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@ Apparatus and tool for simultaneously forming selected circumferential and axial profiles on a workpiece.

@ Selected circumferential and axia! profiles are formed
simultaneously on a rotating workpiece by apparatus that
comprises a carrier (34) that is mounted for movement
toward and away from the workpiece and carries a cutting
element {92) which is pushed by a spring (102) into engage-
ment with the workpiece. The carrier {34) simultaneously fol-
lows a circumferential cam (112) that rotates conjointly with 4
the workpiece and an axial cam (82) that is mounted on a -
follower bar {70). The follower bar (70) is mounted on the
carrier (34) for movement relative to the carrier solely along
an axis parallel to and spaced from the axis of rotation of the
- workpiece. The axial cam (82) and follower (94) are in series
- 4 relation to the circumferential cam {112) and follower {110)
so that movements of the cutting element (92) toward and
™ away from the workpiece generated by the tracking by the
follower bar (70) of the circumferential cam {112) are
superimposed on movements of the carrier {34) toward or -
away from the workpiece generated by the tracking of the
axial cam (82) by the carrier (34) as the carrier (34) and the 2
cutting element (92) thereon move parallel to the axis of rota-
tion of the workpiece.
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APPARATUS AND TCOL FOR SIMULTANECUSLY FCRMING SzZLZCTED
CIRCUMFERENTIAL AND AXIAL PROFILES ON A WCRKPIECE
BACKGROUND CF THE INVENTION
~ Although the pistons used inoreciprocating type

internal combustion engines are nominally “cylindrical,®

they'havé in practice been contoured or profiled to take

jnts account the differential thermal expansion that takes

“place in normal operating conditions. The head of a piston

bzcomes heated to a significantly higher. temperature than the

@
7

skirts, and there is thus a temperatuxe gradient along the

length of the piston which means that the piston "yrows® o

different extents in different axial parts. Moreover, there

are differentials in the growth of the piston at different
circumferential locations. Accérdingly, it is common to either

grind or machine a piston to a selected circumferential profile

‘and a selected axial profile to provide desired profiles after

the piston grows due to thermal expansion in cperation.

By far the most common way of forming the desired
azial and circumferential profiles on pisténs is by cam-
srinding. Cam~grinding involves the use of a grinding stone

which is dressed to an axial profile conforming to the desired

awisi profile to be put on the piston. The desired circum-

>



ul

[
)

20

25

2 | 0000213 -

ferential profile is provided by ﬁoving the pistoﬁ toward and
away from the grinding stone (or vice versa) in coordinationi
with the rotation of the pi#ton, the piston being translated
toward and away from the stone (or vice versa) by a cam -
having é.circumferential profile that matches the desired ?
circumferential profile forme& on the piston (hence, the néme

’

"cam-grinding"). Cam-grinding is an expensive operatinn in

terms of iabor time and tooling costs, and it is difficult

to contrel tolerances because the stone wears at different

rates in different places. Good control over tolerances

—a

requires frequent dressing cf the stone.

A small proportion of the total number of pistons
produced aré finished to the desired axial and circumferentigl
profiles by machining. Most of éhe machining technigues
involve the use of a master cam having circumferentizl and
axial profiles mafchiné the dasiréd profile to be machined
on the piston and-rotaﬁed in one spindle. The workpiece
rotates in another'spind1e at the same speed, and a cutting
iool is guided under the control ofnfhe stylus that follows
the master cam, either by a direct ﬁechanical linkage between

the stylus and the tool or by a hydraulic traéing system that

'is under the control of the cam. Machine profiling is also

expensive, slow, and difficult to control with precision.

SUMMARY OF THE INVENTION
.'Thére is provided; in accordance with the pieseﬁt
inv@ﬁ%ion, apparatus for simultaneously forming seleeted
circumferential and axial profiles on a workpiece, the

apparatus being intended primarily for use in a manufacture
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of pistons but being susceptible of adaptation to any -
operation in which it is desired to form different,~mutually
perpendicular contours on an object. The apparatus iﬁvolves
rotating the workpiece about a fixed axis and méving a cutting
tool along an axis parallel to that axis of rotation, the

-~

movements of the tool toward and away from that axis to

form the profiles being controlled by a circumferentiéi cam:.
having a circumferential cam surface matching the desired
circumferentialcpfofile ahd a separate axial cam having

an axial cam surface conforming to the axial profile to be

formed on the workpiece.

‘More particuiarly, the apparatus comprises a
carrier that is mounted for movement toward and away from
the wotkpiece and carriés a cutting element for engagement
with the workpiece. The carrier is pushed toward the workpiece
by a spring (or an equivalent device, such as a pneumatic piston
that exerts a force but yields) to engizge the cutting element
witﬁ the workpiece. A sui;able drive moves the carrier along
an axis parallel to tﬁe axis of rotation of the workpiece.
- An elongated cam follower bar is mounted on the carrier for
movement relative thereto solely along an axis parallel ta
and sPaced.from the axis of rotation of the workpiece. A
circumferential'cam is mounted for rotation conjointly with
the workpiece about the axis of rotation thereof, and an axial
cam is mounted on the followér bar, whiéh also carries a
circumferential cam follower that engages the surface of the

circumferential cam. Hence the follower bar tracks the

circumferential cam and moves the carrier, and therefore the
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cutting element, toward and away from the axis of Eﬁ@;tlcn
of the workpiece to form the seliected circumferentlal profile
on the workpiece. An axial cam follower enéages the axial
cam and is interposed in series with the circumferential cam
follower so that the carrier also tracks the ax lal cam.

