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Abstract

A unitary method of the geometrical and kinematic synthesis used for the exact design of the profile of the
rotary disc-cam and translating or oscillating follower is presented. This method uses the direct movement of
the rotary cam, without a reversing movement of the follower around the fixed cam. This unitary method
relies on the boundary conditions imposed by the follower using the movement law and the minimum
transmission angle or maximum pressure angle. In the case of a roll follower, first the theoretical curve of the
cam profile is calculated and then is described in polar coordinates. All cases of mechanisms with
translating, oscillating follower, with tip, roll or flat follower are considered. A phase displacement angle or
de-phasing angle is highlighted. In the mobile system that is stiffened by the cam, it is defined as the
difference between the cam rotation angle and the position angle of the vector radius.

1. Introduction

The movement law of the follower can be accurately described if the cam profile is
calculated using a numerical analytical method [1, 4, 6, 8, 11, 22]. The present paper
refers to the exact synthesis of the curve defined as the profile of the rotary disc-cam and
roller or flat follower [4, 8, 9, 10, 17, 19, 21] without a reversing movement [1, 5, 16, 18,
20]. In 1970, [2] K. Hain proposed a method for the optimization of the mechanism with
cam in order to obtain good maximal transmissibility, output angle of the swing and
minimal acceleration.

In 1988, [7] J. Angeles and C. Lopez-Cajun presented the optimal synthesis of the cam
mechanism with oscillating flat-face follower. In 1979, [3] F. Giordano et al. investigated
the influence of measurement errors in the kinematic analysis of the cam. In 1985 [6] P.
Antonescu has presented an analytical method for the synthesis of the mechanism with
cam and flat follower.

The author has continued [11, 15, 20] with the geometrical and kinematic synthesis of
the mechanism with rotary cam and balance follower. The analytical method implemented
in this paper takes into account the de-phasing angle. This angle is defined [20] as the
difference between the rotation angle of the cam and the position angle of the vector
radius of the cam-follower contact point, which is measured in the disc-cam plane. The
variation of the de-phasing angle has been analyzed [11, 12, 14, 18] in the case of the
synthesis of the disc-cam profile with a roll balancing follower.

This paper describes a unitary method for the geometrical and kinematic synthesis of
the rotating cam profile in 4 variants: with the translating and oscillating follower, which
can have a roll or a flat form (with a sole face).
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2. Mechanism with disc-cam and tip / roller follower

A law of movement is considered as s=s(p) for the translating follower (fig. 2.1) or
v =vy(p) for the oscillating follower (fig. 2.2). In the case of the translating follower with tip
(the radius roll is null), the linear oscillation is constrained between s, =s, and
smax = 5o + 1, where h is linear stroke.

Fig. 2.1. Kinematic schema of mechanism with disc-cam and translating tip / roller follower

In the case of the oscillating rotating follower with tip (when the radius roll is null), the
angular oscillation is constrained (fig. 2.2) between vy i, =v, and v, =v, +B, Where B is

angular stroke.

Fig. 2. 2. Kinematic schema of mechanism with disc-cam and tip / roller oscillating follower
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The functions of the displacement of the follower are obtained from the imposed initial
conditions s =s(o) (fig. 2.1) or y=y(e) (fig. 2.2). In the case of reduced velocity:

s'=dslde; v =dyldo (2.1)
and in the case of reduced acceleration:
s" = d%s1do?; v = d*ylde? (2.2)

In order to obtain the base circle radius r, of the disc-cam, the maximum values of the
reduced linear (s), =s/) Or angular velocity (v, =vi.) are calculated at the ascending

and descending stroke of the follower.
If the length of the oscillating (rocker) follower 2 with tip B,B=5 is considered (fig. 2.2),

the linear reduced velocity of point B (the center of the roll) is determined by:
ve=b-y'=b-w,l0; (2.3)
where o, =do/dt and o, =dy/dt are the angular velocity of the disc-cam 1 and the

oscillating follower 2, respectively.
The laws of symmetrical ascending and descending movement are specified from
initial conditions [11, 14]. The segments e and s, (defining the pointA,) are graphically

determined (fig. 2.3).

