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1 Abstract 
This paper gives an overview of the art, crafl and science of "Cavitation Shotless 

Peening" as a new method of turning the traditional negative effects of cavitation in 
hydrodynamic machinery to more positive industrial applications. 

Impact at cavitation bubble collapse can be used to improve the fatigue strength just as 
the same way as shot peening. Cavitation impacts can peen the surface without the use of shot. 
Hence, it is a kind of shotless peening, and herein termed as Cavitation Shotless Peening (CSP). 
The peened surface by CSP is less rough compared with shot peening, since there is no solid 
body collision involved. In the present study, cavitation impacts were produced by a submerged 
high speed water jet with cavitation, ie., a cavitating jet. The cavitating jet differs completely 
fiom a normal waterjet in air. 

To explore the potentials of CSP as a means of inducing surface compressive residual 
stress and subsequently increasing fatigue strength of materials, silicon-manganese alloy (XS 
SUP7) and an aluminum alloy (JIS AC4CI-I) specimens were peened by a cavitating jet. The 
residual stress was measured by an X-ray diffraction method. 

Experimenkd results confirmed that the rotating beam (R = -1) fatigue strength of 
silicon-manganese alloy increased by 41% while that of aluminum alloy increased by 56% in 
comparison with non-peened specimens. 

2 fln&mdac~asn 
When a liquid at constant temperature is subjected to a decreasing pressure below the 

saturated vapor pressure, liquid becomes gas. In viewpoint of phase transition fmm liquid to gas, 
cavitation has the same phenomenon as that of boiling. However, cavitation generates 
iii~pacts at gas bubble collapse [i -21. 

Ciened research subjects on cavitation were focuwed on its negative effects such as 
erosion in engineering applications [3-61. Soyama et al. proposed the peening method by 
cavitation impacts [q and then proved the introduction of residual stress [8,9] and improvement 
of fatigue strength [lo-131. With CSP increase in roughness is negligible because of no solid 
body collisions and the op t iona l  costs arv low. In the initial cavitating stage, there is plastic 
deformation at the subsurface of the material without mass 10s. Hence compressive residual 
stress can be obtained without morphological damage. 

Figure 1 shows the schematic diagram of impinging jets both in air and in water. For 
the case of water jet in air, the presswhd water jet generates droplets of water around the 
potential core. When the droplets impinge the solid boundary, erosion is formed at the center of 
the jet. Thus, the eroded region of water jet in the air is smaller than the one produced by 
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Figure 2. Cavitatingjet appamkis 

Figure 2 shows the experimental set-up used to peen both the silicon-manganese alloy 
(JIS SW7) and aluminum alloy (.W AC4CH). The test section was filled with water. A 
cavitating jet was passed through a nozzle of throat diameter 1.8nun. Tq water was used in the 
cavitating loop jet Thc specimen was mounted horizontally across the test section to allow the 
cavitating jet to impinge it at 90 degrem The plunger pump had a maximum pressure of 35MPa 
The spzcirnen wm gradually rotated and scanned at a speed of lmrnlsec along its axis using a 
motor. The upstream and downstream pressures at the nozzle were controlled by the needle 
valves. 

The main parmeter of the cavitating jet WE cavitation number o, which is a measure 
of the resistance of the flow to cavitation [lq. with respect to n o d e s  and orifices, thc flow 
velocity depends on the pressure difference between the upstream and downstream pressures. 
Thus the cavitation number is given by 

P? - P ,  a=- ........ ( i j  
PI - P2 

where pl ,172 , mdp, are upstream, dow~lstreanl and vapor pressures, respectively. 
Since pl . pz , p, , FZ. 1 can then be simplified as 

The standoff distance s was defined as the length fiom the upstream comer of the 
no7de throat to the, surface of the specimen under test. Thus, the optimum standoff distance s,, 
was qualitatively determined by the erosion test. The specimen for the erosion test way made of 
pure aluminum (JIS A1050P). In the erosion test, the standoff di.stance was measured as the 
rate of cavitation erosion was varied. To determine the optimum scanning speed v,, the residual 
stress was measured at different exposure time per unit length, t. The exposure time per unit 
length is the ratio of number of scans n to scanning speed v. 