Thus the axial profile is superimposed on the circumferential .

profile. . , -

Tn the embodiment descriked in detail telow
and shown in the dreawings, the azial cam is mounted on a

holder that in turn is mounted on the carricr for movement

———r

relative to the carrier toward and away from the workpiece,
and the spring or its aquivalent pushes the holder into
engagement w1tn-the workpiece. In that embodiment the
follower bar tracks the c1rcumferent1al camr as described
above, and the axial cam on the holder causes the holder to
track the axial cam relative to the follower bar. Thus
the movements of the éutting element are actually a combination
of movements ofiginatinc separately, first, with the circum-
ferential cam follower on the féllower bar which tr;nsﬁitsrthe
circumferential profile to the follower Bér and the carrier
and, second, with the axial cam follower which transmits the
axial profile from the axial cam to the holder.

In a mechanically and functionally equivalent
variatidn of the arrangement of the embodiment shown in the
drawings, the axial follower is interposed between the
circumferential follower and the follower bar, and the holder

--l

is omltted. In such an arrangement the path of forces

r
(R

generatlnc movements of the cutting element fto form .the de51r°d

'_'A__,(,. - -
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profiles driginates with the cmrcumzerenta@l <an fallewer.

. V{x';' .
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which tracks the circamfezen*hal can and meves tha axlal
follower, which in turn werks agalnst the axigi aam on ghe
follower bar. The fc*lower bar in turn movesmﬁhg»carr*er
and the cutting tool toward or away from the wérkgieée. The

sexies relationship be*wegn the clrcumferantlal and axial cams

thus’ automatically aUPLIlﬁbOu&i the axial and c‘rﬁam&e&en al

" profiles on the movements of the cuttlﬁg teel, ‘as ia the

embodiment shown in the drawings. .

The ap@ara;aa,-&ceeréihg.ﬁaithe.p¥es§n£ ;nveﬁtion, :  ~
may be constructed as a device that can be attnéhﬁd to é
commerc1ally avallable,generaT purocse machine toals, such as(
lathes or automatic chuckers, and the embod iment: shﬂwn in the

drawings is indeed so constructed. On the other hand, the .

-y

zpparatus can be integrated into“a machine that:ia spécially
designed for profiling pistons. |

Another aspect of the invention invalves'a
quificab_pn of the anparabus £0 Twake it caﬂable of providing
different circumferential proflles in dlﬁferent parts of
the piston. Fér example, the piston hééd mayrﬁaéé a circum-
ferential preofile diffsrent from that of the sklrts. The
modlflcatlﬂﬁ of the apparatus 1nvolves, in one form, the use
nf a circumferential cam having twe c1rcumfereatial cam surfacas
szde by side and means fer ch*ftlng the Cchﬂmiereﬂtxai cam
\ollower from one of such cam surfaces to the other 1nA

» -

coordination w1th the movement of the carrxer parullel to the )
)(\" . ~

axis of rotaticn of the piston. For example,. tha absolnte

position of ‘the fcllower bar may be shifted by a gulde‘that

** -BAD ORIGINAL Q
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is moved para
to the circumferential cam and a gear cor other drive for
shifting the guide
machine carria:

the carriage controls

19
L.e

s

. i, .
1 to the axis of the follower bar relative .+

in

- In

00

coordination with movement of the

such an arrangement, the movement of

the movement of the follower bar |

00213

transversely along the circumferential cam to shift the

circumferential cam follower from one of the cam surfaces -

to the other.

Essentially, the same apparatus can .be used

with a circumferential cam that has several different

circumferential cam surfaces or that has a circumferential

profile that varies contiiruously in the axial direction,

thus to vary the circumferential profile as scme function

of the axial movement of the carrier in the course of

machining the piston.

Among the preferred features of the apparatus'

embedying the present invention are the following:

l.

the carrier is mounted on needle

bearings so that it moves smoothly

and precisely;

the spring pusher applies a force

that is substantially parallel to'the

axis of movement of the cutting element

i

at a point closely adjacent to such axis'.

of movement, thereby to
tendency for cocking of
to0 an eccentric pushing

the circumferential cam

minimize .any

the holder due

force;

follower is

mounted on the followexr, arm for adjustment

o -
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,L;alvizraéial‘y of the circumferential cam so ’
if,%f' tﬁat tﬁe-d&ameter of the workpiece can
N Vhﬁ ?Ia‘ﬁﬁyﬁbllohed very precisely by

:sett;ng'the propexr a¢men51onal relationship
;,betweﬁnrtne cutting eslement and circumferential
' éﬁh:£¢iiawer.

The inbén zan may be better understood by’

-

RIS, S AT S SO

cansxderat Qﬁ af the folloWLvd description of an exemplary
emboélmenﬁ, tanen ln ccnjunctloq with the figures of the

accomnanylng draw;ﬁgs

DBSCRIETIOH -OF THE DRAWIN S

— !

