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This paper presents the procedure of determination of acceleration of the
characteristic points of dyad by Method of coupled centers. The dyad, by

which a mechanism is spread applying the structural synthesis procedure,
forms a four-member closed contour with the members of the mechanism.
The contour is a slider-crank mechanism, in which all members are
movable. A line that passes through the momentary centers of rotation,
formed by the opposing contour members (i.e. members which are not in
direct contact), has the key role in defining of dyad acceleration.
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1. INTRODUCTION

It is well known that every mechanism can be
spread by statically defined kinematics group by the
method of static synthesis, so that it still remains a
mechanism. In this paper, we will discuss the
determination of acceleration of a such two-member
group, by Method of coupled centers.

2. THESIS

Suppose that a six-member planar mechanism
OABDCH is given (Fig. 1). It basically consists of: the
foundation (1), the drive member (2), connecting rod (3)
and rocker (4), which form closed kinematics chain
OABD. Determination of characteristic accelerations of
such a mechanism by Method of coupled centers has
already been presented in [1] and [2], and here it will
only be interpreted.

Let the IP (Fig. 2) be known, prescribed, or unit
acceleration of point A of the drive member 2, which
rotates at a constant angular velocity.

IP=|d,,|=AO003 . (1

By Method of coupled centers we will define all
characteristic accelerations of mechanism OABD: line
through D (Fig. 1), parallel with AO, crosses the
member AB at point G. A line through I, parallel with
LW and line through P, parallel with GL, by their
intersection define point T.

DG//AO , )
IT/LW , 3)
PT//GL , 4)

Line through P, parallel with BD and line through T,
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parallel with AB, define point V, by which accelerations
of mechanism OABD are defined.

PV//BD, (5)
TV//AB, (6)
PV =|ag,| . (7)
TV =|ag,| - ®)

For determination of characteristic accelerations of
members 5 and 6, the contour group HBCH is formed,
and its members 3, 4, 5 and 6 form a closed kinematics
hain.

A line which passes through momentary centers of
rotation M(46) and N(35) (formed by members of the
contour group which are not in direct contact), have the
key role in determination of the acceleration of
members 5 and 6. All components of the normal
acceleration vectors (including the Coriolis acceleration
as well) within the four-member closed contour, form a
polygon which is closed by a vector PARALLEL with
mentioned line MN.

Figure 1. Six-member planar mechanism OABDCH.
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Figure 2. Plan of Accelerations
Procedure is the following: components of normal
acceleration of the point C, ac, and Zzg’ , are

determined from the similarity conditions of triangles
ADCB = APQV , where:

PQ =lac,| , ©
QV=|ﬁgn . (10)

The normal component of relative acceleration (33 3, 0f

point H of member AB can be determined from the
similarity conditions:

UV _ BH AH
™v_aB = VT TVap e an
where
-B
uv =|af, |- (12)

A line through D, parallel with JH, and member CH
define point F (Fig. 1). Line through P (Fig. 2), parallel
with FJ, and line through Q, parallel with CH, define

. . . =C
point R, i.e. acceleration ap, .

DF//JH , (13)
PR//FJ , (14)
QR//CH , (15)

QR:|agn . (16)

Coriolis acceleration in sliding couple H between
members 6 and 3 is normal to AB, and its magnitude is
determined by point S, as crossing point of line through
R, parallel with coupled centers M(46) N(35) and the
normal on TV through point U.

SR//MN , (17)
SULTV, (18)
SU = |5H 6H 3COV| . (a)

3. PROOF
In order to prove assumption (a), we will project

the closed contours UVQRSU on direction normal to
TV (normal to member 3) and on TV (direction of
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member 3). Coriolis acceleration, which is represented
by SU, is determined by equation:

SU = QVsin(a) — QR sin(B) — RSsin(y) . (19)

At the same time, projections of the mentioned
quantities on direction of member 3 give equation (20),
which will enable determination of the value of RS,

UV+ QV cos(a) — QR cos(B) — RScos(y) = 0. (20)

The following relations are known:

. _ HN. _BH. . _BM.

sin(a) = BN cos(a) = BN sin(B) NV
_BH . . _ HN+BM | _BH.
cos(B) = grps Sin(Y) =" cos(Y) = =

The normal component of relative acceleration of point
C with respect to B is determined from the similarity
conditions:

QV_BC _ gv_pyBC ()
PV BD BD

Normal relative acceleration component of point H of

member 5, with respect to point C is determined by

Method of coupled centers from the similarity:

QR _CF CF

PQ - CI Q S (22)
where QR = |Zz§ .| » and further

PQ_CD _ PQ=pPvER. (23)

PV BD BD

From the similarity of triangles APVT = ALBG the
following is obtained:
TV _BG
PV  BL
By substituting (24), (11), (21), (22) and (23) in (20)
and solving for RS, we obtain:
MN-BG | MN- BC) _ PV(MN' CF- CD)
AB-BL  BN-BD HM. CJ- BD
(25)
By substituting (21), (22), (23) and (25) in (19), the
following is obtained:
HN-BC _ BM. CF- CD] ~
BN-BD HM-CJ-BD
HN+ BM (MNo BG | MN. BC] +
MN AB-BL  BN-BD

