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Abstract

In this study, ion nitriding of a EHA pump part made of AISI 4340 steel was performed under different
applied power conditions to study the relationship between dimensional changes of specimens and the type
of applied power source. Microstructures and micohardness distribution at different processing conditions were
also examined. Duplex surface treatment of ion nitriding with the optimum process conditions to produce
the minimum dimensional variation in a EHA pump part and a TiN thin film coating by unbalanced magnetron
sputtering was performed and the specimens with a duplex surface treatment were subjected to a high speed
wear test to evaluate the wear performance of EHA hydraulic pump parts with various surface treatment
conditions. