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Abstract. The task of the starter motors is to rotate the combustion engines to the necessary
rotational speed. An element of the mechanism is a free running clutch. It has two func-
tions. The first one is the torque transmission from the driving member to the driven shatft,
and to speed up the combustion engine. The9 other function is to disconnect the elements,
when the combustion engine has been already turned over, and the driven shaft rotates
faster than the driver.

In this paper the pressure angle as the most important parameter of operation is investi-
gated. A new curve is developed for inner profile of housing, which operates to constant
wedge angle.
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1. Introduction

The task of the starter motors is to rotate the combustion engines to the necessary rota-
tional speed. An element of the mechanism is a free running clutch. It has two functions.
The first one is the torque transmission from the driving member to the driven shaft and to
speed up the combustion engine. The other function is to disconnect the elements, when the
combustion engine has already turned over, and the driven shaft rotates faster than the
driver.

In a previous paper we have discussed the operation and geometry of the roller free-
wheels, and the effect of load, deformation and wear on the operation of clutches has been
analysed [4]. In paper [5] we have defined the geometry, which occurs constant wedge
angle. In this paper the fundamental knowledge is presented and a new method, which
helps us to determine the inner profile curve at the housing of clutch. This method gives a
chance to reconstruct roller freewheels having unknown geometry.

2. Elementsand operation of roller freewheels

Figure 1shows a sketch from a roller freewheel having a so called outer star-wheel. It
has four components: the housing, the hub, the rollers and the springs.

Figure 2shows a detail of a roller freewheel, where the roller connects with the housing
and the hub. The figure contains the necessary dimensions. The shape of the rollers and the
hub is cylinder, and the housing has a curved surface usually based on logarithmic spiral.
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Figure 2. The geometry of the contact

For the operating of the roller freewheel it iswanportant requirement, that the profile
of the housing and the hub should produce a tappr §he tangent lines at the contact
points determine the anglea2which defines the dimension of the gapr 8 called as
wedge anglery, is the radius of the hub, adgis the diameter of the roller FFigure 2 The
operating of the roller freewheels is showrrigure 3

During the connection, the driving element is tbeding, which is rotated by torqiv
into the shown direction. To generate the equilitorj the torquéV; on the hub equaldl;,
but the directions of the torques are oppodie.means the torque on one roller. When
uniform load distribution is assumed between rellénen

M, =—, (2.1)
4
where torqueM is the total load on the clutch amds the number of rollers. The calculated
tangential forcd-; from the torque at the contact point of the roélad the hub is
=M,

— 2.2)
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i
Figure 3. The operating principle of the roller éwheels

The tangential force presses the roller into tipetayap, as long as this tangential force
is smaller than the friction resistance, thakis Fs. The operating condition of the clutches
is the self-locking. If the inequality is not readd, there is no self-locking and the hub
slides on the roller. In this case the clutch cammark. The equilibrium of forces is repre-
sented irFigure 4 From vector triangle we can write the followingeession:

F =F, dana . (2.3)

Figure 4. The equilibrium of forces acting to thodler
The working condition is obtained by simplificatitmom the above relation:

tana <p anda <arctar . (2.4)
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It is found, that the operation of the roller frédeels is defined by the relation between
the wedge angle and the friction coefficient, amdbies not depend on the magnitude of the
load. The clutch will slip in that case only, iktinequality (2.4) is unrealized.

3. Profileof housing in accordance with theliterature

Roller freewheels with outer star wheel are gehermed by automotive industry. They
have logarithmic spiral profile according to thedature. The logarithmic spiral has a spe-
cial property: there is a constant anglébetween the radius and the tangent line in any
point of the curve. Using this curve as a profilestar wheel the wedge angle Bas slight
changes at different contact points. It become®simonstant.

The task is to find a new curve, which has constatige angle @ in any arbitrary contact
point. This is granted when the centre point ofrier having variable radiug moves on
a logarithmic spiral path.

4. Theequation of the profile having constant wedge angle

During determination of profile the radius of thenér ring (), and the wedge angle
(2a) are considered as constant. In this case weitasllérs with different radiusrg) on
any points of the inner ring and the profile of@ustar wheel. Thereforey can be inter-
preted as a function @in the following form:

g =1g(6) (4.1)

An illustration from the structure and the usedations are shown iRigure. &5
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Figure 5. Layout draft of the roller freewheel
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The coordinateg andy of the point ,K” on the curve can be written usiagxiliary co-
ordinate systeng - /7 as follows:

X=Xg +4“K, (4.2)
Y=Ys ti - (4.3)

All the parameters of the above equations areuthetion of angle?

