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Annotation. This article presents a kinematic study of a four-link mechanism intended

for application in the design of new machines. During the design process, especially in
the automation of machines and mechanisms, it is essential to determine kinematic
parameters. These parameters are obtained through analytical calculations and by
developing computer-based calculation programs. The paper provides an example of
calculating a specific mechanism with a detailed analysis of its characteristics. Based on
this example, similar problems for other related mechanisms can be effectively solved.
Keywords: mechanism, kinematics, automation, velocity, acceleration, calculation,
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Annotatsiya. Ushbu magolada to‘rt zvenoli mexanizmning kinematik tadqiqi va uni
yangi mashinalarni loyihalashda qo‘llash masalalari ko‘rib chiqiladi. Mashina va
mexanizmlarni loyihalashda, aynigsa ularni avtomatlashtirish jarayonida, kinematik
parametrlarni aniq bilish muhim ahamiyatga ega. Ushbu parametrlar maxsus hisob-
kitoblar hamda EHM uchun tuzilgan dasturlar yordamida aniglanadi. Magolada aniq bir
mexanizm misolida kinematik hisoblash bosqgichlari keltiriladi. Ushbu uslub asosida

boshga shunga o‘xshash mexanizmlarning masalalarini ham yechish mumkin.
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AHHOTaIII/Iﬂ. B CTaTheC pacCMaTpUBACTCA KHUHEMATHUYCCKOC HUCCIIEA0BAHUC
YCTBIPCX3BCHHOI'O MCXAaHHU3Ma C LCJIbIO €TO0 IIPUMCHCHUSA IIPU ITPOCKTHPOBAHUN HOBBIX
MaiuH. [Tpu npoekTnpoBaHuy, 0COOEHHO MPHU ABTOMATH3ALMU MALIUH U MEXaHU3MOB,
HGO6XOI[I/IMO 3HAaTb KHHCMATHYCCKUC IIApaMCTPbl CHUCTCMBI. OTH IMapaMCTpPhbI
OIIPCACIIAOTCS PACYHCTHBIM ITYTEM M C UCITIOJIb30BAHUEM ITPOTpaMM [JId BBIYHUCJIICHUS Ha
OBM. B pabote npuBOAUTCS MPUMEP pacueTa KOHKPETHOTO MEXaHH3Ma ¢ MOIPOOHBIM
AHAJIN30M CI'0 XapaKTCPUCTHUK. Ha ocHoBe JaHHOI'O IIpUMCPa BO3MOKHO PCIICHUC 3a1a4
I APYyTHUX aHAJIOTUYHBIX MCXaHU3MOB.

KuaroueBble cJioBa: MCXAaHHU3M, KHHCMATHKA, aBTOMAaTHU3alusd, CKOPOCThb, YCKOPCHHUC,
pacder, nporpaMmma, napaMeTp, IpOEKTUPOBAHUE, MOJEIb

When designing machines and mechanisms, especially when automating them, it's
essential to know the kinematic parameters, which are determined by calculations and
computer programs. To this end, we provide an example calculation for a specific
mechanism, which can be used to solve other similar mechanisms.

The task is to construct plans for the speeds and accelerations of a compressor crank-
slider mechanism (Fig. 1, a). Find the speed and acceleration of point C, the angular
velocity and angular acceleration of connecting rod BC, and determine the length of the
radius of curvature p, of the trajectory of point D. Given: ¢; = 45°, l;z =
0,06 m, lgc =0,18m, lzp = 0,09 m, the angular velocity of crank AB is constant
and equal to w; = 100 ¢ 1 [1, 2]

Solution. We conduct a structural analysis and determine the class of the given
mechanism. The number of links is k = 4, the degree of freedom of the mechanism is n
= 3, the number of kinematic pairs of class V is Ps = 4, and the degree of freedom of the

mechanism is W = 3n — 2P5s = 3-:3 — 2-4 = 1. The mechanism is formed by connecting a
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second-class, second-type group consisting of links 2 and 3 to the drive link AB and
post 4 [3, 4].

