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[57] . ABSTRACT 

An unusual kind of wear between machine parts in 
sliding contact, traceable to environment, is greatly 
reduced by constituting at least one of the parts of a 
preferred steel alloy casting consisting essentially of 

Carbon ........................ .......................... ..().9-l.1 

Chromium ....... .. ...................... “4.0-6.5 

Molybdenum 5-7.5 
'Vanadium,.. - 1.11-1.75 
Tungsten 2.8-3.5 
balance Iron 

ln a specific embodiment, the part is the cam ring of a 
yane pump obtained by casting the alloy as a 

, centrifugal tube and cutting ring blanks from the end 
of the tube. 

21 Claims, 5 Drawing Figures 
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1 
MACHINES 

This invention relates to ?uid energy translating de 
vices such as hydraulic pumps, motors, and other ma 
chines having parts in sliding contact operating in what 
is found to be a destructive atmosphere where a lubri 
cating fluid is contaminated with small amounts of 
moisture and/or soil particles. 
A well-known form of heavy duty pump for industrial 

and mobile equipment purposes is a vane pump. In this 
kind of pump a rotor is surrounded by a so-called cam 
ring having a generally eccentric internal diameter (or 
the rotor could be located eccentrically). The rotor has 
radial slots at its circumference. The slots support a 
plurality of blades or vanes with their outer edges in 
contact with the eccentric part of the cam ring, so that 
upon rotation of the rotor the vanes are moved in and 
out relative to the slots in which they are mounted. Oil 
or other fluid being pumped enters the space between 
the rotor and ring where the volumetric capacity be 
tween adjacent vanes is increasing and is forced out 
where the volumetric capacity between'the vanes is de 
creasing. The need for the present invention, the prob 
lem, arose in this manner: A small percentage of cam 
rings in ?eld service were failing to attain life expec 
tancy even under mild operating conditions. Their in 
ternal diameter exhibitedeither abnormally heavy rip 
ples (undulations) or large gouges. In contrast, most of 
the pumps survived without damage, even under severe 
duty applications. Even though the number of failures 
was of low order, the problem was great enough to re 
quire attention. There seemed to be no explanation for 
the phenomenon since severe performance and life 
testing’ in the laboratory failed to duplicate the condi 
tion. No answer was brought forward, in spite of the 
availability of a sophisticated laboratory facility, until 
there was recognition of the fact that the pump failures 
occurred largely when'used with certain ?uids in cer 
tain geographical areas, a curious aspect which clearly 
suggested an environment factorf 
On investigation in the field, oil in the hydraulic sys 

tem reservoirs was found to be contaminated with small 
amounts of dirt and water in spite of the fact that the 
systems were equipped with good ?lters. 
The presence of water and dirt was-a suspect combi 

nation along with suspected characteristics of the ?uid 
in use. Soil ‘samples and- new oil of the type being used 
were collected from local areas where failures‘ had oc 
curred. Back at the laboratory, small amounts of these 
soil samples .were mixed with water (three-fourths per~ 
cent to 1 percent) and injected into the perfectly clean 
oil used in the hydraulic system; under controlled, but 
mild, test conditions at the laboratory it was found that 
a rippled or gouged cam ring, typical of the sort of fail 
ure experienced in the ?eld, could be developed in 
about 24 hours with the contaminated pump fluids as 
thus prepared. The problem was identi?ed, namely, as 
damage resulting from cooperation of the oil, dirt and 
water, characteristic of the operating environment, to 
radically aggravate normal wear. Factors found to in 
fluence the amount of wear include variations in ?uids 
used, and the amount and types of contaminants. 
The Solution: The environment for failure had been 