Fig. 2.3. Graphical calculation of the rotation center of the disc-cam with translating follower

From the right angle triangles 4,Db, , 4,Db, (fig. 2.3, 2.4) the follower formulas are obtained:
a) Translating follower (fig. 3):
_ Shp 18T, +54 -1gTh | s (S;v‘; _Sﬁj)'thi - 1gTs, o h (2.4a, 2.5a)

e= =
a d 1 20
tg‘cln +tgtm

a d
tg‘cln + tg‘c m

b) Oscillating rotating follower (fig. 2.4):

ra a rd d ra rd a d

. 1gtt vyl gr? . —y ) 1gt - rgnd .

e :b\VM 8T \VMd gl : Sozb' Vm WM) g‘fd g1 —bsln[Ej (24b, 25b)
gty +1gT, tgts +1gth 2

In formulas (2.4) and (2.5), the notations are as follows:
sid y'e - Maximum reduced velocity (Bmbs) for the ascending movement of the follower
(>0); for the oscillating follower (fig. 2.4) is considered BB,=0.
sid yh - Maximum reduced velocity (Bmbg) for the descending movement of the follower
(<0);
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t,1¢ - Minimum transmission angle for the ascending and descending movement,

m?i *m

respectively.

Fig. 2.4. Graphical calculation of the rotation center of the disc-cam with oscillating follower

If e>0,e">0 point 4,is on the right hand side of the vertical line defined by the
points B,, B, ; this represents (fig. 2.3, 2.4) the initial and final positions of point 8 (the
center of the roll). For s,,s, (fig. 2.3, 2.4) only the positive values are admissible. Using
the values e¢,s, and ¢',s, respectively, it is possible to calculate the radius of the
theoretical basic circle with the formulas:

ro =+’ +s5 orry= (e*)z +(s8)2 (2.6)
3. Calculation of theoretical profile r; of disc-cam

3.1. The translating follower (fig. 2.1, 2.3)

For the ascending theoretical curve r; the polar coordinates » and 6 are obtained

r=+le? +(sq +s)2; 0=0-7v (3.1,3.2)

where v is the de-phasing angle, which results from the formula (fig. 2.1):
Y= arctg(so +S]—arctg(s—oJ (3.3)
e

e

from the formulas:

For the descending curve 1y formulas (3.1), (3.2) and (3.3) become:

r:\/e2 +(so +h—s)2 0=0+v; y:arctg(so +hj—arctg£so +h—sj (3.1’, 3.2’,3.3,)
e e
3.2. The oscillating follower (fig. 2.2, 2.4)

For the ascending theoretical profile I the polar coordinates » and 6 are calculated
by the formulas:
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1 +r? —4b? -Sinz(%\y)

21y ¥

r:\/az +b%—2a-b-cos(yy +vy);, O=@-y; y= arccos[ ] (3.4, 3.5, 3.6)

For the descending theoretical profile Tj; formulas (3.4),(3.5) and (3.6) become [11-15]:

2., .2 272 «in2(1
r:\/az +b%—2a-b-cos(y, +P-vy); O=@+7;y= arccos[rv o 24b l <2 W)] (3.4',3.5',3.6")
v, r
In formula (3.4’) r, is expressed as
rvz\/a2+b2—2a~b~cos(\|10 +B). (3.7)

4. Method of calculation for the real profile r; of disc-cam

The radius of the follower roll is chosen r, <p,,, where p, is the minimum radius of the
curvature on the concave portion of theoretical curve 1y (fig.4.1, 4.2).
For the translating follower (fig. 4.1) the following formulas [11, 13] are applied:

