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Calculation and analytical method for determining the force param-
?ters of a crank-slider mechanism (massage 2. kinetostatics)
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Po3paxyHKOBO-aHAJITHYHNH METOJ BH3HAYEHHH CHJIOBHMX IapaMeTpiB

KPMBOIIMITHO-TIOB3YHOT0 MEXaHI3MY (IMOBIIOMJICHHS 2. KineToctaTuka)

Memotr pobomu € po3pobka anzopummy ma fpogpamMu po3paxyHKy eHep20CUrIosux rnapamempie KpusowUnHoO-
1083yHHO20 MeXxaHi3My 3 ypaxysaHHsIM arnpobosaHux Ha rpakmuui ma dobpe 3apekomeHO08aHUX cebe: aHanimu4yHo20
Memo0dy po3paxyHKy KiHeMamuKu noe3yHa ma epagho-aHaimu4yHo20 Memody po3paxyHKy CUMo8ux rnapamempis Kpu-
BOLUIMHO-M0B3YHHO20 MexaHi3my. Pe3dyribmamu 0ocnidxeHb. Po3pobrneHo Hoguli Memod po3paxyHKy curiosux rnapa-
Mempie KpUBOWUIMHO-M083YHHO20 MexaHi3My. Haykosa HogU3Ha yaensie Hosull MemoO po3paxyHKy CUIo8ux napame m-
pi8 KpUBOWUMHO-M083YHHO20 MexaHi3my, siKuli 8i0pi3HsIEMbCs 8i0 icHyro4UX Memodie epagho-aHanimuyHUX i aHanimuy-
HUX Memo0dig 8UKOPUCMaHHsIM HO8020 PO3pPaxyHKO80-aHanmu4Ho20 Memooda 8U3HaYEHHSA NiHIUHUX i Kymo8uX rnpucKo-
PEHb KOXHOI 3 MTaHOK MexaHi3My 01151 8UPiWEHHSIM KIHEMOCMamuyYHUX Pi8HsIHb MexaHi3My 8 uinomy. [pakmuyHa 3Ha-
yumicms. CmeopeHuli arnzopumm 003807155€ BUKOHaMU MonepeoHH OUJHKY CUIO8UX NMapamMempie MexaHiamie ma agpe-
2amig 3 BUKOpUCMAaHHSIM KpUBOWUIHO-MOB83YHHUX MexaHi3Mie Ha cmadii mexHoo2idHo20 NpoeKmy8aHHsI, MexHiKo-
E©KOHOMIYHO020 06r'pyHMYy8aHHs Ho8UX agpeaamie abo ModepHi3auji icHyt04020 0bradHaHHS MPU 3MiHI MeXHOMoiYHUX
PEXUMIB, 108’s13aHUX 3 0CBOEHHSIM 8UITYCKY Cy4acHOI KOHKYPEHMO CriPOMOXHOI PpOOyKUIT, 30Kkpema 07151 8U20MOBIEHHST
b6e3wosHUX mMpyb Ha cmaHax X0n0OHOI MpoKkamku mpy6 ponukamu.

Knroyosi crioga: KpugowunHo-moe3yHHUU MexaHiaM, KiHemocmamuka MexaHi3aMmy, cuniosi napamempu, angopumm po3-
PaxyHKy.

The purpose of the work is to develop an algorithm and a program for calculating the power parameters of the crank-
slider mechanism, takinginto account the proven in practice and well-recommended: analytical method of calculating
the kinematics of the slider and the graph-analytical method of calculating the power parameters of the crank-slider
mechanism. Research results. The newcalculation method and an algorithm for determining the force parameters of the
crank-slider mechanism. Scientific novelty. The new method for the analysis of force parameters of a crank-slider
mechanism, which differs from the existing methods of graph-analytical and analytical methods by the use of a new cal-
culation-analytical method of determining the linear and angular accelerations of each link of the mechanism for solving
the kinetostatic equations of the mechanism as awhole. Practical value. The created algorithm makesit possibleto per-
form a preliminary assessment of the force parameters of mechanisms and aggregates using crank-slider mechanisms
at the stage of technological design, technical and economic calculation of new aggregates or modernization of existing
equipment when changing technological regimes related with the production of modern competitive products, in particu-
lar, for the production of seamless pipes on mills with rollers for cold rolling of pipes.