identi?ed, but the cure was something else. There is 
considerable support for a belief of an electro-chemical 
corrosion component to the wear, influenced by the 
make-up and contamination of the hydraulic oils em 
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2 
ployed, with the electrical energy supplied by stream 
ing current, associated with fluid flow. In recent years, 
certain aircraft laboratories have made progress on re 
ducing wear damage of hydraulic components, result 
ing from corrosion driven by streaming currents, by 
controlling the ?uid make up to render it less active 
electro-chemically. ASME Paper 70-FE-l5 is one pub 
lication that discusses this phenomena. However, a 
pump manufacturer is not in position to dictate, let 
alone supervise oil use in the ?eld, so he must devise a 
product to withstand the wear tendency. After nearly 
three years of effort, our solution, the way to prolong 
the life of a vane pump cam ring, regardless of the wear 
modes occurring, in almost any destructive environ 
ment encountered, was determined as involving an al~ 
teration in metallurgy constituting one aspect of the 
present invention. While the alteration in metallurgy, 
hereinafter speci?ed, may appear to be slight, it was 
not at allapparent during a concentrated three-year 
study. The alteration is indeed responsible for literally 
transposing failure into success. Moreover, as we will 
explain below, our solution is rendered economical and 
therefore practical in an unusual way, namely, by re 
sorting to a wear resistant material that can be success 
fully- cast into a mold, as well as successfully being cast 
by a centrifugal process. In other words, we not only‘ 
developed an alloy as the answer to the problem, we 
also found an economical way to make cam rings from 
the alloy. Moreover, and of equal standing, is the fact 
that this alloy is able to withstand the destructive action 
of fire resistant ?uids, including glycol in water, a fluid 
with a notorious record for ruining pump parts, includ 
ing cam rings. Prior to this time, it has been necessary 
to reduce the operating speci?cations and warranty pe 
riod for vane pumps operating on fluids of this type. 
The problem and its solution would not be necessar 

ily unique to vane pumps, because. the cam ring and 
vanes of such a pump represent only one example of 
two ‘parts in severe sliding contact. Thus, the problem 
could arise in axial piston and gear pumps where there 
are parts in heavily loaded, sliding contact, and many 
other kinds of machines as well. . 

Accordingly, the objects of the present invention are 
to develop an-alloy to be used as the constituent for the 
wear resistant face of one of two machine parts in slid 
ing motion, resisting the unusual kind of wear caused 
by the presence between those parts of a contaminated 
or destructive ?uid, further aggravated by very fine 
abrasive particles suspended in water and/or oil, and to‘ 
enable that alloy to be utilized economically for such 
purposes in spite of its potentially high cost. 
Other and further objects of the present invention 

.will be apparent from the following description and 
claims and are illustrated in the accompanying draw 
ings‘which, by way of illustration, show preferred em 
bodiments of the present invention and the principles 
thereof and what is now considered to be the best mode 
contemplated for applying these principles. Other em 
bodiments of the invention embodying the same or 

‘ equivalent, principles may be used and structural 
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changes may be ‘made as desired by those skilled in the 
art without departing from the present invention. 

In the drawings: 
FIG. 1 is a sectional view of a vane pump 

typical cam ring; 
FIG. 2 is a sectional view of an axial piston pump; 

showing a1 



3,768,378 
3 

FIG. 3 is an elevation, partly in section, of apparatus 
employed in producing a centrifugal casting; 
FIG. 4 is a fragmentary sectional view, partly in per 

spective, illustrating the development of a centrifugal 
casting; and 
FIG. 5 is a‘ schematic view showing the preferred 

mode of practice. ' 

Prior to a detailed description of the present inven 
tion, we shall ?rst identify two of the typical pumps 
representing the most likely forms of the present inven 
tion in actual practice. Thus FIG. 1 is a cross section of 
a vane pump. There are three principal parts, namely, 
an outer cam ring‘ 10 presenting an internal cam sur 
face 11, more or less elliptical and in any event having 
an eccentricity in compliance with performance re 
quirements. Located within the cam ring is a rotor 12 
provided at its outer circumference'with radially di 
rected slots 13 in which are positioned a like number 
of hollow blades or vanes 15. The vanes '15 have end 
edges 16 which, when‘the rotor is rotating, are in slid 
ing contact with the camsurface 11. 
The pump illustrated in FIG. 1 is identical to that dis 

closed in U.S. Letters Pat. No. 3,578,888. We are not 
here concerned with most of the details of operation, 
and hence it is sufficient to merely mention that fluid 
from passages 17 is drawn into suction or inlet‘ zones 
18, as the vanes move outwardly, and is pressurized at 
pressure zones 19 for delivery to exhaust ports 20 as 
the ‘vanes move inwardly. 

