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1 Introduction 

Several effects produced by shot peening for fatigue strength, stress corrossion cracking, wear 
resistance, heat transfer and flow resistance are reported in many papers. Their factors relative 
to those effects are surface roughness, residual stresses, hardness and texture. In general, pee- 
ning effects for fatigue strength are influenced by compressive residual stresses and work har- 
dening [ l ,  2, 31 , and for heat transfer or radiation is influenced by surface roughness and 
affected layer [4, 51, but their relations with each factors are not always simple. The most im- 
portant factor of the effect for fatigue strength is residual stress, and residual stress value chan- 
ges with the texture of work material and the measuring ways. 

In this experiment, in order to clarify the influences of shot peening on the surface rough- 
ness, hardness distribution, half width and residual siress, work iiiaterids with several different 
hardness produced by different annealing conditions were peened, and the influence of pre-an- 
nealing on surface and surface layer characteristics was studied. 

2 Experimental Conditions and Procedures 

Experimental conditions on shot peening and residual stress measurement are shown on Table 1 
and Table 2 respectively. 

Three surface profiles for one specimen were recorded without cut- off and surface rough- 
ness Ry was calculated from the records. Hardness distribution was obtained from perpendicular 
section to the peened surface with Vickers hardness tester, and averaged from the data at the 
same depth on three positions. Residual stress was measured using X-ray diffractometer. 

The pre-annealing temperature and time were changed from 620 degrees to 900 degrees 
centigrade and from 1 hour to 8 hours respectively. 



Table 1. Shot Peening Table 2. Residual stress measurement 

3 Experimental Results 

3.1 Influence of Annealing 

3.1. I Number of Grains 

Flgure 1 shows inicrostructures etched by 3% aqueous solution of nltrlc acld Ferrrte and ce- 
mentltc become much clear after anneallng, and In the case of 900 "C, 6h and 811 of 800 "C an- 
nealing, grain growth were obselved clearly 
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Figure 1: Microstructures 
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(b) Influence of annealing time 

Flgure 2 shows the influence of annealing temperature and t m e  on the numbers of grains pel 
unit area As shown in Flg 2(a), the gram numbers IS the most 111 the case of 720 "C,  because the 
grain size of as-recelved material 1s relatively large Flgure 2 (b) shows the Influence of an- 
neahng t m e  In the case of 820 " C ,  and the number IS mversely proportional to the tlme over 2 
hours anneallng 
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Figure 2: Influence of annealing on the numbers of grams pel unlt area 

3.1.2 Hardnew of Work Moterinl 

Figure 3 shows the influence of annealing on the hardness of the work inater~al As the hardness 
is 2901IV, the hardness aftcl annealing of 620 "C decreases largely, but annealing IS not com- 
plete After 723 "C anneahng, those hardnesses are almost slmllar to each other As shown in 
Fig 3(b), the hardness decreases gradually w ~ t h  the anneahng time. 

Annealing temperature 'C  Annealing time h 

(a) Influence of pre-annealin temperature (b) Influence of pre-annealing time 
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Figure 3: Influence of pre-annealing on the hardness 

3.2 Shot Peened Material 

Surface roughness produced by shot peenmg is shown in Fig. 4(a), (b). Surface roughness 
increases slightly with the pre-annealing temperature and time. 



Pre-annealing temperature "C Pre-annealing time h 

(a) Influence of pre-annealing temperature (b) Influence of pre-annealing time 
(Annealing time: 2 hours) (Temperature: 820 ' C) 

Figure 4: Influence of pre-annealing on the surface roughness 

3.2.2 Hardness Distribution 

In this experment, hardness distribut~on are all work hardenmg types. The mfluences of pre-an- 
nealing on the maximum hardness (IImax) and the depth of work hardened layer (6) are shown 
In Flg. 5 and Fig. 6 respectively. T h e ~ r  influence of the temperature are relatively small, but the 
depth of the work hardened layer Increases gradually with pre-annealing temperature and time. 

Pre-annealing temperature "C 

(a) Influence of annealing temperature 
(Annealing time: 2 hours) 
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(b) Influence of annealing time 
(Temaerature: 820 "C) 

Figure 5: Influence of pre-annealing on the maximum hardness (Hmax) 

Half wldth means the mlcro stram of crystals and the change 1s s~milar to the hardness one As 
shown In Fig 7, the half wldth of 600 and 723 "C annealed materials are larger than those of 
other cases and thls means that the mlcro sttain before shot peening affects the values after shot 
peenmg In the case of 820 "C pre-anneahng, the ~nfluence of the tlme is shown In Fig 7(b) 
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(a) Influence of annealing temperature 
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(b) Influence of annealing time 
(Temperature: 820 "C) 

Figure 6: Influence of pre-annealing on the depth of work hardened layer 
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Figure 7: Influence of pre-annealing on half width 
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Figure 8: Influence of pre-annealing on surface residual stresses 
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3.2.4 Surface Resirlc~al Stress 

As shown In Fig. 8, the d luences  of shot peening on the surface residual stresses is very small 
except for the case of 620 "C pre-annealing. 

3.3 Grain Size and Change of Surface Residual Stresses 

As the grain size is relative to the micro residual stresses, at first, the influence of X-ray projec- 
tion area on the surface residual stresses is discussed. 

3.3.1 InjZuence of Projection Area 

The projection area is changes with the diameter of a collimator. Figure 9 shows the results on 
the scattering of surface residual stresses and Figure 10 shows the relation between the projec- 
tion area and the difference of resid~tal stress. Its difference is inversely proportional to the pro- 
jection area. These differences suggest that micro residual stresses are also affected by the grain 
size. 

D~stance from a central point mm Dfameter of callmatar mm 

Figure 9: Difference of surface residual stresses by Figure 10: Relation between the projec 
the X-ray projection area tion area and the difference of residual 

stresses 

3.3.2 Influence of Grain Size on the Dzfference of Micro Residual Stresses 

F~gure 1 1 shows the difference of resldual stresses measured usmg collimators of 0 2 mm and 
0 15 lnin in dlameter As shown in Fig. 1 I(b), sn the case of small projection area, the dlffe- 
rcnces ~ric~eases wtth the gram ssze 
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Figure 11: Influence of the grain size on the differences of surfidce residual stresses 

4 Conclusions 

In order to clarify the influence of pre-annealing on surface characteristics produced by shot 
peening, shot peening was performed for a plain carbon steel (C:0.45%) with conditioned cut 
wire-shot by an air blasting machine. The influence of grain size and hardness of the work ma- 
terial on the several characteristics such as surface roughness, hariiness and residual stresses and 
half width were discussed, and the following results are obtained. 

The grain size increases but the hardness of work material decreases with the increase ofpre- 
annealing temperature. 

The depth of work hardened layer and the maximum hardness in the affected layer are affec- 
ted by the increase of pre-annealing temperature, 

The influence of pre-annealing on residual stress values is not very large, but the scattering 
of residual stress values increase with the pre-annealing temperature. 

The maximum difference of surface residual stresses is 584 MPa in this experiment 
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