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Construction of Database on Cavitation Erosion
and Analyses of Carbon Steel Data

Shuji HATTORI*® and Ryohei ISHIKURA

*¥ Department of Mechanical Engineering, Fukui University,
3-9-1 Bunkyo, Fukui-shi, Fukui, 910-8507 Japan

Cavitation erosion data has been accumulated in our laboratory since 1970 for about 30 years.
The database was constructed in the electrical data of the Excel file. The data file is able to offer
the quick search in terms of test material, test method and test condition among 859 data. The carbon
steel data were analyzed, excluding stainless steels that exhibit the high work hardening. The
average of erosion rate under the standardized condition {ASTM G 32, stationary specimen method,
standoff distance 1 mm) was determined for different carbon steels. Since the coefficient of variation
was obtained in the range from 0.1 to 0.3, the standard deviation can be easily estimated for these
steels. The erosion resistance was defined as a reciprocal of erosion rate, and it was normalized with
the erosion resistance of SUS 304 steel. The normalized erosion resistance is equal to 2.1 E-06 X
HV?** (HV ; Vickers hardness), and the correlation coefficient is 0.92. It was concluded that the
erosion resistance could be estimated precisely by the material hardness for carbon steels.
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Table 1 Number of test data

Material i Test method | Frequency kHz | Amplitude pm Test liquid | Standoff distance mm]
Typd TotalfVibratory] Stationary| others] 14.7] 19.5 | othersf<30| 40 | 50 |>60] fon [NaCl others] 0.5 1 |others
Tron&Steel 15] 368 274 85 of 2291 25| 114] 9ol 135{100] 43J207] 92] 69] 20| 38 7
Cast iron 7| 45 23 22 of 41| 4 of 3[ 17] 22] 3} 30] 15 0 o] 19 3
Stainless Steel] 12] 116 44 72 o] 60| 47 of 13| 18] 74] 11] 95] 19 2 0] 68 4
n Castings 10 26 0 26 of 10l 16 o] ol 2f 22 2 26] "0 0 o] 26 0
Al alloy 3] 82 0 76 6] 34] 42 6] of of so] 14f 46] 13] 23 ol 74 2
Cu alloy 3] 66 10 40l 16l 12] 251 29] 16] 9] 24] 17] 37] 7] 22 NS 1
Ti alloy s| 17 1 16 of 13] o 4] 1] of 16] of 17} o0 0 o] 16 0
Ni alloy 2l 4 2 2 o 1| 3 of of of 4 of 4] o 0 0 2 0
Coalloy s 5 0 5 of 1] 4 of ol of 5] of sf o of o 5 0
Plastics 4] 8 0 8 of o 8 o] o] of 8 of 8] o 0 0 8 0
Ceramics 4 12 0 12 of 12] o of of ol 12 o] 12] o 0 o] 12 0,
Other 431 110} 2 108 of 33 ss] 22] 7l 3f 98l 2lio4] 1 0 0] 108 0
otal 118] 8598 356 472]  31] 446] 229] 184] 139] 193] 435 9él§91 147] 116f  24] 431] 17
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BTHE NI T — 213 ASTM MRAE O MEE 2 -+ 41 fi
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Fig.1 Cumulative mass loss-time curves for Nickel 200
from six laboratories including ours
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Fig. 2 Structure of cavitation erosion data
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- Fig.3 Normalized erosion resistance versus hardness
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Fig.5 Probability versus MDERmax (Vibratory, 14.7
kHz)
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Fig.6 Analysis of SUS 304 [Stationary and 19.5 kHz]
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A
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Table 2 Mean of the log-normal distribution of MDERmax £ r O SK4 ]
5 + 85400
=
Vibratory Stationary specimen | Vibratory/ = 5L 4
Vickers | 14-7kHz | 19.5kHz 14.7kHz | 19.5kHz | |Stationary g
Materials ha(:ljdrnvt;ss E Mean -§ Mean| -8 Mean E Mean | S é 10 ¢ ]
| wo (8l me [ ELE) me (BN e | 2] Rato
Z|(urvh)| 2 |(pmv/h) Z|(pm/h)| < | (pam/h) 50 ]
S$S400 | 134-143 3| 14.7]2] 16.3] 1.1
10C | 125-137) 3] 47.1 4] 115 4.1 0 Y-, S ot
Carbon S15C | 130-151 11 45.3 41 1321121 (3.9 200 400 600 800 1000
steel 35C | 184-210] 6] 16.9 .
S45C | 240 | 2] 135 2] 28 48 Vickers hardness
fsgf ggg'ggz Z 1;‘2 2] 23131 27112] 62 Fig.7 Relation between hardness and
Stainless | o o ' MDER yax
el susso4i 178209] 2| 92|ts| 108 12|5| 26{5 30{12] 36
Total | 37 15 [ G 14 = 10 L
= © $10C
= o s15¢
A S35C o
Table 3 Standard values of MDERmax = X SA5C 8
5 § $55C
Conversion to Stationary specimen, 19.5kHz ] TEl o ska E
istribution ] Standard normal distribut S + 85400
Vickers Log-normal distribution no is (:: =
Materials  }hardness £ 8 £ 5 D ‘
Mean | Standard | 8 - 83 Jy ASTN 632
EUN deviation | 12 g Mean | Standard | 3 & 3 Stationary specimen
| 1] P % £ |(un/h)| deviation | § £ 2 Standoff distance imm
(um/h)| S Sy S« s 0.1¢ 4
SS400 | 134-1430 5] 17.1] 20 1 01 [ 170] 15 0.1 g ER=5. 8F-07 xHV %4
S10C |125-137] 7] 1291 29 02 | 128] 24 0.2 8
Carbon |S15C 1130-T51 Jis| 1201 1.4 01 § 120] 12 0.1 c
steel 35C | 184-210] 6] 43| 0.8 02 | 43| 07 0.2 S
45C | 240 | 4] 33| 08 03 ] 32| 06 0.2 @ 0.01 . .
55C 204-267’!2 3.3 0.6 0.2 33 0.5 0.2 ° 1 10 100 1000
SK4 1360-371) 6] 0.6 0.2 0.3 0.6 0.2 0.3 w Vickers hardness
Stainless
geel |SUS304] 17820907 30 0S5 021 30f 04 o1 Fig.8 Relation between hardness and ero-
Total ]2 : sion resistance (=1/MDERmax)
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Heymann & KFFREDT —F DX o D E QLK%
179 Te iz, FRHEREN O B OERERZ (log Ne)
DHEENE® 72 ¥ ORI ST 2 — 5 % v TEHE L
7z, 341213 Heymann & AR 58 QR AEfRZE O #EE
e 2 OEOE 2358, Heymann OEHT L 72
F—20, ME19EDH 2Dt L, RUIFROERL
T2 7 — & OB 68 H & Db, KFFFE DA
BOBBERIREMOATHY, A7 VAWML HK,
Zw T NVEE TVIASREINTWRY, FEH
BT O X O EEER = O H#H E {13 Heymann @
0.32525 0.14 ~&HE/A L, HBERE S Heymann O
0.77 95 0.92 Nk XD SO SB O, £77,
Heymann OFENEERIEHIIE S Oy 2.5 I3
HEHEZTNTWLR000 3 Heymann D7 — 4 %
ERCHETEANT T A LXMDY 1.6 £k D, ABERORK
FMTIE2.4 05,

