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Correlation between Ultrasonic Rolling Process Parameters and Surface
Properties of Coating at High Temperature

ZHANG Shilei,ZHAO Yuncai,ZHANG Jun,HE Yang, WANG Xin, WANG Ximao, LIU Cunyu
(School of Mechanical and Electrical Engineering,Jiangxi University of

Science and Technology,Ganzhou 341000, China)

Abstract; To obtain Fe-based WC coating by plasma spraying on the surface of 457 steel matrix,and then grind
the sprayed samples to explore the changes of the surface properties of Fe-based WC coating by ultrasonic rolling
under different processing parameters. The roughness of Fe-based WC coating was studied by orthogonal test under
different ultrasonic rolling(USRP) processing parameters, and the significant influence of processing parameters on
surface roughness was determined. The surface roughness, cross-section morphology, microhardness and residual
stress of Fe-based WC coating were analyzed by using three-dimensional white light interferometer and scanning
electron microscope (SEM) . Results show that the order of influence of process parameters on roughness is

temperature>spindle speed > static pressure>>lower pressure. Under the process parameters of 650 C,125 r/min
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spindle speed,0. 5 MPa static pressure and 0. 25 mm downward pressure, after high temperature ultrasonic rolling

(HT+ USRP) treatment, the surface roughness Ra of Fe-based WC coating decreased from 1.298 pm in original

grinding and 0. 658 pm in normal temperature ultrasonic rolling(NT+USRP)to 0. 211 ym. When the temperature is

650 C ,the spindle speed is 125 r/min, the static pressure is 0. 4 MPa,and the downward pressure is 0. 25 mm, the

coating surface has plastic deformation and grain refinement. The microhardness, untreated, rises to 1 058. 8 HV
from 588.3 HV before grinding or 712. 5HV before NT+ USRP. After NT+ USRP. the compressive residual stress
is—359. 7 MPa, which decreases to —308. 2 MPa after HT+ USRP, but the depth of the compressive residual stress

layer can reach 800 pm after HT+USRP. The HT+ USRP process can significantly improve the surface properties

of Fe-based WC coating,and the temperature shows the most significant effect on the process.

Key words: ultrasonic surface rolling process; Fe-based WC coating; microhardness;residual stress
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Table 1 Chemical composition of spray material /%
Samples Cr B Si C Fe Ni
Fed0 16. 4 2.1 1.9 <0.5 Bal. 8.9
Ni60 17.5 3.8 4.0 0. 88 8.8 Bal.
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Table 2 Plasma spraying process parameters

Powder air flow/

(L -

Oxygen flow/
(L -

Barrel specification/

cm min~ 1) min~— 1)

Powder feeding Powder feeding Spraying

pressure/ MPa rate/(g « min~ 1) distance/mm

10 800 12.0

0.35 80 300
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Table 3 Factors and levels of ultrasonic rolling parameters

Factors Level 1 Level 2 Level 3 Level 4
A Temperature/ C 250 450 650 850
B Static pressure/MPa 0.2 0.3 0.4 0.5
C Spindle speed/(r + min~ 1) 125 180 250 355
D Press amount/mm 0.15 0. 20 0. 25 0. 30
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TR SR A R 2 g A AR L
H, Kol R BT A 7K X i # i BE =2 Y P
{EL A O UK s R ik 22 5 P o IR BT A1 K
S ML R BE 22 R s W MRS Y F O s Q
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W % 32X 30 DAL 25 00 R B2 i) 5 o TR O 3R 5 04 4k 2
X HLUBE B2 (0 7 22 AT T A0 HT R F AR IR . 2
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Table 4 Orthogonal test scheme and calculation results of range and variance

