Feb. 17, 1953 J. F. JONES ETAL | 2,628,605
CAM MECHANISM AND METHOD FOR MANUFACTURING THE SAME
Filed Nov. 2, 1950 3 Sheets—Sheet 1

PE orf
Max. ,4772‘ Feversal /Z;) A

-
Orerz

Z e Cleard77c &

%

=174

L,,/

'z Zrree >

ey
Porfrort /;’ »

po"frd;z -8,

INVENTORSS.
JOArr F Forres

red AT Tz e
il A o IS

/MM/W

ST T OTRNEVS




Feb. 17, 1953 J. F. JONES ETAL 2,628,605
CAM MECHANISM AND METHOD FOR MANUFACTURING THE SAME

Filed Nov. 2, 1950 3 Sheets-Sheet 2
&
&5 [
AN s A A

I
'3 0003
Nz
§ 000/ /) )
\; o L0 [Costrre Ware
8 000/ ) : -

007 /\ 1 ::: L/:{/:z\ s

N d 3\\ -
005 AN
A \

WY, \\
oy Grrre
,\% 74 AT / Wave \ zf
&\J .00/ ) /) ' \/

200 | /(_57

200 ] \\,
n w2l AN \
'\\.\ 00 .A/d) A 4 Pz Cosre Wave N

- Fartts e

o
/00 90 o 0 &0 ;oé:fo 30 o Jo o

Lz

i .2

INVENTORS
/,a/rﬂ A O e,

>
Wa}er? od J'zizr ;;:}ezr

/WWM

AT TORNEN)S,



Feb. 17, 1953 J. F. JONES ETAL 2,628,605

CAM MECHANISM AND METHOD FOR MANUFACTURING THE SAME'
Filed Nov. 2, 1950 : 3 Sheets-Sheet 3

A2
0000/ \ S, l
N At
o )..’ f )
T0000/] d\, ﬁi
IS (59
& TN
T TN
X
3 AN
X ar:
- N
000/ _}\N\
Ry / . I9e
u\§ I
,0003 |8 ¥
A AL /
o / . L
¥ W] FXd \
ScF Ace
‘o002 -
006 / T
¥
004 N )]
LS 7
R -
002 N\
N (e VeZJ/ 4)5 14
o '] /

— ot o — it g el
L00 . /\
v ! 15
00| N ——2 A

SN PN ‘
2‘1——_)\'4'—_—\; i/
104 90 50 0 60 |zo 4o 30 22
450

INVENTORS.
ToA 7w X Jorres

Zred X 77
FoRers o L

Macrniid and Marria

ST TOIFANE NS,



Patented Feb. 17, 1953

2,628,605

UNITED STATES PATENT OFFICE

2,628,605
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1

This invention relates to cam mechanism and
more particularly to cam surface contour and the
dimensiong to which the contour is formed for
providing smooth and durable performance in
service. The instant improvement is most needed
in the valve train of high speed automotive en-
gines which employ overhead valves, but is not
necessarily limited to automotive engines and
high speed cam trains of extended length having
control over the operation of overhead valves.

Cams are traditionally cut to contours devel-
oped on the basis of circular arcs and straight
line tangents in combinations such that the arcs
are tangent at each end either to another circu-
lar arc or to a straight line tangent. True to be
sure, the geometry and calculations are simple
but the resulting behavior of the ordinary cam
at high speeds is far from satisfactory where long
trains are involved. High rate return springs
for the cam follower are, of course, necessary to
prevent bounce under such circumstances and
even then other dynamic disturbances are likely
to show up. Moreover, the excessively high rate
of spring, to which resort must be made, is likely
to cause pitting and galling at the cam nose owing
to the maximum spring force being exerted over
what turns out to be the minimum contact area
exposed by the cam during its cycling,

According to a feature of the present inven-
tion, a cam is provided in which the maximum
spring force and the maximum unit pressure on
the cam face may be held to allowable limits
even though the cam train is relatively long and
operating at high speeds.

‘According to another feature, a cam is pro-
vided in which the acceleration forces applied to
the cam follower are applied gradually.

According to still another feature of the in-
vention is the provision of a cam mechanism in
which the force necessary to decelerate the in-
ertia of the train without bounce varies according
to the spring force available. That is to say, as
confrasted with the traditional practice of de-~
signing the cam and then selecting the spring be-
lieved desirable for the cam, the improved prac-
tice makes provision whereby the cam is con-
toured to behave according to the operating char~
acteristics of the spring.

