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ABSTRACT

Balancing of asymmetrical rhomboid
mechanism with forked crank which is
used in engines with external heat sources
is considered. The main equations for
correcting masses (counterweights) and
their coordinates calculations are given.
The conditions of full static balancing of
rhomboid mechanism with forked crank
are obtained.
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INTRODUCTION

Engines with external sources of heat,
also known as external combustion
engines, which works with Stirling thermo
dynamical cycle have a wide usage with
rhomboid  mechanisms  [1].  That
mechanisms are the base ones for
machines  with  shortened  thermo
dynamical cycle [2-5].

LITERATURE REVIEW
Rhomboid mechanisms (fig.1) differs

from ordinary crank mechanisms by
existence of right and left closed

kinematical chain and two pins: working
and displacing. Pins chambers connected
with each other through cooler and heat

source. Synchronizing gearing allows to
eliminate skewness of working and
displacing pins. Rhomboid mechanism
may be symmetrical or asymmetrical with
forked cranks or conrods [2,6,7].

While mechanisms links moves with
accelerations force loading of machines
basement consists dynamical part. When
machine works is steady regime they
changes cyclically, forcing periodical
loads and causing vibrations of basement.
For exclusion or reducing this harmful
impact of dynamical loads on engines
body, this parts of load should me reduced
to zero level, or their amplitudes should be
limited in allowable range. Solution of
such a problem — balancing of mechanism
— is necessary for engine longevity and
stable working. Addition of correcting
masses in mechanism may lead to zeroing
out projections of each links principal
vector of inertia forces on each coordinate
axis. This means that mechanism will be
fully statically balanced.
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Figure 1. Generalized scheme of Stirling engine with forked crank.

METHODOLOGY

It is needed to define necessary
coordinates of counterweights and their
masses. It may be obtained by usage of
substitution mass methods, based on
replacement of agile links masses by two
o three equivalent masses.

Symmetry of rhomboid mechanism
relatively pins axis means that the
principal moment of inertia forces on OY
axis are equal to zero. Projection of the
principal moment of inertia forces on OX
axis still not equal to zero. (fig. 2) For
mechanism with forked crank solution of
dynamic reactions balancing problem is

Figure 2. Kimematical chain of rhomboid mechanism of Stirling engine with forked cramk: | —
Jorked crank, 2 — working pin's conred 3 — working pin, 4 — displacing pin’s gconred, J —
displacing pin; 51, 52, 53 — mass centers of links with masses md, m2, m3; Rd and Rw — cranks 1-2019
parts lengths for working and displacing groups, Ld u Lw — lengths of displacing and working

conrads, ed u ew — eccentricity of pins, y —crank angle.




Distributed masses of mechanisms links
replaces by concentrated mass, located in
the centers of rotational kinematic pairs.
These masses are selected to satisfy the
laws of constancy of masses and mass
centers location.

AL -

Figure 1. Calculation scheme for pomted maszes

Calculation scheme of mechanism (fig.
3) is described by pointed masses with
relative abscises in parts of RP.

DATA ANALYSIS
While working pins crank length 1s equal to 1 (R=RP=1):

X, =sino. @)

Xy =ga-sin(p—7) )]

X:=sinm—%cnsq}i ()
| : N 1 |

X;=a,,l_sm(l}=—‘.-'._ ——P_cusq)-.| (7

X =ars -sinfo—gs1) &
Xio=a . 50(0-0 ) )]

L
- length of i line segment, Az — relation

between lengths of displacing conrod to the same crank, while angles ¢z, @4 calculates
using equations:

where g =

P b
e =2 05 (10)
CoL e e (¢5))

smg =ilcos -y +k |

where &8 — relative lengths of displacing conrod.
i CO8
As coordinates (4) — (9) are perindical functions f(ql Y="Frns 02 ;f-: (9) =T?i
5 B
from @ angle with period of 2w, they may be expanded in a Fourier series with ¢ as a
variable. Functions are even, so coefficient of expansion without sine function are
equal to:

i) )
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In this case

cosg = P 4 cosgg;p,:A_E cd +Acos gt
S e L !
+dcoslprd cos pidcosdot)

A = A
gy = —— EBacozpp =——( By + By cos pt
ar — oz

+8; cos 2p+83 cos 3 p+By cos dp+)
Expressing the coordinates (3), (7) through (12), (13), gains (14,13)
X, =5in°_ﬂ__,= Acos np
r T 1

X =a,|siafp-7]- B cosag |

L - J

To calculate projection of forces on OX
axis it is needed to differentiate equations
(4), (8), (9), (14) — (15) by time twice and
multiple them on masses with opposite
sign. This forces equation with R = 1 (for
general case of machine movement ® =
do/dt = o(t)) take the following form:

$s: =— s (-2 -sinp—e-gozg)

-t =—azwnhg.b:w(—co: -sinfp—v)—e- co&[u—ﬂ)
2 |'J = -\I
‘ps: =—mg | @ | —si.nnp—gb-_'zdincosm |—
. i JI
I-. = -III
+z| —comptany d.cozpg |
1