Flg& l iﬁ-@ front elevational view of apparatus
embedylng thﬂ 1bwﬂntiaa; .

Fi.q. IA is a2 fragme wtary front elevational view
of thea agparatug 92 Fig. 1ona 1arger scale than Fig. 1;

rgg.,z &s a tcp view partly in fuyll and partly
in sectioa Qf the ‘apparatus, the plane of the section bnlng
represented generally by the lines 2-2 of Flgu 1;

».Fig. 3 && an end view of the apparatus of Fig. 1
shown partly in $3wt103 and partly in elevatlon, as
regresangsd'by th& lzﬁes 3-3 of Fig. l}

?xg. § is an end uross—sectlonal view of a part
Qf the- aggagatus, thﬁ.vlew being taken generally along the
lines 4-4 ef ?lg. 13 and in the direction of the arrows; and

Fig., 5 is a top view in schematic form sho;ing a
modificatien of the apparatus of Figs. 1 to 4 that permits

different circumferential profiles tc be formed in different

portienﬁ'bf*fﬁﬁﬂﬁﬁﬁﬁk.ﬂf a piston.

A I ' BAD ORIGINAL @




(€51

[y

)

8 g0yu2ts
DESCRIPTION OF AN EMBODIMENT T
The embodiment of the invent.on shown in Figs. 1
to 5 is an attachaant that can be mounted on a commeréially

available automatic chucker, the chucker being shown

schematically in the drawings. The chucker includes a spindle
! s

enclosed within a housing 12, for

rotating the spindle about a-fixed axis, and a thread-

"

chasing head 1% having a key-shaped slot 16 in which any

of a variety of accessory tools can be mounted in a
selected positien. The head 14 is mounted on a bar 18 which is

n:oved axially by a drive (dot shown) along an axis parallel to

the axis of rotation of the spindle. The speed of such move-

ment can be chénged by shifiting a transmission in the drive
system, and the head 14 and shaft 18 are driven by the drive
system in one direction (to the left in Figs. 1 and 2) and
returned in the other direction by a spring retuvurn. 'The head 14
and shaft 18 are also coupled to a hydraulic mechanism which |
automaticaily lifts thef up at the wnd of a machining operation;
disengagés the drive, and rapidly returns the chasing head
in the other direction to the sta;ting point where it is ready
+o begin another machining operation on another workpiece.

. It will be readily apparent to those skilled in
ﬁhe art that the present invention can be adapted to any sort
of machine tool constructed tc rotate a workpiece about a
fixed axis and to move a tool along an axis parallel to and

conE AT : . .

spacéqgfrgm the axis of rotation of the workpiece, the latter
g . .

component of such a machine being referred to herein as a

ek - ..
"carriage"” and being any mechanically or hydgraulically driven:

TS s
2=

3
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evice capable of moving a “cutting element," such as a cucking
91t or grinding stone or wheel, along a path parallel to the

sxls of rotation of a workpiece. The apparatus shown in

*igs. 1 to 4 and described thus far is not, per se, a part ok

P e T

the present invention, rut such compenents (i.e., a devicae

fox rctaglng a workpiece

fu

bout & fixed axis and a device.
Jor moving a cuttiﬁg element along a path parallel to the

x:is of rotation of the werkpieace) are necessary for the usa
cof the apparatus of the invention, The following description

ox that apparatus, which, for convenience, will be referred

co herx elnafter as a compound profiling tool, exemplifies

— !

the invention in the context of a commercially availablie
wotomatic cbucker of the type shown schematically in the

2% *1n

Fh

The compound profiling o0l 20 comprises a mounting

£

3

hase 22 which, as vieswed in front elevation (Figes. 1 and 2),

0

~& generally rectangular and which includes at the right end

{as viewed frcm the frost) a portion 22a that is g nexally

o

triangular in cross section and at the lef end a portion 22b
+hat is rectangular in cross secticn. 'The back face of the

sortion 22a is inclined to the vertical to match the inclined

iront face 14a of the chasing head 14. The base 22 is adapted
2 be mcunted on the chasing head 14 by a bar of "T"-shaped

cposs section 26 {a T-bar) that slides into the 1atchinq

T+slck 16 on the chasing head 14 and is pulled tlghtIV'in%o,”.
. 27T . -":' '

esgagement with the cverhanging flanges of the T—slot 6 by

0 proijects from the back face of the
x .

N - e
= NP

.s2 22 and engd¥E#¥z lateval surface on the chasing head 14,

by
¥
r*:
Ui
8o
[#4]
[

Y
'—h
’—J
| ]
[1¢]
o
(8%}

the flange 19 carving to alien the tool with respect to the

BAD ORIGINAL )
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axis ofirotation of a workpiece mounted in the machine.spingle

he drawlngs illustrating a piston P mounted in the splndle 1g)

The front facs of «he hase 22 is formed with a
wide,shallow vertical slot 32, and a carrxier 34, vhich is mounte:
in the slot 32 for movement ve:tically,thereby to move along