However, it should be described brie?y that the 
pump illustrated is of a modern type that employs a ba 
sically radially pressure balanced vane with small hy 
draulic actuators. The actuators urge the vanes against 
the cam ring with enough force to assure contact, but 
not with excessive force to produce high stresses or 
bearing loads at the cam surface. 
There are two fundamental types of vane actuator 

principles in widespread use. The ?rst, and older prin 
ciple, supplies pump outlet or working pressure to the 
entire radially inward surface of the vane to thrust the 
vane against the cam. This principle is illustrated in U. 
S. Pat. No. 1,989,900, and while quite simple and effec 
tive, the force thus supplied is greatly in excess of the 
requirement, and unnecessarily high vane-to-cam bear 
ing loads and stresses occur. 
Pumps of this type are used most often for moderate 

to light duty as far as pressure is concerned, since the 
cam would require material that has both good wear 
resistance and mechanical properties to withstand high 
pressure operation. . 

The second, and more modern vane actuating princi 
ple employs a vane that is essentially in radial hydraulic 
balance, with springs or small hydraulic actuating sur 
faces to deliver enough, but not excessive radial force 
to the vane to assure contact with the cam. 
Examples of pumps of this type are described in U. 

S. Pats. Nos. 2,856,861 and 2,832,293, and are gener 
ally- used for heavy duty or high pressure operation. 

In practice, the force thrusting the vane towards the' 
cam in the first type of pump usually substantially ex 
ceeds 35 pounds ‘per inch of vane length for each 1,000 
p.s.i. of system or outlet pressure, while with the, second 
type, the force is usually substantially less than 35 
pounds per inch of vane length for each 1,000 p.s.i. of 
system pressure. The average force thrusting the vanes 
against the cam ring for the same working pressure is 
at least twice as great in pumps of the ?rst type as com 
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4 
pared to the second, more modern type. Since the 
vane-to-cam bearing loads and surface stresses will be 
different between the two types of pumps, it can be 
concluded that the mechanical properties desired of 
the cam surface material in the second type of pumps 
are not as 'vital as in the ?rst type. This means that some 

mechanical properties of the cam material could be 
sacri?ced to favor other characteristics, such as wear 
resistance. 
The preferred cast alloy of the present invention, Ex 

ample 1. below, has exceptionally ?ne wear resistance 
entirely adequate for the second more modern type of 
vane pump in spite of poor mechanical properties such 
as tensile and elongation compared to wrought alloys; 
and it possesses similar utility for the ?rst, older type of 
vane pump except possibly where the thrust force on 
the vane demands appreciable levels of tensile strength 
and elongation. As will be shown, there is a family of 
cast alloys possible, allowing selection. 
As explained in detail hereinafter, our invention in its 

speci?c or preferred form is concerned with the pro 
duction of annular parts constituting a cam ring 10. 
However, the invention could also be applied to an 
axial piston pump shown in FIG. 2 representing the 
more complete disclosure in U.S. Letters Pat. 'No. 
2,546,583. In this kind of pump, fluid under pressure 
is developed by pistons 25 operating in chambers 26 
presented by a rotating cylinder barrel 27. The ends of 
the pistons are provided with spherical heads 28 em 
braced by shoes 29 which engage the sloped surface 30 
ofa cam plate 31. When the cylinder barrel 27 is rotat 
ing the shoes 29 circumnavigate the cam plate 31 and 
because of the slope involved the pistons 25 are recip 
rocated to draw ?uid into the piston chambers and then 
to pressurize it for delivery. The present invention, 
from its alloy standpoint, could be applied to the pis 
tons 25 or, as will be more likely, the shoes 29 which 
slide on the cam plate 31. Another part in'the piston 
pump whose life should be extended by use of the ma 
terial of this invention would be the port plate 32, that 
is in bearing contact with the rotating cylinder barrel 
27. 
As suggested, component parts of gear pumps would 