We construct a plan of the mechanism's position (Fig. 1, b). We set the length of segment

AB = 30 mm and calculate the scale of the mechanism diagram:

l 0,06 m
u =2=-—=0,002 —,
AB 30 mm

and from it we find the lengths of the segments (BC) and (BD):

_ lpc _ 018
(BC) =22 = 22

= = 90 mm, (BD)=IB—D—ﬂ
. 0,002 L

= 5,002 = 45 mm,
Based on the obtained dimensions and the given angle ¢, in Fig. 1.b, we construct a
plan of the mechanism’s position.

We construct a plan of the velocities for groups 2 and 3. We construct the plan using the
following two vector equations [5, 6]:

Ve = Vg + Vg, Ve = V¢, + Ve,

where vz — is the velocity of point B, equal in magnitude to vy = w,l;z = 100+ 0,06 =
6 ?and directed perpendicular to line AB in the direction corresponding to the direction

of the angular velocity of link AB; vy, — is the velocity of point C during rotation of
link BC about hinge B, equal in magnitude to v.g = w,lg: (w,) — is the angular
velocity of link BC, which is still unknown to us) and directed perpendicular to line BC;
v¢, — Is the velocity of point C4 of rack 4, coinciding with point C (it is equal to zero,
since link 4 is motionless); v¢, — is the relative velocity of point C in its motion relative

to point C, (its modulus is unknown, and it is directed along line Ay) [7, 8].
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Figure 1. Kinematic analysis of the compressor slider-crank mechanism:
a) mechanism diagram, b) mechanism position plan, c) speed plan, d) acceleration
plan.
We construct the velocity plan in the following sequence (Fig. 1, b). We construct the
solution to the first vector equation indicated above (6): from the pole p, we lay off a
segment (pb), representing the velocity of point B, perpendicular to line AB and in
accordance with the direction of rotation of link AB, and we choose the length of the
segment (pb) equal to (AB) = 30 mm, i.e., we construct the plan in the scale of the crank;
from point b, we draw the direction of velocity vcg — a line perpendicular to BC [9,10].
We proceed to constructing the solution of the second vector equation indicated above:
from point p, we would need to plot the velocity v,,, but it is equal to zero, so we
coincide point ¢4 with point p; from point c4, or, equivalently, p, we draw the direction
of the velocity v¢c, — a line directed by Ax - until it intersects with a line drawn

perpendicular to BC, and obtain point ¢ — the and of the velocity vector of point C. We
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place point a at the pole of the plan and thus complete the construction of the velocity
plan for the entire mechanism. We find the velocity of point D using the similarity rule:

the end of this velocity vector must lie on line (bc) and divide segment BC, i.e.

bd —(BD) bc) = 0,5(b
( )_(B_C)( c) = 0,5(bc)

We calculate the scale of the speed plan:

_vs (4B _ - m/s
The scale of the speed analog plan will be [11]

_ o TS
W1 M m

#(pv
The velocity vc of point C is equal to
ve = (pc)u, =20-100-0,002 =4,0 m/s

The angular velocity w, of link BC is equal to [12]

(bco)u, (bc)w,y; 18-100
w-, = = =
7 (BOw,  (BOpw 90

In figure 1b, a rotated velocity diagram is plotted directly on the mechanism diagram.