Further features, objects, and advantages will
either be specificaly pointed out or become ap-
parent when for a better understanding of the
invention, reference is made to the following de-
tailed description taken in conjunction with the
accompanying drawings in which:

5 Claims. (CL 123—90)
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Figures 1 and 3 each show respectively, a con-
ventional cam and the improved cam;

Pigures 2 and 4 are charts representing a
graphic analysis of the behavior of the respective
conventional cam and improved cam; and -

Figure 5 is a fragmentary view of the improved
cam applied to an overhead valve train, - .

As particularly respects Figures 1 and 2, the
conventional cam 10 is shown in order that by
way of contrast due appreciation may be made of
the merits of the improved cam later to be de-
seribed in detail. - Conventional cam 10 is pro-
vided with a base circle 12 from the surface of
which there arises a ramp (4 which blends into-
a flank 16. It is the traditional function of the
ramp 14 to take up the clearance between the
cam and its follower and to cause the follower
to commence movement at a relatively low con-
stant velocity. Flank 16 may be indicated; as
shown in dotted lines, to have an infinite radius
23 such that the cam is in effect straight-sided
in the flank portion. What is preferred though
as the usual variation in this practice, is for the
flank to use a finite radius R such as indicated
at 22 for the flank notwithstanding the fact that
the end results approach one another as to the
cam behavior. Flank {6 is tangent to a circular
arc nose 20 at the reversal point indicated at 18.
In the center of the nose at point 21 is indicated
the point of maximum lift which may also be
called the point of dwell. Circular arc nose 20
is provided with a constant nose radius 24. Point
18, the point of reversal, so called, represents that
point at which the motion of the follower abrupt-
ly undergoes the transition from acceleration
to deceleration and is characterized by the fact
that the follower tends to leave the surface of
the cam but for the opposition of the follower
spring. Follower 26 which cooperates with cam
10 is diagrammatically represented as adapted
for rectilinear motion along the axis 30 and to be
separated from the base circle of the cam by a
clearance dimension indicated at 28. Curves 32,
34, and 36 in Figure 2 show the cam behavior
from the standpoint of lift, velocity, and accelera~
tion respectively. :

The values just enumerated are plotted
against degrees of cam opening indicated at
38. In lift curve 32 the ramp portion 40
merges with the flank portion 42 and flank
portion 42 in‘ turn merges with nose portion
44. The lift behavior for the hose is interrupted
in Figure 2 along the dwell axis 45 and the lift
curve may be symmetrical on theé other side or not
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as desirable. 'The nose portion 44 and, if desir-
able, the flank portion 42 of curve 32, may com-
prise cosine waves. In velocity curve 34 the
nose portion 58 of curve 34 will be seen to follow
accordingly a sine wave. Flank portion 54 of
velocity wave 448 mav be either straight or con-
form to a relatively unpronounced sine wave.
It will be noted that the ramv portions 46 and 48
in velocity curve 28 are formed such that the
cam brines the follower uo to the velocitv indi-
cated alone the constant veloeity portion 48 at a
constant rate of chanee. In acceleration curve
36, the ramp portions 58 and 52 correspond to
the ramp portions 48 and 48 to velocity curve 34.
It will be seen in the acceleration curve 36 that
for a part of the ramp travel acceleration is con-
stant as indicated at 57, and then reduces back
to rero at 52 throu~hout the neriod of constant
velocity of the cam mechanism. By constant
velocitv of the mechanism is meant constant
velocity of travel of the cam follower inasmuch
as the ealculations here involved are haced on the
theory of constant cam-rotation. In acceleration
curve 36 a flank portion I8 of the cam will be
seen ‘to produce a constant acceleration along
portion 56 to yield a constant rate of accelera-
tion of value indicated at 68. Since for a given
inertia the force necessary is proportional to the
acceleration recuired, it will be seen that the
cam train bv conventional desion is subiected
almost immediately from no force to an anpre-
ciable acceleratine force eorresnonding value of
acceleration indicated at 68. The reversal point
18 of Firure 1 corresovonds to the line of reversal
66 on the acceleration curve 26. The accelera-
tion in this in<tance drops instantaneonsly from
a value indicated at %8 to the decelerative value
of 6. The cam onrening forces then are no longer
effective and it is the decelerative force of the cam
train spring which is active to bring about the
deceleration throuchout travel across the cam
nose. The decelerating portion 60 of accelera-
tion curve 34 conventionally follows a cosine wave
of rather flat proportions. As noted previously,
since acceleration is in effect a measure of force
involved, it has been convenient to superimpose
curves of spring resistance in units of force as
indicated at 62 and 64. With proportional co-
ordinates, it may be observed that at all points
the curves 62 for one high rate spring perform-
ance and 84 for another high rate spring perform-
ance must at all times be spaced from the de-
celerating .curve 69 in order to prevent valve
bounce. It has been observed that as the spring
rate is increased either by virtue of the relatively
high inertia of a-long valve train or because of
the: relatively high speed to which a long valve
train must be operated, the spring force curves
become more and more steep relative to the
comparatively flat cosine wave 68. The graphi-
cal analysis of Pigure 2 then will bring out the
fact that the excessive force available with the
relatively steep curve -as shown at 64 attains its
maximum value at the tip of the nose of cam

