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The energy of sheet bending on a crank-type press
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Summary. The analytical method of power calculation of
crank-type press working stroke is developed instead of graph
analytical method. This analytical method allows substantially
reducing working hours of calculation and promoting
exactness of the results. Bending and coining are offered to
execute separately. That will allow to make this processes
more economically and to reduce depreciate charge.
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INTRODUCTION

Sheet bending is one of the most widespread
operations of the sheet stamping. The technology
of sheet bending is given in literature fully enough.
At the same time the problems of energy losses on
the sheet stamping process itself are not paid
attention. So its hard to make the choice of
equipment for automation the process.

ANALYSIS OF PUBLICATIONS

The sheet stamping, as well as sheet
bending, belongs to most widespread operations of
processing of metals forming. Sheet bending
processes are quite fully presented in works
[Malov 1969; Malov 1969; Forging and stamping
1987; Evstratov, Pivova, 2007].

The most fully sheet bending operations are
given by Zubov M.E. in his work. The descriptions
of bending and coining processes which allows to
decrease springing of material and to improve
quality of good. The example of determination the
sheet bending efforts of the steel staple is given
[Zubov 1980].

It is shown that the sheet bending effort
makes 60,15kN, coining effort at the end of slide-
block stroke of the press — 816 kN. Coining effort
is in 16,3 times more than sheet bending effort.
Sheet bending is the most common conjointly with
coining on mechanical crank-type presses. The
description of function and the construction of
which led in monographs and literature on
blacksmith-stamping equipment [Zaleskiy 1964;
Zaleskiy 1973, Lanskoy, Banketov 1966;
Banketov, Bocharov, Dobrinskiy, Lanskoy 1982;
Zhivov, Ovchinnikov 1966; Stoyanov, Shenkman

2010; Zhivov, Ovchinnikov 1981; Zhivov,
Ovchinnikov, Skladchikov 2006;
Ryabicheva, Tsirkin, Usatyuk 2010;  Bocharov

2008; Vlasov, Borzykin, Bukin-Batyrev 1982;
Ray, Monyatovskiy 2000; Svistunov 2008].

Technical descriptions of crank-type presses
are given in reference books on blacksmith's
equipment [Rudman, Zinchuk, Marchenko 1989;
Forging-press equipment 1982].

In technical literature methods are
expounded in the general view for graph analytical
calculation of power parameters of working stroke
of crank-type presses, they are based on the graph
of technological efforts of deformation. Bases of
this method are resulted in works of Lanskoy
[Lanskoy 1982]. In works [Lanskoy, Banketov
1966; Zhivov, Ovchinnikov 1981; Zhivov,
Ovchinnikov 1966] is expound the same graph
analytical method with insignificant clarifications.
The indicated method is used without changes in
works of other authors [Vlasov, Borzykin, Bukin-
Batyrev 1982; Belyaev, Bogdanov, Tynyanov
1989; Bocharov 2008; Svistunov 2008].
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The method of numeral integration of power
parameters calculation of working stroke crank-
type presses is given in work [Ray, Monyatovskiy
2000].

PURPOSE OF THE WORK

A purpose of work is the development of
analytical method of calculation the energy
expenses on the working stroke of crank-type
presses that works making workpiece on sheet
bending operations.

OBJECTS AND PROBLEMS

The energy expenses on a working stroke of
the press is determined from the dependence

where: 4, — work of plastic deformation,

contains two constituents

Ag =Ag1 +Ag2: (2)

A,, —work on the bending area workpiece

gl
Agr =By, 3)

h, — moving the slider on the site of bending
workpiece (fig.);
P, — permanent effort, it is accepted equal,

P, =0.2P,,

P, —nominal effort of the press.
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A,, — work of plastic deformation in the
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Fig. 1. The effort graph of plastic deformation — 1, the load
graph of the press — 2

The start of the working stroke Zhivov L.I.
[Zhivov, Ovchinnikov, Skladchikov 2006] offers
to determine the rotation angle of the main shaft
equal 60 degrees. According to [Yavtushenko
2008; Yavtushenko O.V., Glebenko T.O., 2012]
absolute deformation on the coining area is equal
to 0,03 Su (SH — nominal stroke of the press slide-
block) and if one considers the increase of the
closed height of the press in consequence of plastic
deformation, these it is possible to express from
the dependence

5

wetp?) = +0.03S+ P,/ C, (5)

where: S(a=s0°)

— moving of slide-block is
proper the corner « =60° turning of main billow
of the slide-block counted off from extreme lower
position;

0,03S — absolute plastic deformation on the
coining area, accepted aaccording to the
recommendations [ Yavtushenko, Glebenko 2012];

C — technological stiffness of crank press.

