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intended for use with a mushroom
tappet—eomposed 0f & eircolar-are
nose and a eireularare flank—is far
from ideal when space |imitations make
it impossible to use ai tappet of sof-
clent diameter to in the required-
lift. Lift decremses almost direct
proportion with the permissible tappet
diameter. Mathematical analysis shows
how this deficiency can be corrected in
a very simple manner.
- Analysiz of the Conyentional Cam
Fig. 1-a shows an inary mushroom
cam in contast with a)flat follower at
that point of its com " which marks

THE gomventional contour for a cam

H. Bouvy
Y M, /934 (ﬁg £ereors)

of fhe nose. It is at this point that ae-
celeration ceases and deceleration be-
ginz, and it is therefore generally re-
ferred to as the peint of reversal. The
angular position of the cam for motion
of the tappet in contact with the noss
iz defined by the angle ©, which is
meaaured from the apex of the mose,
and that for motion on the flank by the
angle ¢, which iz measurad’ from the be-
ginning of the lift, where the flank are

" meets the cam base eircle.

From the geometry of Fig. l-a we
arrive at an expression for the lift, For
motion of the tappet in contact with the
nose we can write—
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and for motion in contaclt with the
fank—
Lift = Enil — cos &).

el o a9
2 P

V.o {on nose)
dL . d
T T By 5in '*_d: {on Hank)

In these equations dff/dt and de/dt
are equal to the angular velocity of « of
the cam which is constant and is ex-
pressed in radians per second. There-
fore,

Vo= Equgin & (on nose)
Vo= Higin ¢ {on Sonk)
s Higing.
Agceleration = A or,
Ay = Eawteos 8 . (on nose)
A = Epit eos ¢ (on Qank)

For unit angular veloeity (ome radisn
per zecond), ecorresponding to 30T
r.p.m., the expressions for velocity and
acceleration become:

Fo=FE.sn# {on nose}
Vi = Epysin ¢ (on flank}
An=E cos {on ninze)
App = FErioos ¢ [l:rn'ﬂank}

A study of these expressions reveals
the following important facts:

{1} The tappet motion i3 analogous

o the motion of a piston derived from
a crank Totating at uniform angular
velocity through the intermediary of 2
connecting rod of infinite length. Hence
the conclusion that the tappet motion
in made up of portions of two simple
harmonic cyeles of different amplitude,
on the flank and the nose of the cam Te-
spectively. :

(2) The flank eccentricity & and
the nose eccentricity Ew represent the
respective crank throws and are the
only basic cam dimensions. In other
words, changing the nose radius or the
flank radins withoot changing the nese
and flank eccentricities has no effect on
the characteriztics of the cam.

(%) Tf we make the total deflaction of
the walve spring equal to the nose ec-
centricity Kw, the spring load is a con-
stant function of the deceleration of the
tappet motion on the nose. This can be
proven as follows:

We have asen that

Fo = Eu(l—cosf)
A, = E,com @
For # = 0 degrees

sl
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Cam Gives Maximum Lift Where
I.imitl on Tappet Head _Diameter -/

&

o

How to get maximum lift for a given ia;:?oi hoad diameter
is a problem engineers sre sometimes called upon fo solve
when the engine design imits this dimension, as may happen,
for example, in a Yes engine. The tappet head, of course,

must have sufficient diameter always to be tangent to the tEsoretical tappet radins in inches, and,

cam outline so that the edge of the tappet will not dig into

the cam.

A friple‘curve cam, instead of the usual double-curve type
employed with mushroom followers, offers a solution of this
problem as i permits use of & tappet head of smaller
diameter. This cam has first an outline giving constant, rapid
acceleration to the valve up to its maximum speed, then an
involute form. maintaining the upward speed of the valve
constant for a period, and finally a circular arc nose whick
decelerates the valve until its upward speed is zero.

s E

The accompanying article explains the design of such a cam.