10, notably at point 21 in Figure 1. Yet the rela- |

tively smallest surface area of the cam is active
when the tip of the nose is contacting the cam
and with maximum spring force being there
exerted, the unit pressures may be expected to
reach values such as to cause failure and galling
in the vicinity of the cam nose. Moreover, even
though the spring force and the decelerating
force necessary may be near enough to be com-
patible, still a broad consideration will show that
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4
the accelerating and the decelerating forces be-
tween curve portions 52 and 56 and curve por-
tions 56 and 68 respectively will tend to cause
dynamic disturbances later to show up in phases
of the valve operation particularly in long value
train arrangements.

As respeets Pigures 3-and 4, the improved cam
160 is provided with portions { and 2, which
together constitute a ramp (02, The flank is
constituted by portions 3, 4, 5, 6, and 7 and blends
with a nose portion {84. The intermediate angles
of rotation corresponding to portions |, 2, 3, ete.
correspond generally with the intermediate an-
gles ¢1, ¢2, ¢3. The follower of the flat face type
is indicated at (06 cooperating with the cam
along the instantancous point of contact 108.
Cam 1069 is provided with a base circle radius
116 and a dimension of maximum 1ift (12 indi-
cated along the dwell YY for the cam. The other
grincipal axis for the cam XX is seen to be dis-
posed at an angle ¢s with X'X’ axis for follower
108. The Y'Y’ axis for follower 106 is the axis
alonz which cam (46 is adapted for rectilinear
movemsznt by action of-cam 100. Angle A rep-
sents portions 5, 8, 1, and the nose collectively;
the intermediate angles throughout the entire
angle A are indicated as s, ¢s, ¢7, and ¢s which
range between the limits respectively set at «,T,T,
and ¢. In Figure 4, curve (20 corresponds to the
lift curve for cam 100, Curve 122 corresponds to
the velocity curve for cam 100. Curve 124 corre-
sponds to the aceeleration curve for the cam (00.
Curve {25 corresponds to the rate of change of
acceleration of the cam 00, and curve 28 brings
out those points at which the rate of change of
acceleration of the cam is constant. As particu-
larly rezards acceleration curve 124 in Figure 4, &
spring force curve has been superposed adjacent
to it-at 134. Both spring force curve (34 and
the acceleration curve portion (24 are shown in
a relatively flat disrosition but such showing is
purely for convenijence and the same principle
would apply to the spring force curve V of the
steeper slope [35. One primary object of the
instant invention being to correlate the cam be-
havoir to the physical behavior of the spring,
it is desirakle that the force required to decel-
erate the valve train ke equal to or less than
the force actually exerted by the spring. In
equation form, for critical speed this statement
may be represented as follows:

1 FreQ.=FspR.

As is well known in fhe art the force required
may ke readily expressed in equation form thusly:
WE &)

(2) PR

where:

Frpq.=

W=—equivalent weight at valve.

K=spring design factor.

g=3886. in./sec.2.

f() =lift curve at valve, or maximum lift M
less instantaneous lift L.

Since the spring is presumed to be an elastic
body such that its resistance is proportional to
the displacement of the end thereof, the spring
force is:
3)
where:

B=—=spring load at maximum lift.
R=spring rate 1b./in.

