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Effects of Indirect Strengthening by Pure Water Jet on Surface
Roughness and Residual Stress of 18CrNiMo7-6 Steel

SUN Jun-jie, DENG Chong-qi, QU Chen-ming, WANG Wen-tao

(School of Mechanical Engineering, Zhengzhou University, Zhengzhou 450001, China)

ABSTRACT: The work aims to reduce the effects of erosion phenomenon on material surface in high-pressure water jet streng-
thening technology. Single factor test was applied to 18CrNiMo7-6 carburizing alloy steel by selecting water jet pressure, jet
target distance and covering small steel ball diameter as variable parameters. The tested materials were measured and analyzed
by means of three dimensional surface morphology measurement system and X-ray residual stress analyzer. Surface roughness
increased as the pressure increased, and the maximum residual stress was 693 MPa. However, residual compressive stress de-
creased as injection pressure further increased. With the increase of target distance, surface residual stress decreased almost li-
nearly, the surface roughness reached the minimum value of 0.77 um at the target distance of 110 mm. As small steel ball di-
ameter increased, the surface residual compressive stress first increased and then decreased, and the maximum value was 782
MPa; the surface roughness first decreased and then increased, and the minimum value was 0.76 um. Both surface roughness
and residual stress of 18CrNiMo7-6 steel are obviously affected by water jet injection pressure, injection target distance and

covering small steel ball diameter. Meanwhile, each parameter has different influence mode on material surface in different vari-
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ation range, and different influence on surface roughness and residual compressive stress of materials.
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Tab.1 Chemical constituents of 18 CrNiMo7-6 carburized alloy steel wt%
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Tab.3 Injection conditions of three groups of injection test

Injection pressure/MPa

Target distance/mm

Steel ball diameter/mm

80, 130, 180, 230, 280, 330 110 4.0
280 70, 90, 110, 130, 150 4.0
280 110 2.5, 3.0, 3.5, 4.0, 45, 50. 55
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Fig.2 Surface morphology of sample surface
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Fig.3 Variation curve of roughness with injection pressure
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Fig.4 Variation curve of surface residual stress with
injection pressure

50 100 150 350

g 5 $0 2R

& 5 FEL 6 43 3 ki 44 3 T REURS 3 FN 2% 1T Bk A e
N7 7 B SRR ) AR R i 2 . MNIET S RIAL, Bt it S
BRI, ARBE IR e LR B2 S A/ INE R, e
BEh 70 mm B, REHRSEE R, 55 1.69 um, it
TR R IHLRERE . K] 6 WoRBEE FERE I,
IR RIFRATERN 1 L5 /N . ZEWESHER S, 70
mm B}, PRI AN T T 800 MPa, i
k150 mm AYTEDBL T, PR AR AR ik T 600
MPa, 56 RH SRR 2 AR AN 1 B s2 R H B

XFFARAF R AR AN 7, 7E WS R A [ ()4
T, KA IR — AR, BEE BT AR, ik
K T R 23 B T AT 3 n ARl 7K 3L S 0 /N Bk
FETH AR N, /N Bk R A 2 T A0 T BE =2 0
AN, FECRTRIAR AT N 7 B A s o TR
P S T RELRE B2, /)N A B R Rt S5 R I ARBL, /NN
BRXR R E R R, SRR RER I, (15
& THURE P A A Bl R A3 o, 2 TRLRE AR /N
KT DA IS I S s DA S 2 A R B CR, , T DL R A 3
T TR) A A A5 Bt 1 ke B4 K R 5 /0N A R 22k £ v R
B, B NS R R L RCR AR /N, R TE

2.2

5 R B2 Bl SR AR A 2
Fig.5 Variation curve of roughness with target distance
=550

/

Residual stress/MPa
| | I | |
o0 ~ ~J N N
S G =) O S
S S S S S

7850 1 1 1 1 1
60 90 105 120 135 150
Target distance/mm
P 6 IR AN 7 Bl #E R A At 28

Fig.6 Variation curve of surface residual stress with
target distance
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