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THE CRANK-SLIDER MECHANISM FUNCTIONALITY

In this article present a new method for investigating the functionality of the crank-slider
mechanism for a given coefficient of change in the average speed of the slider and the optimal
transmission angle to ensure the most outstanding transfer of force from the input link to the
working element (output link). When implementing the technological process on crank presses,
it is necessary to provide a predetermined working cycle of the slider motion: fast lifting, dwell
and slow lowering. This mechanism allows for a slow lowering of the working link in the load
phase and a fast lifting in the unloading phase of the crank press’s working body. Based on
the above method developed a program in the Delphi 7 visual system. Delphi 7 allows you to
quickly and easily develop effective applications, including database applications. The system
has advanced capabilities for creating a user interface, a wide range of functions, methods and
properties for solving applied computational problems. The system has advanced debugging tools
that facilitate the development of applications, which allows determining the parameters of the
synthesized crank-slider mechanism by the optimal pressure angle and conducting a kinematic
analysis of the movement of the links in the dialogue mode.

Key words: crank press, Delphi, lever mechanism, automatic press, hybrid press system.
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Kocninmgi->KyripTki MexaHu3MmiHiH yHKIIMOHAJIABI MYMKIHIIKTEPi

Byst xkymbicTa KymTiH Kipic GybIHBIHAH YKYMBIC OpradblHa (IIBIFBIC OYBIHBIHA) €H Kol Oepliyin
KaMTaMaChI3 €Ty YIIiH KYTipTKiHiH OpTala, *KbLIIaMILIFEIHBIH OepinreH e3repy KoadduimenTime
2KoHe Oepiny/iiH, OHTAMIbI OYPBIINIbIHA CONKEC KOCHIHIi->KYTIPpTKI MeXaHU3MiHIH (OyHKIIMOHAJIHI
MYMKIHJIMH 3€pTTEY/IiH *KaHA 9J1iCi YChIHBLIAIbI. TeXHOJOTUSIBIK, ITPOIECTi KOCUIH/II IIpecTep/Ie
JKy3€ere achIpy Ke3iHJIe XKYMBIC ChIPFBITIIACHIHBIH, KO3FAJIBICBIHBIH, O€PLITeH UK/IOTPAMMACHIH KaM-
TaMaChI3 €Ty KaXKeT: XKbLIIaM KOTepliry, Kimipy, basy Tycipy. By Mexanu3m xkKykreme hasachiaia
2KYMBIC OalJTAHBICHIH Dasty TOMEHIETYTe XKoHe KOCUIH/II IIPeCTiH 2KyMbIc OeJtirinig, Tycipy da3achii-
Ta Te3 KeTepliryre MyMKiHIik Oepesi. 2Korapbiia Kesripiiren omic merisiage Delphi 7 Busyasast
Kyiecigge barmapiama kacasabl. Delphi 7 Tuimi KocbiMImmamapabl, COHBIH iMTiHIE JTePEKKOPMEH
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JKYMBIC iCTeyre apHaJIFaH KOChIMINAJIap/Ibl TE3 YKOHE bIHFAJIbI JaMbITyFa MyMKiH K Oepei. 2Kyii-
eJle TalilaIaHy bl UHTepMEiciH Kypy YIIH JaMbFaH MYMKIHIIKTED, KOJIIAHOAIBI €CENTey KoHe
ecernTey MoCeJIeJIePiH Menryre apHaJFal KonTereH (OyHKIUIap, 9aicrep MeH Kacuerrep bap. 2Kyii-
eJle KOCBhIMIMAIaPIbl 93ipJiey il KeHIJIeTeTIH JaMbIFaH *KOH/EY KypPaJIapbl 0ap, OJ1 CHHTE3IeJ-
reH KOCHIHIi->KYTipTKI MEXaHU3MIiHIH TapaMeTp/epid KbICHIMHBIH, OHTAM/IBI OYPBITIBIHIA aHbIKTA-
yFa 2K9He JIHaJIor pexKuMiHe 6ailIaHbICTap/IbIH KO3FaIbIChIHA KNHEMATUKAJIBIK TaJIIay Kyprisyre
MYMKIHJIIK 6epe/i.
Tyiiiu ce3nep:rocuingi npecc, Delphi, peraar mexarusmi, npecc-marmmia, THOpUITI Ipecc Kyiteci.
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(I)yHKI_H/IOHaJIbeIe BO3MO2KHOCTHU KPUBOMIUITHO-IIOJISYHHOI'O M€XaHUnU3Ma