Key words: crank-slider mechanism, kinetostatics of the mechanism, force parameters, algorithm of calculation.

In massage 1, the calculation and analytical method for determining the kinematic parameters of the central
crank-slider mechanism (CSM) was deweloped as a representative of one of the five main types of Assur
groups of the 2nd class of the 2nd order [1].

The purpose of this work is to develop an algorithm for calculating the force kinetostatic parameters of the
CSM links for the MathCAD application program based on the calculation and analytical method for determin-
ing the kinematic parameters of the CSM, taking into account the graphic-analytical method of kinetostatic
analysis of mechanisms and machines tested in practice [2-4], which will be the initial data for calculating the
strength of parts (links) of the CSM mechanism as part of the operation of high-speed machines and units [1].

Let us consider (Fig. 1) the work of CSM on the example of the operation of a pump [1]
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Fig. 1. Scheme of operation of the crank-slider mechanism: a — kinematic diagram of CSM,;
b — diagram of slider loading; 3 - during working stroke of CSM

containing a crank (link 1 with length 1; =1y, is

represented in Fig. 1, a by the line segment 0A ),
which is movable (using hinges 0 and A) and it is
connected to a fixed base 4 and connecting rod 2
(link with length I, =15 is represented in Fig. 1, a
by the line segment AB). Crank 1 rotates uniformly
with angular velocity @; (clockwise rotation) relative
to the center of the joint O, fixed on a unmovable
base 4. The connecting rod 2 performs a plane-
parallel motion with the help of a joint B and the rod
2 connected with slider 3, which is located in the
fixed horizontal rail of the base 4, and performs a re-
ciprocating motion along the axis 0X during crank 1
rotation. In this case, the center of the coordinate sys-
tem XOY aligned with the center of the axis of rota-
tion of the joint 0, and the axis 0X is directed in the
direction of the working stroke of the slider 3 (alone
the axis 0Y), and the slider overcomes external

technological resistance P,, which is created by the

pressure ( Py, = CONSt) in fluids on slider 3 with the

diameter D when it mowes in the horizontal guide of

the base 4 (Fig. 1, b) in the process of turning the
crank 1 at the angle O <o <7 under the action of
an external moment M, that acts on the crank 1
from the drive side of the CSM, which is on Fig. 1, a is
not shown. When the crank 1 turns at an angle
<o <27 the slider 3 moves towards the axis 0Y

and idling (P, =0).

The center of mass m, of the crank 1 (with
weight G, =m,g) is indicated by a dot S, . It is locat-
ed at a distance log =0,5lp, from the cylindrical

joint O of the crank l,, (line segment OS, in

Fig. 1, a). The center of mass m, of the connecting
rod 2 (with weight G, =m,Q) is indicated by a dot
S,. It is located at a distance |, =0,35,5 from
the cylindrical joint A of the connecting rod |ag

(line segment AS, in Fig. 1, a). Moments of inertia

of the crank 1 and connecting rod 2 relative to the
centers of mass S, and S, are lg;=0,12mJ|,,
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ls, =0,12m,l,. The center of mass of a slider mg

(with weight G, =m,J) is a center of a cylindrical

joint B. Friction forces in the cylindrical joints 0, A
and B as well as between the slider 3 and the base

guide 4 are not taken into account in the first approx-
imation.
We take as the reference point (t, =0) of the cur-

rent positions of the links 1,2, 3 of the CSM mecha-
nism the position of the initial link 1 when the center
of the joint A of the crank 1 is in the position of the
working stroke point Ao) from among the intermedi-
ate positions of the joint A indicated by the points

A-A-A-A-A —..—A — A on the trajec-

tory of the connection rod A along the circle (dash-
dotted line in Fig. 1, a).
Accordingly, the

B,-B,-B,-B,-B,-..—B,—B,
the current position of the center of the cylindrical joint
B of the slider 3 on the axis 0X in the horizontal
guide of the base 4 (Fig. 1, a), which provide the cur-
rent positions of the connecting rod 2 (line segments
ABy=AB, =AB,=..=AB; =AB;, =AB,; in
Fig. 1 are not shown). At the same time points
B, — B, —B, —B, — B, determine the current posi-
tion of the slider during its working stroke,
(Fig. 1: a, b ) at which technological force caused by

the injected fluid acts on the slider 3 in accordance
with diagram of loading (Fig. 1, b)
2

D
P =p,S3= pnT! @)

points
determine

where Py, - the nominal working pressure that the
pump creates; 83 - area of the end surface of the
slider 3 with the diameter D .

