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The present invention relates to a method for making 
metal rings, suitable for use, for example, as locking ele 
ments in a free rotating valve assembly. 
The valve assemblies of internal combustion engines 

often are of the free rotating type wherein an annular 
locking ring, which may be formed in a plurality of seg 
ments according to the invention, is used to embrace an 
annular shoulder on the valve stern and means are pro 
vided to release the valve stem for rotary movement. 

Because of the small area of contact and the fact 
that the valve shoulder and the locking ring are sub 
jected to repeated impact, failures are apt to occur be 
cause of shear stress in said ring with the result that 
the valve damages the engine considerably. The lock 
ing ring is, therefore, of exceptional importance and 
requires close design tolerances and high strength steels. 
Only the highest quality rings are acceptable and even 
then failures will occur because of the repeated impacts 
on the ring. 
The provision of means for moving the valve lock 

Washer into and out of engagement with the valve stern 
shoulder requires lock washer segments much stronger 
than those previously used on non-rotating valves as 
shown for example in U.S. Patent No. 1,823,009 or U.S. 
Patent No. 1,973,227. 

It is an object of the invention to provide a method 
for the fabrication of inexpensive durable locking rings 
that are subjected to repeated impacts and, for example, 
are reciprocated on the valve stems of an internal com 
bustion engine. 
A further object of the invention is to provide a method 

for fabricating a locking ring for a valve assembly which 
will withstand excessive wear, permit rotation of the 
valve and provide a greatly improved factor of safety. 
A further object of the present invention is to provide 

a lower cost method of making segments of a valve lock 
washer or lock ring to very accurate dimension and hav 
ing the metal thereof densitied and molecularly arranged 
to provide an improved factor of safety over valve lock 
rings heretofore made. 

Other objects will be apparent from the following de 
scription of the invention as illustrated by the accom 
panying drawing, in which: 
FIGURE l isa perspective view of segments of a 

valve lock washer or lock ring prepared in accordance 
with the present invention; 

FIG. 2 is a fragmentary view partly in section of a 
Valve assembly 12 in an internal combustion engine A 
showing the valve spring, the valve lock washer, spring 
retainer ring, and the valve cap together with portion of 
the engine cylinder head in section; 
FIG. 3 is an enlarged view of the portion of a valve 

lock washer and valve stem showing the bearing area 
(enlarged between the shoulder of the valve stem and 
the upper surface of said lock washer; 
FIG. 4 is a plan view of a valve lock washer made ac 

cording to the present invention with outer surface por 
tions removed to schematically illustrate the linear mo 
lecular structure of the lock washer formed in accordance 
with the process herein; 

FIG. 5 is a perspective view of a portion of a strip 
of metal wire stock prepared by rolling round wire to 
keystone shape and skiving it; 

FIG. 6 is a plan view of spiral washer segment pre 
pared from the strip of FIG. 5 and used as an interme 
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2 
diate in the preparation of valve lock washers according 
to the present invention; 

FIG. 7 is an elevational view of the Washer of FIG. 6; 
FIG. 8 is an enlarged View partly in section of a por 

tion of a modified form of valve lock washer and valve 
stem showing the bearing area (enlarged) between the 
washer and the valve stem; 

FIG. 9 is a perspective View of a portion of a modified 
form of bar made by rolling round wire to generally key 
stone shape and skiving it; 

FIG. 10 is an elevational view of a modified form of 
spiral washer segment; 

FIG. 11 is a fragmentary sectional view through a 
portion of suitable apparatus used for coining the inter 
mediate spiral washer segment of FIGS. 6 and 7, or of 
FIG. l0 to cause the required change in molecular struc 
ture and dimensions thereof to insure extremely dense 
material of proper size and shape; 

FIG. l2 is a fragmentary sectional View through a 
portion of apparatus suitable for broaching or finishing 
the end portions of the segmental washer coined in the 
apparatus of FIG. 1l; 

FIG. 13 is a fragmentary elevational view with parts 
broken away of the apparatus of FIG. 12 showing the 
washer therein; 

FIG. 14 is a view similar to the View of FIG. 12 of the 
portion shown in FIG. l2 illustrating the release of _the 
lock washer of the present invention after the broaching 
or end finishing step; i ` 

