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Research on Processing Parameter Optimization of Rail Repair
by Abrasive Waterjet

ZHENG Yan
China Railway Fourth Survey and Design Institute Group Co.,Ltd., Wuhan,460063

Abstract: In order to improve the efficiency and repair quality of abrasive waterjet repairing rails
and reduce energy loss, the orthogonal experiments on abrasive waterjet repairing rails were carried
out on China’s U71Mn 60 kg/m heavy rail, based on central composite design(CCD) response surface
method. The repair quality regression model of rails was established, the influences of each processing
parameter on the repair quality was studied. The results show that the nozzle feed rate has the more
significant effect on the profiles, the surface roughnesses of cutting ground zones and the surface
roughnesses of deformation ground zones than that of waterjet pressure. And two sets of processing
parameter optimization combinations are obtained under different applicable conditions, one focuses
on the repair quality, the other focuses on efficiency of repairing. It is found that the errors of the pre-
dicted values and the experimental values of the profiles, the surface roughnesses of the cutting
ground zones and the surface roughnesses of the deformation ground zones are less than 6%, and the
average error is less than 4%. It is proved that the model may effectively predict the surface roughnes-
ses of the cutting surfaces, which lays a theoretical foundation for the practical applications of abrasive
waterjet repairing rails.

Key words: abrasive waterjet; rail repair; parameter optimization; response surface method
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pressure waterjet cutting machine
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Tab.1 Main technical parameters of NewView9000

white light interferometer 3D surface profiler
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Tab.2 Mass fraction of each element in U71Mn %
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Fig.6 Roughness measurement position diagram
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Tab.4 Processing parameters and levels of processing

parameter optimization test
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Tab.5 Orthogonal test arrangement for abrasive waterjet

repair of rails
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Fig.7 Testing results of surface roughness of

cutting and grinding area
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Fig.8 Testing results of surface roughness of

deformation grinding area
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Fig.9 Testing results of cross-sectional profile
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Tab.6 ANOVA results of the cross-sectional

profile regression equation model
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Tab.7 Results of variance analysis of surface roughness

of cutting and grinding area
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Tab.8 Variance analysis results of surface

roughness in deformation grinding area

FERW | SFAM | ARE | ¥k F P
% 4099.90 5 819.98 | 2667.27 | <<0.0001
A OK 5
N 5.31 1 5.31 17.27 0.0043
i)
B (155
2025.02 1 2025.02 | 6587.11 | <<0.0001
2D
B? 366.75 1 366.75 | 1192.98 | <<0.0001
A’B 7.71 1 7.71 25.08 0.0016
A?2B? 8.59 1 8.59 27.93 0.0011
Bk 2 2.15 7 0.31
I L3 1.01 3 0.34 1.19 0.4201
ufi iR 2% 1.14 4 0.28
Jegill 4102.05 12

Shy it — 25 A 56 105 5 R (X C6)) ) IE A 4 S [
PR AR 22 B (B 12) . I 12a AT, 4%
AR AE ) — 2% B4R BRH AT, 150 B ok 25 T R OE 3
fii s B E 12b AR 12c BT, 58 22 5 HOmE X 56
T 0 05 AT W S 1 R OGRS T Y R 4
B2/ B 12d AT, BN AE 5 S PR e S 2P IE
AR DG, T BB R %) F00 1 A o O TR A )y R A AR
AR BERE.

22 IZSHMMEERENTIT
2.2.1 LESKRSB TR AR

13 Ay 48K I s 0 ) B BT e B T K S O

JEJ) A FIBEWE HE 25 B B A& X U A R R T

B12 THREHRXRcEARERREERESTE
Fig.12 Residual analysis of experimental data of surface

roughness in deformation grinding area
AORZIR . FR P 13 TR St 20 3 2 8K T 4
JEE )53 W) ST 000 25, K SRS T o TR 4 B U 1Y
2R 2 555 5 AR T R G T 5 M W 0 20 3k 2 S LE A O
557K G AL HE Ty BB G BT 4 R A L
T B0 B2 R, K IR O T R A T A B
/N

KSR E T

MR W 3k 2 TR P

.3 '
-1.0 -0.5 0 0.5 1.0
2% RIREG

B 13 #EREENBTE
Fig.13 Perturbation diagram of cross-sectional profile

U T I 2 ST R K I S5 UL 7 9 AR () Az
AR 7 I ] A S AL S L Al A T
3 S T X B 2L ) DD ) RTS8 2 Wl i
2R R, AT B 5 R TR ) e A B
TR 7 50 32 A 5 T /K S5 0 s T B S e R
AL S BE B B v, SRR RS A B B4 U0 AT
RS, R THT A S0RE /N TR 48 5 5 AR B TR
£ i 25 /) o AR T B EE BN . TR 14 B TOK
ST A RIS U 45 T B A% 52 H AR TG A
TR ERE T WSR2

« 1137 -



FEPL TR 4 36 % 5 5 0 2025 £ 5 H

T/mm

coooeLR

AL peigsvyis
B/ (mm * min™)

B EET/mm

B, 400 3
&/fff%..éoo 3 ‘;I“‘W
0
(a) F{HL A Cb) i Ji7 iy T ]
Bl 14 KSREN A FMBEEHALEEB WZXEER
x5 T 48 R B A R i B

Fig.14 Effect of interaction between waterjet pressure A

200
360 370 380 390 400
JK 5 E 714/ MPa

and nozzle feed speed B on cross-sectional profile

FT P 14 R R L B K R T 7 18 ORI
2 205 32 01 Dl /1 o 7T R A A i /) LB
M IS 0 2 8 ) A R A Ao 3R DAY A A
JES JEE 5 IR WAL T 0 8 B G g W S 2 T
TE AR OG LW R 20 B2 oF 48 T $E B BE 1Y 5
LNy
2.2.2 LESRITRTHRE YR

P 15 g D130 1) DX ThI R B 52 A1) A I
15b Sy AR T I ) DX 3% 1 AELUAS 52 1) e 6 7
SRR T RSP J1 A FIE g HE 45 S B &
T ) X 3% TS JEE R, A28 TR 5 1) IX 3R
T FRE B Ra, 1952 0

Ei10.0-
&
§9.5-
®
= %0 KEEES
=
® 8.5
]
=
8 8O < wimpi s
575 1 1 1 J
-1.0 -0.5 0 0.5 1.0
B% HIREG
Ca) ) 1B 1) X
g 70
&
g’ 60 [
1t
% 50._
g KR IE S
@ 40
o
30
A T W 0 44 S P
‘KP( 20 1 1 1 J
-1.0 -0.5 0 0.5 1.0
B HWEG
(b) 25 T B i) IX.

15 EEEERE X R EHERENRTE
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Tab.9 Optimization strategy of processing parameters for

abrasive waterjet of repairing rails
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Tab.10 Optimization results of processing parameters

for repairing rail by abrasive waterjet
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Tab.11 Optimal solution for process parameter

optimization of rail repair by abrasive waterjet
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Tab.12 Abrasive waterjet repair rail process parameter

optimization test results
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