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KINEMATIC ANALYSIS AND SYNTHESIS OF THE LEVER MECHANISM
OF CRANK PRESS STAMPING

Expanding technical and technological capabilities of forging and stamping machines and equip-
ment can be carried out by introducing new designs of actuators with wide functionality. These
features are provided by the crank lever mechanisms of the press. This article presents a kinematic
analysis and synthesis of a six-lever mechanism for stamping a crank press with a forging feed
mechanism. We propose an analytical method for kinematic analysis of the mechanism, which
allowed us to implement a numerical calculation program in the integrated Maple environment.
Methods of kinematic synthesis of the six-lever crank press mechanism based on the standard-
square approximation, as well as the synthesis of the four-lever crank-slide forging feed mechanism
have been developed. All the required constant geometric parameters of the stamping mechanism
are determined; as a result, the mechanism implements the specified law of motion of the working
slider with high accuracy. The comparative analysis was carried out in the ASIAN-2014 environ-
ment.

Key words: crank, press, linkage, the slider, the treatment of materials by pressure.
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Kocinai mpeccrin ninTipeKTi mramMbLiay MeXaHU3MiH KMHEMaTUKAJIBIK, TAJIAay >K9HEe
CUHTE3/Iey

1

Y cranbIK-IITaMIblIay MAIIAHAJIAPBI MEH KaOIbIKTAPBIHBIH TEXHUKAJIBIK KOHE TEXHOJIOTUSIIBIK,
MYMKIHIIKTEPiH KeHEHTy/ i KeH (OyHKIIMOHAIBI MYMKIHIIKTepl 0ap aTKaApyIIbl MEXaHU3MIEPIiH,
JKaHa KYPBLIBIMIAPBIH €HTi3y ecebinen »Kyprizyre OGomamsl. Mymmailt MyMKiHIIKTEpre MIpecTiH
KOocHiHi WiHTIipeKTI Mexanm3miepi me. Bysn mMakamama corymabl 0epy MexaHm3mi 0ap KOCHiHI1
MIPECTi IMTaMIBLIAYILIH AJTBIOYBIH/IBI MIHTIPEKTI MEXaHU3MIiHIH KMHEMATUKAJIBIK, TAJJIAYbl XKOHE
cunTe3l Gepliren. MexaHu3Mi KUHEMATUKAJIBIK, TAJJIay VIINH AHAJUTAKAJBIK OJiC YCHIHBLIFAH,
Oy wmHTerpasinblk Maple opTachiHIAa CaHIBIK, ecemnTey OargapiaMachlH Ky3ere achIpyra
MYMKIHZK Gepai. Opraimmna KBaJpaTThIK KYBIKTAay, COHJAM-aK COFyJIbl GEpy/iH, TepT OybIHIIbI
KOCHUIH/TI->KYTipTKI MEXaHU3MIHIH CUHTE31 Heri3inje KOCUiH/Ii MPECTiH aJThIOYBIH Bl MEXaHU3MIHIH
KUHEMATUKAJIBIK, CHHTe31 omicTepi o3ipsensai. Illtamnburay mMexanusMminiy 6apsblk i3gectipimeria
TYPAKThl T€OMETPUSJIBIK TapaMeTpJIepi aHbIKTAJIbI, HOTUKECIHIE MEXaHU3M YKYMBIC YKYTipTKici
KO3FaJIbICHIHBIH, O€piJireH 3aHbIH KOFApbl JQJIIIKIEH icKe achipabl. CasbICTBIPMAJIBL TAJIAY
ASIAN-2014 aitmarbraa *Kyprisia.