B pannoit pabore mpejiaraeTcss HOBBI METOJ UCCJIEIOBaHUs (DYHKIIMOHAJIHHON BO3MOKHOCTH
KPUBOIIUITHO-TIOJI3yHHOIO MEXaHU3Ma 10 3aJaHHOMY KO3(D(UIMEHTY W3MEHEHUs! CPeJIHEell CKOpO-
CTH TIOJI3yHA W ONTUMAJIBLHOMY YTJIy ME€peladn Jjis obecriedeHusi HanOOIbINel mepeaadn yCuIus
OT BXOJHOI'O 3BeHa K pabodyeMy oprany (BbIXOmHOMY 3BeHy). Ilpu peajnzaiuu TEeXHOJIOITYECKOTO
[pPOIecca B KPUBOIIMITHBIX MTPECCaX HYXKHO OOECIIEYUTDH 3aJIAHHYIO IMKJIOTPAMMY MEPEMEIeHUsI
pabodero mosi3yHa: OBICTPBIA MObEM, BBICTON, MeJJIeHHOe OIycKaHue. JlaHHBIT MexaHuzm
[TO3BOJIIET OCYIIECTBUTH MEJJICHHOE OITyCKaHue pabotvuero 3BeHa Ha (ase HArpy3KH U OBICTPO
[IOJIHUMAThCsl Ha a3e pasrpy3Ku pabodero opraHa KpPHUBOIIMIIHOIO Ipecca. Ha ocHoBaHuM
BBINEIIPUBEIEHHOTO MEeTOa pa3paboraHa mporpamMma B BusyasbHoit cucreme Delphi 7. Delphi
7 mo3BoJsisieT ObICTPO U YJI00HO pa3pabarhiBaTh 3(PGEKTUBHBIE NPUIOKEHUs, BKJIIOYAs IIPUIIO-
JKeHusT JIst paboThl ¢ 6azamu jgaHHBIX. CHCTeMa MMeeT pa3BUThle BO3MOYKHOCTHU IO CO3JIAHUIO
MTOJIb30BATEILCKOTO MHTEepdeiica, Mupoknit Habop (PYHKIHI, METOOB M CBONCTB JJIs PEIIeHIUSs
MPUKJIAIHBIX PACUYETHO — BBIYUCUTEIBHBIX 3aJ@d. B cucreMe MMEITCsS pa3BUTBIE CPEJICTBA
omIaaKu, obyerdaioniye pa3paboTKy HMPUIOKEHU, KOTOPas IMO3BOJISIET OIPEJIEIUTh apaMeTphbl
CHHTE3UPYEMOr0 KPHUBOIINUITHO-TIOJI3YHHOTO MEXaHU3Ma [0 ONTHMAJIBHOMY VIVIy JABJICHUS W
[IPOBOJIUTH KHHEMATHYIECKHI aHAJIN3 [T€PEMEIEHNs] 3BEHbEB B JIMAJIOTOBOM DEXKIIME.

KuroueBble ciioBa: KpuBOIMuUIHbI 1pecc, Delphi, phIrvaKubIit MexaHn3M, Mpecc-aBTOMAaT, T'd-
OpuIHAST IIPECC-CUCTEMA.

1 Introduction

For providing a fast lifting (forward stroke) and slow lowering (reverse stroke) of the working
slider, it is necessary to synthesize the crank-slider mechanism according to the coefficient
of change in the average speed of the output link [1]. It also solves the task of providing
the optimal pressure angle or angle of transmission to ensure the most excellent transfer
of force from the input link to the working body (output link), satisfying simple dynamic
requirements.

The synthesis of four-link simple mechanisms according to the given positions of the links
or the coefficient of change in the average speed belongs to the classical tasks considered
by the graphical method [2] and analytical methods [3-5]. In known works [35], authors
consider the synthesis method by the coefficient of change in the average speed applied to
the four-link hinge and rocker mechanism. The authors study the synthesis of the crank-slider
mechanism according to two positions of the links [5]. Still, they do not consider the change
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in the coefficient of the output link’s average speed separately. It should be noted that based
on the method of blocked zones in the theory of mechanisms, we have obtained solutions of
a large number of other tasks of synthesis of four and six-link flat linkages [4}6, 7).

Foremost, researchers consider the synthesis of crank presses in other settings, particularly
the synthesis of a crank press based on a more complex structure or to ensure the working
link’s dwell [811]. Defined work [8] considers the solution to this task at the expense of
control, for which additional latitude is introduced into the kinematic chain; they are called
hybrid press systems. This research [8| considers a seven-link linkage with two degrees of
latitude (2 DOF), in which one generalized coordinate is changed based on a DC power
motor (to implement the primary technological process), the second based on a servo motor
to provide a cyclogram of the technological process.

In this research propose a new method for synthesizing the crank-slider mechanism of
a press machine for a given coefficient of change in the average speed of the slider and the
optimal pressure angle to ensure the most significant transfer of force from the input link to
the working element (output link). Based on solving this task the authors created a software
package for the synthesis of a crank-slider mechanism that meets the preliminary dynamic
requirements [4].