-

an axis that lies in a plane perpendicular to the axis of

rotation of the piston P. 'he carrier 34 is mounted on four
sets of neédle bearingé, one set being located in each of )
four vertical races 36, 37, 38 and 39, two of whlcn (37 and 38}
are located in the back face and two of which (38 and 39) are
iocated in oblique side walls (see particularly Fig. 3). The
carrier is held and guided in the sldt 32 by a fixed-position
retainer 40 fastened by screws 42 in the left side of the slot
and an adjustable retainer 44 fastened by screws 46 in the
right side of the slot. A pair of adjusting screws 48 threaded
through'bosses 50 on the base 22 work against the adjustable_
retainer 44 and facilitate adjusting the retainer to provide
smeoth and precise vertical movement of the carrier relative

to the base 22. The-top and bottom walls of the carrier 34
receive bearing retainer plates 52 and 54 which are fastened
5& screws 56 and 58 to thé carrier 34. The exteht of vértical
movernent of thé carrier 34 in the slot 32 is limiteéhby stopi

screws 60 installed on the base 22 at the top and bottom of

the siot 32 with their heads projecting from the wall of the

~slot for engagement with the end walls of recesses rorned

LA u (

in the back wall of the carrier 34. The stop screws 60 are

=
i deb .

prov1ded'herely to retain the carrier in the slot when the
..-:f 3 .
toof‘ZO is removed from the machine or when 1t is partly

disassembled while on the machine.



chasing head 14 1s lifted up at the end of each st roke

~a follower bar 70 of T—shabed

Lt

)

T v wild be

an adjustable stop 62,

- %
recall

=1

£

ed

0000213

rom the foregoing that the S

) Cd
: hence, |

consisting of a screw 64 threaded into

the top end of the carrier 34 and an adjustéble ccllar 66, isz

provided to prevent the carrier from shifting downwardly
the slot to a position-where the
piston on the return stroke after the piston has been
machined and the head 14 lifts and returas to the right.
As may best be seen-in'Fig. 3, the front part of
the carrier 34 stands out from the base 22 of the tool,

and, as best appears in Figs.

horizontal slot 68.

in the slot and receives guiding- support from a

retainer plates 72 and 74 which are fastened by

78 to the,carrie; 34,

the carrier solely for ﬁovement relati&e to the
aﬁ axis paraliel to the axis of xotation of the
An axial cam 80 having a cam surface Sé formed in 1+s upper.
edge, which surface matqﬁes the ax;alhﬁrofile to be.formed
én the piston T, is fastened by screws 84 to the front face
of ihe follower bar 70.

positioned, relative to the lengitudinal axis of the

The slot

-The follower bar is thus

2

oo

and 4,

The axial cam 80 is precisel

bar 70, by leocating pins 86,

The carrier 34 also
receives with a sliding £fit a

cp*ed to recelvpeacnlp»tv*a

LA

A \1

cutting bit will engage

is pfovided'with a

68 receives with a sliding fit
cross section Wthh is retaine
pair of
screws 76 and
mounted on
carrier along.

pistcn.

in :‘ \

the

A4

follower

has a vertical slot 88 wl ch '
holder 90. The~hclder is
triangular cuttlrg bl 3% av itz

BAD ORIGINAL 0)
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it

o

lower éﬁd; and an axial cam follower roller 94 carriea by 'gg
a bradﬁét 96 is mounted ak'the uppér end of the hclder 80
by a-fair of screws 98.

v ‘The upper end of the holder éO is engaged by the
outéut plunger 100 of.a spring mechénism 102 that is
mounted by way of a bracket 104 secured by bolts 106 to

the chasing head 14. The spring-driven plunger 100 pushes

. the holder downwardly,theieby to engage the roller follower 94

e
(g}

with the axial cam surface 82. BAs will be more apparent

from the description below of the mode of operation of the tool,

. .it is the spring mechanism 102 which applies the acting foxce

to the tool to push the cutter 92 agalnst the workplece,

i,e., the piston P,and to keep the followerb in tracklng

- engagement with the cams.

The left end of the follower bar, 70 carries a
follower assembly 108, Whiqh.includes a follower roller 110

that engayes the cwrcumxerentlal cam surface of a circum-

ferential cam 112. The cam surface of the cam 112, which is

an annular member suitably attached to a sﬁecial holdexr
mounted ih the~machin¢rspindle 10, has a profile that matches
the desiredrprofile to be formed on the plston. rr‘he follower
assembly 108 includes a bracket 112 that is affixed to i;he '
follower bar 70 and a movable follower roller carrier 114

that is adjustable vertlcallv with respect to the bracret 112

'bg anJéajustl ng screw 116 that bears against the lower end of

the rollerfcarrier 114 and is locked in position by a set

scfeﬁiiiﬁﬁnghe follower assembly 108 is thus adapted for

0
r e e e e o e o e i e
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precise adiusiment of the rceller relative to the axis of
movehent of the follower ba¥ 7C. Accordingly, the position
of the tip of the cutting tool 92 can be set pfecxsely wiih
respecﬁ to the circumferential cam 112, thus £0 set up the
tool to the precise diameter of the piston. In practice
this is dcne by positioning the various'components with the
cam followers at predetermined positions, setting a height
gauge betwéen the bed of thermachine-and the cutting bit 92,

and then adjusting the circumferéntial follower 110 using

the adjusting screw 116 to position the.bit 92 at the known _-5
height above the bed for the diameter in-'question. 3