Tyitin ce3mep: KocuiH, mpecc, WIHTIPEKTI MEXaHW3M, KYTIpTKi, MaTepHUaIIAPAbl KBICHIMMEH
OHJIEY.
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Pacrmmpenne TeXHUYECKUX M TEXHOJOTHIECKUX BO3MOYKHOCTEH Ky3HETHO-IITAMIIOBOYHBIX MAIITITH
u 000PYJIOBaHUsT MOXKHO IIPOBOJIUTH 33 CYET BHEJPEHUS] HOBBIX KOHCTDPYKIIUN HCIOJHUTETHHBIX
MEXaHU3MOB C IIUPOKAME (DYHKIIUOHAJBHBIMA BO3MOYKHOCTSIMHA. TAKUMU BO3MOXKHOCTSIMU
obJialaeT KPUBOIIHUIIHBIE PBIYAXKHBIE MEXaHH3MbI IIpecca. B [MaHHOW CTaTbe MPEeJCTABJICH
KAHEMATUYIECKAN aHaJu3 ¥ CUHTE3 MIECTU3BEHHOTO PBIYayKHOTO MEXaHW3Ma IIITAMIIOBKA
KPHUBOIIUIIHOTO [pecca € MEeXaHW3MOM IIOJadM TOKOBKHU. llpejyiaraercss aHAIUTHIECKUI
MeTOJ, KUHEMATUYIECKOIO aHAJM3a MeXaHU3Ma, KOTOPBIA ITO3BOJIMJI Peajin30BaTh I[IPOrPAMMY
YUCJIEHHOIO pacyera B MHTErpupoBaHHOU cpeie Maple. Pazpaboranbl MeTOIbl KMHEMATHIECKOTO
CHUHTE3a IMEeCTU3BEHHOTO MEXAHM3Ma KPHUBOIIUITHOTO IIPECCa Ha OCHOBE CPEIHEKBAIPATUIECCKOIO
MpUOIMKEHNsI, TAKXKe CHHTE3a YETHIPEX3BEHHOI'O KPHUBOIMUITHO-TIOJI3YHHOTO MEXAHU3Ma ITO/Iaqu
mokoBku. OmpesesieHbl BCe HCKOMBIE IOCTOSIHHBIE TE€OMETPHYECKHE IapaMeTphl MeXaHU3Ma
[ITAMIIOBKH, B pe3yJibTaTe MEXaHW3M C BBICOKOW TOYHOCTBHIO PEAJIM30BLIBAET 3aJaHHBIN 3aKOH
JBUXKeHUs pabodero mossyHa. CpaBHUTEIbHBIN aHa 3 npoeeieH B cpege ASTAN-2014.

KitroueBbie cjioBa: KPUBOIIUII, MPECC, PHIYAXKHBIA MEXaHU3M, MMOJI3YH, 00PabOTKA MaTEepPUAJIOB
JaBJICHUEM.

1 Introduction

To increase the competitiveness of forging and stamping equipment, it is necessary to increase
its operational characteristics (accuracy, durability, efficiency, high manufacturability) while
reducing overall development and production costs [1, 2]. This encourages the transition to
modern design methods based on mathematical modeling of ongoing processes throughout
the technological cycle and rational use of modern CAD tools. Expanding the technical and
technological capabilities of forging machines and equipment can be carried out by introducing
new designs of actuators with wide functionality. These features are provided by the crank
lever mechanisms of the press. The development begins with solving the problems of kinematic
synthesis and analysis of mechanisms.

2 Literature review

The development of new machine mechanism designs, including crank presses [1], begins
with solving problems of analysis and synthesis based on mathematical modeling. When
implementing the technological process in crank presses, it is necessary to provide a specified
cyclogram of the movement of the working slider: fast ascent, dwell, slow descent. Research on
crank presses considers two ways to achieve this goal, the first is to synthesize a mechanism
with a single degree of freedom |2, 3, 4, 5], where these properties are embedded in the
properties of the kinematic chain, the second is the solution of this problem due to the
additional freedom of the kinematic chain, which are called the hybrid press system [6].

M. Erkan Kyutyuk’s work [6] provides a review of the scientific literature on the analysis
and synthesis of hybrid mechanisms of crank presses. In this paper, we consider a seven-way
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lever mechanism with two degrees of freedom (2 DOF), in which one degree operates on the
basis of a DC power motor (for the implementation of the main technological process), the
second — on the basis of a servomotor to provide a cyclogram of the technological process.