2 Material and methods

2.1 Derivation of the basic equations

Figure 1 presents a kinematic diagram of a crank press. The following designations of the
coordinates and dimensions of the links were introduced: a - the crank length; b - length of
parallel connecting rod; ¢ - angular coordinate of the crank; ¢ - angular (v - pressure angle)
coordinate of the connecting rod; 6 is the angle between two positions of the connecting rod
at two extreme positions of the slider; S - linear coordinate of the slider; e is the eccentricity
of the slide, i.e., deviation of the trajectory of the center of gravity of the slider from the axis
Oz. Let the crank swing angle and the slider stroke ,, and S,,, be given, where 0 < ¢,, < 27
while ¢,, - the angular interval of the crank positions corresponding to the slow lowering
(reverse stroke) of the working slider, on the interval (27 —¢,,), a fast lifting (forward stroke)
of the slider.
We can write the equations of the kinematics of the mechanism

(1)

asing —bsiny =e

{acosgp—bcosw =5

In the process of synthesis, according to an angle ¢,, given value, the coefficient of change
in the average speed of the slide can be set equal to

K=—"m 5 (2)
2T — Om
The synthesis of the mechanism is to determine the dimensions of the mechanism a, b,
and eccentricity e according to the given parameters ¢, and S5,,, which provide the optimal
pressure angle ve.;.
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Figure 1: Kinematic diagram of the mechanism

From the triangle A AC,C5, according to the cosine theorem, we can write the following
ratio

Sp?=(b—a)’+(b+a)>—2%(b—a)(b+a)*cos (3)

Considering that 8 = ¢, — 7 and after transformation, we get

S = 2% (b* — a®)(1 + cos 0) + 4a? (4)

Substituting into equations (3) the ratios (14 cos ) = 2 cos® £ and sin® £ 4 cos® £ = 1
and introducing the notation z = S,,/2, z = ¢,,/2 we have an equation in the form

2% = a’sin® z + b* cos® 2 (5)

On the other hand, from right-angled triangles (Figure 1), for the value z, you can write

2¢ = /(a+b)2 —e2 —+/(a—b)?2 — e (6)

further from equation (5), we find e?

212
2 _ 2 2 o ab
e =a +b —l'—? (7)

Substituting a® from equation (4) into equation (6), we finally obtain

cot z

e=+ (b* — 2?) (8)

The sign 4+ in the last formula means that, due to symmetry, we can choose the
eccentricity, both negative, i.e., the guide can run both above the axis and below it.
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3 Synthesis of the mechanism from the condition of the extremum of the pressure
angle

The condition for the optimization synthesis is the maximum pressure angle v.,;. If we divide
the right and left sides of equation (4) by x? , we obtain the dimensionless equation 1 =
a’sin? z + b% cos® z , wherein what follows we will assume that a,e and b are dimensionless
parameters with scale factors x = S, /2. Then, concerning dimensionless quantities, equations
(4) and (7) make up the system

CLQSiDQZzl—bQCOSzZ,b>® (©)
e==4(b*>—1)cot 2

From the second equation of system (1), we have

e+ asing

2 (10)

siny =

From equation (9), it can be seen that the largest value of the pressure angle is achieved
with the vertical position of the crank, i.e.

a+ le|
b

SIN Vg = b >a+ e, (11)
in this case, the inequality in formula (10) is the condition for the crank’s existence [5].

Substituting equation (8) into (10), we obtain the maximum pressure angle dependence
as a function of the sought parameter b.

V1—102cos? z + |(b* — 1) cos 2|

12
bsin z (12)

SiN Vegy =

The necessary condition for the extremum of function (11) is the equality to zero of the
derivative of the right-hand side of b leads to the following bicube equation

b? cos® z + b* cos 2z + b*(cos® z — 2) + tan® z = 0 (13)

After the appropriate transformation, equation (12) can be represented as

b?(b* 4+ 1)[cos® z(b* + 1) — 1] — (b* — tan®2) = 0 (14)

or taking into account the ratio cos? z = 1/(1 + tan? z)

[b*(b? + 1) cos® z — 1](b* — tan® 2) = 0 (15)
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The solution to the equation b? —tan? z = 0 corresponds to the maximum pressure angle,
and its value is known (10).

