319

een forming by pointed ball shooting ¢ Ball Shot Forming )

R.Clausan, M.Bruder, Universitat Hamburg, Institut Fur
GEewerblich-Technische Wissenschaften, Hamburg, FRG

In the past more than once has besn reported about the
possihility of producing spacial component curvature C 1 to 7 3.
This alsc was the subject at thae ‘First’ and ‘Second
Intarnational Conferance on Shot Peaning’. Hence it is  known,
that for a reproducable fabrication of components it is assantial
to know about effects, which influence the shot peening process.
The peening intensity and the guides of shot Flow are of great
importance For the resulting curvaturs of the components.

In the main, the peening intensity can be influenced by the
choisa of qualifisd shot medium C that is material, grain
size, grain shape and grain hardmess ), by shot wvelocity,
processing time, covarage and shot flow. Above all, the guide of
shot Fflow influences the momentary shape of components with its
influencse on the resulting Final shape. Ramarkablas is tha
possible relation between the guide of shot flow and the pasning
intansity by partial or tptal overlay of pesnad traces,
(enlargemant of coveragel. )

Within tha aircraft industries the use of pesn farming is
widespread because of its advantages at the production of
curvatures on shest metals for wings and cells. Thereby the
process of manufacturing is controlled acecording to the differsnt
shapas, thicknasses, recesses and stringers. As For automatically
working machines this means, that apart from guiding of shot flow
the peening intensity has to be determined befors beginning the
pean forming process as well.,

As for ths vsual technique of air blast peen Forming, the shot is
continually distributed on the surface of the workpisce by means
of a nozzle. That is how the workpisce is hit at wsach momant
simultaneously by several grains, respectively balls, whersby the
resulting indentations in the spread dus to the nozzle are
statistically distributed. The depths of indentations are of
different size bescause of different kinetic anergiss of grains.

As Ffor miner coverages (e.g. less than 50 %) there will be, apart
from single indentations, still indentations at the surface of
the  workpiece which touch and thersby influence sach othar. It
has to be pointed out, that these multiple indantations sffect
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other 1lpkal residual stresses and thersby local strains than
several single indentations, which are side by side and don’t
touch wsach other. Also the visual impression is not favourabls.
The lowser the coveragse, the mora irregular is the distribution of
indentations respectively the distribution of induced 1loeal
strassas with resulting inhomogenious distribution of extensions
in the surfaca.

Sinca the generation of low curved componants demands lower
coverages, in view to these special demands it ssams to ba
convenient to leave tha conventional pesning process for choosing
a technology without the disadvantages mentioned above. Thus, a
technigque has been developed, which allows to place balls of low
tolerances in shape and diameter (s.g. ball bearing balls) with
defined enargy not uncontrolled but pointed at the surface of
workpisces.

4. Description of the peen forming test unit

By the use of a test unit to realize the technique mantioned
above, it is possible to shoot ball bearing balls of diffsrent
diameters with wvarious speed pointed at the surfaca of
workpieces, controlled by a program. The test wunit consists of
savaral components and allows automatical pesning of specimens as
wall as automatical rsgistration of total strain by measuring
24 ¢ 24 = 575 surfFace-points in steps of 10 tao 10 mm. The
following componants have to be distinguished:

- air blast accelsrator for balls, including ball magazine, ball
loadar, changable accelerator tubes for different ball
diameters, air blast boilar. ‘

- workpiece Fixture with changable pick up elemants and a
sensor to registrate tha impact of balls.

- measuring instrumant for registering ball valocity and thersby
the kinetic energy of balls sach.

- contraller for workpiecs location by the usa of CNC and for
procass contraol.

- measursment compaonent to registar tha total strain of wark-
pieces by the use of an inductive displacemant transducer,
an amplifier,an A/D- transducer and a computer to investigats
savad measurament data by analysis programs.

The Ffigures 1 to 3 illustrate the surface of a pesn Fformed
workpiece by pointad ball shooting and show a computed
measurement data listing of a strained specimen as well as a
graphical demaonstration of data by a grid size of 10 to 10 mm.