In its turn, the points B, —B, —B, —B, =B, in
Fig. 1: a, b: a, b determine the current position of the
slider 3 when it is idling ( P, =0) in the process of

the reciprocating movement of the slider.
The current position of the crank cylindrical joint
A of the crank 1 (points A in Fig. 1, a) in the pro-

cess of its uniform rotation (®, =const) relative to
the initial position (points AO) is determined by the
angle

o=t @

{XB =0A’ + A'B = X, + Xg, = X, + ABcosy = I, cosa + 1, cosyy, =0;

Ye =0,
where Y -the current angle that determines the
inclination of the connecting rod (the line segment
AB in Fig. 1, a) to the axis 0X .
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where f; >1, the time of rotation of the crank 1 at
an angle a relative to the initial position of the crank
(line segment OA in Fig. 1, a), which is determined

by the coordinates of the point AO at t; <T -crank
rotation period:
{XAO = I, cosa, = -1, cos(o,t,) =—I;
Yao =0.
Slider coordinates 3 in this position of CSM (point
B, in Fig. 1, a) will be [1]:

{XBO =Xpo t |2 :_Il + |2 = Iz _Il;
Yo =0.
When crank 1 angle is oo =0,5®,T =7 then the

point of cylindrical joint A on the trajectory of its
movement will take the extreme position along the ax-
is 0X and will be located on the circle at the point

A, with coordinates:
{XM =1, cos(n) =1;
Yas =0.

Accordingly, the extreme position of the slider 3
at the end of the work stroke determines the coordi-

nate of the point B, on the axis 0X if y,, =0.

@)

(4)

®)

Xgs =Xpq L, =1 +1, .. (6)
In this case stroke (H ) of the slider 3 will be
H=Xg, —Xgo =l +1,— (I, -1,)=2l,. @)

In the current position of the crank 1, the coordi-
nates of the point A (the center of the crank joint A)
are

X, =—Il, cosa;

A 1- 8)
y, =1l Sina.
From the analysis of right-angled triangles

AOA'A and AOSl/Sl (Fig. 1, a) the determination of
the coordinates of the current position of the center of
mass M, (point S, ) of the crank 1 follows:

I
Xg; = X4 —% = 0,5X,;
OA
I )
0s
Ya1 = YAI_1 =0,5Yy,.
OA
In its turn, the coordinates of the current position of
the slider 3 (points B in Fig. 1, a) along the fixed

horizontal guides 4 (axis 0X ) will be [1-4]:
(10)

From right triangles OA’A and BA’A it follows
- / -

l,sina=y,=AA=1,siny.

Then
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. . ] The equation (11) is converted to equation
sm\y:I—lsma:ksma. (11)

2
cosy =+/1—(siny)® = 1—(:—1sinoc)2 = J1-A%(sina)?® ~1-0,5)°(sina)?, (12)

2

I .
where A =|—1 and (Asina)” <<1.

2
Let's substitute (12) into the first equation of the system of equations (10) and determine the current coordi-

nates of the joint B of the slider 3 on the axis 0 X at the current position of the initial link 1:

Xg = l,4/1-2%(sina)® =1, cosa ~ 1, (1— 0,507 (sina)?) — I, coso = Il[(%—%)cosawtﬁcosm};

Ye =0.
(13)
From the analysis of right-angled triangles AAA’B and ASZSQB (Fig. 1, a) the determination of the coor-

dinates of the current position of the center of mass m, (point S,) of the connecting rod 2 follows

A'B X Xy — X
Xs, =OA' + A'S; =OA" + ——AS, =X, +81,o =X, +2—Al, ;
AB 1 l,
on - @
Ys2 :ESZB:yAZI—lASZ-

The current values of the projections of accelerations (aj aAyy) of the crank joint and the projections of

acceleration (3g ,, aByy) of the joint B of the slider 3 (Fig. 2) will be determined at