be expected to have extended life with the material of 
this invention, as'for example, the gears. 
Valve spools, poppets and other parts that sometimes 

fail by a process sometimes called erosion-corrosion, 
should also bene?t from this material. 7 
The standard alloy for vane pump cam rings prevail 

ing for over 20 years has been the one identi?ed as SAE 
52,100 in the Metals Handbook (8th Ed.) page 637. 
This alloy has been supplied in “drawn” form, that is, 
it is a “worked" alloy, not cast. In fact, steels of this 
character are most commonly produced as wrought 
(worked alloys) and seldom, if ever, cast to the best of 
our knowledge. In any event, the 52,100 alloy was the 
constituent of the failed cam rings mentioned above. 
The analysis of SAE 52100 alloy is 

c 
09511.10 

Mo Mn Si ‘Cr W 
O.25/0.45 010/035 l.30/l.60 I — 

with phosphorous’and sulfur at 0.025 max. - 
The extended testing program revealed that a few of ' 

the commonly used oil types in hydraulic systems ex 
hibited a distinct wear synergism when both soil and 
water were used as contaminants, resulting in severe 
wear of the 52,100 material. 
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While other oil types also produced wear with these 
contaminants, it was much less severe, and the evi 
dence of the synergism. did not exist. 
The ?uids'in use at the premature job site failures 

were among the ?uids exhibiting this synergism. 
It was further'discovered thatall the commercial oils 

tested containedvarious amounts of water soluble, ion 
izable, inorganic chemicals. Also, the oils would serve 
as weak electrolytes, where a galvanic voltage up to 0.5 
volt could be read with a sensitive volt meter connected 
between any two metal pump components of unlike 
alloy chemistry when submerged in the oil. 
Coupled with the “streaming current” proven to exist 

in the hydraulic systems during our testing using any of 
the fluids, all conditions for electro-chemical corrosion 
existed, and it was interpreted that this corrosion be 
came an in?uence in the degree of wear experienced. 
The streaming current results, in part, by ?uid flow 

relative to the metal walls, and causes an electrical cur 
rent to flow from the metal wall into the ?uid. 

It was decided that in such an environment, the soil 
contamination served to scrub corrosion products from 
the cam surface, and therefore speed up the process by 
.continuously exposing fresh metal to the corrosive ac 
tion. 
The magnitude of the voltage and current from the 

streaming current effect was found to be greater than 
from the galvanic effect, and increases with flow veloc 
ity, and does not exist with no ?uid ?ow. It was decided 
that ions in the ?uid and streaming current could now 
help explain as erosion-corrosion certain relief valve 
poppet failures where metal in the high velocity oil flow 
path was eroded away, sometimes in an area where oil 
flow at high velocity-was diverging from the metal and 
at other times when it was converging towards the 
metal. 
Since it is not within the scope of a pump and compo 

nent manufacturer to conduct adequate electro 
chemical research on all fluids encountered in service, 
or control their use, it was decided to develop compo 
nents that could resist wear damage from essentially 
any cause, including electro-chemical corrosion. 