The energy losses on a friction are
determined from the dependence

aN

Ay = [Boyn da . (6)

a,

At the first bending area for solutions to (6)

made:
2
0y =60, = [FO3S B IC)
R(1+2)
mp = y[l(ra +7, )cosa +7,+ ro],
where: pu — a coefficient of friction in

kinematics pair;
A — coefficient of multiplicity of bell crank;
a, —angel of coining;
r,.1,.r, — radiuses of bearings trunnion of

articulation of crank-type shaft with connecting rod,
crank-type shaft with a slide-block, supporting pin
of main shaft.

After a substitution (7) in (6) and
integrations we will get following expression for
determination of losses on a friction on the bending
arca

/l(r,, +r, )(sin o, —sin ap)

Lo
(41 an-a,) '

AfzyP,

For determination of energy losses on a
friction on the bending area are determined by
dependences included in equalization (6).



THE ENERGY OF SHEET BENDING ON A CRANK-TYPE PRESS 5

Effort on a slide-block in the function of
corner of the turn of main shaft would be

p_p Ms(a), (8)

a max
SP

where: S, , — moving the slide-block in the

function of the rotation angle of crank shaft,

S, — moving the slide-block on the bending

area considering to the plastic deformation of the
press

S, =h+ Py / C (10)
Resulted shoulder of friction forces, taking
into account the small values of corner «;, in

obedience to recommendations of Zhivov L.L
[Zhivov, Ovchinnikov, Skladchikov 2006] is
accepted permanent, in formula (6) cosa =1,0.
After a substitution (8) and (9) in (6) taking
into account of constancy the resulted shoulder of
friction forces and limits of integration, we will
find dependence for determination of energy losses
on a friction on the bending area
Pmaxap N Pmaj;_ P] R

Ay =m, ’ . (11)
J A . A -
. +z ap—smap—gsm ap

If we express sinla,=2sina,cosa, and

(11)  for

determination of energy losses on a friction on the
bending area it is possible to present like

accept  cosa, =1, equalization

P a Pmax_PiR_
S

max“p
Ay =my ) . (12)
.KI+%}(¢1P —sinap)}

For determination of losses on a friction at
the plastic unloading press in equation (12)
B,x=P, S =A4l; ay=a,; P,=0 is accepted and

max

we will get

R A .
Ay = mfpn{ay _A_EKJ +zj(ay —szna},)}} , (13)

In (13) constituents are determined as
following:

the size of plastic deformation of the press
on the closed height

Al=P,/C, (14)

the rotation of an angel of crank shaft is
appropriate for plastic deformation of the press

a, =+240/(R(I+ 1)) . (15)

For the evaluation of energy losses on a
friction at the plastic press unloading is determined
by plastic deformation of the press on dependence

(16)

Efficiency of the press on the bending area
and efficiency of the working stroke determined on
the generally accepted method as attitude of ratio of
the plastic deformation (useful work) to expended
(expressed as the sum of the energy lost to friction and
useful work). The basic parameters and results of the

calculation of the energy parameters of the working stroke
are given (table. 1, table. 2).

A, =P]/(2C).

Table 1. The basic parameters of the calculation of the
energy parameters of the working stroke

Ne 1 2 3 4 5 6

P,, MN 1,6 3,15 6,3 10,0 16,0 | 25,0

S, mm 160 400 320 400 400 | 600

10’
MN/m | 06 | 09 1,2 1,5 1,9 | 24
ji 0,085 |0,095] 0,105 | 0,115 0,120 | 0,125

7, , mm 230 335 375 430 470 | 475

7, , mm 90 90 125 160 190 190

7, mm 90 125 160 180 190 | 200

mye,mm| 2] 29 36 42 44 46

The analysis of the results shows the high
economy of bending process compared with the
process of coining. This can be explained by the
occurrence of precipitation process at high angles
of rotation of the main shaft 60 ° ... 25 °, and 25 °
... 0 ° bending process as kinematical efficiency
slider-crank mechanism with decreasing angle of
the main shaft. Since the efficiency of the working
stroke in the bending area is 0,84 ... 0,91, in the
coining area 0,30 ... 0,44. The efficiency of full
working stroke include the bending area and
coining is at 0,47 ... 0,62, that is, at the level of
efficiency of the crank presses stroke working in
punching and cutting operations with sheet metal.
Significant energy losses observed in the plastic
unloading of the press, the energy expended to
overcome friction is 53 ... 116% of the plastic work
during coining.