Fao=0 andd, = E,
For # = %0 degrees,
Fo=E. and A, = 0

If, instead of measuring the fall from
the top of the nose, we measure the lift
from the position corresponding fo

B=00 ite:
2 ae!,{wecanwnte
" L,=FE.o0e ¢ and
“Ay = —E.oc0s8 . =0
Lyw= =4,

That ia, the lift in inches iz egual to
the deceleration in inches per seceond
per seconud for any valoe of 9.

For ¢ =_04 degrees

La =10 and Decy =0
For' ¢ =0 degrees
Ly = E, and Dec, = E,

The requived spring load is zero for
B = 90 deg., and- maximum at the top
of the nose when € = ¢, when the com-
pression of the gpring equals K, which
in turn must be egual to the total de-
flection of the velve spring. By “total
deflection of the valve spring™ is meant,
of conrse, the difference between its
free length and the length of the spring
when the valve is fully open.

The gmaller the total deflection of the
spring is made, the higher will be the
natural rate of vibration, and for that
reazon the tots) deflection i3 wmanally
mzde conaiderably less than the nose-
ctcemtrieity. In that case the spring
must be designed to overcome the
inartia, foree at the point of reversal,
rather than at the top of the nose.

(4} Maximam velocity is reached at
the point of reversal, since this peint
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corresponds to the maximum value of
# on the nose as well as the maximum
value of ¢ on the flank, and we can
write: {

Mrl gin dmar. = K, amn S5,

From the geometry of Fig, 1-a it also
follows that the distance from the point
of contact between cam and follower, to
the center line of the tappet iz equal to

d
3 = Fp ain g,
which becomes & maximom for the

maximom value of ¢ (point of re-
versal), hemce reprezents the minimum

ingidentally, is equal to the maximnm
velocity in inches per second.

To analyze the possibilities of obtaine
ing a high walve lift, with the limita-
tions as to maximum aceeleration,
maximum deceleration and maximom
velocity, we will reverse our method of
computation. Instead- of starting out
with the expression for the lift, and by
differentiation obtaining wvaloes for
velocity and acceleration, we will start
with the acceleration and find the ex-
presgions for velocity and Iift by in-
tegration. with respect to time. Repre- -
senting the-ﬂgg}eraﬁ:rn by a, we can

write Fifhﬂ\\.. ) I
V=ﬁdf§=%ﬁag |

For an angular 1-\Ieloeit1.r equal to one
radian per second we suhbetitote 7 for B4

and pet
]r=ﬁd,;=

in .other words, the time seale and the
anpgle seale are interchangeable.
Likewizse,

ade '

Cam En El  ds2
1 1 35 0LT0
I 1 25 ol
1IE 1 1.14 0.50
v 0LETE 3.5 060 .

L

QH; of hrvalute
ny=-

of Involuts
Rad.s %

Fig. IA—{Left] represents cams 1, lll, and 1V, which are similar;
Fig. |b—{right] represents cam Il
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'Fig. 2—Sample design of cam for use with flat follower of restricted
diamieter, the cam flank comprising an involute portion which raises
the valve at constant speed

L =f;d¢=ﬁa‘.¢

In geometrical terms, these equations
mean that—

The velocity at ¢, is equal to the area
under the acceleration curve between
zeTo and g,

The lift at ¢, i3 equal to the area under
the aecceleration curve between zero
and #,. .

The total lift iz eqoal to the total area
under the veloeity curve,

June 16, 1934 .