The cavitation number oof 0.014 and upskam pressure of 30MPa was used for both 
specimens. The exposure time 1 for silicon-manganese alloy (JIS SUP7) and aluminum alloy 
(JIS AC4CH) were 0.4mm/min and 3Omm/rnin, respectively. The standoff distance s for JIS 
SUP7 was 55mrn while for JIS AC4CH it was 60 mm. 

The shape of specimen was designed according to the Japanese Industrial Standards 
(.JIS Z2274), as shown in Fig. 3. The chemical compositions of cxperirnental specimens were as 
shown in Tables 1 and 2. The silicon-manganese alloy (JIS SUP7) was heat-treated at 1103K for 
20 minutes and quench hardened at 673K for 40 minutes. This gave RockweU hardness HRC of 
51. The aluminum alloy (JIS AC4CFI) was solution-treated at 813K for 5 hours and allowed to 
age at 443K for 3 hours. 

For the purpose of comparing the peening effect between shot peening and CSP, an 
N-type Nmen strip, 76mm x 19rnrn x 0.8 mm thick was scanned at a speed of 2Omndmin. Then 
the arc height was measured using an Almen gauge according to the required standard [I 81. For 
the aluminum alloy (JIS AC4CII), the shot peened material was SB8PM with condition5 as 
shown in Table 3. The conditions were decided with reference to the results of Masaki et al. [19]. 

Figure 3. Geornetq of test specimen for mtating bending fatig~le test 

Tabte l Composition of JlS SUM by weight % 

Table 2 Composition of JIS AC4CH by weight % 

Table 3 Shot peening conditions for JIS AC4CH 

Project amount Shot Pressure Peening time Standoff Arc height Coverage 

(kg/min) OM'a) (sec) distance(mm) (mmA) ("A) 
15 0.1 45 200 0.29 3 00 



4 Results 
Figures 4(a) and 4(b) shows the relation between the stress amplitude a, and the 

number of cycles to failure N obtained fiom rotating bending fatigue tests for JIS SUP7 and JIS 
AC4CH, respectively. For JIS SUP7, at higher stress amplitude the CSP and non-peened 
specimen had similar life. llsing Little's method on estin~ating the median fatigue limit [20], 
CSP specimen had an increase of 281.6 Ml'a in fatigue litnit, which is 41%. Optimization 
conditions for silicon-manganese alloy (JIS SUP7) are yet to be published for comparison with 
other peening methods. 

From Fig. 4(b) it can be seen that specimen peened by CSP had highest fatigue Limit at 
N equals lo7. Considering the non-peened specimen as the reference point, the CSP specimen 
had an mcreaw of 56% in fatigue limit while the shot peened speclinen gave an ilmease of 
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Figure 5: Surface morphologies of Almen strip 

Figure 5 shows the surface n~orphology of Almen strip for the non-peened, CSP and 
slot peened specimens. Since there is no material loss and no particle bon~bardment, the surface 
of CSP specimen had a better quality finish than the shot peened one. 

5 Co~aclusions 
Impact by cavitation bubble can be used to improve the fatigue strength of materials. 

To demonstrate the increase in fatigue strength, a new technology, Cavitation Shotless Peening 
(CSP), reversing the negative engineering effects has been carried out. The impacts were 
produced by a cavitating jet. The specimens tested were silicon-manganese alloy (JIS SUP7) 
and aluminum alloy (JIS AC4CI-I). The key points are summarized as follows: 



1. CSP increased the fatigue strength of silicon-manganese alloy by 41% and for the 
aluminum alloy by 56 % in comparison to the n o n - p n d  specimem. 

2. There was no sigmficant material loss and thus the surface fXsh of specimens p n e d  
by CSP had better results compared to shot peening. 
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