In the embodiment of Figs. 1 to 4, the follower

- bar 70 remzins stationary in the horizontal direction

ol

throughout the operation of the apparatus. It is held in
that position by a spring mechanism 112 which consists of

—~

GI

oY)

a housing 120 secured by screws 122 to the right en
the base 22 and containing a spring 124 which pushés against

;he right end_of therfollower bar 70 by means cf a érive pin>

126 which projects out through an axial slot 128 in the

housing 120~and?into a groove or hole 130 in the back wall

éf tﬁe follower bar 70. The spriné mechanism 118 yie;dably
pushes the following bar 70 to the left, relative to the

base 22 of the tool, against a guide roller 132 that is
rotatably mounted on a bracket 134, which is, in turn,

bolted to the housing of the automatic chucker machine,

and that bears against the circumferential follower assembly 108.
“L-s S Figs. 1 to 4 show the tool paft way through a

prcfiling operation conducted on a piston P. The operation

»
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spring-loaded -by the spring mechanism 102 downwardly to engage

s . 70000213

ay ‘be coasidered to begin when the drive of the chasing *

czad 14 engages and the chasing head starts to move Zfrom

At the beginning of the operation the base 22
zarrier 34 and holder 90 of the tool are positioned somewhat
L the right of the positions shown in the drawings, thus
to have the cutting tool 32 positioned a short distance
clear to the right of the head end of the pisten. The spring
mechanism 118, however, holds-the'follower bar 70 in the
position shown with the circumferential follower'assémbly '
10& in engagement with the guide roller 132, thus to retain
the circumferential follower 110 in proper tracking position
in engagement with the circumferential'cam 112. ' : !
Upon engagement, the chasing head drive moves the
chasing head from right to left, thereby moving the base 22,

carrvier 34, and holder 90 to the left. The cutting tool 92 is ;

the axial fol?ower.94 with the axial cam 80. The vertical

position of the axial cam at any instant is a functlon of the

ver fl sal position of the follower bar 70, whlch position is
undzr the control of the position of the circumferential cam :
foliower 110. In otherrwords, as the base 22, carrier 34 aod“ ;
holdsr 2¢ translate to the %eft, the vertical position of the

cutting teol $2 is under the control of (1) the cirbumferenﬁiéli

| -
!

saw, 2y wirtue of the vertical movement as a urlt of the

A

“EE1 cwer assembly 108 and the follower bar 70, and also (2) the

nXi2L Cam, by virtue of vertical movement of the holder 90

-

reistive to the carrier as the axial follower ¢4 tracks the

axwal cam 80, The holder 90 follows the axial cam 80 by .
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moving relative to the carrier 24, and the holder 90 and

carrier 34 both move with the follower bar 70 as the

~a

circumferential cam follower 110 tracks the circumferential

cam 112. Thus, the.axial profile is'superimposed on the
circumferential profiles as established; respectively, by
the axial cam 80 and the circumferential cam 112. Through-
out the profiling operation the follower bar 70, and, .
therefore, -the circumferential follower mechanism 108,
 remain horizontally stétionary by viftue of the spring foxce

applied by the spring mechanism 118 between the base 22

——gz

(andnéhe chasing head 14) and the follower bar 70. None~-
theless,; the spring mechapism 118 is inherently a lost-motisn
Cevice, the spring 124 being loaded'progressively és the
cnasing head moves to the left.

| At the end of the profilihg operation the chasing head
14 and the shaft 18 on which it is mounted are 1ifted |
hydraulically, thereby diseﬁgaging the chasing head &rive and
.enabling the spring return device én the machine to push the
aéhasing heaa and the base, carrier ahd holder of Fhe tool

rapidly back to the starting position. .When the chasing head 14
1

lifts up, it lifts with it the base 22,;5ut the carrier 34, ;
ana therefore the follower bar 70 and éam follower assembly 108,3
are driven relatively downwardly by the spring drive 102.

The stop assembly 62 oﬁ the carrier 34 limits the amount of
downward movement of the parté just referred to. ‘Retuwrn of

the qhasing head 14 to the starting position ends a cycie NE

operation. -

ge
‘gﬁaa
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o+
The compound profiling tool shown in the

ﬂz&wiﬁgs and described abové is inherently backlash free;

tﬁe spring mechaﬁism 118 maintains precise tracking of

the roller 110 on the cam 112, and the drive spring mechanism
102 always pushes down on the holder, which, in turn, pushes
down on the axial cam 80, the follower bar 70, and the
circumferential follower assembly 108. The unidirecticnal"

force systém, which involves Springs that always act in one

direction, assures precise repeatability from piece to piece;

all deflectiocns and movements are ultimately under the

r

influence of the unidirectional drive springs. Inasmuch as
the cam surfaces of the tool are, at least in the embcdiment
shown in Figs. 1 to 4, curved in only one direction, they
are very much lessrexpensive'than the one~to-one master cams
used in previously known apparatus for maéhining compound

profiles on pistons. The_tbol of the present invention also

permits changing separately either the circumferential cam

or the axial cam w1th otner cams having dlLferent profiles,.
thus maklng it very .easy to set up the machine to make

different plsuonso

Fig. 5 of the drawings illustrates a modification

of apparatus embodying the present invention, the modification

being shown schematically and in&olving only the replacement
of the fixed guide roller 132 which holds the circumferential

follower -assembly in tracking position on the circumferential
- N

et e e o e = ¢ o £ 2 o

cam and the’substitution of different circumferential and axial

-P
cans fbrmﬂbe ones depicted in Figs. 1 to 4 of the drawings.