In other werds, to obtain the maxi-
mum pozsible 1ift, we must try to make
the area under the welocity curve as
large as possible. The maximuom velos-
ity iz limited to the value of the tappet
radiuz, which clearly indicates that
there ghonld be a perjod of constant
veloeity, which should be as long as
poesible. _

Reverting to the expreasions for the
velocity on the conventional harmaonic
cam, Wwe can write

aln & Var ar
Ep '
. 42 )
S mer = /7 (on Aanky
Ere *
Likewise on the nose—
i.l
sin # = — or,
Ea
, a2
i foas = I (om ross)

If the tappet radius &/2,%nd The
flank-eceentricity B, are given, we can
find the values of dwsr and Sae: in de.
grees from these equatioms, Sublract.
ing these wvalues from half the cam
angle (= a deg.) gives the duration of
the required period of constant veloeity
() in degress. The velocity during
thiz period iz equal to d/2 in inches per
second, acceleration is zero, and the 1ift
per second or per radian alzo is equal to
/2 in inches. ;

8= = (e fno)
For the total lift we can write
Listar = Lyt + Lo + Ly -

or tatef = Bz (1 — 08 fmos)
+ ALl — 08 Bnaz) L.
+ o (2., % 00174535500 inches,

4
0.0174533 being E‘mnv&rsiun Tactor
from degrees to radians.
We will now figure out an example,
and will calemlate the cam showm in
Fig. 1 (Cam II).

H .
o a = 56 degrees
B = 3.51n.
5 205
e (L3 in. .
n 8 a2 0.5 0.5
Elll Pmaxr E“- i .
Bna- = 30 degrees (on nose)
- 2 0.5
oz = —— = — = L1425
= o Er 3.5
P = 8% 13 {on flank)
B~ o (o Bras) =56 — (307 45" 13

g = 17o 47
(1) Lilt on fank -
Tye = Erp (1 — COB ghmaz)
L = 3.5 (1 — oos 8713
Lyr = 8.5 » 0,01025 = 0L0359 in.
(2) Lift on nose, ) T
Lo = Eo (1 — 03 fge)

Lnp = 11{1 = gos 307)
Ly =1— 0366
L, = 01340 in.

{#) Lift during period of constant velocity.
La=d/2 » g » 00174533
Leg = 0.5 3 17747 » 00174533
Lg = 01552 in. :
Total Lift — Ly + La + Lat
= (0359 4 0.1340 + 0.1552
= 0,3251 in.
It remaing only to conslruet the cam
profile. The nose eccentricity is taken
as 1 in., and if we azsume the nose

radius to be 0.050 in,, the base radius
will he . .

Automorive Indusiries



Cam Angle

-

Fig. 3—Ideal acceleration dia-

gram for cam designed for use

with flat follower of restricted
diameter

Acceleration

1.060 — tofal lift, er
1.050 — 0.326 = 0.825 in.

After setting off half the cam angle
{56 deg.) we draw the flank are, which
bas a radios of 4.126 in. We next draw

the nosze arc, which extends over an’

angle of 30 deg. With the tappet diam-
etar az a baze circle we now draw an
involute eurve, starting at the end of
the nose are. This involute curve will
join the flank arc at the caleulated
angle of 8 deg. 13 min.

. Thiz involote corve will meet the re-
guirement of constant wvelocity for the
tappet motion, equal in magnitude
[numerically} to the tappet radius, be-
canze the normal at the point of contact
between cam and follower will always
be tangent to the base circle of the
involote, which iz made egqual to the
teppet diameber,

Comparison of Cam Chorocteristics

- Four different cams with their result-
ing 1ift eurves, velocity curves and ac-
celeration curves are shown in Fig, 1.
Assiming & maximum permizsible flank
eccentricity of 3.5 in and a maximom
pemliuﬂ:h nose eccentricity of 1 in.,
cam I-is:Jaid out regardless of tappet
-:!Jamﬂﬂ ‘The other cams are laid out
for a- t-.ppat rading of 0.5 in. The dia-
grams ‘elearly show the loss in lift dne
tn a reduction in the tappet radius, as
well as the improvement due to the
constant-veloeity - period in eam IL