Fspr.=B—~Rf (1)
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From equations 1, 2, and 3 the value F() may
be solved for by differential equations such as to

yield:

(4) M—-—[ — coB (—‘/: )]
or

e L 2 %?—::)]
where:

C=ratio of valve lift to cam lift.
L=lift at cam rather than at valve.

N=—engine R. P. M.

¢a—degrees of cam rotation during t sec.

Velocity then‘ equals

(6)

v [B \/ g 60 . Rg 60¢g]
g EW =N “"VEW N~

where

1 radian=%9 degrees

In PFigure 3 the sliding point of contact 108
has a Y’ coordinate equal to the instantaneous
value of lift L. Therefore, ¥’ may be equated.
to the value for L in equatlon 5:

‘M B 7!{?_6%5)
(D v=L=7—gr\!" VKW N~

Since tappet velocity numerically equals the dis-

tance of the sliding contact point 108 from the’

Y'Y’ axis the other coordinate for point 108 of
value x’ may be expressed as follows:

_ Fg 60 R7 6064

(8) 2=V raa. =~ C'R KW =N SBVEW =N
_ [Rq 60
(9 Let n= EW =N

The coordinates of the pomt of sliding contact 108
with reference to the cam axis XX, YY at the
angle ¢s to axes X'X’, Y'Y’ may be formulated
as follows:

am =2’ cos ¢s-+-¥’' sin ¢s
an y=¥" sin ¢s+¥’ cos ¢s
Sutiable differentiations will yield:

az
dy

(12) Zz_g#'s—’su—tan b5
des

(13)

diy  d% dés_

dat— daddy v

—1
' [_C’I% (1—p?) cos nqss-!-(M——(%e)]cos' &

Appropriate substitution of the values of the first
and second derivatives Equations 12 and 13 into
the general equation for the radius of curvature
of a curve y=7{(x) w111 yield:

(14) :
Radms——[c CR(l €08 ugy-t p? cos mf:g)]

Since u generally works out grea.ter than one for
high speed-engine work the minimum radius ‘of
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6
curvature occurs when ¢s equa.ls zero and ma.y
be represented therefor as: -. . : s
1

_J‘L_i
» ¢ CE"
The velocity on the nose may be rewritten in
terms of degrees rather than radians:’

1B /Ry 1 "Rg 60¢4]
CLeVEW 3N /KW NxJ]

Acceleration on the nose then is
_dv /_@g_ 60¢s]
an A= d¢>s C[ (3N) o

where ¢s is the instantaneous angularlty of rota-
tion of the cam on the nose. Since inertia forces
vary with the square of the speed of a moving
object such as a valve train, inertia problems be-
come increasingly important in high speed engine
work; acceleration being a‘direct meastre of the
instantly active inertia forces, it is of advantage
to have the acceleration increase gradually rather
than to be applied and withdrawn suddenly. It
is the function of the flank portion of the im-
proved cam of Figures 3 and 4 to accomplish this
acceleration gradually and at the same time to
blend smoothly with the nose portion just dis-
cussed. The ramp 102 is conventional in that,
as is a fact that curves (20, 122, and 124 will
bring out, the cam mechanism undergoes con-
stant acceleration Ai for an instant, then zero
acceleration and constant velocity Vi. At some
point during the theoretically constant velocity
V2 period the clearance is taken up. As depends
on the point at which this clearance is taken up
then, the value for lift at the end of portion 1 is:

(15) Radius min="—

(16) Ve=—z

L1=%A1¢1’ )

At the end of portion 2 at constant velocity, the
1iff is:

(18}

(19) L2=Vz¢z+Lx=V2¢2+%A1¢u’

Portions 3 and 4 bring the cam train to maxi-
mum acceleration in a gradual fashion such that
the rate of change of acceleration on portions
3 and 4 of the cam is constantly increasing at
the rate K as is indicated at 139 and is constantly
decreasing at the rate K .as:is indicated at 140
on curve 126. Hence for portxon 3:

(20) 4l=§‘K'¢z: .