FIG. l5 is an enlarged photograph of an etched seg 
ment of a lock washer fabricated according ̀ to the pres 
ent invention showing the linear and generally horizontal 
grain structure and the dense characteristics of the metal; 

FIG. 16 is a similar photograph of a segment of a 
washer etched for the same length of time as was the 
product of FIG. l5 but which was prepared in accordance 
with the prior method of cutting the washer from rod 
stock by means of an automatic screw machine, and 
showing the etched lines to indicate a grain structure 
parallel to the axis of the washer, rather than perpendicu 
lar thereto as in the washer of FIG. l5; 

FIG. 17 is a photomicrograph of a section through a 
washer prepared by the automatic screw machine process 
used prior to the present invention; 

FIG. 18 is a photomicrograph with the same magni 
lication of a section through a washer prepared in ac 
cordance with the process of the present invention; 
FIGURE 19 is a vertical sectional view through a 

portion of an apparatus suitable for forming the circular 
intermediate segments which may be used in accordance 
with the present invention, said view being taken on 
the line 19-19 of FIG. 20 and also showing a portion 
of the bar _bent to form portions of an annulus which 
may be separated to form circular segments suitable for 
the compression and densiíication step; 
FIG. 2O is a sectional view on the line Ztl-20 of 

FIG. 19; 
FIG. 2l is a plan view of an undensified intermediate 

circular segment; 
FIG. 22 is an elevational view of the segment shown 

in FIG. 2l; and t 
FIG. 23 is a side elevational view on a reduced scale 

with parts broken away to show a valve assembly~ incor 
porating a locking washer made according to the present 
invention as employed in a six cylinder, L-head, pas 
senger car engine. 
As will be seen, referring to FIGURE 2 of the draw 

ings, the valve 1 of each valve assembly 12 has a stem 
portion 2 slidably journaled in the bore 3 of the cylinder 
head 4 of an overhead-valve internal combustion engine 
A. The circular head 14 of the valve l has a frusto 
conical surface 19 for engaging the frusto-conical valve 
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seat 18 of the head 4 to cut off the ñow of gases. A 
reduced portion 5 of smaller diameter is disposed between 
upper portion 6 and lower valve stem portion of normal 
diameter. The upper portion 6 terminates in an annular 
shoulder 7 against which the valve lock washer formed 
of the segments of the present invention is adapted to 
bear. The inner opening in the split washer 8 of the 
composite segments 8a or gb is adapted to snugly receive 
the reduced portion 5 of the valve stem. Difference in 
dimension between the reduced portion >S, and upper 
head portion 6 determines the possible bearing area 
against which the lock Washer 8 of the present invention 
is adapted to bear. A spring retainer ring 9 having a 
conical surface 10 of sulì‘icient maximum dimension to 
retain the spring 11 centrally about the valve stern 2 has 
a central opening 13 of sufficient size to pass over the 
head portion 6 of the valve stem 2. The retainer ring 9 
has adjacent the internal edge of the opening 13 a cylin 
drical surface 15 adapted to loosely receive the two seg 
ments 8a of the lock washer 8. The internal diameter 
of the surface 15 is insufhcient to permit the segments 8a 
or 8b (depending on which of the two modified forms 
of segment is used) from separating sufficiently to permit 
the head of the valve to pass through the central opening 
in the composite washer formed of the segments 8a or 8b. 
At one edge of the cylindrical surface 15 is a flange 16 
against which the lower portion of the valve lock Washer 
8 is adapted to bear. The outer conical surface 10 of 
the retainer ring 9 has adjacent its upper edge a flange por 
tion 17 which is adapted to receive the thrust from the 
spring 11 tending to maintain the valve in the closed posi 
tion shown. 
The general shape of the sections cut by an axial 

plane thru the lock washer retaining ring 9 are Z shaped 
as shown. A cap 20 is adapted to fit loosely over the 
end portion 6 of the valve stem to receive the thrust 
from the downward movement of the valve lifter or tap 
pet 21. The cap 20 has edge or marginal portions 22 
which bear against the upper surface of the washer 8. 
The axial length of the edge portions 22 is sufficient so 
that a clearance 23 is provided between the upper edge 
end of the valve and the inside of the cap 20 so that when 
the valve lifter 21 is depressed, the upper surface 25 of 
the valve lock Washer is first separated from the shoulder 
7 and stress between the valve and the washer 8 is elim 
inated so that the valve is free to turn. 

