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Note: fis feed speed, mm/min.
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Fig.1 Principle diagram of jet electrodeposition process
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Table 1 Electrolyte composition of Ni-P alloy
D%y SRR

Composition Concentration/(g-L™)

NiSO46H,0 400
NiCl,-6H,0 100
H;PO; 50
H;BO; 50
H;PO, 50
FL
40
Lactic acid
Y 0.08
Sodium dodecyl sulfate '
B ik
Thiourea 0.01

1.2 Rt

M5 SCHR[16]F0 B (R 223050, B HUHL IR xg
PEWOLE xon FIPHAR Z AR TR B s B8 VUL
xq M 91 BH AR 2 1) 1) AH 06 I8 B 3 B xs 5 5248 18,
A 25 7K A i 3 2 Fr s o 1 728 1 11 G i AR 4
TR Xi=(xi-xo:)/ Ax; BT AT, Horh X o4 %% 748 5 10 2
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Table 2 Factors and levels of experimental

Factor
o . Xtz
. W 5 ik
AT o T Sl S 11
Level EELTE X1 {mlﬁ X2 Divolar s X4 Dinol
Voltage  Electrolyte P Electrolyte 1po‘ar
space . relative
A% temperature flow velocity .
C /mm fm-s™) velocity
/(mm-min™)
-1 10 60 1.0 0.5 50
0 16 70 1.5 1.0 150
1 22 80 2.0 1.5 250
1.3 MiXTE

SR 2 5 P kv A 2 R B, AR
PR BT N ) B TR 2 IS Y, B
V(V, wum/min)=hl/t, Hrf, PEREEE R (um) KH
KLA Tencor P-16+#R%F =044 & B4 P28k 47 I &
CEFE 327 um, K51 0.0006 um) , JURARSTE] £ (s)
FRPZRIME s BAS TAFRIEPE IS ) 20 min, %2
K1 (mm) dit N
1.4 IR IE

KA IMP AR 96 B 1647 (51 U5 437 A1)
BT SR IR L T 2, R BILR
T R P 8 2 R O R 1 g el DR 2% R AT VRN
WS, el B 1 B BEAT 208, R e 2 kAT
T o

2 MWERRSH

2.1 ZRENIRKIE

FJE IMP 58 BTy BT 77 585 BEALAL Ak
GV, BRI 45 R Wk 3 Fron. miEk 3 al 4,
B RUTRGEE A 72.64 um/min, St ) T 244404
HIE 16V, B5BIRIE 70°C, B BHR 2 A i 8] Bt
1.5 mm, PRI 1.0 m/s, B PHAR 2 18] (1A %2 5)
HJE 150 mm/min.
2.2 [EEFSHT

St 445 SR SR [P U 40 A v 10 32 A a9 )
>/ s I R e T N TS By O S C ol T
0=0.05, F3EEZYORUESE Y [ ABA T FE N

Y =75.111-29.677X, +5.271X, —3.547 X, +

1.354X, —0.54X, X, + 03X, X, —2.165X, X, —

4386X,X, —12.96 X} —18.5X; —3.527X;
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Table 3 Experimental results Table 4 Variance analysis
0¥ X X5 X3 Xu Xs Y/(ﬂm‘min'l) H il R joya Flt P
Term SS DF MS F-ratio
1 1 -1 1 -1 -1 33.07 x1 36.322 1 36.322 5914 0.0379
2 1 -1 -1 1 -1 41.93 x 480.96 1 480.96 78314  <0.0001
3 ! ! ! ! 1 36.76 X 149.374 1 149.374 24.322 0.0008
X 71.779 1 71.779 11.688 0.0076
4 1 -1 1 -1 1 37.21
xs 13.090 1 13.090 2.131 0.1783
5 1 1 1 1 1 3321 X% 4378 1 4378 0.7129 0.4204
6 1 1 1 1 1 49.56 X3 1.051 1 1.051 0.1712 0.6888
; ] 1 ! I I 4119 xox3 57.438 1 57.438 9.3525 0.0136
) | ) ! | | 4056 X3 218.081 1 218.081 35.510 0.0002
’ xi 535.046 1 535.046 87.120  <<0.0001
9 1 -1 1 0 1 43.79 x’ 846.486 1 846.486 137832 <0.0001
10 1 1 1 0 1 52.37 x4 39.378 1 39.378 6.412 0.0321
T
11 0 1 1 1 0 68.44 B 5600581 12 301.715 49.128 <0.0001
Model
12 -1 -1 0 -1 1 36.50 gf—r 55973 0 6141
13 1 -1 -1 0 1 37.24 -
KIE
14 1 1 0 1 1 45.34 &V 3675854 21
15 1 1 1 0 -l 58.87 Total
16 1 -1 0 1 0 30.91
2.3 Mimk 5
17 0 1 1 1 1 59.17 . . | .
5 . L Lo LiRE 71V iy o2 | VAT P 2 =5V ey A T
1 1 1. 12526 Y
o . o 1 L To.is FRITEARIS2L, 23 b S R - B AUk PRI S
" e o 1 @M 2.3.1 WAEFBEAEERARREG R LA
e e P 2 JySCAB P 0 AT, s R A
5 s BRI AT TSN — e I, sh1FE 2 P,

He RPFE AR REHGHEMEEALEZMELR: Xi=(x-16)/6;
Xo=(x2-70)/10;5 X5=(x3-1.5)/0.5; X4=(x4-1.0)/0.5; Xs=(x5-150)/100; Y Jy’¥%
JAUTBURE, um/min.