(21) 2 A=Ks
d¢3 23

(22) V3=%K¢a‘+ Vs

(23)

Lim g Ko+ Vit Limgy Kb+ VstV st s s 2
At the end of portion §:

(24) A;-—( K) it Aa¢4+A:

(25) =§(—K)¢4£+I{!¢3¢4+§K.¢:’

(26) Vimg(—E)bo+5(F540) @+ At Vi -
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7

@n
Vimh(—K) a4 BR e+ 3R o%H KAV
(28) '
Eim gy (— K)pitt Y A0 ) (60) 43 Aspit 4 Vit + L
(29) :
Li= o (— R) ¢+ s bopi-+ 5K+

21 G T e

1
(éKQbss + V2>¢4+%4‘K¢34 +V s+ Vet §A1¢12

The magnitude of the acceleration As, velocity Ve,
and lift L« at the end of portion 4 are then read-
ily determinable by assigning real values in Equa-
tions 25, 27, and 29 for K, ¢4, ¢3, V2, and A1 as
appropriate. In -accordance with the plan of the
invention, on portion 5 the angle ¢s varies frcm
zero value to value .a; the acceleration As is con-
stant and equals acceleration A« at the end of
portion 4 previously discussed. Further let the
rate of change of acceleration decrease constant-
1y at rate X for T degrees on pertion €, and on
portion T increase constantly at rate K for T
degrees.

In order then that the acceleration and ve-
locity curves at the end of portion 1 intersect
the nose. contour, then acceleration Ar must
equal the acceleration yielded by Equation 17
for the nose and the velocity Vi must equal the
velocity yielded by Equation 16 for the velocity
at the nose. Let the final value for the accel-
eration in Equation 17 be represented as A7 and
the final value for the velocity in Equation 16
be indicated as V7. Let the end value for the
nose angle equal ¢ degrees:

30) )\_=a.+2T+0
3D Ar=A4+(—K)T?
(32) Vo= —KT34-A4(A—0) —V4¢

A value of T is to satisfy the simultaneous Equa-
tions 31 and 32 is found to be:

_Vi—A(A—0)—V,
= A—A;

From Equations 30 and 33:

(33) T

(38) a=r—0—2] e
From Equation 31:

—A;—A
(35) Ks=——?;72-‘—4

By substituting assumed values for A and ¢ in
Equation 34 such that a« yields a positive or zero
value and by substituting the appropriate val-
ues of » and ¢ in formulas 34 and 35 degrees
arrive at the length for the various cam seg-
ments can be determined. As to portion 3
where the acceleration is constant (ds=A4):
By appropriate integration:

(36) Vs=Asgs+ Va=Asps-+V1

By appropriate integration:

(37) L5=%A4¢52'+V4¢5+L4
The angle 65 increasing from zero value to value
a. Asto portion 6:
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By integration:

(39) Ae————%Kdao’ + A= -—%K@J'—}- A,

(40) : V¢'=—(—13K¢o’+A4¢u+A4¢5+V4

(41) Lo=—K e+ gAgei-+ (Aot Vi) oot L

The angle ¢ increasing from zero value to value
T as to portion T:

(42) A1=%K¢72+(;1%5AG)¢7+As

(43) A7=%K¢72“— K¢c¢7‘*%K¢ez+A4

By integration:
(44)

V7=%K¢7é+ %( - ks(ﬁb) ¢+

(3ot Ar)or—gKaa+ Autuct iV
(48)
Lim K prth(— K)o+ 5 — 5K P40 o+
(—%KT3+A4T+A4¢:+V4)¢7+ Ly