A B C D
No. Temperature/ C Static pressure/MPa  Spindle speed/(r + min~ ') Press amount/mm Surface roughness/m
1 250 0.2 125 0. 15 0. 325
2 250 0.3 180 0. 20 0. 555
3 250 0.4 250 0. 25 0. 351
4 250 0.5 355 0. 30 0. 498
5 450 0.2 180 0. 25 0. 405
6 450 0.3 125 0. 30 0. 283
7 450 0.4 355 0.15 0. 381
8 450 0.5 250 0. 20 0. 525
9 650 0.2 250 0. 30 0. 484
10 650 0.3 355 0. 25 0. 569
11 650 0.4 125 0. 20 0.161
12 650 0.5 180 0. 15 0.225
13 850 0.2 355 0. 20 0. 495
14 850 0.3 250 0.15 0.588
15 850 0.4 180 0. 30 0. 397
16 850 0.5 125 0. 25 0. 296
K, 0.432 0.427 0. 266 0. 379
K 0. 398 0. 498 0. 395 0.434 R= e — koin
Ks 0. 359 0.322 0. 487 0. 405 P et
K 0. 444 0. 386 0. 485 0.415 q:LPZ
R 0. 16 0.105 0.221 0.104 16
P, 1. 729 1.709 1. 065 1.519 —_— iﬁ
P, 1. 594 1. 995 1. 582 1. 736 i=1
P, 1. 439 1. 290 1.948 1. 621 S =W-—yq
P, 1.776 1. 544 1. 943 1. 662
Q 2. 868 2.737 2. 801 2.677
S, 0.197 0. 066 0. 130 0.006 7
x5 REHEBEENFTESWE
Table S Analysis of variance of surface roughness
Factors Sum of squares of deviations(S,) Degree of freedom Mean square F Significance
A 0.197 3 0. 065 29.402 * %
C 0. 130 3 0.043 19. 402 * %
B 0. 066 3 0.022 9.85 * %
S. 0. 006 7 3 0.002 2

2.2 MITESHTREMERENIN

R 1 58 320 56 % 2 T AL B 32 43 B T A, R 2 T
FELRE 32 52 ) 558 %) W A PRI 28 2 L B R Rl e o,
T 3X WA PR 2 A6 USRP 5o #8 o % 2 187 HDRS B2 1
VE LA AT 4347
2.2, I RN THREDRE BE 1) 5 )

I T TS H0% 276 G 38 130 B Y e 5, % &
B0 5 iR ) 2 T RELRES BE R BE 1 £5 5 ORI 2
A IR IEAE B R U B R A # R 125 r/min,

BESHO0.4 MPa M FE&EN 0.20 mm, K 2K
USRP i J5 i AF 19 3 1 HUBE B Ra 72 {64 X 50
B AR Untreated \ NT+ USRP F1(250.450,650.
850 C)HT + USRP ¥ 3 i Mk & {6 Ra 435l Ky
1. 306.,0. 712 i1 0. 452.,0. 268.,0. 162,0. 608 pm, AJ
PLBH 5 %8 4 Untreated fl NT -+ USRP 1 i £ Hl
REFEZL I HT + USRP J5 ik £ KiF £, HT +
USRP [ AH fit 55 Fif 05 B 1) 34 R 522 0 S sl I 485 K Y
EF KRS 2 R I8 B Y S /MEL A 0. 162 o, I S5



5% 2 3

AR R R R E L2 S80S 1R )2 3R M R A et 11

B IR BE  650 C. AHE T Untreated, i B A
650 CHF RS MGE T W& . FRET 1. 144 pm,
BIFEAR T 87. 6 20 s AHEL T NT+ USRP 2R ML At B2
FRET 0.55 pm, BIFEAR T 77. 2%,

1.4
1.306 :l Surface roughness(Ra)

121
= 1.0F
=
£ osk
;i” 0.712
g 0.608
v 0.6F
e 0.452
N 04+

0.268
02+ 0.162
0 1 1 1 1 1 1
Untreated 25 250 450 650 850

Temperature/ °C
B2 USRPAEIE Fe &£ WCREMREHEEE (TEERE)
Fig. 2 Surface roughness of Fe-based WC coating before

and after ultrasonic rolling(with different temperatures)
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Fig. 3 Surface roughness of Fe-based WC coating before

and after ultrasonic rolling(different spindle speeds)
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Fig. 4 Microstructure of coating section before and

after ultrasonic rolling
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Fig. 5 Microhardness of coating before and after

ultrasonic rolling treatment
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Fig. 6 Residual stress of coating and depth of residual stress
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layer before and after ultrasonic rolling treatment
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