=20 t/s

In this diagram, pole p is aligned with point A. The direction of the velocity vector at
point B coincides with the direction of AB, the direction of the velocity vcg is an
extension of line BC, and the direction of the velocity at point C is perpendicular to line
Ax.
We construct an acceleration plan for group 2, 3. This plan is constructed using the
following two vector equations [13]:

ac =ag +acg = ag + aly + akp, ac = ac, +age, +age,
where ag — is the normal acceleration (also total) of point B, equal in magnitude

ag = w3l = 100%-0,06 = 600 m/s
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and directed parallel to line AB from point B to point A; aggz — is the normal acceleration

of point C in the rotational motion of link BC relative to point B, equal in magnitude

2
n _ Ve
Acp

e
and directed parallel to line BC from point C to point B; al; — tangential acceleration
of point C in the same motion of link BC, equal in modulusto aty = &, - Iz and directed

perpendicular to line BC; a., — acceleration of point C, (point of link 4; it is equal to
zero, since link 4 is motionless); a’C‘C4 — Coriolis acceleration of point C in its motion
relative to point C4, equal to zero, since link 4 is motionless; ag., — relative (relative)

acceleration of point C in its motion relative to point C,, it is directed along line A..
We construct the acceleration plan in the following sequence (Fig. 1, d). We construct
the solution to the first vector equation indicated above by plotting a segment (zb) from
the pole of the plan x, representing the acceleration ag, parallel to the line AB. We choose
the length (zb) equal to (AB) = 30 mm, i.e., we construct the plan at the crank scale,
while the scales of the acceleration plans and their analogs will be equal to

ap _ wi(AB)w _

2
m/s
= w?y, = 1002 - 0,002 = 20 /

Ko =0 = (b)

m
Hopa = =y =0,002 —

Ha
2 mm

From point b, we plot a segment bn.g representing the acceleration az. The length of

the segment (bn,g) is calculated using the formula [14]

acs vgB (bc)?u,” (bc)zw%#lz (bc)?  (18)?

Ha lac fa  (BOW o (BOW g (BC) 90

Through point ncg we draw the direction of acceleration aty —, a line perpendicular to

bngg = = 3,6 mm

line BC. We proceed to constructing the solution of the second vector equation indicated

above. To do this, we plot the acceleration vector a., from the pole of the plane z, but
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it is equal to zero, therefore point ¢4 coincides with point =. The end of the acceleration
vector a'gc4 — point k, also coincides with this point (the acceleration a'gc4 is equal to
zero). From point k, or, what is the same, from point z, we draw the directions of
acceleration with a line drawn perpendicular to BC, yielding point c, the end of the
acceleration vector of point C.

Connecting points ¢ and b yields the total acceleration vector of point C as link BC
rotates relative to point B, i.e., acg. We place point a at point z. This completes the
construction of the mechanism’s acceleration diagram. We find the endpoint of the

acceleration vector of point D using the similarity rule [15]:

bd —(BD)b =0,5(b
(bd) = 55 (be) = 05(bc)

Connecting point d with the pole of the plane z, we obtain a segment (zd), representing
the acceleration of point D.
The magnitude of the acceleration of point C is determined as follows:
ac = (mc) - u, = 17,820 = 356 m/c?
and the magnitude of the angular acceleration of link BC

e = acg _ (NcpCita _ (nepc)ws - iy _ (nepc)*wi _ 18- 1002
2 lge (BOw (BOwy (BC) 90

We find the radius of curvature of the trajectory of point D. Through point D (Fig. 1, b)

= 2000 1/c?

we draw a line 7z, parallel to the segment (pd) on the velocity plane (Fig. 1, c) - this will
be the direction of the tangent to the trajectory of point D. Line (y#), drawn
perpendicular to line (nn), is the normal to the same trajectory. The center of curvature
Op of the trajectory of point D is located on it. We project the acceleration vectors of
point D, segment (zd) (Fig. 1, d), onto the direction of the normal to the trajectory of
point D. We obtain segment (znp), corresponding to the normal acceleration af; of point

D from the formula

a3
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v3
Pp
we get that the desired radius of curvature will be equal to

2 d)2 2 d)2w?2u? d)? 22°
_v _ dka_(pd)wiur  (pd)” 22 00— 6,0605m
ap  (mnplpg  (Tnp)win,  (Tnp) 16

ap =

Pp

The presented method of kinematic calculation of the mechanism allows for more
accurate design and can be useful for students and masters, as well as scientific
researchers.
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