by Prandtl),
we obtain

4 3
1 T 2 T
M(L=0)=—m0| G| == | |+=nt,| R’ -| =] |=
2 G6 3 - Go
1 2
=En6Gry4+§nty(R3—r3)=
1 2
=—ntr’ 3, (R-r)=
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1 2
= —gm:yry3 +§myR3,

M(L=0)= —%myrj +%myR3,

r =;3/4R’ —M.
! T,

On the other hand, under L = 0, the torque is equal to

4 3
T T
M(L:O):lm G_e e +2m R-l=x] |=
2 yﬂ:y Go 37 Go

3
T
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Under L = 0, the plastic deformation on the surface of
the round beam occurs for the first time when
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6M(L=0)

nT,

r,=R=34R’ - , M(L=0) :%myR3.

Under L =0, the maximum torque is reached at

. =0=i/4R3_6maxM<L=0>
y b

nT,
2 3
max M(L = 0) = ETWYR .
Under R=r,and 6 =0, =1,/(GR), we obtain
M(R=r,,0= 9},>=%n6y[(G—L)R4 +LR']=

1 1
= ETCS}}GR4 = ETCT},R3.

We give the expression for the torque to a dimensionless
form

2L o)), Lfger
m, R 30 G GRO Gl 7, |

Under L= 0and 6 = 0,, we obtain

Under the pure elastic torsion of the round beam, we have
[30, 31, 34, 37-39]
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Under the pure elastic torsion, the torque M in the cross-
section of the beam is equal to
1

M =—nGeR*,

2
oM . T,GRO 2M _ GR®
nGR> G, wmR 1

The dependence y = 2M/(nt, R) from x = GRG/‘cy is
shown in fig. 3 where

2M _GRO GRO, _GR

=x-x_, = 6-06,,),
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2M
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4. Springback coefficient under torsion

Under the pure elastic torsion of the straight round beam,
the residual relative twist angle is equal to zero (6,,,=0), and
the springback coefficient of the straight round beam at tor-
sion is also equal zero (B(0) = 0).

In the basis of determining of the residual relative twist
angle 0,,, after the elastoplastic torsion of the round straight
beam, the Genki’s theorem about unloading (1924 year) have
aplace [4, 8,9, 35-37]: the residual deformatioms are equal
to the difference between the true deformations in the elas-
toplastic body and the deformations which would be created
in the body under the assumption of the ideal elasticity of the
body’s material.

Using the Genki’s theorem about unloading, we calcu-
late the springback coefficient B(0) of the relative twist angle
6,,; under the torsion of the straight round beam:

—)9 =p(6)6,
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Under L = 0 (the tangential stress diagram by Prandtl),
we obtain

o=Lif1- () of 2|43
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T
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The dependence of the springback coefficient  from the
relative twist angle 6 under L = 0 is shown in fig. 4.
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Fig. 3. The dependence of the torque moment

from the relative twist angle
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Fig. 4. The dependence of the springback coefficient
from the relative twist angle

Fig. 5. The torsion of steel wire with a diameter of 5 mm
with the help of the collet-chucks by means

of the machine Instron 55MT2

Fig. 6. The destruction of the round beam and the loss
of stability of the cylindrical shape of the wire’s surface
under a strong torsion (a violation of the Bernoulli’s
hypothesis about the plane cross-sections)

The torsion of a piece of steel wire with a diameter of
5 mm on the machine Instron 55MT2 with a maximum
torque of 220 N-m and a mass of 2500 N is shown in fig. 5.
The ends of the wire are clamped with collet-chucks. Before
torsion, a straight longitudinal line was applied to the wire’s
surface with the help of a black marker pen. This line takes a
spiral shape during torsion.

The peculiarity of the fracture of a thin long round wire
(adiameter up to 5 mm) made of steel, copper and aluminum
is its ability to withstand a large plastic deformation (tens
of revolutions around the longitudinal axis of symmetry)
without completely destroying. Before breaking, thin longi-

Fig. 7. The destruction of the round steel working roller
of 1210x5300 mm by SMS Siemag company
on the metallurgical complex mill (MKC-5000)

tudinal fibers burst on the surface of a thin wire (the surface
becomes barbed and rough to the touch), but the initial cy-
lindrical surface of the wire loses its stability and becomes
slightly wavy (see fig. 6).

Destruction of thick steel cylindrical specimens occurs in a
different scenario. In an initial stage of torsion of a thick round
beam, there are only the tangential stresses in the planes perpen-
dicular to its longitudinal axis. The stress state is a pure shear at
all points of the cross-section. On the other hand, there are only
normal (main) stresses in the planes located at an angle of45° to
the beam’s axis. The normal and tangential stresses are equal in
amagnitude to each other, so a destruction of the sample under
a torsion can occur from a shear or a break.

Since the shear resistance and the tear resistance for the
different materials are different, the destruction of the sam-
ples during the torsion test will be different. The destruction
of the round beam from the plastic materials (for example, a
low-carbon steel) during a torsion is caused by a pure shift and
occurs along a cross section of the beam. The destruction of
the round beam from the brittle materials (for example, a cast
iron) during a torsion occurs due to a separation along the heli-
cal surface inclined to the axis of symmetry at an angle of 45°.

The destruction of the round steel working roller of
1210x5300 mm by SMS Siemag company on the metallur-
gical complex mill (MKC-5000) is shown in fig. 7.

5. Conclusions

An analytical expression for the springback coefficient of
around steel beam under an elastoplastic torsion is obtained.
The research results can be applied in the metallurgical and
machine-building industry under the manufacture of the
round beam and armatures, and the metal products made
from the round beam and construction armatures [1-39].
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