Cam II1 iz laid u’nt i
mom permiss
With thiz nose & flank 5 crE

1M in. mmxmm'dﬂ not to ox-
ceed the maximum sllowable velocity of
0.5 in. per second,
Cam IV is laid out
mum permissible flank of 8.5 in.,
which results M. a nose Segwss of 0.675
‘in. Of the two, cam IV i3 the best, but
it compares very unfaverably with cam
IT with the comstant-velocity feature.
The total Iift of cam IV is slightly
greater than that of cam ITI, although
the maximum velocity i=s the same for
hoth. Thiz iz easily explained if we
Il gt the velocity diagrams of the two
tanz, We know that the total lift is
egqual to the area of the velocity -dia-
gram, and although both diagrams are

w

the maxi-

Futomorive Indusiries

triengular in zhape and have the same
base and the same height, their sides
are not straight lines, and the areas
therefore differ. *

It will be obvious that the smaller we
can make the angles $me= and Bz, the
larger the angle @ and the higher the
resulting total lift will be. To make
the anglea #mz and Boe: small, we
should make both me]e:raunn and de-
celeration as high as is prmmu pos-
sihle. Eras.

The maximum anceleratmn i {;m;ted
by the allowable maximum tappet load;
the maximum/deceleration is equal tcn
the nose }ﬁ?ﬁlmd therefore limited
te half thé camshaft bearing diameter
minus the nose radius. To avoid manu-
factaring difficulties we should net go
too far with reducing the nose radios;
0.060 in, can be set down as a reason-
able minimum,

Fur that reagon, a change in contour
cf the mose, so as to obtain eonstant
deceleration, with the object of redue-
mg the duratiom of dacelerat.mn while
giving the same maximum velocity,
wounld not give the desired results, The
limit of 0.050 in. radins of curvature zet
for the profile of the nose, means that
we cannot inerease the deceleration at

Fig. 4—Valve-
velocity dia-
gram

the point of Bus above the deceleration
obtained with the circolar-are-nose
CADI.

Om the flank, however, we have no
zuch limfitations, and even though the
gain in total lift iz smsll, there does
not appear to pe any objection to chang-
ing the contoulr 5o as to obtain constant
acceleration. An added advantage can
be found in the simple expressions for
the velocity and for the lift, which
become: -

Yelogity = af = af

Lilt =128 =124 (#in radians)
or - Velocity = (L0O174533 a@

Lift =0.01745383* % 1 /2 a6 (9 in deg.)

Fig. 3 shows thiz ideal acceleration
diagram, which consists of Llhree dis-
tinet periods.

{1} Period of constant acceleration

{2) Period of zero acceleration.

(3) Period of deceleration aceording
to the expressicn

The maximum value for # can eazily
be found, and the rest of the computa-

= F.oo8 @

N
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tion is identica] with that given for the
cam with eircular-are flank. Construe-
tion of the actual cam profile for con-
atant acceleration is rather diffieult, but
i mot neceseary. All we areé really in-
terested in ia the lift curve and a tabu-
lation of the lift per degree rotation,
which is all that is neesssary to make
the magter cam.

Quieting Curve or “Romp”

So far, the guestion of th
curve or “ramp” has been neglected in
the analysis. The ramp represents a
period of low, constant velocity and
Zero acceleration, and to reach this
velocity, should be preceded by a period
of acceleration—preferably of constant
acceleration—of short duration. This
means, of course, that the cam
for this period of constant velocity fol-
lows an involute eurve, while the rading
of the base cirele of thie involute in
inches is equal to the velocity oo the
ramp in inches per second, for an angu-
lar velocity of one radtan per second
{30/ rpm.). To avoid a change in
tappet velocity when leawing the ramp’
&nd beginning contact with the flank,
the ramp should join the fank at that
point where the velocity om the Hu.nk
equals the ramp velocity.

The lift for the motion on the ramp
over the first period of constant ac-
celeration follows a parabolic curve, If
the veloeity at the end of this period is
0.0005 in. per ., the duration of this
peried four de then:

Lift first degrée = (0.0000625 in.
sevond degree "= 0000250 in.
third degreep_;l 0.0006256 in.
fourth degree = 0001000 in.