In many other studies, hybrid press systems are based on five-link and seven-link mech-
anisms with two degrees of freedom. The first study of this kind was performed by Dulger
(originally Tokuz) and Jones in a hybrid configuration [7, &, 9]. The constant-speed engine
and servomotor were combined by a differential transmission, which further drives the crank
mechanism |7].

Yuan and others explored the two combined machines having seven links, two DOF linkage
[10]. Ouyang et al. proposed a five-link lever mechanism consisting of a five bar linkage, an
AC CV motor and a frequency controller, an AC brushless servo motor and a servo amplifier
with a gear transmission, a shift encoder, a flywheel and a belt [11]. Zhang proposed a hybrid
five bar mechanism [12].

Connor et al. have presented a study on the synthesis of hybrid five bar path generating
mechanisms using genetic algorithms [13]. Dulger et al. have presented a study on modeling
and kinematic analysis of a hybrid actuator; a seven link mechanism with an adjustable
crank [14]. Yu has offered a study with HM system using five bar mechanism [15]. Li and
Zhang have applied a seven bar linkage configuration with kinematics analysis and optimum
design of hybrid system [16]. Li and Tso have presented a seven bar mechanism [17]. Tso and
Li have later used a seven bar mechanism to investigate the stamping capacity and energy
distribution between the servomotor and the flywheel with different motion inputs [18]. Tso
has again used a seven bar mechanism. A control system with iterative learning control and
feedback control techniques was developed [19].

In all these mechanisms, the issue of providing the necessary cyclogram for moving the
working slider is solved by controlling two or more engines and, accordingly, the problems of
dynamic synthesis of drive control functions are solved.

The implementation of a technological cyclogram using a mechanism with a single degree
of freedom requires a significant complication of the structure of the lever kinematic chain,
the so-called Assur groups [20, 21]. In the works by A. Tuleshov [2, 3, 1, 5] a kinematic chain
(structural group) of the fourth class is used for the synthesis of the crank press mechanism.

In [3], a vector method for kinematic analysis of crank two-rod presses has been developed
on the basis of four-link groups [2]. As a follow-up to these studies, a vector model of the
time diagram of the automaton was developed |2, which allows solving various dynamic
problems by changing the parameters of the time cyclogram of its mechanisms, including the
analysis of the mechanism using the Matlab / Simulink platforms [5]; based on this, it was
possible to expand the motion scenarios for the slider with servo inputs. In [4], the authors
used simulations to compare a conventional press with a power transmission using a crank
mechanism and a press with an FEM yoke mechanism (Chval and Cechura 2014) [22].

3 Material and methods

3.1 Structural analysis

Figure 1 shows a kinematic diagram of the stamping mechanism under consideration with a
feed-and-removal mechanism of the processed material. The structural formula of the mech-
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anism has the form [20].

Figure 1: Kinematic schemes of the stamping mechanism

I(1) = IV(2,3,4,5) = 11(6,7) = 11(8,9).

A special feature of the mechanism is that the modified contour BB'C” (' is a parallelo-
gram and the ABB’ triangle is equilateral. This imposes certain conditions on the movement
of individual joints: joint 2 makes a forward movement on the plane and joints 3 and 4 occupy
the same angular positions.

The following symbols for the coordinates and dimensions of joints were introduced: r
— length of crank 1; a — height of ABB’ triangle; | — length of parallel connecting rods
BC = B'C'; ¢ — angular coordinate of crank 1; ¢ — angular coordinate of two connecting
rods 3 and 4; S — linear coordinate of slide 5; e — eccentricity of slide 5, i.e. the deviation of
the trajectory of the center of gravity of the slider from Oy axis; b — distance between ball
joint C' and the center of the slide 5 along Ox axis; [; ; — the length of the leash triangular
joints, where ¢ = 4.7 takes the number value of the joint j = 1,2 — number of sides on a ¢
triangle; [; — the length of the i-joint; ¢; — angular coordinate of the i-joint; Sy — movement
of slide 9 parallel to the axis Osx.