Y
T
Oy x HAE,X,\A LMX - &
T SN T
T -
rﬂ ABy, = 52 Z J
a2 2 agxf’ 1y Oozy /
ol Y B
ro , , ! ~o
X 77 A S Gy X
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Fig. 2. The distribution of the current values of the projections of the accelerations of the links of the CSM: a
- the link 1 (crank); b —links 2 (connecting rod) and 3 (slider) of the Assur group

successiwe differentiation of the system of equations (8) and (13).
_d?x, d?x, da’

a = =l.w?sina,
AXdt? do? dt? Tt
2 2 2 (15)
a _d yA_dyAda — o2 Ccos
AR T da? dig e

_d?  d®xg da’
dt*  do® dt’

8, =, = -1, ? (coso—A.cos2a);

(16)

ag, =0.
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The values of the current values of the projections
(8s; 4 Agy,) Of the acceleration of the center of mass

m, (points S,) of the crank 1 are determined (Fig.

2, a) from the similarity of right triangles AOA’A and
AOSII S,. Then:

I

0s .
Qg =gy = O,SaA,X,

OA

I
oS, _

AY Y —0,5aA]y.
OA

The values of the current values of the projection (
Qs ) Ag,,y) Of the acceleration of the center of mass

an

as;, =a

m, (point Sz) of the connecting rod 2 are deter-
mined (Fig. 2, b) from the similarity of right triangles

AAA'B and AS,S,B [1]. Then:

s %%t ISSN 1028-2335 Nel, 2023

tion (e,) of the connecting rod 2 is determined by
the system of equations:
Apg = (aA,x —ag)sin(y) + ay cos(y);
a’t
g, =&,
IAB
From (15) - (18) the determination of the current

values follows: projections (K. By y) of the con-

(19)

necting rod 2 inertia force P, at the point S, and
the moment Mj, of the connecting rod inertia force (
M;,); slider 3 inertia forces P at a point B
(Fig. 3, a); projections (P, Pil,y) of the crank iner-
tia force Pil at the point S, (Fig. 3, b) and the mo-
ment of the crank 1 inertia force (Mj;=0 at

w, = const):

g — 8y .
A5y x = Apx +|—|Asz' Fax =—Maasy x;
2
Ly, Poy=—Masy y;
a =a . .
S2y  TAY | Mio =—ls285;
2 ] (20)
Fisx = Pa =-Msag;
In this case (Fig. 2, b), the direction of the relative P — )
. : . . . iLx = ~Masy x,
tangential acceleration (@,g) of the joint A relative to
the joint B of the connecting rod 2 and, accordingly, Py =—Masy.
the magnitude and direction of the angular accelera-
vl v 5
Pote T | Pa |4
/D' /7 i1, =X P7
2% /2 $ /i Pily="s1 |1y $
= x
-N / y o % Fintx §
= / e G <
S/ 7 )
v \\F{i} PJ f 7 1
Fiax G; X 01 Pux 5 X
Boizy=Xsz8 P. t
by P,é}, N
Nop1, =X =
P21y =48 Rony =4
a b

Fig. 3. Calculation scheme of kinetostatic equilibrium during the working stroke of the CSM:
a - Assur group containing links 2 (rod) and 3 (slider); b - leading link (crank 1) CSM

When comparing the design scheme (Fig. 3, a) of
the kinetostatic equilibrium of the Assur group, includ-

ing links 2, 3 and kinematic connections between
the crank 1 and the connecting rod 2 in the joint A,
between the connecting rod 2 and the slider 3 in the
joint B, as well as between the slider 3 and the hor-
izontal guide of the base 4 in the translational kine-
matic pair, providing the current position of the links
2 and 3 the CSM in the coordinate system XOY ,
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the kinematic links are conditionally replaced by [2-4]
the action of forces (P, Py ) of the force P, on

the connecting rod 2 from the side of the crank 1 in
the joint A and the action of force (P, = 34,y) ON
the slider 3 from the side of the base guide 4 di-
rected perpendicular to the flat surface of the slider 3
(along the axis OY in the absence of friction sliding
between the slider 3 and the guide 4 (P,,, =0)).
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Thus, the condition of kinetostatic equilibrium of
the links 2 and 3 (Fig. 3, a) in the coordinate system

IX =Py +Box—Ps+R3x=0;
Y ==Pyy+Ray +Pyy -G -G53 =0;

b e SN Y
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is determined by the system XQOY of equations:

@1).