Fluids were then selected that were known‘t‘opro 
duce high wear rates on the 52,100 steel with soil and 
water contamination, which also were suspect to en 
courage considerable electro-chemical activity,’ and 
these were used to evaluate design improvements. 
After the prolonged studies culminating in a realiza 

tion that the answer may reside with metallurgy, the 
52,100 alloy was naturally selected as the standard for 
comparison. An inferior alloy would have a wear‘ rate 
equal to or worse than 52,100 at an equal cost. A better 
alloy would show a considerably less wear rate. 
Of all the steels tested, only those containing‘in ‘ex 

cess of 2 percent tungsten, vanadium, or the combina 
tion of the two, provided enough improvement in wear 
resistance to be considered. 
Of this type, none was available in tubing form as re 

quired for cam ring manufacture.‘ This class‘of steels 
carry a high base price in keeping with tool steels, and 
with the added forming charges to convert the solid 
bars to tubing, the cost was prohibitive. 
The search was now aimed at'generating an alloy 

with a minimum cost of raw alloy materials, a low cost 
manufacturing means of converting the alloy materials 
into the tubing form, with the final product having un 
usual wear resistance for the applications as described. 
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Included in the qualities desired were satisfactory 

machinability, ease of grinding, and compatability with 
mating parts both from a normal wear standpoint and 
resistance to damage from electro-chemical action. 
Surprisingly, it was found that a chromium 
molybdenum steel alloy having vanadium combined 
with tungsten in narrow ranges, under stringent allow 
ances for carbon, resulted in an alloy that exhibited as 
low as 7 percent of the wear rate of ‘52,100 steel. If 
tungsten is eliminated, and vanadium increased by 
what may be termed a partial compensation, for the 
lack of tungsten, the wear rate is still quite low com 
pared to the standard and is therefore deemed accept 
able. 

EXAMPLE 1 

The preferred alloy under the present invention, sus 
ceptible to being cast, is as follows: 

Mn Si Cr 
O.lS/0.50 OAS/0.70 4.0/6.0 

Mo 
2.5/3.5 

V 
0.9/1.1 1.0/1.75 

W P S 
2.8/3.5 0.030-Max 0.025 Max 

Manganese and silicon play no significant role; some 
silicon is invariably and unavoidably present in a steel, 
and the balance of silicon together with manganese is 
used as a deoxidizer in accordance with standard met 
allurgy practice. 
The alloy is cast, and cam rings obtained, as hereinaf~ 

ter described. The ?nished part,‘after rough machining, 
is hardened and tempered as follows: In an atmosphere 
controlled furnace (0.9 to 9.0 percent carbon-poten 
tial) the cam rings are to be brought up to 760° C, held 
there for 20 minutes; then raised. to.l,0l0°—l,038° C 
and held for a minimum of 30 minutes. The parts are 
then to be removed from the furnace and quenched in 
oil (49°—66° C). The cam rings are then cooled to 49° 
C and given a double temper at 552°—580° C for 2 
hours, each temper. The part is then finished to size by 
grinding. ' i 

-A cam ring so produced and carefully tested against 
one-made‘ of the-52,100 alloy exhibits only about 7 per 
cent of the wear rate of the latter. A cam ring similarly 
produced, except in compliance with the metallurgy of 
Example 2‘ below, exhibits a somewhat higher wear rate 
compared to the alloy of Example 1, but nonetheless 
acceptable: 

EXAMPLE 2 

c Mn ' Si Cr Mo v 
1.07 0.32 0.62 6.4 7.39 3.41 

. It will be realized from Examples 1 and 2 that most 

W 

‘ certainly Example 1 is preferred, but Example 2 affords 
an alternate. Therefore, and in compliance with sound ' 
metallurgical experience, we deem an acceptable range 
for the centrifugally cast part, shown below, particu 

‘ larly as adopted for the cam ring of a vane pump of the 
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second, modern type, to be as follows: 

C 
0.9/1.2 

Cr 

4/8 
Mo 
2/9 

balance substantially all iron except for residual silicon 
(0.45-0.70) and manganese (0. l 5-0.50) as deoxidizers _ 
and unavoidable impurities such as phosphorous and 
sulfur (0.025 max., each). The heat treatment speci?ed 