In the operation of an internal combustion engine, 
particularly engines of trucks and the like, there has, as 
aforesaid, been a number of failures which have occurred 
because of the shearing or wearing of the portions 8a or 
8b of the composite washer 8. The shear stress is im 
pressed between the flange 16 of the retainer ring on the 
one side and the shoulder ’7 of the valve on the other side 
and is intermittent and severe when area of contact is 
considered. The amount of compression surface 26 be 
tween the shoulder '7 and the upper surface 25 of the 
lock washer is small, being limited because of design 
considerations. If attempts are made to increase the 
amount of shoulder area by reducing the size of the re 
duced portion 5 of the valve, difficulty is likely to occur 
because of weakness in the valve stem. When the fillet 
27 between the reduced portion 5 and shoulder 7 of the 
valve stem is eliminated, an exceptionally dangerous con 
centration of stress in the valve stem at the juncture oc 
curs. While elimination of such ñllet 27 would permit 
the elimination of the relieved portion such as the cham 
fered portion 28 or the skived portion 28h of the lock 
washer segments 3a and 8b, respectively, and substantially 
increase the bearing surface against the valve shoulder, 
the concentration of stress in the valve stem renders such 
a solution impractical. In order, therefore, to provide 
even the minimum factor of safety in the above com 
bination it has been the practice to make the lock washer 
segments of expensive chromium alloy steel such, for 
example, as SAE 52,100 which have inherently good char 
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acteristics but which are difficult to shape and which ren 
der the manufacture of such valve lock washer segments 
extremely expensive. Prior to the present invention such 
lock washer segments were produced by the automatic 
screw machine from rods or tubes of suitable size which 
requires waste of much expensive alloy steel. 

l have found in accordance with the present invention 
that valve lock washer segments having a greatly improved 
factor of safety and greatly improved structural character 
istics may be prepared from the very ordinary grades of 
inexpensive carbon steel such, for example, as SAE 1060 
steel, providing the steel is worked so as to align its grain 
structure and todensify it properly in the segments. 
The term “carbon steel” wherever used in the specili 

cation or claims means a steel consisting essentially of iron 
with a fraction of a percent of carbon, manganese, phos 
phorus and/ or sulphur and being substantially free of (i.e., 
less than 0.20%) nichel, chromium, molybdenum or 
other expensive metals which would have a substantial 
effect on the properties of the steel. The method of the 
present invention is usually practiced with inexpensive 
carbon steels containing about 0.4 to- 1% carbon, 0 to 1% 
manganese, 0 to 0.05% phosphorous and 0 to 0.06% sul 
phur. Such carbon steels may be cold worked according 
to the present invention to provide very high quality valve 
lock washer segments. 

In accordance with the present invention a wire is first 
formed preferably by rolling a round wire of suitable 
steel so that it forms a bar 3S or 3511 (FIGS. 5 and 9 re 
spectively) having a section of a generally keystone shape 
or so that it has upper and lower relatively iiat surfaces 
30 and 31, respectively, which are substantially parallel. 
Side edge surface portions 32 and 33, respectively, which 

' are fiat surfaces, are preferably somewhat convergent so 
35 

40 

that surface 31 or the distance between the lines of inter 
section of the plane of the surface 31 with the planes of 
the side edge portions 32 and 33 is wider than surface 30. 
While the surfaces 30, 31 32 and 33 and the correspond 
ing surfaces 30h, 31h, B2b and 3311 form a keystone shaped 
bar, the corner portions at the intersection of the planes 
of the surface 30 (or 30h) with the convergent surfaces 
32 (or B2b) and 33 (or 33h) are suitably relieved as by 

i rolling or skiving a chamfer or preferably a hyperbolic 
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groove to provide the surface portions 34 and 34b, re 
spectively disposed at the side edges of the respective nar 
rower inner or upper surface 30 (or 30h) and joining the 
upper surface with the sides. The bars 35 and 35b are 
symmetrical about the median vertical longitudinal plane, 
perpendicular to the surfaces 30 and 31 (and the respec 
tive corresponding surfaces 30h and 31h. , 
The second step in forming the segments 8a or 8b is to 