3.2 Kinematic analysis

The kinematics equations of the Stephenson mechanism I(1) = IV(2,3,4,5) in the crank
press structure have the form [2]

rcosp +lcosy =e
{ (1)

rsinp —a+lIlsiny = -9
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Solutions of equations (1) with respect to S = S(¢), 1 = () are obtained explicitly

S=a—rsinp £ /12— (e—rcosp)?

1 2
1 = £ arccos |:7(6 — 1 Cos (p)} 2)
The signs 4 correspond to different assemblies of the mechanism.
The first and second derivative (analogs of speed and acceleration) are written as

S = —rcosp —lcostp -/
e T ®)
Y siny = —?smgo

_ T (4)

" sin) + cosp - P = —7 o8y

Solutions of equations (3) and (4) with respect to the first and second derivative are
written as

{S” =rsing + [siny - " — [ cosp - )"

= D) ) 20, £ 0, R k=1,2,3,...

1° 7 —
w(#)  sin(v)’
2° Ti(p)=S5"=—rcosp—1- le(go) cos ),
1
32 T(p) =" = —— J [%cosgo—(Tq;)Qcosw Csin £0, b A£0, kr, k=1,2,3,...
sin
4° Tg(go) — 9" = TsinQ0+l. (T1QJ)2SH”7Z) —1. TJCOSQﬁ.

(5)

In real crank presses, the eccentricity e = 0, the above formulas are slightly simplified
and the algorithm for kinematic analysis of the mechanism is recorded

. S=a—rsinp+ /> —1r2cos?y
1) = & arccos [% coS 90}

( 2 3

S'=—rcosp+ et 4

90 24/1?2 —r2 cos? ¢

7 sin

Y =F (6)

12 —1r2cos?p

\
;

cos r?sin? ¢ cos ¢
12 — r2 cos2 ) 2(l2 — 12 cos? @)3/2

S”:rsingoj:r2< —
3 2 2
cos 72 sin? ¢ cos @

"_ 4 _
4 g ( 2 —r2cos?g  2(12 —r?cos? p)3/?
\

Next, we make the kinematics equations for the following mechanism structures 17(6,7) =
I1(8,9). To do this, write down the coordinates of the joints B’ and C” :

T =rcosp+b, yp =rsing—a, ro=e+b yo =S. (7)
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Let us write the equations of the geometric connection of a B’DC” triangle:
(zp —xp)* + (yp —yp)* = iy,

(xp —xcr)? + (yp — yor)* = Ui,
The solution of this system of equations with respect to two unknowns xp and yp can be
represented as [1]

B++vB%2—- AC
(p)i2 = 2 . (yp)i2 =c(zp)i2+d, (8)

where A =1+ B=c(yp —d), C =2% + (yp — d)* — 12,

_Q?C/—I’B/ d_lil—lZQ—O—xé,—xQB/—Fy%/—y%/

= , . Yo F Y 9)
Yo — Yp 2(yer — ypr)

Let us write similar geometric connection equations for the group I7(6,7)
(xp —2k)” + (yp — yx)* = &,

(2 = 20,)* + (yx — y0.)* = Iz,
The zo,, yo, coordinates are calculated, then the solution of this system of equations
with respect to two unknowns xx and yx can be represented as

B+ VB2 —AC

()12 ) . (yr)i2 =c(xr)12 + 4, (10)

where A=1+¢* B=c(yp —d), C =25+ (yp —d)* — 3,

2 2 2 2 2 2
Lo, —ID d_lﬁ—l71+5’702_95D+3/02—3/D

, . Yo, F Y. (11)
Yo, — Yp 2(yo, — Yp) :

CcC =

Let us determine @7 angle of the angular position of joint 7 (O P) using the formula