From there cn, 9p to the point where
the ramp ends, 8’ rate of 1ift of 0.0006.
in. per deg. should be maintained.

We have zeen that the area under the
acetleration curve most equal the area
under the dageleration curve. Addition

quieting

of & ramp means, of course, an addi-

tional area of acecleration diagram for
the peried of constant acceleration pre-
ceding the ramp, hence vequires a re-
duction by the same amount of the area
of the acceleration  diagram for the
flank. This iz antomatieally taken care
of if the ramp involute joins the flank
are at the point of equal wvelocity, as

et

b

.
3 Area~H :

e |

=

Fig. 5—Diagram serving “to

demonstrate that the [ift is equal

to the safic moment of the
acceleration diﬂlgram

June 16, 1934
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mentionred above. The location of this
point can be easily found.

The expression for the velocity on the
flank is:

Fo = Epam &

Substituting for ¥, the ramp veloe-
ity will give the solution for .

For a ramp velocity of 0.0005 in. per
deg. or 0.0005 - 0.0174533 in. per
radian, snd E,, equa! to 3.5 in., the
angle ¢ iz eqgual to 27 min. For the
constant-aeceleration-flank  cam
angle will be alightly diffarent, of
eourse. The expression for the velocity
is ¥V = o ¢, and this can be =olved
for .

In the computation the ramp should
be taken care of right from the ztart,
rather than later on. If the tappet
radius and, therefore, the maximum
veloeity iz given, we subtract from this
value the ramp veloeity (in inches per
radian) amnd use this fipure as the re-
quiréd area of the agceleration dia-
gram of the flank,

Lift equals statie moment of accelera-
tion dizgram

We have seen that the veloeity is

equal to the area of the acceleration

diagram, and that the lift iz equal to

the area of the veloeity diagram, anmd

will mow prove that the lift is also

this

equal to the static moment of the ac-
celeration disgram. Thiz makes it pos-
sible to compute the lift at any point of
the cycle directly from any arbitrary
aoceleration diagram.,

Computation of the lift eurve iz par-
ticularly simple if the acceleration dia-

-gram is of such & shape that the center

of gravity as well as the area can be
easily found. Referring to Fig. 4,

%ﬂﬂm

Li=n14, —j:"a it
r:/“'aét —fi"a:‘ri-!
- -
ta
=f ' L (;ﬂl-"rﬂ
a

= Static Moment

This means that the [ift at ¢, is aqual
to the static moment with respect to ¢,
or equal to the area of the acceleration

disgram times the distance of the cen.
ter, of gravity from &,.
For Fig. 5 we can write:

Total lift = bB + € @ AH o,
= bH—C) + off — kif
= (b=h) H + (e—b)
=fH+igt+eC
= | ® tappet radius
+ig+e) ¥ ramp velority,

It will be clear that the lift at any
point of the lift curve can be found in
a-gimilar manner. For a cirevlar-are
nose cam, the value of A in Fig, 5 cap
be easily ealeulated, zince

F, = Ea(l = OB Omgg)
and Fu = H{E-u_ lh:'

KEnowing that H iz equal to the maxd-
mum velocity and egoal to the tappet
radius, we can solve for k.

The lift curve of Fig. 2 was caleu-
lated by thiz method, and the resulis
were tabulated. To avoeid a sudden ap-
plication of inertis load, the accelera.
tion in Fig. 2 is shown starting with
zero but rizing to itz maximum value
rapidly.

Although it may be of litte practical
valae, it is interesting to note that the
area of the lift diagram is also equal
to the moment of inertia of the ac-
celeration diagram,

Automotive Oddities—sy Pete Keenan -
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PHOTOGRAPH TRKEN. UNLESS HF -
HAS A CIGAR IN HIS MOUTH.

YET HE DOES NOT SMOKE.
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