8=arctg(S';eJ; (xzarctg( e+ J: (4.1,4.2)
S +s So+s

2, 2 2
" 2\/r2 +rf—2r-r, -cos(8+a); 0, =0+7; 74 =arccos(r+r+r’} (4.3,4.4,4.5)

r-n

For the oscillating follower (fig. 4.2) the following formulas are applied:

H 2 2 2
r:arctg[ a-sinfyo +v) ’ 1)} a=arccos[r+b—_aJ (4.6,4.7)

a-cos(\yo +w)+b-(\u 2r-b
2_ 2
n :\/rz +r,2 +2r-r, -Sin(r+0c) ; 01=0+7111 =arccos(uJ (4.8,4.9,4.10)
ren

Fig. 4. 1/4.2. Geometrical schema for calculating the real profile '} with translating / oscillating follower



ANNALS of the ORADEA UNIVERSITY.

Fascicle of Management and Technological Engineering, Volume VII (XVII), 2008

5. Synthesis of mechanisms with plate cam and flat follower

The mechanism with the translating (fig. 5.1) flat follower and with the oscillating (fig.
5.2) flat follower with the eccentric, respectively are considered.
In the case of the translating flat follower (fig. 5.1), if the line segment AB (tangential to the
profile 1, curve) is perpendicular to the linear guidance A, of the follower 2, the
transmission angle © has the optimal value (x = 90°) .

The orthogonal flat follower imposes the geometrical condition that the profile curve 1;
(both ascending and descending) should have a convex shape, so that the curvature is
positive (fig. 5.1).

Fig. 5. 1. Kinematic schema of mechanism with disc-cam and
the orthogonal / non-orthogonal translating flat follower

The length of the curvature radius is [20]:

py=A4C=rg+s+s">0 (5.1)
The condition for the basis circle radius results from formula (5.1) [4, 11, 19]:
ry > —(s+5s") (5.1)

The length of the line segment 4,8 (fig. 5.1) is equal to the reduced velocity of the flat
follower 2:
AB=s"=dsldo=5/w, (5.2)
The polar coordinates rand 6 of the ascending profile curve 1§ are calculated with the
formulas:
r=4(r +s)2 +(s')2 ; 0=+ (5.3,5.4)
In formula (5.4) y is the de-phasing angle and is calculated with the following formula
(fig. 5.1):

y:arctg(r SJ—sJ (5.5)
0
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For the descending movement of the flat follower, the polar coordinates are obtained
from the formulas:

r:\/(ro +h—s)2 +(s')2 ; 0=0—vy (5.6, 5.7)

In the case of the oscillating flat follower (fig. 5.2), if4,01 4B, the length of the line

segment 4D is equal to the projection of the reduced velocity of the point 4,[13, 20]:
(5.8)

AD =V, -coso = p-y'-cosa = pg -y’

where (fig. 5.2): p=4B,;p, = 4B.;tgo.=el p,.
For the ascending movement of the oscillating flat follower (fig. 5.2), the polar

coordinates are:

(5.9, 5.10)

r=\/a2+p2_2a.p.co’5(\y0+\v_a); 0=¢p+7y;

Fig. 5.2. Kinematic schema of mechanism with disc-cam and oscillating flat follower

where (fig. 5.2):

Vo :arcsin(r‘):ej;p: coZa : cosi\io\; v) ; (5.11, 5.12)
S =arctg E-l_—\'/ =y -y, (5.13, 5.14)
a cos(yo+v)

. a v’
! _amg[a—e (1-y)-1glv, +\v)j (5:19)

For the descending movement of the oscillating flat follower, the polar coordinates are:
(5.16, 5.17)

r:\/az+p2—2a-p-cos(\|/0+[3—\|/—8); 0=¢p+y

If it is considered that the eccentrically length e is opposite to the fixed joint B, (fig. 8) then
the angle o changes the sign as can be seen in formula (5.18):

r:\/az+p2—2a~p~cos(\y0+\|/+6) (5.18)
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The optimal case for the mechanism with rotating flat follower is obtained if =0,

8§=0, p=p, When the transmission angle is t=90°. In this case the formulas (5.18), (5.10)
and (5.15) become:

r:\/az +p5—2a-pg-cos(yy +y); 0=+ —y ; (5.19, 5.20)

. v’
Y _amtg((l—\v')~tg(\|lo +\ll)] (5.21)
6. Numerical example

The synthesis of a mechanism with disc-cam and translating flat follower (fig. 5.1),
which is used as distribution system of the internal combustion engine, is considered
[11,14,20].