—1 yK - yOQ ] (12>

w7 = 21 — B7 + tan
xK_xOQ

Now let us write the kinematics equations for the rocker-slider mechanism 7(7) = I1(8,9)
in the following form

TN = To, + l7cospr +lgcos s, YN = Yo, + l7sin o7 + lg sin ps.
Given that we have the kinematics equation zy — xp, = S9 and yy — yo, = hg = const
Sg = l7cos 7 + lgcos g, l7sin g7 + lgsin pg = hy. (13)
Whence

-1 h9 - l7 sin 2

; +kr, k=0,1,2,3,..., Sy =l7cos 7+ lgcosys, (14)
7

g = £ sin
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3.3 Choosing the law of motion

It is required to carry out the synthesis of the crank press reproducing the specified law of
motion, Sy = Sy (p) on the site 0 < ¢ < 2.

Let us assume that it is necessary to implement an equidistant law of motion of the slider
to the crank press. Then the analog of the slider accelerations has the form |1, 21]

" _Joap at 0 <9 <0,50,,
Lsule) = { —ag at 0,5p, < < @y, (15)
where ag = const is the amplitude of the acceleration analog.
Using the unit function, equation (15) has the form
Tgp () = ao — 2a06(¢ — 0,50, ), (16)

B 0 at o<y
where d(¢ — o) = { 1 at o> o

By double integrating 7¢,,(¢) function we get the position functions (18) and the analog
of the slider speed (17)

is the Dirac unit function.

Ton () = a0 — 2a0(p — 0,50,)d(¢ — 0,5¢,) + C, (17)
Sur = Tsur () = 0,5a00” — ao(p = 0,5¢,)3(p — 0,5¢,) + Cp + D, (18)
where C, D — are integration constants defined from initial conditions, if ¢ = g = 0,

Tsnr(po) =0, Ty (o) =0, then C' =0, D = 0.
From the boundary condition Tsp(¢0) = Tmax, we determine the amplitude of the accel-
eration analog

ag = 4T max /- (19)

3.4 Kinematic synthesis of the stamping mechanism

From the kinematic scheme of the six-lever crank press stamping mechanism, we have [7]

S(p) =Ts(p) =a—rsinp £ /12 — (e — rcosp)2. (20)

The task of kinematic synthesis is to determine the constant parameters of the six-lever
mechanism a, [, r, , ¢ from the minimum functional conditions |]

I5() = Sue)ll | = win (21)

The solution of the synthesis problem based on functional (21) has difficulties related to

the nonlinearity of functions (2) (or (20)) and (18). Therefore, we apply another method

related to the implicit representation of the kinematics equation of the mechanism and its
transformations. To do this, we exclude the angle ¢from equation (1), then we get

I?=a®> 4 S* + e+ 1% — 2aS — 2ar - sin o + 257 - sinp — 2re - cos (22)
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Replace in equation (22) S with S; + Sy and ¢ to ¢; + ¢o to account for the reference
point S; and ¢;, =1,2,.... N

P =a*+ (S;+ Sp)* + €* +r* — 2a(S; + So) — 2ar - sin(y; + o)+

+2(S; 4 So)r - sin(¢p; + @o) — 2re - cos(p; + @o) (23)

We define the deviation function, which expresses the degree of proximity of the movement
of the working joint and reproduced by the mechanism (21), in the form

A, =Ai(pi,S;), i=1,2,...,N, (24)
where
Ai(pi,Si) = a® + (S; + So)? + € + 12 — 1% — 2a(S; + So) — 2ar - sin(p; + o)+
+2(S; + So)r - sin(p; + o) — 2re - cos(p; + o) (25)
After transformations of the last expression, we get, assuming Sy = 0
A; = Bofoi + Pufiu+ Pafai + Pafsi + Pafai + Ps fsi — Fi (26)
The following symbols are introduced here:
Joo =1, fu=0S8i fu=sing; [z =cose; fu=5i;
fri = Sising;;  fsi = Sicospi; Fy =57 (27)

