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ABSTRACT

This paper deals with shot peening. A steel ball impacls a
metal object and a dent is left over. The denl formation
includes the diameter and the depth, which can be measured
precisely. The impac! not only causes Lhe changes of micro-
construction and vrvesidual stress of he  melal, but also
hardens the surface of the object. In this repoirt ihe tracks
of the steel ball are recorded by means of & multi-exposure
method. The impact velocity can be drawn out by studying the
negalives or prints. And then the relation belween Lhe speed
and ihe depth of dent is Known. By using some known resillis,
we get the important relation of impact veluvcity and huardness
0f the metal impacted. The relation will be confiimed to  be
helpful in indusiry manusfaclure.
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INTRODUCT I ON

The shot peening is a good and simple method of
indensification treatment of workpiece surface, which
strengthens the surface hardness and prolongs the fatigue
service 1life of machine parts atl low cost. It is widely used
in machinery indusiry, particularly in the manufactiure of
automobile, tractor, motor etc.The further investigation on
the parameters of the shot peening and relation between them
is necessary to improve efficiency 0f the shot peening and
obtain the more saltisfactory result. In hardening process, the
impact velocily is a majoy factor which dirvreclly affects the
quality of the metal surface under action. Very nice surface
can be got if the velocity is under proper control. The
Measurement of impact speed has been a difficult problem so0
far. High speed, very short distance and the influence of high
pressure air current make the measurement very difficult. It
is necessary to find a convenient and efficienl way to get
the speed. In this paper we present a wultl-exposure method by
using only one film and strobe light tn measure the velocity.

EXPERIMENTAL METHOD

A dent is produced in the surface by shot peening, under which
vield zone is formed. This is the v7Tesult of plastic
deformation. Plastic deformation leads to the change of micro-
construction. Hardness of the metal changes too.

The experiment system consists uf alr compressor, shol peening
device, camera, and stlrobe light, as shown in Fig.l. The shot
peening is a steel ball gf 6 (mmy in diameler; the impact
distance is 30 (cm) and the impacled metals refer to  Steel,
brass and Aluminium. In order to get clear photographs for
the trace of the steel ball, we select the corresponding light
cources with different frequencies for different aily pressure.

EXPERIMENTAL RESULT

Tracks of balls are recorded in various condiltions as shown in
Fig. 2 (a, b, ¢, d). As the face of balls in high speed is
very clear in the prints, it is easy to get the velocity. It
sugguesls us that high-speed photugraphy presenls one of the
best ways in research on shot peening.

Other results such as the relation of the indentation of
surface WO and the air pressure P, the relation between WO and
velocity V, and the relation of V and P, are shown in Fig. 3,

-

Fig. 4 tay, Fig. o repectively.
METALLOGHAPHICAL ANALYSIS

Under powerful microscope, it is apparent that before shot
peening all crystal grains almost have lhe same 3ize, the
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boundary of which is straight and the ribbon annealing lwin inp
which can also be clearly recognized. After shol peening he
deformed micro-twin is produced in siressed layer, the densitly
0f which is decreasing wilh the depth. Flanar defects are also
the resull of shol peening, between which dislocation lines
and irregular dislocation civeles mix up in high density. Such
phenomena in micro-consiruction cause grealt change in hardness
nf metal.

THEORETICAL ANALYSI

The i1mpact of a ball to a suirface 1s the su  called contact
problem in the elastisity [17]. By using the model of semi-
space, the depth We¢ of piont € as shown in Fig. G, 18
discribed by the following equation if disiributed load g with
total ferce F actis in circle 0

VVC* —/u //A?C@ds (13

Wc can be drawn in Plg. 6

We = WO - 2 (29
for r << R, z << R
. Z _ Y -
then = = 5p-z (59
therefore z :WZ—Q—"YJZ (47
substituting (4) into (2) then
/
We = Wo = 55 - F? (5)
substituting (5) into (13 then
2 ot mt? o 5
Wo= 2g V7" = “50F //A G cp-ds (o)
Acording to the Theorem of Uniqueness then
_ 3F -
?“ - 2na? (7
L= e X2 g.2 g
2R T 4a {(8)
Hence .
a = 3/—1—7tk}:R
Y (9
% — 3/ & F
‘ N mSk?Rr? (10
We = 3/ _grik2F?
/16 R Cli
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where K Y e 2
T E

THEORETICAL RESULTS

Impact force F varies with the speed V of the ball. According
to the mathematical vesults (9), (117, indentation WO can be
calculated out, as shown in Tab. 1. The relation curve belween
WO and V is shown in Fig. 4 (b). Comparing (a) wilh (b)),  we
can find that there are certain differences between them.

In shol peening we have the following rvelations [2]:

W@"""k/‘l“Z/?'v (127
Hy =287.6 -~ 28 kp (13

where Kh is constan! for hardness of material. Kh can be gout
from (12), where experimental datla WO are used, as described
in Tab. 2. Further more by relation (13), Hv the hardness is
caculated out. Then the curves of the relation between the
velpcity V and the hardness Hv arve got as shown in Fig.7.

CONCLUSION

By wusing our system ,ithe experiments with different metals
have been carried put repeatedly and successfully. TFrom these
experimental vresulls it's very clear that there 1is a very
direct relation between shuot speed and the change of hardness.
Especially, when the velocity is above 8 (m/s), hardness and
indentation of metal surface is increasing sharp. Consquently,
the velocity above 8 (m/s) must be considered firstly nomatler
what the metal is. The quantity of airflow should be properly
contolled to avoide affeciing the speed of the ball.
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Tab.1 Tab. 2
vimsm)|2.2617.69(9.15|11.6|12.2 steel brass Al
brass| |249 |1083|1334|1764 (1877 |Hv |KbweY{Hv |Kme®|Hv | Kixe®
steel| F|308 11%43%{165%{2186 (2327 [19915,381102]6.67{9 |8.16
Al (N) 203% |885 |1090 1442|1534 287 14.311211|5.22]123%]6.39
brass“fO.9O 2.4112.77]3.34 |3. 48 297 {4.07122515.04|1%9]6.17
steel| £0.73]1.94(2.23]2.69|2.80| |[312]3.88|242|4.87[161]5.89
A1 | 2PR.11(2.94(3.34(4.08 [4.25]| |315]3.8L4|246(4.76(165]5.83
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