form the respective spiral segment 35a or 35C from the 
respective bar 35 or 35b by causing the respective bar to 
be bent in a helical form with the axis of the helix per 
pendicular to the aforementioned median plane of sym 
metry of the bar 35 (or 35h) and so that the narrower 
of the parallell Vsurfaces 3@ (or 30b) of the wire and the 
relieved edges 34 (or 34h) are disposed at the inner sur 
face of the helix to form the surfaces 34a (or 34e). Seg 
ments which are preferably just slightly more than 180° 
are severed from the remainder of the helix thus formed. 
lf more than two segments are desired in the composite 
washer the spiral segments should preferably together form 
an only slightly more than one helical turn. One form of 
apparatus suitable for forming the intermediate spiral seg 
ments of FlGURE 6 from the bar of FIGURE 5 is de 
scribed in the Williams et al. Patent No. 2,308,579. The 
segments separated in accordance with the preferred 
process of the present process have as aforesaid slightly 
more than one-half helical turn. in the alternative, a 
helix may be formed as described in the Garrett Patent 
No. 1,989,750 by winding the wire or bar 35 or FIGURE 
5 about a suitable mandrel and then severing segments of 
the desired size from the 'helix thus formed. F[he forma 
tion of the bar 35 (or SSb), as above described, into heli 
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cal form causes thickening of the portion within the neu 
tral axis thereof so that the distance between the edges 
33a (33e in FIG. 10) and 32a (32C in FiG. 10) is adja 
cent the chamfered or relieved corner portions 34 (34C 
in FIG. 9) is greater than the corresponding distance in 
the respective wires 35 and 3517. The degree of conver~ 
gence of the sides of the bars 35 and 3Sb is preferably 
just about sufficient to cause after thickening by winding 
the Side edges 33a (or 331)) and 32a (or 32b) to become 
parallel to each other. The chamfered surfaces 34a run 
at an angle relative to the inner surface 39a and to the 
side edges 32a and 33a and separate side edge surfaces 
from the surfaces 30a. ln accordance with the preferred 
modification of FIG. 10 the hyperbolic grooves 34e have 
side edges which run perpendicular to the adjacent flat 
surfaces. 

In accordance .with the next step of my process of 
forming the valve locking segments, the spiral segments 
35a or 35C as desired of FIGURE 6 are disposed in a suit 
able cavity of a die 39 having outer side walls 4t) which 
are generally cylindrical and of the size corresponding to 
the outer diameter of the lock washer segment desired. 
An inner cylindrical side wall 41 which may be a suit 

able locating pin of a diameter corresponding to the di 
ameter of the reduced portion 5 of the valve stem and to 
the inner diameter of the central opening in the composite 
lock washer S made up of the segments Sa or 3b may be 
carried by the punch 43 having a lower flat surface 44 
adapted to contact the desired spiral segment in the die 
cavity. The punch and die cavity are dimensioned to'have 
a sliding lit. The lower surface of the die cavity may be 
formed by the upper surface 4S of the stationary annular 
die block 46. 
The spiral segment 35a (or 35C) is compressed between 

the flat surfaces 44 and 45 to form the intermediate coined 
segment 35d of reduced axial thickness compared to the 
thickness of 35a or 35C. The reduction is made without 
restraining flow of metal at the chamfered or relieved 
portions 34a (or 34C) by any contacting rigid surface of 
the die. 
The amount of flow of metal, i.e., the reduction in 

thickness of the spiral segments 35a and 35e had in the 
forming of the flattened or coined segment 35d (raw ends) 
or 8a and 8b (with machined or ground ends) is extremely 
important. The amount of reduction is important both 
for structure and for stability. When the reduction is in 
sufficient the segment does not remain flat and the cross 
linking or densifying of the metal is insufficient for wear 
and safety. Generally a reduction of about 10% in thick 
ness is desirable although a reduction as high as 20 or 
even 30% is permissible. Reductions smaller than 3% 
do not provide sufhcient density or stability. A reduc 
tion of at least 5% is preferred. 
The punch 43 together with the pin 47 may be removed 