Py=a*>+e2+1r>—1% P = —2a; P,=2re-sinypy,— 2ra - cosy;
P3; = —2re-cospy — 2ra-sinpy; Py =2r-cosypy; Ps=2r-singq; F;,= Si2

Thus, the 5 required parameters of the lever mechanism of the crank press r, a,l, e, g are
determined using 6 parameters Py, ..., Ps. For the compatibility condition of the P, and P;

PPy Py Ps

P2:P5€+ 5 P3:—P4€+ 5 (28)
From here the value of the eccentricity can be found e
P, PP P, PP
-2 _ = 2
e P~ 3P or e P, + >, (29)
and the equation written down
Pi(P} + P2) = 2(P,Py + P3Ps) (30)

The rest of the required parameters can be found from the ratios (27)

1 1 P,
a=—3Pi r=c\[Pi+Ph tgpe =55 I=V@+@ - Ry (31)
5

To determine Py, Py, Ps, Py, Ps, we apply the method of quadratic approximation [], which
consists in determining the minimum sum of square deviations for the positions of the mech-
anism N taking into account (26), i.e.

C=Al=0. (32)

min
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The necessary conditions for the minimum (32) can be obtained by differentiating C' by

— =2) A =0, j=0,....,5 (33)

. : . . ... 0A : .
Substitute in the equations (33) A; and its derivatives ——-, which are calculated according

op,
to (26). As a result we get a system of linear equations with respect to the desired parameters
P07P27P37P47P5

((PoY fe+ iy fuifoi + PeY foifor + P3 Y faifoi + Pod faifoi + Ps Y. fsifoi = Y Fifoi
PoY forfui+ LY [+ oY foifui+ B3y faifii+ Pud faifu+ PsY. fsifui= Y Fifu
PoY > forfai + PLY. frufei + P2 Y [ + B3 faifoi + Pud faifoi + Ps Y fsifoi = Y Fifo
PoY > forfsi+ vy frifsi + P2 foifsi+ Pad f3i2 + Pud. faifsi+ Ps Y fsifsi = 2 Fifa
PoY forfsi + Py frifai + P2 foifui+ PsY faifui+ Poy f2i+ Py fsifu =Y Fifu

L PoX forfsi+ PrY frifsi + Pa X foifsi + Py Y faifsi + Pa Y faifsi + Ps Y for = >0 Fifsi

(34)

The system (34) must meet the minimum condition (32). Let’s find from the first 5
equations of the system (34) coefficients P; (i=0,2,3,4,5) expressed in P

B:ci+dipla iZO,Q,...,5 (35)

Substitute (31) in the coupling equations (28) with (22), then we get one equation with
respect to Py

Pl[(C4 —+ d4P1)2 + (C5 + d5P1)2] = 2[(62 + dgpl)(C4 + d4P1> + (Cg -+ d3P1)(C5 + d5P1)], (36)
which is converted to a third-degree equation

Plg(di + dg) —f- P12<2C4d4 + 265d5 — 2d2d4 — 2d3d5)+ 37
+P(c2 + 2 — 2cody — 2dycy — 2c3d5) = 2(cacq + c305) (37)

Solving this cubic equation, we find P;, and then using the formula (35) we find
Py, Py, Py, Py, Ps coefficients. Then, based on the formulas (27), the desired parameters of
r,a,l, e, oo mechanism that implements the law (2) or (20) are determined. Thus, the prob-
lem of synthesis of this crank press mechanism by the quadratic approximation method is
fundamentally solved.

3.5 Kinematic synthesis of the workpiece feed mechanism

The feed-and-remove mechanism works as follows (Figure 3): the slider 5 occupies three
positions sequentially: 1 — upper; 2 — middle; 3 — lower position, when the workpiece is
stamped, respectively, the slider 9 occupies three positions: 1 — right position where the
workpiece is siezed to the feed table; 2 — average position, feed the workpiece into the matrix
(table) and remove the finished stamping; 3 — left position, removal of the finished workpiece.
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Kinematic synthesis of the rocker-slider mechanism I(7) = I11(8,9) is performed using
three specified positions of the slider and rocker [27]. The method is described in an analytical
way.

