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ABSTRACT: A system is dwsclosed for processing rmetalhe
members, o accomplish residual compressive stresses in sur-
faces thereof. It hus been discovered that the provision of i
defined Muid film over a metal member, while the member un-
dergoes surface cold working ias by peening) accomplishes
more effective peening without substaatial attendant surface
damage. This unexpecied improvement stems from the use of
a fluid having 2 pressure coefficient of viscosity which is above
a critical level ard as somewhat related to the moedulus of
elasticity of the metal undergoing surface treatment. Specili-
cally, for example, in peening steel, a “luid is requirad having a
pressure cocfficient of viscosity which is substantially at lcast
72 10" psi ' As a specific example of such a fuid. mineral
oil may he employed zlong with oxidation inhibitars and other
additives.
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METAL-TREATING PROCESS AND APPARATLS
BACKGROUND AND SUMMARY OF THE INVENTION

Several different types of manufacturing processes involve
cold working metal surfaces. It is such processes to which the
present invention is applicabie. Specifically, for example, one
form of cold-working manufacturing process invoives shot
peening, wherein shot, usually in the form of small metal cylin-
ders or spheres is propelled to impact upon the surface of a
metallic workpiece that is undergoing treatment. The peening
process has two pronounced effects. The desired effect is the
development of residual compressive stresses in the surface
regions of the workpiece which tend to prevent the growth
and development of fatigue cracks to thereby substantiaily in-
crease the life of the workpiece in fatigue applications.
Specifically, for example, springs. axles, crankshafts. aircraft
wing parts, and so on, are traditionally shot peened to improve
their resistance to fatigue failure.

The second effect of shot peening is surface damage (nor-
mally in the form of microscopic cracks) and fatigue damage
which may eventually result in susceptible failure locations.
This damage effect is, of course, undesirable; however, it is
somewhat obscured by the desired effect. In some applica-
tions, as balt bearings, it has been proposed to remove the
cold-worked surface after shot peening to eliminate the exter-
nal damaged surface. In general, such a technique has becn
found to be somewhat effective, although rather expensive
and time consuming. Recapitulating, substantial advantages
result from peening in many applications; however, a need ex-
ists for a system of peening which avoids surface damage.
Furthermore, in view of the wide extent to which peenting and
related cold.working process are practiced, a need continues
for such a process wherein cold working is more effectively
accomplished by a forming member, e.g. shot peen.

Although peening, and  similar cold-working  metal
processes are desirable in many upplications, certain metals
and alloys ure extremely difficult to peen. For example, it is
desirable to peen members that comprise somewhst exotic
metals as titanium yet, surface contamination of such mem-
bers must often be avoided. Also, it is desirable 10 peen mem-
bers that ure formed of certain alloys which have a very high
yield strength, however, such strength makes peening quite
difficult with conventional methods and apparatus. Prior
technigues to accomplish peening have involved increasing
the force applied to the shot and the use of special stainless-
steel shot. Such techniques are expensive and frequently
troublesome. Therefore, a need exists for a cold-working
process wherein contamination is substantially avoided and
which is capable of more effectively workinga workpiece.

In general, the present invention resides in the discovery
that cold working processes for metal surfaces can be substan-
tially improved by providing a fluid film over such surface
prior to cold working. Specifically, for example, by providing
a film of fluid having a pressure coefficient of viscosity of ar
ieast 710" p.s.i. ", a substantial improvement results, The
improvements include these advantages: the cold-working
process is more effective, surface damage of the workpiece is
avoided, and surface contamination of the workpiece is
minimized; all of which results in considerable economy and
product improvement.

BRIEF DESCRIPTION OF THE DRAWINGS

in the drawings, which constitute a part of this specification.
exemplary catbodiments are set forth, exhibiting the various
ubjectives of the present invention, specifically:

FIG. 1 15 a diagramnatic representation of 4 system in ac-
cordance with the present invention:

FIG. 2 is a diagrammatic representation of another system
in accordance with the present invention;

FIG. 3 is a sectional view illustrating the operation of the
system of the present invention; and

FIG. 4 is an enlarged fragmentary view of FIG. 3.
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DESCRIPTION GF THE ILLUSTRATIVE EMBODIMENTS

As required, detailed descriptions of illustrative embodi-
ments are set forth herein. However, it is to be understood that
the specific structural and functiona! details disclosed herein
are provided merely as a basis for the claims actually defining
the scope of the invension.