from the cavity of the die 39 leaving the lock washer seg 
ment Sb disposed therein. The cylindrical portion of the 
die can thereupon be removed by suitable piston operated 
lifting means over the opening having cylindrical walls 50 
which are of larger diameter than the diameter of the 
composite lock washer where it is removed by downward 
movement of the ejecting punch 51. 
The end portions 52 (FIG. 6) of the spiral washer 

and of the flat densiñed segment 8b may be suitably 
machined to the desired flattened state by disposing the 
segments 35a' in a suitable cavity of a broaching machine 
adapted to broach the ends to a flattened state. The 
segments 35d as shown in FiG. 9 may be disposed on 
the slide 55 (preferably piston operated) having a suit~ 
able curved end portion 56 of substantially the same 
diameter as the diameter of the segment. The slide is 
adapted to move in the direction of the arrow 57 to force 
the washer into the cavity 5S of the holder 59 which 
is adapted to move in a downward direction. The semi 
circular cavity 5S of the holder 59 has an upper flat sur 
face 60 and a lower ñat surface 61 which is carried by 
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6 
the movable jaw 62 that is pivot'ably carried by cylindrical 
bearing portions 63 carried by the lugs 64 depending 
from the holder 59. When the holder 59 is in the upper 
position suitable for receiving the coined segment 8b, 
the end portion 65 of the jaw 62 bears against the guide 
66 so that the cavity 5S securely contines the segment 
Sb with ends protruding therefrom for contact with 
broach teeth 70. Upon downward movement of the hold 
er 59 the ends of the segments 35d are machined by the 
broach teeth 70 to cause the segments Sb to have the 
finished and flat surface 71 of the finished segments 8a. 
At the bottom of the stroke of the holder 59, the side 

Wall has an enlarged portion 72. This permits pivoting 
of the jaw 62 about the portions 63 to release the seg 
ments 8a thus formed from the cavity. 
The segments 8a may be used with or without heat 

treatment. It is found that a solution heat treatment 
and quench or other heat treatment for the steel such 
as that recommended by SAE for the steel involved im 
proves characteristics thereof without destroying the dense 
linear grain structure produced by the coining or densify 
ing and drawing operations. 
A case hardening of the surface of the segments may 

also be had by inserting the segments 8a in a suitable 
case hardening bath or powdered mixtures such as of 
potassium cyanide during the heat treatment process. 
The upper and lower flat surface of the washer may 
be ground to exact dimension if desired. 

It is exceptionally important in accordance with the 
present invention that the relieved portions such as the 
respective chamfer or hyperbolic groove at the edges of 
the inner cylindrical surface of the spiral washers 35a 
and 35C be free of coining pressure during the coining 
or densifying operation so that both proper metal ñow 
may be had and life of the -densifying die enhanced. 
The washer formed in accordance with the present in 

vention has, as shown by the horizontal etched lines of 
the photograph (FIG. 15) grain boundaries which run 
in arcuate lines 7S which are substantially elements of 
thek segment; whereas, segments of FIG. 16 made by the 
screw machine process of the prior art show vertical 
etched lines 76 indicating grain boundaries to be in the 
direction parallel to the axis of the cylindrical surfaces 
of the segments. The grain direction, therefore, in the 
segments of the present invention are as shown by FIG. 
15 perpendicular to shear in the segment; whereas, the 
products prepared by the screw machine process are as 
shown by FIG. 16 in a direction parallel to the shear 
stress applied during use as illustrated by FIG. 2. The 
improved density of my segments is shown by comparison 
of FIGS. 17 and 18. It is seen from FIG. 18 that the 
metal ñow in my process produced an article of fine 
dense compact structure; whereas, the article of FIG. 17 
produced by the screw machine process has considerably 
less densification. The difference in grain alignment and 
the difference in density provides a much higher factor 
of safety in the articles of the present invention. While 
the wire drawing and flattening process causes the grain 
boundaries to lie in the general direction of the axis of 
the wire, the flow in the densifying step of FIG. ll re 
ducing thickness causes a cross-linking or shifting of the 
grain direction slightly but apparently sufhcient to change 
the tear resistance of the material. 

While it is generally preferred that the intermediate 
undensified segments be segments of a spiral as shown in 
FIGS. 7 and l0, a spiral form is unnecessary. FIGS. 19 
to 22 show the formation of the intermediate washer 
segments by winding the bar such as bar ÈvSb about an 
axis displaced from the upper flat surface to form a cir» 
cular segment. 