S0, o, and yp, coordinates are known, the equation of the forward stroke of the slider
relative to Ozy system has the form y = —yo, — ho. On this line, Bi(x1,y1), Ba(x2,92),
Bs(x3,ys) three slider positions are set, and y; = —yo, — hg, I = 1,2,3 are considered to be

set 90(1 23 — tan~! (M) that correspond to the three positions of the slider 5
TK =202/ (1,23)

(see Figure 3). The algorithm for the synthesis of the rocker-slider mechanism is as follows:

1. Calculate the distance between Os(z0,,Y0,) point and the corresponding Bj(z1,y1),
By(x9,12), Bs(zs,y3) points using the formulas

V(@ — 20, + (yr — yo,)2 = li, i=1,2,3.

2. Calculate g0(721) — cp%) and go(%) — cp%) angle difference using the formula 90(71123) =
TK—TOy ) 193"

3. On a circle with a radius I based on the equation (x —20,)* + (Y — yo,)* = 13, find the
o2 _ )
coordinates Bj(zh, y4) : find dy = 215 sin “L—F7- then

) (1) ) (1)
T — Q7 + Ppy yé :y2+d251n7r Y71 T P71

2 ’ 2 ’

xh = x9 — dy oS

4. On a circle with a radius I3 based on the equation (x — z0,)* + (y — yo,)? = I3, find the
oD _ )
coordinates Bj(z%, y4) : find ds = 2l3sin 82510 then

G (1) NG (1)
T — Q7 + Ppy yé :y3+dgsin7r Y71 T P71

2 ’ 2 ’

ry = x3 — d3 cos

5. Let us write equations of lines that pass through points Bj(z1,y;) and Bj(xb, yz) and
yz Y1

Bl (x4, yh) and B(xh, ys) y = kox+qo and y = kzx+ g3, respectively, where ky = rri—

ZT

Q2 = Y1 — ko1 and k3 = xg— /27 Q2 = Y1 — k3.

6. Let us create equations of perpendicular lines to lines that pass through points By (x1, y1)
and Bj(xh,yh), as well as Bj(zh, y4) and Bj(xh, v4)
From the beginning we find the coordinates of Cy, C3 points in the middle of the
segments (Bi(r1,y1), By(h,95)) and (By(wh.p). By(ehuh)) = ey = 5™, ye, =

yh+y xy+ay Yoty
2

, and then the equations r¢, = =52, yo, = 52, of perpendicular lines have the

form

Yy = _éx + 44 and Yy = _k_lsl‘ + qs, Where g4 = ?/Cz + émea gs = ?/03 + émC;{'
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7. Next, we solve the equations of two lines y = —éa: +q4 and y = —k%)x + g5, relative to
P(zp,yp) center coordinate:
koks 1
T = — s = ——2X _|_ ,
P ko — ks (5 —q1), yp s P T (5

8. As a result, we find the length of the rocker l; and the connecting rod ly using the
formulas

lr =V (xp —20,)2 + (Yp — ¥0,)%  lo =/ (xp —x5,)2 + (yp — yn,)%

also the constant length of the base joint 7

lkr = \/(3713 —2r)?+ (yp — yr)?.
3.6 Results and discussions

In order to solve the problem of analysis and synthesis of the six-lever mechanism (Figure
1), a program was developed in the integrated Maple environment.

To assess the quality of the sintered crank press stamping mechanism, the following criteria
are used Ky, Ko

K =Ty + & T, K= (T'T" )max + &/(T'T" ) minl- (38)

It is known [1] that geometric characteristics significantly affect the dynamics of mech-
anisms. Therefore, the criteria (38) can be used as preliminary dynamic criteria [1], which
are used to compare different laws of motion, as well as to synthesize new laws that have
optimal properties in a certain sense. This problem is relevant when studying the dynamics
of the crank press and its further automation. Criterion (38) allows monitoring the pulsation
of inertial loads on the slider and flywheel, from the external load on the workpiece side in
the crank press [0].