3

1 2 3 4+ 3 & 7 0 vl ton

b LS 2,01 280 .03°%.07 3.47 3,78 3,95 12 .23 .33 438

T [ 1296 2,45 2,60 3,20 3,640 3,95 419 4,82 4,57 402 4.0 0.08

§ |33 2,02 3,27 344 4,02 4,32 6.5 400 4.98 3,01 5.0 8.8

¢l L L Lo s 3.0 5,33 5,48 5.54 5,00
$ | 196 006 3,02 4,52 4,48 4,90 3,25 5.47 5,48 5.77 5.8 8.v0
{325 303 20 0L 496 5.27 5,33 3,79 5.92 4.08 h.08 410
T | 347 306 00 481 507 5,47 573 5,95 6,12 .25 433 6.9Y
9] 340 4,18 0,63 5,02 5,30 5,87 5.93 6,19 4,32 4,40 4,98 458

¥ OJ LG T4 500 5,00 4,00 4,27 444 6,58 b4k 47O

19 ] 3,93 6,40 4,08 5.20 5,02 590 618 6,38 033 6.88 .77 b.00
—— e e i —

-
Fig.. 1l: An Bsxample for esxakt Fig. 2;: Computser listing of’
positioning of balls (about the measuread strain data
0.2 mm) at the surface of a (shown is only+/4of the total
warkpisca by pointed ball data list).

shooting.

Naterial:
3.1354 1851

of a pesn formed specimen (576
measurement points) at Ve T 70
m/s.

Coverage f8 :

Yy
, // 5.38 %
~ Peened area A" :
Guide of shot flow: £ 240 x 240 mm

AgE

Opposite to conventional pesn Forming the following adventages by
use of the test unit mentioned above are:

"= Any patterns of indentations can be produced in respect to
tha exact positioning of balls, adapted to matarial,
thickness, stringers and required curvature of workpieces.
Hence it Follows, that

a. there are no difficulties in generating constant
distributions of indentations by lower coverages as wall,

b. the touching of indentations is avoidable raspactively
produced only when required,

c. thers are lowsst tolerances in reproduction of total
strain when material, treatment and pre-shape of work-
pieces are egual,

d. the visual impression of peened surface is well.
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- The position of single indentations respectively of indentation
patterns can be Ffixed by CNC programs. Eventually neesded
corrections are possible by variation or changing terms of
programs without difficulties.

- The ball speed of single balls is measurables and variabls. So
the kinetic energy of single balls can be varied, too.

- There are no collisions between balls before touching the
surface of the workpisce. Due to this fact, there is no loss of
snargy .

- Using oil as lubricant and ssalant hetwsan ball and accelsrator
- tube, abrasion of balls is very low. By machining alloys out of
Al-Cu-Mg the balls are rseusable.

- It is possible, working with diffarant ball diameters
simultaneously.

- To increass sconomy respectively to reducs processing timse,
balls with 8gual or diffsrent diamaetars could bs shot

simultaneously by using several accelerator tubes in a row or
block.

- In total there are better conditions for basic rasearch. Ths
influence of peening paramsters, especially the coverage, can
be exactly registered and investigated in detail.

- The possibility of creating mathematical models to predict the

total strain of workpieces in dependance on psening conditions
increasss.
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The fFollowing discourse presents selected results of basic
researches. Thase refer to the influsnce of ball velocity, ball
diameter, coverage and guide of shot flow. The experimants wers
realized with ball bearing balls and specimens out of alloys like
Al-Cu-Mg 1 and Al-Cu-Mg 2 with the material numbers 3.1325.51
and 3.135%4 T B51. The sguare specimens out of sheet metal by a
size of 280 * 280 * S5 mm were carsfully fixed in the workpiece
fixture by the wss of rubber slements to avoid stressss dus to
external Fforces. The peaning process happened regularly with a
distance of indentations of 10 to 10 mm.  Selscted ﬁéaning
parameters and data of expariments ars shown in the following
figures.