-
-k
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More particularly, instcad of having the. gircumy
ferential follcwer assembly 108 and the follower bar 70 o
;emain axiallj stationary throughout the profiling operation,
a mechanism 200 for moving the follower bar is substituted
for the fixed guide 132. The mechaniém comprises a spring-—
loaded plunger 202‘which engages the follower head 14 (or it
can engage the base 22 of the profiling tool) and has a rack
gear 204 l&cated adjaéent ohe end. The rack gear drives a.
largerApinion gear 206 which, in turn, drives a smaller
pinion gear 208, the two pinion gears constituting a reducer gearu

‘ train.’.A second spriﬁg~loaded plungér 210 having a rack gear
212 meshing with the smaller pinion gear 208 carries a guide
roller 214 whiéh engages the circumferential follower assembly
lo8.

The device 200 shown in Fig. 5 is used in
conjunction with a circgmferential cam 216 which has two or
more circumferential cam surfaces in different adjacent bands,
each such surface being shapéd to match a selected circum=
ferential profile to be formed in a selected axial part of
tﬁe piston. The cam 216 may, alternatively, have a surface
formed with a profile that varies alohg its axial extent, thus
to vary continuously the cirqumferential profile along the
axial extent of the piston. The operaticn of thé modified
structure of Fig. S.is very.simiiar to that of the embodiment
shown in figs. 1l to 4, the only différenCe beiﬁgﬁﬁhat the

"iEéniéz'élgzmoves to the left in a pioportion established by
the gear ratio ih the méchanism 200 in response to the move-

ment of the chasing head in the course of the profiling operaz:om.

<
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bDuring the first part of *:e operating cvcle the circum-

pod

ferential profile of thérriaht part cf the cam 216 (as
.viewaed in Fig. 3) is formed on the head end of the piston,
and for the remainder-of the cycle, the circumferential
profile of the left porticn of the circumferential cam 216 -
is formed on the piston. The ftransition between the two
profiles can occur at a ring groove. ' . '
it will be appareﬂt to those skilled in the aft
that numerous wvariations and modificétions of the compound
profiling tcol shown in the drawings can be made without . i ,;-
departing from the spirit and scope of the invention. One %

such modification involving relocation of the axial cam and

© cam follower so that they are located between the circum~—

:_ferential cam follower and the follower bar has been described

in the section entitled "Summary of the Invention® hereof.
Another modification is the elimination of the spring

mechanism 118 which holds the circumferential follower assembly .

© 108 and the follcwer bar assembly 70 in the desired positicn

in tracking relation to the circumferential cam 112 or the

modified assembly shown in Fig. 5 arid the substitution therefor .
of a vertical guide assémbly associated with the circumferentia%
follower. " For example, such an‘assembly may involve a pair : é
of guide rollers substituted for the rollers 132 or 214, one ,
such guide ;Qller being.located on either side of the follcwer I
assembi&*igg:to hold it in the desired fixed or movable positio4
axi&lly;iﬁif. fespect to the follower bar 70) while permitting.j

it to tragk the cam radially relative to the axis of rotation

P

of the piston.
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CLAIMS

1. Apparatus for simultaneously forming a

selected circumferential prefile and a selected axial

profile on a workpiece mountaed for rotation about a
fixed axis comprising a carrier mounted for movement
toward and éway from the workpiece and cafrying a
cutting element for engagemént with the workpiece;
neans for yieldably pushihg the carrier toward the
workpiece to engage thg cutting element therewith for
work thereon; means for moving the éarrier along an axis
parallel to the axis of rotation of the wecrkpiece;

aﬁ elongated cam follower bar mounted on the c;rrier for
movement rélatiVe thereto sclely along an axis parallel %
to and spaced from the axis of rotation of the workpiece;
a circﬁﬁfe:ential cam mountad for rotation conjointly

with the workpiece.about the axis of rotaticn of the

workpiece and having a circumferential cam surface

matching the circumferential profile to be formed on the

workpiece; an axial cam mounted on the follower bar and

having an axial cam surface matching the axial profile to :
' . - . !
be formed on the workpiece; a circumferential cam follower

engaging the circumferential cam surface and interposed
between the circumferential cam and the follower bar and

therefore the carrier tracks the circumferential cam '

50 L !

thereby to move the cutting element toward and away from
- - F .- B

T

the axis of rotation of the workpiece and form the
selected circumferential prcfile thereon; means for

controlling any movement of the follcower bar along its
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ax s relative to the circumferential cam; and an axial
©- s Followsy sngaging the axial cam surface and interposed,

i garies with the circumferential cam follower between
-2 axial cam and the cutting element such that the
viatting element tracks the axial cam and the axial profile
L% sﬁperimposed on the circumferential profile in the
movement of the cutting tool parallel to the workpiece
thereby to form the axial profile on the workpiéce
zirvltanecusly with the circumferential profile.

y
!

el 2. Apparatus according to claim 1 wherein
the carrier includes a hol@er that is mounted thereon'férf
wovemant relative thereto solely in a direction towaré
and away from the workpiece, the cutting element being

~nuntad ca the holder, wherein ‘the holder carries the

[N

U

axial cam follower, and wherein the means pushing the
—~zrrier toward the workpiece engages the holder which

in turn pushes the fellower bhar and the carrier toward

-

Ve yovkpiece.