Referring particularly to FIGS. l922 inclusive, the 
bar 35b, having an upper face 30h and the lower face 
31b substantially parallel and having a generally rec 
tangular or preferably slightly keystone section as above 
explained except for the relieved portions or grooves 3413, 
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is forced through the guide ¿zone defined by the lower 
wall 30 and the upper wall Si and sidewalls S2 and 83 
respectively in the direction of the arrow Sd against the 
face 85 of the rigid die block S6. The die block 36 is 
rigidly carried by the base member 87 which also carries 
the top 8S so that the side member 89, the upper surface 
90, and the base surface 91 of the dieblock 86 coact with 
the lower surface 92 and the surface 93 of the top mem 
ber 88 and side member S9 respectively to form a guide 
wall to guide piston 95 which is reciprocally carried 
therein and adapted to be reciprocated in accordance with 
the arrows 96. 
The piston member has a cavity defined by the arcu 

ately shaped surface 97, the curvate of which corresponds 
to the curvate of surface 8S of the die block 86. The 
piston 95 also carries a cutoff tool 9S. The lower sta 
tionary cutoif tool 99 is rigidly carried by the base mem 
ber 87. 

In the formation of the intermediate circular segments 
the piston 9S lirst occupies the position shown by the solid 
lines in FIGS. 19 and 2() so that the cavity defined by 
wall 97 coincides with the guiding surfaces S2 and S3. 
The bar 35h is, while the piston 9S is thus positioned, 
pushed in the direction of the arrow 8d until the end IGS 
thereof substantially contacts the surface 9i) of the guide 
block S6. . 
The piston 95 is thereupon moved to the position 

shown by the dotted lines of FIG. 19, whereupon the 
circular segment 35e is sheared from the rod 34h and is 
carried by the piston over the surface 102 where it is 
released to drop into a single container (not shown). 
The piston 95 is thereupon retracted to a position shown 
by the solid lines and the bar 34h is thereupon pushed 
through the passage against the surface 35 and the sur 
face 97 until the end 10d again approaches the surface 
9i), whereupon another reciprocation of the piston 95 
is had. 
The intermediate circular segment 35e has an upper 

substantially flat surface 33e, a lower substantially flat 
surface 32e, an inner cylindrical surface 30e having re 
lieved portions 34e along each side thereof and an outer 
cylindrical surface 31e which is concentric with the in 
ner cylindrical surface âiie and end portions 52e. The 
intermediate circular segment 35e is coined and densiiied 
by compressing the thickness thereof preferably 5 to 30% 
without restraining7 the relieved portion 34e to provide a 
densilied and interlocked grain structure for the densiiied 
piece. 
The grooves having surface 34e are preferably general 

ly hyperbolic in nature, intersecting both the surface 349e 
and 33e at right angles. 
A series of valve assemblies corresponding to the valve 

assembly 12 shown in FIG. 2 may be employed in an 
L-head engine instead of in the over-head valve engine 
A. Twelve of such valve asemblies l?. are employed in 
the ô-cylinder irl-line L-head water-cooled spark-ignition 
engine A’ shown in FIG. 23. In this engine the trans 
lational movement of the pistons is converted into ro 
tational movement of the crank shaft 1M. The pistons 
are mounted to reciprocate in vertical bores in the cylin 
der block Htl, said block being bolted to the cylinder 
head 111, The cylinder head is constructed to receive 
six spark plugs i12 and is shaped to provide 6 combus 
tion chambers M3. Two valves l are provided in each 
chamber to control the flow of gases into and out of the 
chamber as indicated in HG. 23. The stems 2 of the 
valves are mounted to slide vertically in the bores iilS 
of the guide portion 194 of the cylinder block. Each 
valve assembly 12 of FIG. 23 is the same as the valve 
assembly of FiG. 2 except that it is inverted. The cylin 
der block has a tappet guide ltlâ which locates the twelve 
tappets 21a coaxial with the twelve valves 1 and guides 
said tappets for vertical reciprocation. The cam shaft 
106 is provided with 6 non-circular cam lobes 167 for 
controlling the opening ̀ and closing of the exhaust valves 
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8 
and has six non-circular cam lobes 103 for controlling 
the opening and closing of the intake valves. 
During each reciprocation of a valve l the cap 26 