The angle ¢v increasing from zero value to
value T. It will be appreciated that when the
assumed values for A and ¢ satisfy the condi-
tions of Equation 34 for the value « the radius
of curvature of the nose portion may be easily
computed from Egquation 14 inasmuch as the
angle ¢s in Equation 14 varies from the value
zero  to the value 4. The lift curves for the
ramp and flank blending into the nose may be
readily computed according to the lift curves of
the respective portions into which the ramp
and flank are divided. Equations 18 and 19 yield
the lift curves for the appropriate values of ¢1 and
A; assumed and for the appropriate values of ¢2
and V2 assumed. The lift curves for the first
portions of the flank may be determined in ac-
cordance with Eguations 23 and 29 once the
values for angles ¢3, K, and ¢4 are established.
Equations 33 and 35 yield respectively the values
of T and Ks by means of which the lift curves
for portions 5§, 6, and 1 of the flank may be
computed through appropriate substitution In
Equations 37, 41, and 45. A cam could then,
according to the foregoing limits, behave in the
manner desired. In particular regard to Figure
5 a cam, according to the instant invention, is
shown in an appropriate setting. Cam 100 and
follower (066 of the flat face type coact to op-
erate a push rod (50 on the end of which is
an adjustable cam tappet 152. Tappet 152 co-
operates with a rocker arm pivoted about pivot
158 and having arms (54 and 156 of relative
lengths corresponding to the rocker arm ratio
C. Arm 186 contacts the end of an overhead
valve 160 seating at 162 over the end of a fluid
passage 166. The cam mechanism causes open-
ing of valve 160 and valve seating as occasioned
by the action of a valve spring 164, Cam (00 is
cqt to the contours according to the chart of
Flguxje 4 and will operate as follows. On the
opening side of the cam the behavior is divided
broafily into three categories as best brought
out in. curve 124. That is, after the initial ac~
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-geleration on the ramp, the valve 160.1s opened
(first at the constant acceleration indicated at
{45, which is zero, secondly, at the constant ac-
celeration indicated at ¢s which is a constant
maximum, and thirdly, along the portion of
curve {24 indicated at (46 on the nose, which
is of negative acceleration or deceleration. Dur-
ing the latter named portion (46, it will be
noted that the decelerative value or force gen-
erally parallels the spring force (34 which is
available inasmuch as according to Equation 1
foregoing, the cam is cut so as to have such be-
havior as to the nose portion. In order to pre-
vent dynamic disturbances from showing up in
the cam train as, for instance, would be oc-
casioned by . push rod 150 compressing as a
spring instantaneously and later expanding
such that the action of valve (60 does not fol-
low exactly the operation of actuating cam 100,
the transition from zero acceleration portions
. 145 on curve.i24 to the maximum constant ac-
_celeration As« will be observed to be a grad-
_ually acting contour. As may be gathered from
curve 128 the portion 138 corresponding to angle
¢3 is such that the rate of change of accelera-
tion is constant in a positive fashion. Hence
the second derivative of the acceleration, as in-~
dicated at 142 on curve (28 is constant. In or-
der that for the acceleration surve ¢: to act as
a companion portion to portion ¢z the rate of
"change of acceleration is shown at curve 126
in constant but of a negative character as at 140.
It is to be observed that rather than have
the acceleration vary instantaneously from zero

-to mazximum value as in a conventional cam, 3:

the improved cam 124 manifests the behavior of a
gradual transition to maximum acceleration.
This gradual transition is of prime importance.
~On the  decelerating side of the saccelerating

curve 124, another gradual transition is effected !
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from the portion of constant maximum accel- -

eration indicated at ¢s5 to the end of portion
1, indicated at Ar where the flank blends into
the nose portion 145. The rate of change of

the acceleration throughout the portion ¢e will 4

be observed on curve 26 to be constant and: -

of a negative character that is minus K slope
throughout the portion ¢7 on curve 124 the rate
of change of slope will be observed to be con-
stant and of a positive character plus K. Hence
in curve 128 the second derivative of the ac-
celeration at ¢s will be cobserved to be constant
and the second derivative of the acceleration at
¢r will be observed to be constant. Since the
lift formulas were set up on the premise of the
acceleration and velocity curves of portion 17
blending in with the nose, a smooth contour
will result at the respective points L, Vv, and A7
on curves 120, 122 and 124 respectively. The
duration of these respective portions as best seen
in curve 122, is accurately determined by for--
mula such that the angle A is always equal to
the sum of the respective duration angles «, T,
T, and ¢. As particularly regards curve 124,
since the companion portions ¢z and ¢+ and also
the companion portions ¢s and ¢r are comple-
mentary in the respect that where one is of
constant rate of change of acceleration of one
character, the other is of constant rate of
change of acceleration of the opposite character.
The build-up then from zero acceleration to
maximum acceleration and from maximum ac-
celeration to deceleration as indicated by nose
portion 146 is gradual and hence the forces ap-
plied will be gradual as contrasted with the
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theoretical instantaneous application of. these
same forces in' the conventional cam. Since
the lift curves and the curve for the radius of
curvature of the improved cam are explicit as
set forth in the foregoing, the cam contour may
be accurately cut to produce a cam acting in
accordance with the behavior graphiecally shown
by the chart of Figure 4. Such approach to
the problem is of advantage in ironing out dy-
namic disturbances, bounce, and coil oseilla-
tion as may be manifested when conventional
cams are attempted to be used in the environ-
ment of a long overhead valve train operating
at high speeds.