Analysis of the load graph of the press shows
that the bending should perform on press in several
times lower than the nominal force, which would
reduce energy costs and depreciate charge.
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Table 2. The results of the calculated parameters
of the bending process

Ne 1 2 3 4 5 6

Al,,mm| 27 | 3,5 | 53 6,7 8,4 10,4

a,,deg | 10,3 | 10,3 | 14,0 | 140 | 157 | 13,9

o ,deg | 0,42 | 038 | 041 | 043 | 043 | 041

A,k | 2,1 | 55 | 132 | 333 | 674 | 1302
Ag K1 | 511 | 11,4 | 38,7 | 72,4 | 1351 | 1957
h,,mm | 355 | 91,5 | 71,0 | 91,0 | 89,1 | 112,7

S,,mm | 43 107 86 109 09 168

Sy,mm | 7,5 | 15,5 15 19 20,5 29,3

h,mm | 4,8 12 9,6 12 12 18,9

h,,mm | 3,5 | 91,5 | 71,5 90,3 88,6 138,7

Ay, K | 2,1 | 56 | 109 | 180 | 327 | 584

Aﬂ,kJ 10,5 | 259 | 70,4 | 131,8 | 2284 | 3553

g, K [ 11,4 | 576 | 90,1 | 182 | 285 | 694
g, K | 46 | 22,7 | 36,7 | 72,0 | 1150 | 284,0
Z4,,K) | 16,0 | 80,3 | 1268 | 254,0 | 4000 | 978,0

ZAp K| 17,7 | 42,9 | 124 | 223 | 396 609

n; 0,84 | 0,91 | 0,89 0,91 0,89 0,91

n, 0,3 | 0,53 | 034 | 0,36 0,34 0,44

Uy 0,47 | 0,65 | 0,51 0,53 0,50 0,62

Aﬁ,/Ag 1,1 0,5 1,1 1,0 1,2 0,7

Ag /A, | 24 | 2,1 2,9 2,2 2,0 1,5

It is desirable to perform coining on presses
with less speed slider and more technological
rigidity, such as embossing. Making bending or
coining on universal crank presses substantial
economic savings can be achieved by improving
the conditions of friction in the joints of the main
actuator, friction coefficient from 0,06 to 0,03 will
allow to increase 30% in efficiency of the working
stroke press.

CONCLUSIONS

1. The proposed method of analytical
calculation of energy on the working stroke of the
press instead of the graph analytical on the operations
of coining can reduce the complexity of calculation
and improve the accuracy of its results.

2. Bending operations should be carried out
separately from the coining, which allows in a few
times to reduce the power of the press. We suggest
coining operations to make on presses with less speed
slider and more rigid, such as embossing presses.

3. The use of hydrodynamic lubrication
conditions will significantly reduce the energy losses on
friction and increase the efficiency of the working
stroke of the press on 30%.
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SHEPT'ETUKA 'HBKHU JIMCTOBOTI'O
METAJIJIA HA KPUBOIIUITHOM INPECCE

Ab6oyneanuee Mapam, Peti Mupociasa

AHHOTanus. Pa3paOoTaHHBI aHAIUTUYECKUH  METOJX
9HEPreTUYEecKOro pacuera pabodero Xoga KPHBOLIMITHOIO
mpecca BMECTO rpa)0aHaIUTHIECKOr O MO3BOJISIET
CYIIECTBEHHO CHHM3HTh TPYAOEMKOCTh pacyeTa M IOBBICHTH
TOYHOCTb €ro pe3ynbraToB. [IpeuiokeHo cBoOoIHy0 THOKY U
npaBKy (YEKaHKy) BBIIOJHATH PAa3[eibHO, YTO MO3BOJIHUT
9KOHOMHUYHOCTh IIPOLECCOB M CHHU3UTh AMOPTU3ALMOHHBIE
OTYHCIICHUSL.

KnwoueBsie cinosa. KpuommmnHslid npecc, paGounit xon,
nedopmanys, rubKa JIMCTOBOrO MeTallIa.