To describe the total strain of workpisce dus to the paaning
paramaters an abstract auxiliary parameter uwas created, called
‘sum of strain heights’. It is composed 'bg the sum of data on
local measured haights of strain (576 measurament points) across
the curved surface of peensd workpisces.,

Figura 4 shows the ‘sum of strain heights’ of two diffsrent

aluminium alloys in dependanca of ball valocity vk - It can be
recognized, that there is a ocertain hall valocity for each
material which sffects a maximum of total strain of the
spacimans. In the figure shown, the wvaluas of thess ball

velocities are at v, = BO m/s and about v, = B0 m/s. The
material with higher tensile strenght and hardness shows under
similar test conditions a 40 % higher ‘sum of strain haeights’.

Figure 5 shows the ‘sum of strain haights’ for different ball
diameters depending on ball velocity. Basides maximum valuss by
certain ball velocitiss it is visuable, that smaller balls reach
8 better strain rate than using bigger balls. The reason of this
Fact is a bettar lateral axtenmsion in the surfFace of the
specimens as a result of differsnt shapas of indentations.
Certainly =a gradual reduction of ball diameters do not implicate
continuous increasing of the total strain. Hence in addition to
optimal ball velocity there must be an optimum of ball diameter.

The figures & to 11 8.g. demonstrate results about the
investigated influences of diffmsrent guides of shot Fflow by
varied coverages. Aftar Ffinishing lots of axpariments it was
proved, that on one hand in cass of low cavarages the FfFinal
strain is indepandant an the guide of shot Flow but, on the othar
hand, if covarages reach values greatesr than 30 %, it is
substantially not. The reason to the latter is based on enlarged
momantary strains and resulting stronger modification of mamants
of raesistance.
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Fig. 7:. 'Sum of strain heights’ Fig. B: Difference of final
in dependance on parts of strain of two specimans,
peened surface at a covaerage produced at differant guides
of about 5 %. of shot fFlow at a caoverage of

about 5 %.

Figure B as an example shows the strain of a specimen (shest
matal component) after pessning 40 % of its total surface by =
constant coverage from about B = 5 % (gridscale 10 mm)., The guids
of shot flow was to arnd fro. AfFtsr total peening of surface ths
result was a symmetrical curved shape with a globular radius of
about r© = 7.5 m. Different guides of shot Flow prnﬂuca at similar
coveragas similar Final shapes. This result can also be saaen in
the figures 7 and B.

Figure 7 shows the devalopment of the ‘sum of strain heights® at
increasing parts of peened surface by different guides of shot
flow. Figure B graphical presents the resulting differance of the
fimal shapa. There are no important differances in the ‘sum of
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strain heights’ to be sssn. The differance of final strains is
described by a constant level, that means the Final strains are
out of the same shaps.

On the contrary with higher coverapgss therse are totally different
characteristics to be found. Tha wvalue of each ‘sum of strain
heights’ strongly differs dependent on the guide of shot flow
(see Figure 8). Analogous tha resulting mathematic level of the
difference of both final strains is not constant (see Figure 10).
Compared are two surfaces with a coverage of about 3 = 55 %,
which are worked on tha one hand to and fro and on the other hand
by helical guide of shot flow.

~
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By calculating the standard deviation of differences in the total
strain due to the guide of shot flow for ths examplss mentioned
above, one will find a wvalue from abouwt s = 3 mm (coveragse
B > 50 %, ses Figure 11, Opposite, for a coverage less than 30 X%
the standard deviation is smaller than s = 0.5 mm.

Based on the results of experimental tests now it is tried to
Find mathamatical models to predetermine the total strain of the
shast matal specimens considering restricted conditions., One
model is based on the approximation of measursd total strains by
plains of second order with the aim to find a Functiconal relation
between the peening parameters and the coefficients of prepared
systems of equations. Up to now worked out approximations show
good results. The computed data show deviations to measured data
from about 4%.
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