Variations within the spirit and scope of the
invention described are equally comprehended

by the foregoing description,

What is claimed is:
1. Mechanism including a curved cam and fol-
lower comprising a sliding pair in which the lift

is in accordance with the following formula

L=6[M—~E<1 —Cos

where:
L=Lift at eam.

"Ry 60¢’a)]
KW N=x

. M=Maximum lift at valve.

B=Total spring load at maximum valve lift.
R==8Spring rate.

K=8pring factor.

W=Valve gear equivalent weight.

.N=Engine R. P, M.

¢s=Cam degrees from maximum lift,
C=Ratio of valve lift to cam lift.

2. A sliding pair comprising a cam and follower
of which the lift of the latter varies during a
cycle of the former as corresponds to the rotative
Dosition thereof, in which each cycle comprises
three lift periods viz., a constantly increasing rate
of change of acceleration, a constantly decreas-
ing rate of change of acceleration, and a relative-
ly high constant acceleration, in which the said
three periods are obtained by employmg a curved

~cam surface and flat faced follower cooperating

to produce an accéleration whereof the second
derivative yielded is constant during each said
period.

3. A sliding pair comprising a cam and follow-
er of which the lift of the latter varies during a
cycle of the former as corresponds to the rota-
tive position thereof, in which each cycle com-
prises a rising phase comprising three lift periods
viz., a lift period of constant zero acceleration, a
lift period of constant relatively high accelera-
tion, and a lift period of negative acceleration,
and transition periods therebetween, in which
the aforesaid periods are ohtained by employing
a flat face on the cam follower in contact with
working arcuate surfaces on the cam whereof
the transition portions of the latter tangentially
merge into the lilt period portions cut for the
aforesaid lift periods to produce consecutively ad-
jacent segments of equal duration and amount
of effect, one segment of each pair affording a
change of rate of change of acceleration at con-
stant inerease and the other segment of each
pair affording a change of rate of change of ac-
celeration at constant decrease.

4. In the method of cam lifting a cam follower
included in a train of valve gear comprising a
normally closed valve connected to the cam fol-
lower and a valve spring opposing movement of
opening of the valve caused by the lifting of the
cam follower, the improved single step compris-
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Ing the lifting of the cam follower according to
the following formula:
Ry 60¢s)]
KW

1 B
L;E[M—ﬁ( —COS -

where:

L=lift at cam.

C=ratio.of valve lift to cam lift.

M=Maximum lift.

B=spring load at maximum lift.

R=spring rate 1b./in.

g—=2386 in./sec?.

K=spring design factor of safety.

W=equivalent weight of valve gear at valve.

ps=cam degrees on cam nose f{rom maximum
lift increasing in the direction of rotation

(negative values on opening side of eam), and
N=engine R. P. M.
so as to maintain a constant spring factor at all
points of the cam follower on the cam nose be-
tween point of reversal and point of full lift and
thereby maintain the spring resistance propor-
tionately constant at all points.

5. In the method of cam lifting a cam follower
included in a train of value gear comprising a
normally closed valve connected fo the cam fol-
lower and a valve spring opposing movement to
open the valve caused by the lifting of the cam
follower, the improvement comprising the steps
of providing a cam having a radius of curvature
on the nose in accordance with the general case
of the expression:

Radius=— [—%’-—%( 1 —cos pgs-tu? cos u¢s)]

wherein:

L=—Base circle radius plus maximum lift.
B=Total spring load at maximum valve lift.
C=8Spring rate.

¢s=Cam degrees from maximum lift.

(R)(9)

60

F=
(Spring Factor)
(Valve Gear Equiv. Wt.)
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and thereby lifting the cam follower by means of
rotating the cam nose thereagainst according to

the expression:
g7} 60_¢a>]
"KW N~

1 Bf

wherein:

L=lift at cam.

C=ratio of valve lift to cam lift,
M=maximum lift.

B=spring load at maximum lift.
R=—=spring rate lb./in.

¢=386 in./sec.?

—=spring design factor of safety.
W=equivalent weight of valve gear at valve.
¢s=cam degrees on cam nose from maximum lift

increasing in the direction of rotation (negative

values on opening side of cam), and

=engine R. P. M.

so as to maintain a constant.spring factor and
thereby maintaining the spring resistance ex-
erted directly proportional to the valve gear de-
celeration.

JOHN F. JONES.

FRED F. TIMPNER.

ROBERT C. JUVINALL.
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