The movement law of the follower is sinusoidal (fig. 6.1), where the functions s(¢), s’(¢)
and s”(¢p) are represented for the ascending displacement of follower 2.

T/
kh

-~

Fig. 6.1. Diagrams of the tfanslating follower movement

For the interval ¢ <0, kp,]Where ¢, is the ascending angle, the movement equations
[11, 14, 20] are (fig. 6.1):

S:ﬂ—h(i_k.sm(“'q’j) 6.1)

[4Q-k)+kn] o, = k-o,

o Th 3 T-Q

s'= TEnEE 1 cos(k.(pa J) (6.2)

s"= ' . .sin[ e j (6.3)
[4(1—k) + kn]- ko, k-o,

For the interval ¢ <[ko,,0,], the movement equations are [11], [14], [20]:

s = o PO Gl e 1 Ul ) ) (6.4)
[4(1 - k) + kn] n 2(1-k)- g, ’

s'= 2mh .cos(n'((p_k%)j (6.5)
[4Q- k) +kn]- ¢, 2(1-k) -9,

s"= —nh . .sin( ﬂ'((P—(pu)j (6.6)
[4(1—k) + kn]- (1- k) - ¢ 2(1-k)- 9,
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For s, —smn =h=155mm, k = 0.3 and ¢, =g, (=70°), 5" =-39.122mm result from equation
(6.6). From equation (5.1°) r, > 23.622 mm is calculated and », = 40mm is chosen [11]. Polar
coordinates » and o of the curve 1y (fig. 5.1) are calculated with the formulas (5.3, 5.4,
5.5). For the numerical calculus of profile 1; of the disc—cam (fig. 6.2) a program has been
elaborated.

Fig. 6.2. Symmetrical profile of disc-cam

7. Conclusions

This paper presents a unitary method for the analytical synthesis of the disc-cam
profile, when the movement law is imposed on the follower with tip, roll or flat face.

The method uses the direct movement of the rotary cam, without a reversing
movement of the follower around the fixed considered disc-cam.

This unitary method relies on the boundary conditions imposed by the follower using
the movement law and the minimum transmission angle or maximum pressure angle.
In the case of a roll follower, the theoretical curve of the cam profile is first calculated and
then described in polar coordinates.

A phase displacement angle or de-phasing angle was highlighted; it is defined as the
difference between the cam rotation angle and the position angle of the vector radius.

All the cases of the synthesis of mechanisms with translating or oscillating follower,
with tip, roll or flat follower are considered.
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Abstract

A unitary method of the geometrical and kinematic synthesis used for the exact design of the profile of the
rotary disc-cam and translating or oscillating follower is presented. This method uses the direct movement of
the rotary cam, without a reversing movement of the follower around the fixed cam. This unitary method
relies on the boundary conditions imposed by the follower using the movement law and the minimum
transmission angle or maximum pressure angle. In the case of a roll follower, first the theoretical curve of the
cam profile is calculated and then is described in polar coordinates. All cases of mechanisms with
translating, oscillating follower, with tip, roll or flat follower are considered. A phase displacement angle or
de-phasing angle is highlighted. In the mobile system that is stiffened by the cam, it is defined as the
difference between the cam rotation angle and the position angle of the vector radius.

Fig. 2.1. Kinematic schema of mechanism with disc-cam
and translating tip / roller follower

Fig. 4. 2. Geom effema for calculating
the real profile l"jl with oscillating follower Fig. 6.2. Symmetrical profile of disc-cam