‘ above is to be imposed on the ?nished casting. 
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The present alloy, novel by itself, would nonetheless 
be classi?ed as a high speed steel on the basis of the 
chemistry. However, one unusual aspect is that we pro 
duce the alloy as a casting, whereas to the best of our 
knowledge a cast high speed steel has seldom been uti 
lized for anything, at least from the standpoint of com 
merical production or practice. Such a casting is brittle 
and cannot be heat treated in a conventional fashion 
without burning the alloy. This is because segregations 
in the casting result in a wide range of chemistry within 
the alloy body and therefore a wide range of melting 
points. Consequently the high speed steels of com 
merce employed as cutting tools are hardened by 
quenching from a temperature in the narrow range of 
50° to 100° F displaced below the melting point. A 
wrought or worked body of the present alloy is entirely 
unacceptable as too expensive, without providing a 
wear resistance advantage over the cast material. 

In this regard, and now in retrospect, it can be said 
that the wrought alloy formerly used posseses more me 
chanical properties than necessary, while having insuf 
ficient wear resistance, whereas the alloy of the present 
invention endows the part with exceptionally ?ne wear 
resistance while being poorly endowed with mechani 
cal properties which really are of no value under the 
circumstances. , 

Nonetheless we are able to successfully produce cam 
rings by a centrifugal process as shown in FIGS. 3, 4, 
and 5. Thus, a heat of the preferred alloy, or within the 
usable range, is produced and is tapped into a ladle or 
pouring device 33, FIG. 3, having a pouring spout 34 
so constructed and arranged as to project into one end 
of a circular mold 35 characteristic of a centrifugal 
mold. 
As the charge is poured at a suitable rate into the 

mold, the latter is rotated, by means not shown. The 
distribution of molten metal longitudinally of the rotat 
ing mold is effected primarily by the action of centrifu 
gal force and the spreading or distribution phenome 
non may be visualized from what is shown in FIG. 4 
where reference character 37 denotes the stream of 
molten metal entering the mold from the pouring spout 
of the ladle, where reference character 38 denotes the 
progressive wave of molten metal spreading about the 
internal wall of the centrifugal mold and where refer 
ence character 40 denotes the progressively solidifying 
alloy tube. 
There is nothing unusual about a centrifugal casting 

process. Metallurgists are well versed in this art, but 
under the present invention we utilize the known tech 

' nique advantageously to obtain cam rings having an ex 
ternal diameter DA conforming to that of the cam ring 
shown in FIG. 1 and an internal diameter D8 which can 
be shaped to the desired contour corresponding to FIG. 
1. . 

Thus the solidified centrifugally cast tube 40, FIG 5, 
is separated from the mold, annealed and ring blanks 
41 are then cut from the end thereof. These ring blanks 
are rough-machined on the exposed external surfaces 
and at the internal surface as well, approximately to the 
finished size, whereafter the temper and hardening 
treatment set forth above is applied. Finally, the hard 
ened part is ground to the required finished dimension. 

In the instance of a solid cam plate such as that used 
in the axial pump of FIG. 2, or in the instance of an 
other solid part constituted of the present alloy, the 
solid part may be produced as a static sand casting. 
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8 
From the standpoint of microstructure heat treated 

castings embraced by Examples 1 and 2 show a rela 
tively coarse martensitic grain structure with a discon 
tinuous boundary of carbide formations, which include 
vanadium or tungsten carbides as the case may be. 
Although chromium and molybdenum carbides may 

also be present to some extent, they are not mandatory 
to provide adequately improved wear resistance. 
The chromium and molybdenum tend to impart some 

useful properties which include some hot strength, and 
deep hardenability, and allow the part to be heat 
treated morereasily. 
However, the chromium and molybdenum are not 

considered critical. 
It is necessary to have enough carbon in the steel 

casting of the present invention to provide a grain body 
of Rockwell R,- hardness at least 50 and up to R,-62 
(after heat treatment) with residual carbon in sufficient 
amount to form a vanadium or tungsten (or both) car 
bide grain boundary network of Rc hardness at least 70. 
Examination of additional data with’the foregoing in 
mind establishes that appreciably reduced wear com 
pared to the 52,100 alloy may be realized by selecting 
a cast steel alloy within the following broad range, 
where the alloy may be selected from the standpoint of 
wear rate, machinability and performance compared to 
cost: 