Note: In developing the regression equation, the five experimental variables

were coded as: X1=(x1-16)/6; X,=(x2-70)/10; X5=(x3-1.5)/0.5; X4=(x4-1.0)/0.5;

X5=(x5-150)/100. Y is deposition rate, yum/min.
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A (HBR 1.5 mm, R 1.0 m/s, AHXHZEZ0EE 150 mm/min.
Note: Dipolar space is 1.5 mm, electrolyte flow velocity is 1.0 m/s, dipolar
relative velocity is 150 mm/min.
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Fig.2 Response surface of mutual-influence of voltage and
electrolyte temperature on depositing rate
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FE: WEMORLE 70°C, BEMIAE 1.0 nvs, AIXHIZEhHEE 150 mmy/min.
Note: Electrolyte temperature is 70°C, electrolyte flow velocity is 1.0 m/s,
dipolar relative velocity is 150 mm/min.
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Fig.3 Response surface of mutual-influence of voltage and
dipolar space on depositing rate
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T B 16V, SRR 1.0 m/s, MXZFNEEE 150 mm/min,
Note: Voltage is 16 V, electrolyte flow velocity is 1.0 m/s, dipolar relative
velocity is 150 mm/min.
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Fig.4 Response surface of mutual-influence of electrolyte
temperature and dipolar space on depositing rate
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Note: Voltage is 16V, electrolyte temperature is 70°C, dipolar relative
velocity is 150 mm/min.
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Fig.5 Response surface of mutual-influence of dipolar space
and flow velocity on depositing rate
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Table 5 Result of the optimal examination design

WS DU
Test No. Depositing rate/(um-min’")
1 78.59
2 79.88
3 78.92

b. LG

b. After optimization

Be6 mAELZEMHTHERERBHR

Fig.6 Under optimal process condition deposited layer surface morphology
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Process parameters optimization of increasing depositing rate for jet
electrodeposition of engine cylinder

Wang Ying®, Kang Min*?*, Chen Chao!, Yang Yong*, Fu Xiuging*

(1. College of Engineering, Nanjing Agricultural University, Nanjing 210031, China;
2. Jiangsu Key Laboratory for Intelligent Agricultural Equipment, Nanjing 210031, China)

Abstract: The cylinder is an extremely important easily wearing part of a tractor engine, whose service life and
production cost are directly affected by the wear resistance of the component. With excellent wear resistance,
corrosion resistance, and greater hardness, a Ni-P alloy deposited layer can significantly enhance the service life and
reliability of the cylinder, and the capability and quality of the tractor engine can be improved. The lower limiting
current density of the traditional electrodeposited Ni-P alloy method leads to a lower depositing rate and lower
production efficiency. Jet electrodeposition has been developed in recent years, which can significant increase the
depositing rate because the jet electrolyte can accelerate the transfer process of the electrodeposition material and
augment limiting current density. So jet electrodeposition is a type of high-velocity, selective electrodeposition
technique with high deposition current density and high velocity. Furthermore, optimization of the process
parameters of jet electrodeposition is the way to further increase the depositing rate. In this paper, technological
experimentation is investigated by using a custom design of JMP to optimize process parameters of jet
electrodeposition. The JMP software is Six Sigma statistical software developed by SAS, which is a professional
statistical analysis tool. The JMP software can be used for processing data and designing of experiments. To the best
of our knowledge, there is currently no report about applications of JMP in electrochemical use domestically. Voltage,
electrolyte temperature, dipolar space, flow velocity of electrolyte, and dipolar relative velocity are the influence
factors, and the depositing rate of deposited layers is the experimental index, and the relationships between the
experimental index and the influence factors are analyzed through the response surface analysis method and
sub-stepping method. The quadratic regression mathematical models that described the relations between the
experimental index and the influence factors were established. The optimal technological parameters for depositing
rate of a deposited layer were obtained through conducting a multivariable function optimization by the method of a
quadric spindle gradient. The results suggest that JMP software can obtain more accurate optimal values by
calculating than by orthogonal test. Voltage, electrolyte temperature, dipolar space, and dipolar relative velocity
affect the depositing rate of a deposited layer markedly. The quadratic term of dipolar space have a high-impact on
the surface effect of the depositing rate. And furthermore, voltage and flow velocity of the electrolyte, electrolyte
temperature and flow velocity of electrolyte, flow velocity of electrolyte, and dipolar relative velocity have
interactive effects on the changes of the depositing rate. The quadratic regression mathematical models reach a
significant level and the equation has good fitting effects. So the models can be applied to predict the depositing rate
of a deposited layer. The response surface methodology obtained the influences of voltage, electrolyte temperature,
dipolar space, flow velocity of the electrolyte, and dipolar relative velocity on depositing rate of a deposited layer.
And the optimal parameters are as follow: voltage of 15V, electrolyte temperature of 72°C, dipolar space of 1mm,
flow velocity of electrolyte of 1.2 m/s, and dipolar relative velocity of 170 mm/min. Under these conditions, the
depositing rate of a deposited layer is 79.13 um/min and the quality of the deposited layer is better. The depositing
rate of jet electrodeposition is about 130 times that of a traditional electrodeposition, and use of jet electrodeposition
improves production efficiency. It can help to promote the development of high-speed plating.

Key words: engines, electroless plation, optimization, mathematical model, response surface analysis
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