-

3. A tool for use in a machine which has means
20 137 tokating a workpiece about an-axis and a carriage for .
wing & ool along a path pafallel to that axis,‘the .

Lol being adapted to cut simultaneously in a workpilece:

flaced in the machine at least cre selected circumferential

profile and at least one selacted longitudinal p#ofile and

comprising a carrier for a rcutting element having a base

[A8)
wn

part adapted to be affixed to the tool moving means of
= marhine and a movable part mounted on the base part
corament toward and away from the sorkpiece along

] BAD ORIGINAL
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. bar mounted in a guideway on the movable part of the carrier

21 0000213

an axis lying in a plane substantially perpsndicular to-, .
the axis of rotation of the workpiece; a circumferential cam:
having a circumferential cam surféce shaped to match the
selected circumferential vrofile to be formed on the
rkpiece and being adapted to be connected to said means
for rotating the workpiece for rotation conjointiy with

>

the workpiece about the axis of rotation thereof; a followexr

along a longitudinal axis relative to the carrier parallel
to and spaced from the axis of rotation of the workpiece
and having a cam follower thereon positioned to engage the
circumferential cam surface; means for controlling any
novement of the follower bar along said longitudinal axis

relative to the circumferential cam whlle permitting the

follower bar to move transvelaeLV of said axis and

rection cf movement of the movable pert

e

parallel to the &

of the carrier and thereby track the 01rcumferept*al cam;

a longitudinal cam having a cam surface matcnlng “he

\

l—-l

selected longitudinal profile to bhe formed on the

workpiece and mounted on the follower bar with the can
surface oriented relative to the axis of the workpiece
’ i

to match the selected longitudinal profile to be forma1 i
|

thereon; a holder mounted in a guideway on the movable

part of the carrier for movement along an axis lving in

a plane pervendicular to the axis of rotation of the
worxpiece and adapted to recs2ive a cutting elemen* and
having a cam f£follower thereon positioned to encaaae the

longitudinal cam surface; and means engaging <he holdex g'
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means for controlling the axial movement of the follower

0000213

22
ﬁo;fyieldably pushing the holder toward the :workpitece:-and
for thereby maintaining the cam follower~thereoﬁfimftrackihg,
engagément with the longitudinal cam and the cam follower
on the follower bar in tracking engagement with the
circumferential cam.

4. A tool according to claim 3 wherein the
bar inciudes a guide located in a fixed position relative
to the circumierential cam and spring means acéing
between the base part of the carrier and the £follower %
bar for yieldably pushing the follower bar into engagement
with the gquide while thercarrier moves with the machine'

carriage and relative to the follower bar.

5. A tool according to claim 3 wherein the
profile of the circumferential cam is different in
different circumférential bands thereof, thus to provide
different circumfarential profiles on the workpieée in
different longitudinal parts thereof inrcorrespondence

to the circumferential cam profiles, and wherein the

means for controlling movement of the follower bar
includes a guide mounted for movement parallel to the
axis of t erfollower bar relative to the circumferential
éam, means responsive to movement of the machine carriage
for moving the guide along said parallel axis thus t;
change the track of the circumferential follawer on the

circumferential cam surZace from one such band to another,

and spring means acting between the base part of ths
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CLAIMS
1. Apparatus for simultaneously forming a

selected circumferential profile and a selected axial proflle
¢ a workpiece mounted for rotation about a fixed axis
cosprising a carrier mounted for movement toward and away

rrem the workpiece and carrying a cutting element for ;
zngagement with the workpiece ; means for yieldably pushing
the carrier toward the workpiece to engage the cutting element
wierszwith for work thereon ; means for moving the carrier
along an axls parallel to the axis of rotation of the

w:rkpiece 3 an elongated cam follower bar mounted on the

Q-.J'

arv

iar for movement relative thereto solely along an axis .

sarzllel to and spaced from the axis of rotation of the ,
vorkpiece 3 a circumferential cam mounted for rotation
onjointly with the workpiece about the axis of rotation of

L

wra workpiecé and having a circumferential cam surface
sixichiing the circumferential profile to be formed on the

«~ovkpiece ;3 an axial cam mounted on the follower bar and

3 o o
L
AR

an axlal cam surface matching the axial profile to be

i

i-‘

tormea on the workpiece ; a circumferential cam follower
ergaaing the circumferential cam surface and interposed
zitwzen the circumferential cam and the follower bar ; means

coo controlling any movement of the follower bar along its:

