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Abstract: This paper presents an original method to determine the dynamic parameters at the camshaft
(the distribution mechanisms). The authors introduce a new pressure angle, alpha, and a new method to
determine the two pressure angles, alpha and delta, at the rotary cam and tappet with translational motion
with roll, with a great precision. We determine initially the mass moment of inertia (mechanical) of the
mechanism, reduced to the element of rotation, ie at cam (basically using kinetic energy conservation, the
system 1). The rotary cam with translated follower with roll (Figure 1), is synthesized dynamic. We considered
the law of motion of the tappet classic version already used the cosine law (both ascending and descending).
The angular velocity is a function of the cam position (¢) but also its rotation speed (2). Where ®m is the
nominal angular velocity of cam and express at the distribution mechanisms based on the motor shaft speed
(3). We start the simulation with a classical law of motion, namely the cosine law. To climb cosine law system
is expressed by relations (4). With the relation (5) is expressed the first derivative of the reduced mechanical
moment of inertia. It is necessary to determine the angular acceleration (6). Relations (2) and (6) a general
nature and is basically two original equations of motion crucial for mechanical mechanisms. For a rotary
cam and translated tappet with roll mechanism (without valve), dynamic movement tappet is expressed by
equation (7). Where x is the dynamic movement of the pusher, while s is its normal, kinematics movement.
K is the spring constant of the system, and k is the spring constant of the tappet spring. It note, with x0 the
tappet spring preload, with mT the mass of the tappet, with ® the angular rotation speed of the cam (or
camshaft), where s is the first derivative in function of ¢ of the tappet movement, s. Differentiating twice
successively, the expression (7) in the angle @, we obtain a reduced tappet speed (equation 8), and reduced
tappet acceleration (9). Further the acceleration of the tappet can be determined directly real (dynamic)
using the relation (10). For a good work one proposes to make a new geometro-kinematics synthesis of the
cam profile, using some new relationships (16).
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INTRODUCTION

Development and diversification of machines and
mechanisms with applications in all areas of scien-
tific research requires new systematization and
improvement of existing mechanical systems by
creating new mechanisms adapted to the modern
requirements, which involve more complex topo-
logical structures.

Modern industry, the practice of enginee-
ring design and construction are increasingly ba-
sed on scientific research and practical results.

Each achievement is backed Industrial the-
oretical and experimental research aided by resol-
ving more complex problems with advanced com-
puter programs, using specialized software more.

Processes robotization increasingly determi-
ne and influence the emergence of new industries,
applications in specific environmental conditions,
approach new types of technological operations,
handling of objects in outer space, leading tele-
operator in disciplines such as medicine, robots
that covers a whole larger service benefits our so-
ciety, modern and computerized.

In this context, this paper seeks to contri-
bute to the scientific and technical applications
in dynamic analysis and synthesis of cam mecha-
nisms.

In 1971 K. Hain proposes an optimization
method to cam mechanism to achieve the opti-
mum output transmission angle (maximum) and
minimum acceleration [4].

In 1979 E Giordano investigates the in-
fluence of measurement errors in kinematic analy-
sis of cam [3].

In 1985 P. Antonescu presents an analytical
method for the synthesis mechanism flat tappet
cam and tappet rocker mechanism [2].

In 1988 J. Angeles and C. Lopez-Cajun
presents optimal synthesis mechanism oscillating
flat tappet cam and [1].

In 2001 Taraza Dinu synthesized analyzes
the influence of the cam profile, the variation of
the angular velocity distribution tree, and the pa-
rameters of power load consumption and emis-
sions of internal combustion engine [9].

In 2005 EI. Petrescu and R.V. Petrescu pre-
sent a synthesis method of rotating tappet cam
profile translational or rotary flat or roll to obtain

high yields output [5-8].

In this paper one presents an original me-
thod to determine the dynamic parameters at the
camshaft (the distribution mechanisms). It makes
the synthesis, of the rotary cam and tappet with
translational motion with roll, with a great preci-
' ) ' le,
Vo

Fig. 1 The rotary cam with translated follower with roll

First, one determines the mass moment of
inertia (mechanical) of the mechanism, reduced
to the element of rotation, ie cam (basically using
kinetic energy conservation, system 1).
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We considered the law of motion of the
tappet classic version already used the cosine law
(both ascending and descending).

The angular velocity is a function of the
cam position (¢) but also its rotation speed (2).
Where o is the nominal angular velocity of
cam and express at the distribution mechanisms
based on the motor shaft speed (3).

" 2)

We start the simulation with a classical law
of motion, namely the cosine law. To climb cosine
law system is expressed by relations (4).

(4)

2
s"zar—Tc il-(:osn-g
29, P,
3
s"'zocr——Tc ?-sin[n-gl
29, .

Where ¢ takes values from 0 to ¢,
J max occurs for ¢=0, /2.

With the relation (5) is expressed the first
derivative of the reduced mechanical moment of
inertia. It is necessary to determine the angular
acceleration (6).
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Differentiating the formula (2), against
time, is obtained the angular acceleration expre-
ssion (6).
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Relations (2) and (6) a general nature and is
basically two original equations of motion crucial
for mechanical mechanisms.

For a rotary cam and translated tappet with
roll mechanism (without valve), dynamic move-
ment tappet is expressed by equation (7), who
was presented and derived in Chapter 2 (equation
48), and now by canceling valve mass, will custo-
mize and reaching form below (7).

X=85—

_(K+k)-mT 0 sk +2k-K) 57 +2k-x, - (K +k)-s

2-(K+k) {S+K j

+k

7)

Where x is the dynamic movement of the
pusher, while s is its normal, kinematics move-
ment. K is the spring constant of the system, and
k is the spring constant of the tappet spring.

