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Fig. 1 Experimental piston of
hydraulic drill YYG90SX (mm)
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Table 1 Chemical composition (mass fraction, %) of three kinds of steel materials for making piston

M aterial brand C Cr Mn Ni Mo A P Fe
25CrNi3MoA 0.22~ 0.28 0.80~ 1.20 0.40~0.70 0.17~0.37 2.75~3.25 0.20~ 0.40 < 0.02 < 0.02 balanced
20CrMnMo  0.17~ 0.23 1.10~ 1.40 0.90~ 1.20 0.17~ 0.37 0.20~ 0.30 balanced
40CrNiMoA  0.36~ 0.44 0.60~ 0.90 0.50~ 0.80 0.17~ 0.37 1.25~ 1.75 0.15~ 0.25 < 0.02 balanced
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Table 2 Heat treatment technologies of three kinds of steel materials for making piston

M aterial brand

Heat treatment technology

25CrNi3M oA
20CrM nM o
40CrNiMoA

920 C carbonization+ annealing+ 830 C oil quenching+ 200~ 250 C tempering
(930X£10) C carbonization+ annealing+ 830 C oil quenching+ 200 C tempering
900 C carbonization+ annealing+ 850 C oil quenching+ 550~ 650 C tempering
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Fig.2 Microstructures of
heat-treated 20CrMnMo ( X% 300)

(a) —Surface layer; (b) —Subsurface; (c¢) —Interior layer
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3 25CrNi3MoA # 4B J5 ¥ W41 21( x 500)
Fig. 3 Microstructures of

heat-treated 25CrNi3M oA ( X 500)
(a) —Surface layer; (b) —Subsurface layer; (¢) —Core
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Table 3 M echanical properties of

steel materials tested

T ensile strength Yield strength

M aterial brand

0,/ M Pa Op. o/ MPa
25CrNi3MoA 1196 1050
20CrNiMo 1080 780
40CrNiM oA 1080 930
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Table 4 Hardness of piston made in 25CrNi3M oA

Distance from sampling site

0 0. 05 0.15 0.25 0.35 0.45 0.55 0. 65 0.75 0. 85 0.95
to surface / mm
Average hardness HRC 59.5 59.2 59.3 59.5 59.5 59.5 59.5 59.5 59.5 59.4 59.3
Distanc: foom sampiing sike .05 115 1.25 1.45 1.65 1.85 2.05 235 2.65 2.85  3.05
to surface / mm
Average hardness HRC 59 58. 8 57.8 56.6 55.4 53:3 51,3 49.5 48 47 46.5
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Impact piston
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Fig. 4 Incident stresswave shape of
stepped impact piston

1 —M easured stress wave;

2 —Wave value coefficient, i.e. ¥ value in Eqn. (1)
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Fig. 5 Stresswave shape and %

values of a cylindrical impact piston of

hydraulic drill (Y'Y G90SX)

1 —M easured stress wave; 2 —Calculated stress wave;

3 —Wave value coefficient, i.e. % value in Eqn. (1)
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Table 5 Incident stress wave ( Ogx) and wave value coefficient ( ¥x) produced
by piston impact of three drills
. Time since impact/ Hs( corresponding to abscissa of Fig. 5)

Drill brand Pk, Ok

20 30 40 50 60 70 80 90 100 120 140 160 180 200

— P 0.840 0.584 0.539 0.524 0.510 0.355 0.326 0.280 0.260 0.378 0.411 0.241 0.198 0.177

Opk/MPa 301.5 209.6 199.5 188.1 183.1 127.4 117.0 100.5 93.3 135.7 147.5 86.5 71.7 63.5

TE3E Pk 0.789 0.583 0.566 0.564 0.564 0.284 0.240 0.231 0.202 0.350 0.295 0.228 0.161 0.199

Opc/MPa 252.4 186.6 181.1 180.5 180.5 90.9 76.8 73.9 64.6 112.0 94.4 73.0 51.5 63.7

YOO P 0.594 0.590 0.580 0.582 0.570 0.560 0.490 0.360 0.270 0.240 0.238 0.22 0.19 0.10

T Opk/MPa 235.0 234.0 230.0 231 226.0 223.0 194.0 143.0 106.0 95.0 94.0 86.0 70.0 40.0
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Improving material properties and evaluating design quality of

hydraulic rock drill’ s piston

ZHOU Zrrong', ZENG Shirlin', LUO Liang guang’
1. Machinery Department, Hunan Engineering Institute, Xiangtan 411104, P. R. China;

2. Xiangtan Pneumatic Machinery Manuf acturer, Xiangtan 411103, P. R. China

Abstract: A kind of low carbon containing alloy steel with composition ( mass fraction, %) of 25CrNi3MoA was developed for mak-

ing hydraulic drill piston which experiences long period cyclic impact stress. The experimental piston was made according to the de-

signed sizes. Then heat treated, sampled and studied using microscopy and the results were compared with those of another piston

made with conventional low alloy steels. Metallographic studying and industrial tests show that the experimental piston has very good

microstructures and properties, and its working life exceeds 400 h with a total drilled hole length of 25500m in a coal mine, which is

about 3 times of that of the comparing piston made by conventional low alloy steel. In addition a method of using stress wave coeff-

cient,

®

k, to evaluate preliminarily the designed piston was proposed.

Key words: hydraulic rock drill; impact piston; low carbon containing alloy steel; stress wave
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