~13 relative to the circumferential cam 3 and an axial cam

- a

folleower engaging the axial ca surfacs and interposed in

seriss with the circumferential cam foilower between the
axial cam and the cutting eiement ‘sucin that the cutting
+yement tracks the axial cam and the axial profile is
sacacimnosaed on the circumfer»nvwizal nrufile in the mover ik
ot sz cubting tool parxliel fo the wmrkwiece thereby to
‘avm the axial profile on tha werupiace simuitaneously with
< circumferential profile. ' A

2. Apparatus according to claim 1 and wherein
“he carrier includes a holder tn~t is mounted thereon for
avement relative thereis zelalv in a direction toward and
awavy from said workpiecz, =aid surting alament being mounted
>n saila holder, said holdz= carrying siid axial cam follew-

_na said means pushing the carrier toward said workpiece

BAD ORIGINAL
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holdms S0 o l-raiawry pusolng Lhe nolder toward the workpiece

A
F

!

and fo0 thersby, aa. .ta«ning the cam follower thereon in

b
S S . 2 i th the longitudinal cam and the cam
. e m o Faltower bavr in tiescking engagement with the

Ly, A fool sccording to claim 3 wherein the m&?ns
fc. smoroiiing the axial movement of the follower ‘bar includes
sowne joceted in a fixed position relative to the

ci~~ ~“.vrmntini cam and sprir; seans acting hetween the base

par. << % w-arler and the "olliower bar for yieldably

puiting the follower bar into engagsment with the guide while

tra ~arrler moves with the machine carriags and relative to -
i

%, A tool according to «laim 3 wherein the

circumferentila cam iz glffsrent in dlfferent

.
3
.
\
)
B
a
.
{2a

bands therec?, thus tn ~r~wids o ifferent

2
c* - arfurentisi profiles on the workp:isce La di.ferent

R -

1 - . L% _arts thereof It uUarrasporizace te the circumferential

o . w .o ad wherein thz weans for ceontrolling movement

0of thea F-~j.awe- bar includes a guide mounted for movement

Pufi-.s. <= e axis of the fellower bar relative to the
moyesaent of the madine

C Tilei Sow waving the guide along zsid parallel axis thus

«\-‘
0
L% 5
k
ot )
i
”
il
W

C. oo lLianrtizxl.cam, means =

te ciance the track of the cairtouwmrerencial fo:riower on the

¢ uswdierwnilal cam surfacs fooo ons gusic Land to another,

< WU a:.c 2cting bs oo L wass a0 ol the carriezr
= ~a Feylsues bar Ffapr yvialisih v vushosgy thae follower bar
< - T -

exasr With the curde wnils tas £20rvier moves witn

fte
i,
et

(Th]
I

rn
5

vLioo:r bar.

ot
5t
4

i cuirlage and ool oL 0 o

¢. A tool aceos=dlns fto olals 0 . 7 cein the mov e

gt g tha rma-rier is aounied on Lne s DAyt by needle
. .v w5 .a: it moves smoothivy ol roznizely in responsa
+ o aocdsterential cam follower.
7. A tool according to ~laim 3 wherein the
@& . -00 puasing the holder tsoward the workpiece 1s a spring

-

)

{u
by

’

c:: lisposad closely adiacent 4o T .aZving substantially
ter on the holder

he holder due to

LLes 3 Toe axis of meverent of tne

€]
{,

f

o
rfr.

+ o e =irimise a tendancy for cocking

" BAD ORIGINAL
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engaging szaid nolder o 2ush zazid follower har and zaid "
carrizr toward saeld workpisce

3, A tcol for use in a machine which has means
for rotating a workpiece about an axis and a cerriage for
moving a tecol along a path parallel %to thai axiz. the *ccl
being adapted to cut simultaneously in a workpiece placed
in the machine at least one selected circumferential profile
and at least one selected longitudinal profile and comprisin
a carrier for a cutting element having a bases part ada
be affixed to the tocl moving means of the machinz and a
movable part mounted on the base part for movement toward
and away from the workpiece along an axis lving in a plane
substantially perpendicular to the axis ofrotaticon ¢f the
workpilece ; a circumferential cam havinq a circumferential
cam surface shaped to match the selQCfed circumferential
profile to be formed on the workpiece and being adap*ed to be

connected to sald means for rotating the workpiece for rotation

N

conjointly with the workpiece about the axis of rotatlion thereof

a follower bar mounted in a guideway on the movable part of
the carrier along a longitudinal axis relative %to the carrier
parallel to and spaced from the axis of rotaticn of the
workpiece and having a cam follower thereon positioned to
engage the circumferential cam surface ; means for ccntrolling
any movement of the follower bar along said longitud
relative to the circumferential cam while permitting
follower bar to move transversely of said axis and p
to the direction of movement of the movable part of th
carrier and thereby track the circumferential cam j; a
longitudinal cam having a cam surface matching the selected
longitudinal vrofile %o* be formed on the workpiece and
mounted on the follower par with the cam surface orisniad
v

the workpilece to match the selecied

WD
i
@]
1
s}
()]
{u
T ?{
t
o}
0D Fh
(t

e formed thereon 3 a holder mount

e
“h2 movadnia part of the carrisr F2r movement
s

rotation 27 tha workpiece and adapted to receiva a cutting
cam follower thereon positioned to

a
itudinal cam surface ; and means engaging the
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