Mo 
up to 9 

C 
0.5/1.5 

Cr 
up to 8 

balance iron except for residual amounts of manga 
nese, phosphorous and silicon. In fact, for some special 
purposes a small amount of nickel may be added or the 
suggested upper limits on chromium and molybdenum 
may be exceeded. 
The practice of the present invention therefore has 

several facets, and in its broadest aspect is not neces 
sarily limited to vane-type pumps; it may be applied to 
other forms of fluid displacement devices, even engines 
where operation is characterized by one part constantly 
sweeping another such as the rotor presenting an ele 
ment in contact with an internal cam surface of a sta 
tor. . 

It will be seen from the foregoing that we faced an 
unusual problem when encountering a mechanical fail 
ure in a very limited number of pump installations 
which we eventually discovered as possessing a geo-‘ 
graphic (environment) peculiarity. This in turn led to 
our discovering that the oil, serviced by the pump and ' 
present as a lubricant between opposed parts in sliding 
contact, was contaminated with a water-in-oil emulsion 
containing suspended abrasive (earth) particles aggra 
vating normal wear and in fact having something of an 
exponential influence on wear rate. And while there is 
some authority to the effect that such wear would be 
induced by the so-called streaming current phenome 
non, our solution was in terms of metallurgy which 
would present a part resistive to the peculiar type of 
wear involved and would at the same time slow down 
the process of the corrosive action which is said to ac 
company the streaming current effect. 
Also while the alloy of the present invention is poten 

tially expensive, and in fact of prohibitive cost if at 
tempted to be drawn, we disclose an inexpensive way 
to produce rings thereform, by centrifugal casting, and 
at the same time have an alloy which can be easily pro 
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duced as a sand casting, that is, simply poured into a 
static or stationary model of the ordinary kind. 

Preferably both opposing parts of'a machine or en 
ergy translating‘ device (pump or motor) to whichtthis 
invention may be applied will be cast from the alloy of 
the present invention, if cost is justi?ed. For example, 
both the cam ring and the vanes of a pump could be 
bene?cially constituted of the present alloy. The hard 
ening temperature above specified is ‘suited to the alloy 
in that hardness is induced at a temperature purposely 
determined as one which will not’burn the. steel, which 
is to say that we avoid‘superimposing burning or any 
possible weakening due to segregation; 
Hence, while we have disclosed preferred embodi 

ments of the invention it is to be understood that these 
are capable of variation and modi?cation. 
We claim: - ' 

1. In a machine where one lubricated metal surface 
slides on another, producing attrition between the parts 
which may be-aggravated by undesirable characteris 
tics of the lubricant, the improvement characterized by 
the wearing face of at least one of said parts being cast 
of an alloy consisting essentially of 

Carbon 0.9-1.2 
Chromium 4-8 
Molybdenum _ 2-9 
Vanadium plus . 
Tungsten 3-6 
Balance Iron 

2. A' machine according to claim liriwhich the alloy 
consists essentially of 

Carbon 0.9-1.2 
Chromium 4-8 
Molybdenum 2-9 
Vanadium 1.0-1.75 
Tungsten 2.8-3.5 

' Balance lron ’ 

3. A machine accordingto ‘claim 1 which‘ is a vane. 
type fluid energy translating device, one of said parts 

' being the cam of the device. _ 

4.‘ A device according to claim 3 ‘in which the alloy 
for the cam consists essentially of 

' 0.9-1.2 Carbon 
Chromium 4-8 
Molybdenum 2-9 
Vanadium 1.0-l .75 
Tungsten 2.8-3.5 
Balance iron 

5. A machine according to claim 1 which is an axial 
piston pump ‘having, a cam plate and a piston member 
equipped with a shoe sliding on the cam plate member, 
one of said parts being one of said members. 