Referring initially to FIG. 1, there is shown a shot propeller
12 which may take any of a variety of different forms capable
of functioning to prope! shot 14 forcefully against a workpiece
16. The shot propeller 12 may take any of a variety of dif-
ferent forms, as well known in the prior art specificaily includ-
ing centrifugal force shot propeiling structures, airblast shot
propelling units and so on. Simitarly, the shot 14 may take
varioys forms as well known in the prior art which in ac-
cordance herewith will normally be spheres or cylinders of fer-
rous metal.

The workpiece 186 is the object of the process uader illustra-
uve description. As indicated above common workpicces for
treatment in accordance with the hereof process include such
machine components as springs, axles, crankshafis, aircraft
wing spars, awrcraft propellers, and <o on. OF course, such
workpieces may comprise various metals and alloys.

As shown in FIC. 1, a fiuid-flow unit 18 dispenses liquid 20
to accompiish and maintain a thin film on the workpiece 16, [n
accordance with the present invention, unexpectedly, the
provision of a film comprising a specific class of fluids on the
workpiece 16, su s to receive the shot L4 a1 the point where it
impacts the workpiece 16, accomplishes greatly improved
results in the process of shot peening the workpicce.

The fluid-Now unit 18 may comprise simply 2 pump (not
shown}, as well known in the prior art, for dispensing liquid 1o
a discharge trough 22 The fluid-flow unit 18 is coupled
through a return duct 24 to a caich basin 26 which receives
liquid as it drains from the workpiece 16 to accumulate u
reservoir 28. Thus, u fitm of the liguid is provided and main-
Lained on the workpiece 16 coincident with the impucting shot
14,

The shot 14 iy propelled from the shat propelier 12 with suf-
ficient encrgy w actually distort the workpiece 16. That is, un
individual shot 14a (FIG. 3) produces an indentation 30 in the
surface 31 of the workpiece 16 on impact. However, it is to be
noted, that the film 32 continues to separate the shot 14e from
the workpiece 16.

AS a result of the peening process, the surface 31 of the
workpiece 16 is distorted to accomplish residual compressive
stresses which act to prevent the growth and development of
fatigue cracks thereby increasing the life of the workpiece 16
in various applications, particularly those in which the work-
piece is subjected to Fatigue failure. [n accordance with the
present discovery, the provision of the liquid film 32 actually
increases the effectiveness of the shot 14 in deforming the sur-
face 31 of the workpiece 16. To accomplish such increased
deformation, which is akin to rendering the shot peening
process mare effective, the liquid constituting the film 32 must
be of a particular characteristics. In peneral, the film 32 must
compnse a fluid having u pressure coefficient of the viscosity
which is at least 7x 10" p.si, "', This coefficient is frequenily
identified by the letter o, in the literature and i defined as

et

where ¢ iy the logarithmic constant, c.g L7018 L (buse 10), g,
is the fluid viscosity at pressure 7 and n,, is the Auid viscosity at
atmospheric pressure. The coefficient is considered in The
Principles of Lubrication by A. Cameron (John Wiley and
Sons, Inc.—New York} beginning at page 30. The coefficient
o, can be defined as: ap~log,n,—log.n, by solving for ap as set
forth helow.

The following transition formulas will be used in the solu-
tion, all of which appear in the CRC Handbook of Chemistry
and Physics, 48th Edition (1967-6% ), at pages A-2 and A-9.
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log (a/b) =loga—log &
log a"=nxlog a

log, x=log, +/log, a

Note thal & is any base e.g.  can equal 10 which is con-
venient. The number ¢ is u constant i.c. &=2.718 .... for base
10. There are tables readily available for the log. x at various
values of x.