moves upwardly against the bottom head 6 to move the 
valve lock washer 8 out of engagement with the shoulder 
7 so as to free the valve for rotation. As a result the 
valve surface i9 rotates relative to the valve seat 18 to 
minimize wear and to maintain an effective gas seal for 
the maXimum period of time. 
A pulley H4 is mounted on the front end of the crank 

shaft 169 to receive a fan belt 115 which drives the fan 
116 and the water pump 121, Except for the valve as 
semblies 12 the engine A’ is of conventional construction 
and need not be described in any detail. It will be ap 
parent that this engine has an intake manifold 117, an 
exhaust manifold 11S, a water connection 119 enclosing 
the thermostat, and an oil pan 120 for receiving the lubri 
cating oil` The novel valve construction of the present 
invention greatly increases the useful life of an engine 
of the type shown in FIG. 23 and is particularly im 
portant in L-head engines because of the greater cost of 
replacing valves in this type of engine. 

it is to be understood that, in accordance with the 
provisions of the patent statutes, variations and modi 
fications of the specific devices herein shown and de 
scribed may be made without departing from the spirit of 
the invention. ` 

This application is a continuation-in-part> of applica 
tion Serial No. 385,385, ñled October 12, 1953, entitled 
“Valve Lock Washer,” now abandoned. 
What I claim is: 
1. A method of making segments a plurality of which 

form a substantially complete circle having an inner 
opening to receive a reduced portion of a valve stem of 
a poppet valve of an internal combustion engine and a 
flat surface to bear against a shoulder on said valve stem 
through which said valve is subjected to closure pressure 
of the valve spring, said process comprising rolling a 
Wire to form a bar having sections of generally keystone 
shape with two parallel surfaces and having linear re 
lieved portions along each side of the narrower of said 
two parallel surfaces which relieved portions have a sur 
face which intersects two flattened surfaces of said bar, 
bending said bar about an axis which is parallel to said 
two parallel flat surfaces but displaced from said narà 
rower of said parallel surfaces, to form a helix having the 
said narrower surface as an inner cylindrical surface, 
separating segments of less than one turn from said 
helix to form helical segments, and compressing said 
segments between flat parallel surfaces in a direction gen~ 
erally parallel to the inner-rand outer surfaces of said 
segments to reduce the thickness of said segments and 
to flatten them into circular shape, said relieved portions 
being unrestrained by Contact with rigid surfaces during 
the said compression. 

2. A method of forming segments a plurality of which 
laid end to end form a circular Washer with a central 
opening to receive a reduced portion of a valve stem; 
said method comprising rolling a round wire to form a 
bar having generally parallel upper and lower flat sur 
faces, substantially flat side surfaces and a groove along 
each side edge of said upper surface and one of said side 
surfaces of said bar at about right angles, bending said 
bar to form said upper surface thereof into a cylindrical 
surface and said lower surface thereof into a concentric 
cylindrical surface, separating portions of the thus bent 
bar to form curved sections of less than one complete 
turn, compressing side edges of said sections to reduce 
the thickness thereof between entirely flat paralllel sur 
faces, said surfaces of said grooves being free from con 
tact with a rigid surface during said compression. 

3. A method of forming segments a plurality of which 
laid end to end form a circular washer with a central 
opening to receive a reduced portion of a valve stem, 
said method comprising rolling a round wire to form 
a bar having generally parallel upper and lower flat sur~ 
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faces, substantially flat side surfaces and along each side 
edge of said upper surface a relieved portion having a 
surface that intersects with said upper surface and the 
ñat surface of one of the sides, bending said bar to form 
said upper surface thereof into a cylindrical surface and 
said lower surface thereof into a concentric cylindrical 
surface, separating portions of the thus bent bar to form 
curved sections of less than one complete turn, com 
pressing side edges of said sections to reduce the thick 
ness thereof between entirely ñat parallel surfaces, said 
surfaces of said relieved portions being free from con 
tact with a rigid surface during said compression. 