6. ln a component of a hydraulic system, wherein the 
component receives and exhausts ?uid ?ow and. in-v 
cludes a part presenting a wear metal surface which is 
subject to damage by‘ loss of surface material ‘at the 
?uid-metal interface as ?uid ?ow occurs relative to said 
metal surface, characterized by said part and its metal 
surface beingcast from‘ an alloy consisting. essentially 

.of 

Carbon - 0.9-1.2 

Chromium 4-6 
Molybdenum 2-9 
Vanadium plus _ - 

Tungsten 3-6. 
Balance iron 
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7. A component accordingto claim?wherein a sec-‘ 
end surface is‘ in bearing contactwith said?rst‘metal 
surface as said fluid ?ow is occurring,.the two surfaces‘ 
having relative movement one to another; 

8. A component according to claim‘ 7 embodied in a 
?uid energy translating device. 

9. The fluid energy‘ translating device of claim 8 
which is of the vane type. 

10. The device of claim 9 wherein the first metal sur 
face is part of a cam that imparts reciprocation'to the 
vanes of the device. 

11. The device of claim 9 wherein said first metal sur 
face is composed of an alloy consisting essentially of 

Carbon 
- Chromium 

Molybdenum , 

Vanadium ‘ ‘ ' l 

Tungsten 
Balance Iron 

12. The ?uid energy translating device of claim 8" 
which is of the piston type. 

13. The ?uid energy translating device of‘claim 8 
which is of the gear type. _ 

14. The device of claim 10 wherein the vanes are ‘ar 
ranged to'be largely in radial hydraulic balance with 
relatively low force vane actuator meansprovided to 
.urge the vanes against the cam‘ surface. ' 

15.‘The device of claim 14 wherein the ‘alloy‘consists 
essentially of 

Carbon 0 9 
Chromium 4.0 
Molybdenum 2 5 
Vanadium — 

Tungsten 2.8 
Balance lron 

l6..ln a machine where operation is characterizedby 
one metal part having a surface sliding on the opposed‘ 
surface ofanother metal part, improvement comprising 
one of said surfaces being constituted'of‘cast ferrous 
metal alloy containing about. ' 

Carbon 0.5-1.5 
Vanadium plus ‘ 2-6 
Tungsten ' 

Chromium Up to 8‘ 
Molybdenum Uplto 9 ‘ 

balance substantially allttiron, saidl ‘casting beingu'heat 
treated and characterized by a ‘grain .body hardness of 
RC at least 50 and a carbide grain boundary‘ network. of 
‘Re hardness at least 70.‘ v. 

17. A machine according to claim 16‘ which is’a ?uid, 
displacement device including a‘cam surface presented ‘ 
by one-of said parts, the other oftsaid ‘parts ‘beinga 
vane. , 

18. A machine according to claim 16 in twhichbthe 
alloy contains about 

Carbon 0.9-1.2’ 
Vanadium plus . 
_.Tungsten 3-6 
Chromium 4-8 1 
Molybdenum 2-9 

19. A machine accordingv to‘ claim llzi‘inirlwhichithe 
alloy contains about ‘ 

Carbon 0.9-1.2 
Vanadium plus 
Tungsten 3-6‘ 
Chromium 4-8 



3,768,378 
1 1 1 2 

wherein one of the parts is a cam, the improvement 2-9 Molybdenum 

_ _ . _ _ characterized by the cam having a wearing surface 

20' A mlflchme accordmg to clam‘ 17 1“ wh‘ch the formed from a cast alloy consisting essentially of: 
alloy contains about 

1.0.555 147.4 9.0.5 _8 0420.2 m n 
u o mnm k ueun nidiwe OmbdSC bmlYmm=m mhoau? ccMvTB 
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155.55 16.77.»: .m _.l_ 9. Ems 042 .2 1 

Carbon 
Chromium 
Molybdenum 
Vanadium , 

Tungsten 

21. In a vane type ?uid energy translating device l0 
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