Xs =(r, +1y)[€0SI , (4.4)
Yo = (1, +14)8IN0 , (4.5)
¢k =1, [0s@ +20) (4.6)
g =Ty 8INE@ + 20:) . 4.7

Substituting expressions from (4.4) to (4.7) iMa2] and (4.3) contexts, coordinates
andy of the point ,K” are obtained as a function of &ng

X=(r, +1,) [€0sY +r, [€OSP + 20) , (4.8)
y=(r, +1y)8IN0 +r, [$in(@ + 2a) . (4.9)
Derive the coordinatesandy according todto determine the slope of the tangent line:

X =% ==(r, +14)8ING + 1, [€0s) — 1, [$IN(@ + 20) + 1, [¢0SP +20),  (4.10)

y’ =%: (ry +1y) [€0SH +1, [S$ING + 1, [0S + 20) + 1, [SINE + 20) . (4.11)

The slope of the tangent ling)(at the point ,K” is:

dy _ 1y [sing +sin(@ +2a)] + 1, lcost + cos@) +2a)] +r, [tos)

4.12
dx r, [cosd +cosp +2a)] -1, [Isind +sin@ +2a)] -1, [$ind (4.12)
which can be written as follows (sEgure 5)
- sin +6 +20)
(G +0+20)=—"—— (4.13)

cos% +0 +20)
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After further modifications based on the trigonorigetelationships we have

s . T T i
SinG *(0+20)) _sin [0S0+ 20) +cos) [SIN(O+20) o409 +20) . (4.24)
—sin(f +20) .

cosg +(6 + 20)) cos% [¢os(d + 2a) —sin% $in(0 + 2a)

The slope of the tangent line using equations {4at@l (4.14) is described by the fol-
lowing relation:

ry' sin® +sin(@ +2a)] +r, [lcosd + cos@ +2a)] +r1, [€0) _ cog@ + 20)
ry Qicosd +cos@ +2a)] -1, sind +sin(@ +20)] -1, 3ind  —sin(0 +2a)

(4.15)

Multiplying both sides of the equation with the nimsms of denominator we get the fol-
lowing formula:

— 1, [3iN6 [3in(0 + 2a) 1, [$in*(0 + 2a) ~1, [£0) [$In(0 + 20) +
=T, [€0s + 20) [$in(0 + 20) — 1, [¢0SH [$iN(0 + 20) = (4.16)
=1, [€0S) [€0S() +20) + 1, [£0S (0 +20) 1, (3N [E0SE + 2a) +
=TIy $in(@ + 20) [E0sE + 20) — 1, [$inH [E0SE + 201)
Sorting each member of the equation accordinggatefficients we obtain the follow-
ing form:
ry +sing [$in(@ + 20) + cos [€0sP +2a)] +
ry [+sin’(0 + 2a) +cos (6 +2a)] +
ry I+cosd [$in(@ + 2a) —sind [€os +2a)] +
r, J+cosd $in@ + 2a) —sind [&osP +2a)] =0. (4.17)

We can recognize trigonometric identities so thea¢ign would be as follows:

ry [€osp — (0 +2a)] +
ry A+

ry [$in[(0 +20) - 0] +

r, 3in[(@ +20) - 6] =0. (4.18)
After simplifying:

ry [€0s(2a) + 1, +1, [8in(2a) +1, [$iN(2a) = 0. (4.19)
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Because of the cosine function is symmetricalq(x) = cos¢x) ) therefore
ry [€os@a) + 1, + 1, [8in(2a) + 1, [$in(2a) =0 (4.20)
can be prescribed. Expressing from the above equation:

(ry +1,)8iN20 sin2a
r, =-— =- r.+r). 4.21
o 1+ coLa 1+coa W +1o) (4.21)

Examining the constant coefficient (before the kedcof the above equation, we have
a simple formula:

sin2o  _ 2[sinalcosa _ Z[Slna[cosa=—tga=A=const (4.22)