Example. Consider an example of the synthesis of the Stephenson lever mechanism of
a crank press. Initial data for synthesis: law of motion of slider 5: S = S(yp), (see Figure 2)
on the section of the crank rotation angle 0 < ¢ < 2. Slider stroke Sp.c = 120mm. The
angular velocity of the crank is constant w = ¢ = 10 rad/s.

oL 30 60 90 120 150 180 210 240 270 300 330 360

—

— ) " [} w [} W § g
40 o Nl IR SR S B G
L

[mm]

T

-120 e S -
() [deg]

Figure 2: The law of motion of the slider of a six-lever mechanism

Note that since the slider moves in the opposite direction of the axis Oy, the axis Ox is
directed to the right, then as a result of modeling the graphs relative to the specified graph
in Figure 2 will be shifted to the left by —m /2.
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As a result of synthesis based on the above method in the Maple integrated environment,
the following parameters of the Stephenson mechanism are obtained:

r =60 mm, | =160 mm, a =41,85 mm, b=43 mm, e =0, vy = —7/2.

According to the algorithms for the synthesis of the rocker-slider mechanism described in
this paper, the mechanism with the following data is synthesized: lg = 134.5mm, [; = 86 mm.
Other geometric parameters of the stamping mechanism are summarized in Table 1.

B'D C'D le l71 = | KR hg TO, YO,
O K
163 mm 36 mm 134.5 mm 103.5 mm 176.6 mm 56.5 mm 136,5 mm -207.2 mm

The kinematic analysis of the mechanism in the ASTAN-2014 environment is carried out
[25]. Figure 3 shows a kinematic diagram of the Stephenson synth mechanism with an analysis
of the trajectory of the characteristic hinges.

_z
\

Figure 3: Kinematic analysis of the stamping mechanism

Figures 4, 5, 6 show graphs of movement, speed, and acceleration of work joints: of
the slider 5 and slider 9. Analysis of slider 5 movement graph (Figure 4,a) shows that the
mechanism implements the specified law of movement of the working body (Figure 2). Slider
5 takes the upper position at ¢ = 7/2, the lower position at ¢ = 37/2. The forward and
reverse moves of the slider occur at ¢ € (7—;, 37“) and ¢ € (377’, %) In the working lower
position, slider 5 makes a uniform movement in the gp € (246°,282°) interval.

The amplitude of the slider speed change at ¢?) = 186° and ¥ = 339° remains the
same (Figure 5, a). The amplitude of the change in the slider acceleratmn at ¢\ = 87° and
@) = 264° is 1.5 (Figure 6, a). At the interval ¢ € (53°,124°), the acceleratlon of slider 5 is
close to constant and the speed is linear.

Slider 9 makes a uniform movement in the interval ¢ € (66°, 180°). Acceleration is close
to zero, speed is constant. The amplitude of forward slider movement is greater than the
reverse by 4.7 times; speed — 2 times, acceleration —1.5 times (Figures 4,b, 5,b, 6,b). There

are no abrupt changes in kinematic parameters that cause shock loads.
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Figure 4: Analysis of the provisions of the stamping mechanism
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Figure 5: Analysis of the stamping mechanism speeds
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Figure 6: Analysis of the stamping mechanism acceleration

4 Conclusions

A method for kinematic synthesis of link mechanisms based on the mean-square minimiza-
tion of the objective function has been developed, and a method for deriving this objective
function is proposed taking into account the structural (constructive) features of the mech-
anism. Based on this method and the synthesis method for the three given positions of the
slider and rocker of the four-link crank-slide mechanism, algorithms were constructed and
Stephenson’s stamping mechanism is synthesized with additional workpiece feeding mecha-
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nism. Numerical modeling programs based on the Maple environment were developed, and
verification calculations were performed to analyze the position, velocities, and accelerations
in the ASTAN-2014 environment.
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