o5& EHY x KT 57 EITHERTD
RS V2 3 % AT & v C FPA L 72,
BI10 3 E L 7o B 5 D 1%, 10%, 50%, 90%,
99% D EERTER & Heymann D 194, 999% DR 1 3K

Table 4 Comparison of the data analysis of Heymann
and our laboratory

Heymann Our laboratory
Total 119 68
Type of material St.S:l',ch, Al Carbon steels
Reference material
= ,Ne=1| HV=187, Ne=1.21
(SUS304) HV=170,Ne=1| HV=187, Ne
Estimator of
32 .14
standard deviation 0.3 0
Correla'tlon 0.77 0.92
coefficient
Slope 1.6 24
100
8 g}gg Correlation
® A S35C coefficient
= § e R=0.9229
8 O $K4
S : glslggg4(ﬂv=l70)
E 10 || o sus3od (Hv=187)
8 Reference standard
- SUS304 (HV=170)
s Ne=1
» Reference material
e SUS304 (HV=187)
® 1L 1/MDERmax=0.33[h/ ym] |
3 Ne=(187/170)"2=1. 21
= Ne=2. IE-06 x HY 2*
g
2
0.1 1
10 100 1000

Vickers hardness

Fig.9 Relation between hardness and normalized ero-
sion resistance (N.)
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EHT L LYD, BECHRBRERT -, HEHER
7 — & OB R ARG L T2,

(2) HHEREREPEY »— AW CEET
, M¥Fe Al Cu, Ni%® o L x WH#EH L 72
Heymann O f5H CTIXAHBMREDY 0.77 TH 5 O e xt
LT, A—RETAT VA 2RO RERET T
FRAR U 7o AR SR D RS R CRAIBIREA30.92 L £ D &
WHIBMRE SN 5,

(3) REMOE v I — AT 2 EMNHEEE
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Fig. 10 Comparison of the data analysis of Heymann
and our laboratory using erosion prohability
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