1+co20  1+cofa—-sinfa  2[tofa

The result is a first-order, variable-separabléedéntial equation:

ry =Alr, +r,), (4.23)
namely
dr
—2 = Alr, +1,). (4.24)
dé ’

After rearranging the equation, it has to be iraégpn, then both sides have to be in-
volved with "e":

dr,
=AM /] (4.25)
Iy *1h
Infr, +r,) = Al@+C A (4.26)

Organizing the result and introducing a simplifioat e“ = K , we obtain the general
solution of the first-order, variable-separabldaténtial equation (4.29)

ry +r, = A7) =M [e° (4.27)
rg+r, =K@, (4.28)
rg =KE@Y—r, =K@ -r,. (4.29)

If we suppose that, = constant and we demand the value,ef ryo on the place of =
& , we can calculate the value of ,K” as particidalution of the differential equation.



22 Zoltan Bihari-J6zsef Szente

r, +r

K =S = (ry +1,) @719 = Ko = (1o +1,) [0 (4.30)
e

For the sake of verification we have to replace rdmult into the original differential
equation:

ry =Alr, +r,)

AK " = A(K &Y —r,)+r,] = AIK [@"" - A}, + AL, (4.31)

Because of the equality existing between the twlessbf equation, the result is accept-
able. Formula (4.29) is an equation of the curteyhdch the angler (and the wedge angle
20) does not change at any possible contact point.
5. The proof of the per manence of the wedge angle 2a

Although the calculation presented above clearbwshthat the wedge angler?s con-
stant in any contact point, let's consider an otqgproach. This hypothesis proves clearly
that the wedge anglea2is permanent using another condition. A resulthef method is

also the parametrical equation of the ideal curve.

YA C

K 2+ 6

» X

Figure 6. Moving of the roller central point

Let’s consider the situation shown kiigure & If the red curve is a logarithmic spiral,
than the parameter of the equatiom.ifn this case of logarithmic spiral angtés constant.
Therefore the angle at apex “C” from right-angled triangle BGC mustdiso constant.

So in this case of the curve when constant wedgée&n produced the centre of the

roller must be run along a logarithmic spiral. Tharent position of the point @ is de-
scribed as:
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G = R, ct¢ (5.1)
where
6‘:%—0(. (5.2)

The value of the inner ring radiug) at the placed = 0 bery, and the angler is a de-
sign parameter of the freewheel, which can be deted using the friction relationships.
The coordinates of an arbitrary point on the idealve can be described using the follow-
ing formula (sed-igure 6):

X = Xg +1, [€0SQa +0),
Yk = Yo 1y 8in2a +0), (5.3)

namely
X = Ry [77°% [€0sH + 1, [£0SQa +6),

Y =Ry [&77%% [$in6 +r, [$in(2a +06) . (5.4)
Compared to equations (4.8) and (4.9) we find tlewing
Ry @799 =1 +r,. (5.5)
Using this equation we can calculate the rolleiusd;:
rg =Ry (@7 —r, . (5.6)

The general solution of the solved differential &ipn in (4.29) and the equation (5.6)
describe the same curve, if the coefficients aeatidal.
Substitute the constangKsee equation (4.30)) into relation (4.29):

rg =K @Y —r, = K& —r = (r,, +r,) @00 @ -y, (5.7)

namely
rg = (rgo +1,) @078 — . (5.8)

We must prove agreement of the following coeffitsewhile comparing the equations
(5.6) and (5.8):

Ry =Ty +Ty (5.9)
and
-0 (etge = (6, —0)ga . (5.10)
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Fulfilment of condition (5.9) is easy to show. tmetinitial position (wherg, = 0) the
value of R, can be defined as the sum of the constant inngrrédius i) and the initial
roller radius (go). In case of condition (5.10), whedy = 0 the equation ctg = tana must
be satisfied.

After conversion using formula (5.2) the followieguation is indeed satisfied:

ctge =ctg(%—a) =tga . (5.12)

The conclusion is that both methods have reacheddme solution. This proves that
the derivation is correct. It is proved, that iEtpath of the roller centre is a logarithmic
spiral, the described ideal curve cannot be a ithgaic spiral because of the changing
roller radius. The shape of inner ring, the idaaive and the path of the roller centre are
shown inFigure 7.

The inner ring outline, the ideal curve and the path
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Figure 7. The inner ring outline, the ideal curvedathe path of roller centre
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