It note, with x;; the tappet spring preload,
with m- the mass of the tappet, with w the an-
gular rotation speed of the cam (or camshaft),
where § is the first derivative in function of [
of the tappet movement, s. Differentiating twice
successively, the expression (7) in the angle [,
we obtain a reduced tappet speed (equation 8),
and reduced tappet acceleration (9).
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Further the acceleration of the tappet can
be determined directly real (dynamic) using the
relation (10).

. 2
X=x"-w"+x'-¢ (10)

DYNAMIC SYNTHESIS

Give the following parameters:

15=0.013 [m]; 1,=0.005 [m]; h=0.008
[m]; e=0.01 [m]; X=0.03 [m]; (pu:TE/Z; (pC:Tc/2;
K=5000000 [N/m]; k=20000 [N/m]; my=0.1
[kgl; M_=0.2 [kgl; N otor=2200 [rot/min].

To sum up dynamically based on a compu-
ter program, you can vary the input data until the
corresponding acceleration is obtained (see Figu-
re 2). It then summarizes the corresponding cam
profile (Figure 3) using the relations (11).

xpp [m/s2]

Fig. 2 Dynamic diagram to the rotary cam with translated

follower with roll
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Fig. 3 The cam profile to the rotary cam with trans-
lated follower with roll
rb=0.003 [m]; €=0.003 [m]; h=0.006 [m]; r0=0.013
[ml; ¢g=n/2 [rad];

THE GEOMETRY OF THE ROTARY CAM
AND THE TRANSLATED FOLLOWER
WITH ROLL

Now, we shall see the geometry of a rotary
cam with translated follower with roll (Figure 4).
The cam rotation sense is positive (trigonometric).

We can make the geometrical synthesis of
the cam profile with the help of the cinematics
of the mechanism. One uses as well the reduced
speed, .

OA:r:rA; r2=rA2

It establishes a system fixed Cartesian, xOy
= x{Oyp and a mobil Cartesian system, xOy =
X, Oy, fixed with the cam.

From the lower position 0, the tappet,
pushed by cam, uplifts to a general position,
when the cam rotates with the ¢ angle. The con-
tact point A, go from Aio to AV (on the cam),
and to A (on the tappet). The position angle of
the point A from the tappet is 05 and from the
camis O __. We can determine the coordinates of
the point A from the tappet (12), and from the
cam (13).
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Fig. 4 The geometry of the rotary cam with translated follo-

wer with roll
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One uses and the next relationships (whe-
re the pressure angle  was obtained with the
classic Antonescu P. method):
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DETERMINING THE FORCES, THE
VELOCITIES AND THE EFFICIENCY (15)

The driving force F _, perpendicular on r in

1

A, is divided in two components: F_, the
normal force, and Fa’ a force of slipping. Fn is di-

vided, as well, in two components: F- is the trans-
mitted (the utile) force, and Fpisa radial force
which bend the tappet (see 15, and the Figure 5).
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Fig. 5 Forces and velocities of the rotary cam with
translated follower with roll
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GEOMETRO-KINEMATICS SYNTHESIS

For a good work one proposes to make a new
geometro-kinematics synthesis of the cam profile,
using some new relationships (16).
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One uses and the next relationships (whe-

re the pressure angle & was obtained with the
new Petrescu F. method):

2 2

So = (ro +rh) €

s (sa +S)z Jr(s0 +s)-, (sn +s)2 —4.5%4.e5'-2-e-s'
cosd =
2-[(sy+5) +e’]

= § =arccos(cosd ) =

s —arccos{\/(% +5) +(sy+5)-/(s, +5) —4-s'2—4ve-s'—2~e-s']

2-[(s0 +s)2 +e’]

2 '1_ R P B, |
sing —Sin[arccos[\/(50+s) +(s,+5)/(sy +5) —4-574-e-s'=2-es D

24[(.?0 +s)2 +e’]

(16)

The new profile can be seen in the Figure 6.

Fig. 6 The new cam profile to the rotary cam with translated
follower with roll

rb=0.003 [m]; €=0.003 [m]; h=0.006 [m]; r0=0.013 [m];
@0=7/2 [rad];
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DEMONSTRATION (EXPLICATION)

§=r,-®-CcosS0 - oS8 = s'=r, -cosa - cosd

sin 4 = f—”’-sin(& -B)

S:SinA

n . . r, - COS

a+PB=—; A+B=n; a=—-Pf=4A-—== =
B 2 B 2 B 2

= cosa = cos(A —%j :cos[%— AJ =sin 4 T

{
s

r,-cosd 1,

+5 . e
sind ——cosd

g s

sin(3 — B) =sin& cos B —sin Bcosd = %o

=75 gins - B) = —>— = sin(5 - B) ]
ry - €OSd -

s' S, +5)-sind —e-cosd .
_ :(0 ) = 5'= (s, +5)-sind -cosd —e-cos’§ =
7y - €0Sd 7

B
= (S(, +s)»cos§ Nl-cos’§ =s'+e-cos’§ =

.

12
= (s, +5) -cos28 — (s, +5) -cos*d =5 +e* -cos*d +2-e-5"cos’ 5 =

:>[(s0+s)z+e2]-cos"6 —[(s0+s)2—2-e-s']-c0528 +57=0=

(5o +s) —Zes'i\/[(sn +s)-2- e<s‘]2 —4s" [(SO +s) +ez] -

2'[(50 -*—s)2 +e’]

= c0s’d =

= c0sd = (s +5) +(sy +5) (s, +5) —4-5"4-e:s'=2-¢-5
- 2-[(5"+s)Z +e?)

(17)

CONCLUSIONS

The presented method is the most elegant and
direct method to determine the kinematics and
dynamic parameters.

The dynamic synthesis can generate a cam
profile which will work without vibrations.
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