Beginning with

Np=1£"°

from algebra,

gp:‘?nl"ln

taking the logarithms of both sides {using base e}

log, e =log, (ny/n.)

using the second fermula above for a transition,

ap (log. e)y=log. (n,in,)

using the third formula above,

ap (log, eflogy e) =log, (9,/n,)

from algebra

apx l=ap=log, (7,./7,)

then to simplify, using the first formula ahove

ap=log, n,~log, M,

Accordingly, as siated herein, the fluid for use in the
process hereof may be specified by having a characteristic
coefficient of pressure viscosity which exceeds a predeter-
mined value. Various techniques exist for determining a value
for each fluid; however, as stated mathematically above, the
value can be determined on the basis of two fluid viscosity
measurements, n, and ¥,. Thisis, using these measurements of
viscosity,

ap=log, n,~log, n,
= coefficient of pressure viscosity

which value in the more effective practice of the present in-
vention is at least 7x10%(0.00007).

As indicated the film 32 under the shot 14a (FIG. 3) im-
pacting zlong the line of an arrow 34, against the workpiece
16 significanily improves the forceful distortion of the surface
31 In general, this increased effectiveness results from, or is
related to, the variation in viscosity as related to pressure for
the liguid constituting the film 32. More specifically. the fluid
comprising the film as provided herein must have a significant
pressure coefficient of viscosity or the process hereof is not ef-
fective, In that regard, water (pressure coefficient of viscosity
5% 10% ps.i. ') is not effective. Conversely, mineral oil, hav-
ing a pressure coefficient of viscosity of 2 10 ™ ps.i. ! has
been found particularly effective. In this regard, detailed anal.
ysis and experimentation indicates that the fluid comprising
the film must have a pressure coefficient of viscosity of at least
7 %10 ** p.s.i. ' for the process hereof to be effective. Various
hydrocarbon liquids meet that standard and are generally
nonoxidizing. However, various well-known agents to avoid
metallic oxidation may also be added.

The selection of the fluid comprising the film may depend 10
some extent upon the material of the workpiece in process.
That ts. in general, s the moduius of elasticity of the material
in the workpiece increases, the pressure coefficient of viscosi-
ty of the Muid comprising the film 32 may decrease with some
compensating effect. [n this regard, it has been determined by
experimentation and analysis that an effective criterion may
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be established by multiplying the modulus of elasticity of the
material to he shot peened by the pressure coefficient of
viscosity of the film fluid 10 accomplisk an arbitrary numerical
value. In the practice of the invention, that arbitrary vatue
should not be less than 1,400,

Considering a specific example of processing, assume it is
desirable 10 peen a steel workpiece employing shot which also
comprises steel. The modulus of elasticity for steel may be
taken as: 30 10% p.s.i. which is divided into the dimensionless
guide figure of 1,400 to resuit in a value of: 8.5%10% psi. ).
Therefore, the indication iz that the pressure coefficient of
viscosity of the fluid to be employed in the assume example
must be at least §.5x [0 p.s.i. . Various refined mineral oils
possess a characteristic pressure coefficient of viscosity con-
siderably higher than this figure with the result that such oils
are etfective for use in shot peening steel. In this regard, it is to
be noted that minerai oil actually has a pressure coefficient of
viscosity that is over twice the requisite minienum.

Although the mathematical analysis hereof has been accom-
plished and effectively substantiates test results and actuat
practice, the detailed physical aspects of the phenomena in-
volved are neither entirely apparent nor simply explained. It
has been estabiished that while the pressure coefficient of
viscosity of the fluid is a key consideration, the static viscosity
thereaf appears to be quite immaterial. The physical basis of
the process is the high hydrodynamic pressures generated
when the fluid (to be squeezed out of the nominal contact
zone) has a high pressure coefficient of viscosity. As a result.
as the shot 1da (FIG. 4) forcefully encounters the workpiece
16 (thereby applying compressive forces to the film 32 as in-
dicated by the arrows 36) the increased pressure on the film
32 increases the viscosity of that liquid resulting in a further
increase in the fluid pressure, thereby increasing the effective-
ness of the impacting shot 14a. In any event, the film carries
forces as indicated by the arrows 38 to apply the forceful im-
pact of the shot 14a to the workpicce 16,

Recognizing that analysis of the detaited forces involved in
the practice of the present invention and the philosophy
thereof are extremely complex, it is to be emphasize that sc-
tual practice and mathematical analysis fully establish the im-
provements hiereof. In addition to the increased effectiveness
of the shot peening operation, other substantial, unobvious
and unexpected results also occur. Specifically, in addition to
increasing the depth of the indentation 30, (FIG. 3), the
microcracks and fatigue damage normally developed in prior
shot-peening systems are substantially avoided herein. As a
result, a structure with residual compressive stresses in the
surface region may be accomplished without surface
microcracks and without the surface removal as by chemical
etching.