IMg =Py xNpo1x + B xPpiox + (B2,y —G2)Npia,y + Miz — Py yhpyy =0,

where X and XY - respectively, the the sum of
the projection of forces on the coordinate axes OX

and QY ; M, -the sum of moments of forces and
moment of inertia M, relative to the center of the
B;

joint hpizx = ¥s2.

hpo1y = Xag  respectively lever

hpo1 x = Ya.
hpizy = Xs28,
I321>< = P?, - Piz,x - P‘s,x;

Py P21 T Poxhpio g + (Pory —G2)Nizy + My,

arms of forces Py, Pay, Bpyand G,, Py,

relative to the center of the joint B .
From the system of equations (21), the determina-
tion of the kinetostatic loading of the connecting rod

2 and the slider 3 (Assurian group 2, 3) follows, in
the coordinate system XOY :

le, y =

h
P34,y = P21,y - Pi2,y +G2 +G3-

In its turn, on the basis of Newton's third law, the
components R,, =—F,;, and B,

P21,y

=—P,, acting
in the current position of the working stroke of the
CSM on the crank 1 from the side of the connecting
rod 2 in the joint A (Fig. 3, b), which, together with
the components F,, and B, acting on the crank
from the side of the base in the joint O ; components

Pix:R1y and gravty G, provide conditions for uni-

EX =—Ppy+Pygx+P1x=0;
XY =Ppy—Pyy -G +Ryy=0;

; (22)

form rotation of the crank 1 with angular velocity @,
due to external moment M), during the working
stroke (M, (a) =M ((0) at << ).

The equilibrium condition for link 1 (Fig. 3, b) in the

coordinate system XOQY is determined by the sys-
tem of equations:

(23)

EMg =My =Py xhp1o x = Pio yhp1o y + By xhpisx —(Ryy —G)hpigy =0,

where XM, - the torques sum of the B, ,, B,

Pil,x’ Pil,y’Gl and moment M, relative to the center

of the joint O; iy =Ya, Morpy =Xa, Mpitx =08Ya Npigy = 05X, - respectively lever arms of forces

P12,x' I:?LZ,y'
From (26):
I:)14,x = I:)12,x — Fi1x>
Py =Pay+P1y -G

Rix. Py and G,, relative to the center of the joint O.

@7)

My =P xhp1o x + P2 yhp12 y = Bixhpivx +(Byy = Gi)Npisy -

In the kinetostatic calculation of the CSM in the
process of idling (M, (o) = M, () ) (during turning
the crank at an angle m< o =a, <2m), it is neces-

sary to accept in equation (1) P, = 0 and, accord-
ingly, in the equations of the systems of equations
(21), (22) accept P3 =0 and all other design equa-
tions (3) - (20) and (23), (24) remain unchanged.

Below (Fig. 4) are the results of change in kineto-
static moment M, (o), for one rewlution of the

crank, calculated in accordance with the dewveloped
method using the MathCAD application for the follow-
ing initial data:

l,=01m; 1,=0285 m;

m, = 2,8kg;
I, =0,342-10 2 kg-m?; 1,=0,7-10"kg:m?

|A31 = 0,05 m;

IA32 =0,1m; m, = 36 kg;
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0;=293s%  p=293stp=035 MPa

s %%t ISSN 1028-2335 Nel, 2023

D=012m.

Mws (o)

Mid(al)

(8]

o, ol

M, (a) [Nm] - moment on the crank during the working stroke (0 < a < 1),

M, (o;) [Nm] - moment on the crank during idling (7 < o, < 27).
Fig. 4. Graph of the change in the kinetostatic moment of the leading link (crank 1) CSM:

Conclusions. The new calculation method and al-
gorithm for determining the kinetostatic parameters of
the CSM for personal computers using standard
MathCAD applications was deweloped, which allows
you to expand the possibilities of studying the reliable

operation of the CSM as a part of various machines
and units by clarifying the power parameters of the
CSM depending on the technological load, dimen-
sions and configuration of parts. and connections.
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