4. A method of forming segments a plurality of which 
laid end to end form a circular washer with a central 
opening to receive a reduced portion of a valve stem, 
said method comprising rolling a round wire to form a 
bar having generally parallel upper and lower flat sur 
faces, substantially flat side surfaces and a groove along 
each side edge of said upper surface, the surface of each 
of said grooves intersecting the upper surface and one 
of said side surfaces of said bar at about right angles, 
bending said bar to form said upper surface thereof into 
a cylindrical surface and said lower surface thereof into 
a concentric cylindrical surface, separating portions of the 
thus bent bar to form curved sections of less than one 
complete turn, compressing side edges of said sections 
to reduce the thickness thereof between entirely ñat paral 
lel surfaces, said surfaces of said grooves being free from 
contact with a rigid surface during said compression. 

5. A method of making carbon steel segments a plu 
rality of which form a substantially complete circle hav 
ing an inner opening to receive a reduced portion of a 
valve stem of a poppet valve of an internal combustion 
engine and a flat surface to bear against a shoulder on 
said valve stem through which said valve is subjected 
to closure pressure of the valve spring said method com 
prising the steps of working a carbon-steel wire to align 
its grain structure and to form an elongated bar with a 
grain extending longitudinally of the bar, said bar hav 
ing opposite longitudinal faces of different widths and 
having receding chamfered portions along both sides of 
the narrower of said opposite faces which chamfered 
portions have surfaces which intersect the narrower face, 
bending said bar and forming an arcuate segment of not 
substantially more than 180 degree circumferential ex 
tent to form said opposite faces into substantially concen 
tric cylindrical faces so that the grain follows the curva 
ture of the segment, the narrower of said faces forming 
the radially inner face of said segment between the cham 
fered portions of said segment, and coining and compress 
ing the segment axially to reduce its thickness 5 to 30% 
without vrestraining the chamfered portions of the segment 
to provide a densiñed and interlocked grain structure for 
the densified piece. 

6. A method of making carbon-steel segments, a plu 
rality of which may be arranged end to end to form a 
ring, said method comprising the steps of working a 
carbon-steel wire to align its grain structure and to form 
an elongated bar of generally rectangular cross section 
with a grain extending longitudinally of the bar, said bar 
being formed with opposite generally flat longitudinal 
faces of different widths and chamfered portions along 
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both sides of the narrower of said opposite faces, each 
of said chamfered portions having a surface which inter 
sects the narrower face and recedes away from such inter 
section, bending said bar and forming an arcuate segment 
of not substantially more than 180 degrees circumferen 
tial extent to form said opposite faces into concentric 
cylindrical faces so that the grain follows the curvature 
of the segment, the bar being bent so that the narrower 
of said faces forms the radially inner face of said segment 
between the chamfered portions of said segment, the 
axis of said cylindrical faces being spaced from said radi 
ally inner face but closer to the latter face than to the 
radially outer face, and coining and compressing said 
segment axially between ñat parallel surfaces in a direc 
tion generally parallel to said axis to reduce the axial 
thickness of the segment at least 5% and to cause metal 
flow toward said chamfered portions, said chamfered 
portions being unrestrained by contact with rigid surfaces 
during said axial compression. 

7.` A method of making carbon-steel segments, a plu 
rality of which may be arranged end-to-end to form a 
ring, said method comprising the steps of forming a car 
bon-steel wire of generally rectangular cross section, re 
moving edge portions of the wire and working the Wire 
to form an elongated bar having its grain structure aligned 
longitudinally of the bar and having generally ñat longi 
tudinal faces of different widths and chamfered portions 
along both sides of the narrower of said opposite faces, 
each of said chamfered portions having a surface which 
intersects the narrower face and recedes away from such 
intersection, bending said bar so that the narrower of 
said faces forms the radially inner face of an arcuate 
semi-circular segment having concentric cylindrical faces 
of different axial width and so that the grain follows 
the curvature of the segment, placing the segment between 
rigid concentric cylindrical surfaces having radii corre 
sponding substantially to the inner radius and outer radius 
of the segment to prevent change in the radial dimensions 
of the segment while simultaneously cold coining and 
compressing the segment axially between ñat parallel 
surfaces perpendicular to said last-named cylindrical sur 
faces to reduce the axial thickness of the segment about 
5 to 30 percent and to cause metal flow toward said 
chamfered portions, said chamfered portions being un 
restrained by contact with rigid surfaces during said axial 
compression. 
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