Another unobvious feature of the present invention stems
from its applicability of the shot peening of structures which in
the past were difficult to process. For example, in shot peening
titanium members metallic contamination has been a substan-
tial problem due to the transfer of metallic particles from the
shot to the titanium structure. However, in utilizing the system
of the present invention for shot peening, the film 32 (FIG. 3)
affords a shield between the shot 14 and the workpiece 16
thereby avoiding the transfer of metallic particles from the
shot 1o the workpiece. As u result, in accordance herewith,
such prior technigues as the utilization of expensive stainless
steel shot can be avoided with considerable economy.

As a related consideration, the shot peening system hereof
may also be employed to shot peen alloys having exceedingly
high yield strengths, e.g. vp to 306,000 pounds per square
inch, while using conventional shoi-peening mechanisms.
That is, due to the increased effectiveness hereof, conven.
tienal apparatus may be employed to accomplish the shot-
peening of materials having very high yield strengths.
Somewhat reluted to this consideration, it is important to un-
derstand that the system herecof may be variously adapted to a
wide variety of different shot peening apparatus. For example,
various forms of the structure of FIG. 1 may be employed as
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may forms of the structure of FIG. 2; however, hoth are mere-
lv representative.

Considering the structure of FIG. 2 in somewhat greater
detail, a rotary tumbler 40 is carried on supports 42 and
mechanically coupled, as indicated by a dashed line 44, 1o be
driven by a motor or rotary unit 46. Thus, the tumbler 40 is
revolved at a tumbling rate, so as to accomplish shot peening
of workpieces 50 carried therein by shot 52 which is also car-
ried in the tumbler. Specifically, the tumbler 40 incorporates a
number of tifters 48 which raise the workpieces 50 along with
the shot 52 to a location at the top of the tumbler 40, from
which these elements fall in a conventional wrabling motion.
Cf course, as the shot 52 and the workpieces 50 fall together,
the resulting forceful engagement causes peening of the work-
picces 50.

The tumbler 40 is, in part closed by an annular screen 54 ex-
tending centrally about the periphery of the tumbler. The
screen permits liquid container within the tumbler 40 to flow
into a basin 56 from which it is supplied to a pump 58 which is
n turn connected to a nozzle 60 (inside the tumbler 48)
thraugh an axial duct 62.

As the workpieces 50 tumbie with the shot 32, they tend to
be substantially covered with a film of liquid; however, by af-
fording the external circulating path for the liquid, to accom-
plish 2 spray or mist inside the tumbler, the workpieces are as-
sured of being well covered immediateiy prior to impact.

Recapitulating, the workpieces 50 and the shot 32 are
retained by somewhat-radial internal iifters 48, 10 be carricd
to the top of the path of travel in the tumbler 40, then droppad
through a spray 64 of liquid that is dispensed from the nozzle
60 10 pass to the bottom of the tumbler 40 with forceful en-
gagement. Of course, the forceful engagement results in peen-
ing workpieces 50 while they are covered with liquid. The
liquid empioyed in the system of F1G. 2 may comprise mineral
oil or other liquids meeting the requisite standard. That is, the
class of liquids for satisfactory operation in the system must
have a pressure coefiicient of viscosity in excess of 7x10%3
p_s‘i. II‘

The features and advantages of the system of FIG. 2 are sub-
stantially coincident with those of FIG. 1. In this regard, the
two independent systerns are described to illustrate the fact
that the system hereof may be widely applicd to a lurge
number of specific and different shot-peening mechanisms.
Thus. the inventicn is set forth to afford a basis for the claims
as follows.

I claim:
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1. In a process for treating a metal workpicce, as by cold
working to increase the life of said workpiece in fatigue appli-
cations. which process includes the step of impacting said
metal workpiece with at least one forming member, as peen
shot, the improvement in the pracess of providing a flutd
between said workpiece and said forming member during im-
pact whereby said forming memker deforms said workpiece
through a film of saxd fluid located therchetween, said fluid
having a pressure coefficient of fluid viscosity such that under
impact of said forming members the viscosity of said fluid rises
sharply to increase the pressure effective on said workpiece
resulting from impact of said forming members thercon
through said fluid, to increcase the deformation of said work-
picce.