N “-i i - = ]
%1'%‘ =-a m :-'|—sjn{c—?]—z-!-'.&‘ cos ag |

( ! V
+e| —cus{tp—'_.']—zu.ﬁl cos #g. ||
8 - p
Do =—gusmn (—u:n: -sin{p—ps1 )—2-cos(p—gs ]:I
oo, =—a..x.m.(—co:-sin(q:-—gsz.]—s-cos(q:—gm))
and others in the same sequence.
The sum of second and higher orders harmonics may be presented in following form:
I = =

|
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Solving thiz equation, gain:
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To find the connection of C parameter
with engines geometry, formulae (10),
expressed  relative cogp,  with  considering :J cosQ=-— _;cgs p, Tl cpae+Co, 13
A

F K

reduced to the form
cosp =-4 {Ccuso -Ca sing )+
i [ 1 1K 2
+aC -CAgk, ©3)
s T

g
In this equation coefficients with cosg2 and zing2 considered as values of sine and cosine

functions of auxiliary function &:

C Ca

—mposl, —L mpinh,
p

p
p=\07 i (26)

Equation (23) reduced to the form:
27)

cosqu=-zcos [+ ra |

where zmag 2z [ Co-Cak |
a (28)

\ . )
Solving (10) and (11) simultaneously, gains
e . ) - A kx .'Flr:z_n‘l sin g - a‘;_,kr_.-'a i:,m
A simy 'i i ) (29)
& 5

The expreszion enclosed in parentheses iz denoted by 22 and is expressed through cosp. Using the

baszic trigonometric identity, expression (29) can be reduced to the form:
sin ‘g - 24k sing +i k-

A sin
_lz(sing —AKk Jeety (30)

Asiny
5

+raeotirdm =1

Having replaced and introducing new notation, we arrive at the expression:

{1-z, 11
31'.[14134=!_!_§_+z: 1=, (31}
LAmsin f I
where: z3 =cosp 4,
= 2kg+zcos?) . =F ;—23:3:1 cos Y —.-:3
K hesiney ‘ sin
assin ‘g, *ees20, o1 squaring and folding, one can obtain an identity
—t+E M+ A sty Atsin 0S4 Yein ] -
} 1 iE -] 4 B
* (32

—ziAdsin dy + 22040 sint - A7 sin 1Y)
-I. “. 5 .. : ¥ . =
Qifain’y-Ad'=in',, lsinty =1
2 B 4 2
When z3, zs, z5 are replaced by their onginal expressions and, by carrying out the
trorresponding transformations. we obtain an equivalent identity

a! gl f la_cosy a2
g5 = 4+iik - +—,
1 L . a )
(e ease) | 15-01-2019
e, =24k, 1-22200
\ a

f=2gr a» COS V.
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e
From the condition that the values of the amplitudes of the groups of functions cos*p2, sin*ol;
cosipl, sin‘pl; costel, sinpl, cosol, sing iz equal to zero we obtain the following expressions:

E=graa (34)
B=1 (35)
a1, = .
1, COEY
z =i kg6, (36)
y=0 (37)
ga =1 (38)

In which (32) 15 equal to 1.
It is important to note that conditions (36) - (38) are one of the necessary mechanisms for complete
balancing.
Eeplacing in the formulas from (26) and (28) C = p gosh, z = gup and vsing the conditions (34),
F)(35), (36) in the expressions for @ and z, we arrive at the relation
C=gk. (39)
Applying this relation in Eq. (23], we obtain one more necessary condition for
complete balancing
Wg = @R MF (40)
The first-order equation of the sum of all forces has the form
—ot mtam+m+am +a MCOsQ | EnQ-—
{5 r b c =& F i sl
-1 msnQ cosg+a sinfp-g  )1-
fi3 1 5 AR Kl ixl

(41)

sl—m +am +m +am+a ImCUS[PI‘]CDSlP—
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We mtroduce the following aotation:
Mt @aMla+He Fapms + e COEQs = HE0s 9, (42
a ,msing  =manh, (43}'—
mi=(m +am+m+am_+a mcosg ﬂ:
I (44
+a, msing )
Then equation (41) takes the form
msin{ g-8)=-a  m sin{g-p, ).
meosp @-8)=-a, m c0sP-Qg. (43)
Solving this system of equations, we find I
_m
it (46)
- the value of the correcting mass and the angular coordinate of this mass
Qs =nt+8 47
where
@45 M1si0Qs  mcos @
(48)

a8 or R Fds



DISCUSSION

From the results obtained, it follows that
(36-38), (40), (45) - (48) are the basic

conditions for the complete balancing of
the rhombic mechanism of the drive with

the forked crank.

CONCLUSION

The influence of the relations of out-of-
axes, crank radii, lengths of connecting
rods, as well as the angle of crank
development on the imbalance of the
rhombic drive mechanism is determined.

The use of the replacement mass
method makes it possible to form, in a
convenient form, equations by solving the
conditions necessary for the complete
balancing of the mechanism.

The symmetry of the considered
schemes of mechanisms relative to the
axis of motion of the pistons eliminates the
effect of inertial forces in the direction
perpendicular to this axis and inertial
moments.
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