BG
TV=PV=2. 24
= BL (24)

RS = PV(

SU = PV(

-PV

HN+ BM MN-: CF- CD
MN HM.CJ-BD

+PV (26)

From the similarity of triangles A CMB = ACHN

follows the relation:

BC__BM 27)
BN HN-BM

i.e. ACDF = ACJH
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CD _ CF

=~ == 28

CJ] CH (28)
Substituting (27) and (28) in (26), and after some
mathematics, the equation gets the form:

SU~PV(HN-CF> = BM? )_
BD( HM:-CH (HN-BM)
2
~ PV BG” Ny BM) . (29)
BD ARB2

The following expressions are obtained from the
similarity of triangles ACZH = AMBH = AFEH, or

ANBH =z ACBZ:

BZ _ BC

BH BN’ 30
€Z _BM - CZ:Hzm’ (31)
HZ BH BH

=iz (32)

HM BH

CF _ EZ

— === 33

CH HzZ’ (33)

HN _CZ ) (34)

BH BZ

By substituting (32), (33) and (34) in (29), with the
condition that EZ=BZ+BE, we have:

PV (BZ- CZ , 2BE-CZ BEZCZ)_

SU =— +
BD\| HZ HZ HZ-BZ

_Pvi_BM’
BD | HN- BM

2
+BGZ Ny BM)} . (39
AB?

and further, using (30) and (27), after proper canceling
out:

SU

_PV(2BE-BM A BE’BM | _
BD| BH BZ- BH

2 2
_PVIBG” N, BG” gy |, (36)
BD | AB? AB?

The similarity of triangles ABDG = ABLA and
ABDE = A BLH gives the equation:

BG _ BE
AB BH’ 37)
while from (34) and (31) we get:
HN = HZBM (38)
Bz

Substituting (37) and (38) in (36)and after systemati-
zation of members:

PV BE BE (BH- HZ- BZ)
=2V gMBE |
SU=5p PMah { T BHBZ > (9
and further, substituting BZ = HZ- BZ and
EH = BH- BE in (39) :
sy = o2V BE-BM-EH (40)
BD BH?2
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From the similarity of triangles ADBM = A DLK and
ABDE = ABLH we get the expressions:

BD _BE @
BL BH

KL _DL_EH _ py_peKL

BM BD BE BM

and by substituting (42) in (40) the following is
obtained:

2
sU=2PV BE” yy 43)
BD pp2

Equation (24) may be written in form:

3 w%AB
®]BD’

BG _1v [k,

BL PV ‘5

(44)
Bn ‘
from which comes the expression:

AB- BL
©F =03 55 R - “45)
If we write (43) as:

» BE-BE
4 BH-BH

by placing (45), (41) and (37) in (46) we get:

SU=2w

KL. (46)

SU =203 KL, (47)

which, by the fact that the magnitude of relative velocity
in sliding couple is equal to the product of the common
angular velocity and the distance of the absolute
momentary centers of rotation

[Gromsl =03 KL, (48)
proves the assumption (a)

ldn 6 H3cor| = SU = 203[0 6 3] -
4., CONCLUSION

This paper treats, among other things, the problem
of determination of the Coriolis" acceleration of a point.
It is demonstrated that Coriolis® acceleration can be
reduced to relative acceleration; by the method of
teamed centres Coriolis® acceleration is treated as
“normal acceleration of a point” and the magnitude and
direction in space are determined, in spite of the fast
that basically Coriolis® acceleration, as we know from
kinematics, is not normal acceleration of a point.
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OAPEBUBAKE YBEP3AHA KO
KAPAKTEPUCTUYHE KUHEMATCKE I'PYMNE
METOZIOM CMPEHYTUX LLEHTAPA

C. hophesuh
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Y pagy ce pa3maTpa mocTymak opnpebmBarma
yop3ama KapaKTEepUCTUYHUX Tavyaka jdjaje
MeronoM crnperHytux ueHrapa. [Iujaga, KojoMm je
MOCTYNIKOM CTPYKTYpHE CHHTE3€ MPOILINpPEH HEKN
MeXaHu3My, obpa3yje ca WIaHOBAMa MeXaHW3Ma
YeTBOPOWIAHy 3aTBOpPeHy KOHTypy. KoHTypa
MpeCTaBlja KIWITHA MEXaHW3aM KOJ] Kora Cy CBHU
YlaHOBM MOKpeTHW. [lpaBa Koja mposasum Kpo3
TpeHyTHE ILIEHTpE poTalue, Koje oOpasyjy Hacmp-
MHH 4YIaHOBH KOHType (WIAHOBH KOjU HHUCY ¥
IUPEKTHOM JIOAUPY), UMa KIbYUHY YIIOTY Y nepuHN-
amy yOp3ama aujaje.
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