2. A process according to claim 1 wherein said fiuid com-
prises minerai oil.

3. A process according to claim 1 wherein said fluid com-
prises & fluid having a pressure coeiTicient of viscosity of at
least 7x 103,

4. A process according to claim 1 wherein said fuid com-
prises 4 fluid having a pressure coefficient of viscosity value
and said workpiece has a modulus of elasticity value, the
product of which values exceeds 1,400,

5. A process according to claim 1 wherein said fluid com-
prises a liquid hydrocarbon and sasid forming member com-
prises a ferrous metal.

6. A metal processing apparatus for surface treating a work-
piece, as by cold working, with peening shot w0 alter the
characteristics thereof, comprising:

means for propefling said shot to impact en said workpiece,

and

means for providing a fluid film between said workpiece and

said peening shot, said fluid film comprising a fluid having
a pressure coefficient of fluid viscosity such that under
impact of said forming members the viscosity of said fluid
rises sharply 1o increase the prussure effective on sazid
waorkpiece resulting from impact of said peening shet, to
increase the deformation in the surface of sajd workpiece
through said film.

7. A metal-processing apparatus according 10 claim 15
wherein said means for providing & flutd film comprises a fluid
Row means for flowing fluid onto said workpiece.

8. A metal-processing apparatus according w claim 6
wherein said means for providing a fluid film comprises u fluid
SpTay means.

Copy provided by PTGS from the P10 APS Image Data Base on 06-17-1999



UNITED STATES PATENT OFFICE
CERTIFICATE OF CORRECTION

a “
Patent No. 209,460 ated ~ August 17, 1971

Eugene F. Finkin

Inventor(s)

It is certified that error appears in the above-identified patent
and that said Letters Patent are hereby corrected as shown below:

Column Line

Abstract 13 110t psitin should be --10"° psi_l-—;
1 58 "1015 psillﬁ should be --1g 2 psi_l-—;
2 47 "AS" should be --fig--;
2 5% "characteristies" should be --characteristic--;
2 61 nm 12 psill” should be --107° psi“l-—;
3 16 "eap” should be --eap—-;

41 "This is" should be --That 1s--;

3 |

3 49 "10™°" should be ~=10"0-—; |

3 59 ”1016 psill” should be --10"° psi'l--;

3 60 "1014 psi" should bve —107" 0s1™too;

3 65 n1otd psill” should be --10"7 psi'l--; 5

b 10 r1ot? psill” should be --107° psi—l——; |
f
|

FORM R0-1750 (10-€9) USCOMM-DC 80376569

* U5 GOVERNMEHT FRINTING QFFICE - 1969 0—366-334

Copy provided by PTCS from the P10 APS Image Data Base on 06-17-1999



UNITED STATES PATENT OFFICE
CERTIFICATE OF CORRECTION

Patent No. 5,599,460 . Dated August 17, 1971

Inventor(s) Eugene F. Finkin PAGE - 2

It is certified that error appears in the above-identifiec patent
and that said Letters Patent are hereby corrected as shown below:

Coclumn Line

15 11 - -
4 13 "0+’ psi™”" should be --10"° psi l——;
4 4o "emphasize" should be --emphasized--;
1 -
5 37 "107°" should be ~-107%--.
5 38 "psitl" should be ~—psi“1~—;_
6 19 "1015” should be -—10—5——;
6 4o "15" should be —-f--,
Signed and sealed this 27th day of June 19072.
| (SEAL)
i Attest:
EDWARZ M.FLETCHER,JR. ROBERT GOTTSCHALK
Attesting Officer Commissioner of Patents
FORM =0-1050 {10-697 USCOMMDC 60376-F80

# U5 GOYEPNMENT PRINTING OFFICE : 1969 D~—366-334

Copy provided by P1CS from the PTO APS Image Data Base on 06-17-1999



PATENTED AuGY 7187 3,588,460

SAer
FEoPELLER) 4o . L

P
i # 10

L
Ao LT

i

R EE
Work P/EAS;

INVEN TP
LUGENE S STNAN

8y %Aﬂ’/a%&

AT TORNE NS

Copy provided by PTCS from the PTO APS Image Data Base oh 06-17-1999