According to (13), other extreme values v,.,; must satisfy the following biquadratic
equation

b*cos® z +b*cos’z — 1 =0 (16)

Considering that for b? the equation is quadratic, and with its satisfying solution
constraints (9) and (10), we can write

b:\/%*<\/1+m:22—1) (17)

Substitute (15) into equations (8), after which, for the remaining relative values of the
mechanism parameters, we can write functions of, z = ¢,,/2

a = —
2sin z

1
(Veos?z + 4 — [cos ) ¢ (Veos? 2 +4 = 3| cos 2]) (18)

2sin z

Also, based on (8), there are obvious ratios between the parameters of the mechanism a, e
and b

a—e

1
a:bQ\cotzLe:a—]cotz\,ﬁ: (19)

a

4 Results and discussion

Based on formula (11), we construct a graph of the extreme pressure angle Veyy = Vegt(2).
Figure 2 presents the results. Based on formulas (15) and (16), we construct graphs of
dependences of dimensionless parameters b = b(¢y,),a = a(Vn,), e = e(y,) at S, = 2.

Analysis of the graphs in Figures 2 and 3 shows that when searching for the mechanism
parameters, there are singular points for ¢, = 0; 7, 7 when the dimensions of the mechanism
increase indefinitely. All graphs are symmetrical about the vertical ¢, = .

For ¢,, = 0 and ¢,, = 37/2 , the links’ dimensions are the same a = b = 1, and the
eccentricity is e = 0, which means we obtain the case of a central crank-slider mechanism.

When ¢,, = 7 the size of the crank is a = 1, and the size of the connecting rod tends
to infinity. For these exceptional cases, we can accept the recommendations noted in the
textbook (Frolov, Popov, etc. 2003). Based on the previous analysis and from the graph for
the pressure angle, we can conclude that the swing angle of the crank should belong to the
intervals ¢, € (7/2,7) and ¢, € (7,37/2). It is advisable to use the second interval in the
design because the working stroke exceeds the idle speed, which leads to an increase in the
efficiency of this mechanism.
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Based on the above method, we have developed a program in the Delphi 7 visual
system |[1], which allows the optimal pressure angle to determine the synthesized crank-
slider mechanism parameters. The initial data for design are the crank swing angle ,, or
the coefficient of change in the slider average speed K and the maximum stroke of the
slider S,,. To simplify calculations and analysis of constraints, we reduced all parameters
to dimensionless form according to formulas (8) and (11), i.e., and it is assumed that the
reduced stroke S,, = 2, (z = 1) is given, and all dimensions are determined depending
on this parameter. After pressing the "Synthesis"button, the synthesis parameters of the
mechanism a,b,e are displayed in dimensional form, depending on the set stroke S,,,
extreme pressure angle v, plan of the mechanism position for angles ¢ € [tg, o + Y],
Yo = m — arccos|e/(b — a)|, and also displays the graphs of the kinematic parameters for the
slider S,5’,S” and the pressure angle v, which were calculated by the following formulas

S =acosyp —bcos, wzarcsin(w (20)
. ;o ) _ acosy
S" = bsin) * ) — asin p, P beos v (21)
. n2 .
S" =bcos(¢)? +bsiny x " —acosp, Y= bsingp ()" — asing (22)
bcos
v= arcsin(@) (23)
r 0
Vext
El:lé
4|:|§
L BB B I )
2 3 ! "

Figure 2: Extreme pressure angle graph

With a given coefficient of change in the average speed equal to K = 1,4 and the stroke
of the slider S,, = 70cm, the following optimal values of the parameters were obtained
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Om = 210°, a = 31,85¢cm, b = 64,5cm, e = 22,47cm, Ve = 57,36° of a crank press. We
measured the S value from the ordinate axis. The "Movement" button demonstrates the
crank-slider mechanism’s operation for a full rotation of the crank rotation. The "Table"
button is intended for the tabular display of the kinematic parameters S, 1, and the pressure
angle depending on the angle of rotation of the crank ¢ in the working stroke section.

—_— [ (5] =
v b b b

[ )

L.
[N NN

ra

Figure 3: Graphs of functions a, e and b
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Figure 4: The application dialog box in the Delphi visual system (Tuleshov and Drakunov
2006)

The dialog box’s upper panel displays the function’s graph (14) for the biquadratic
equation relative to the connecting rod b. In the absence of options for solving the synthesis
problem, corresponding error messages are displayed, or recommendations are proposed to
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select the mechanism’s appropriate synthesis parameters. The "Exit" button is used to close
the work with this application.

5 Conclusion

A new method has been developed for studying the functionality of a crank-slider mechanism
according to a given coefficient of change in the average speed of the slider and the optimal
transmission angle to ensure the greatest transfer of force from the input link to the working
body (output link). And also, a software package for the synthesis of a crank-slider mechanism
has been developed that meets the preliminary dynamic requirements. The parameters of
the synthesized crank-slider mechanism are determined by the optimal pressure angle in the
Delphi visual system and a kinematic analysis of the movement of the links in the interactive
mode is carried out.
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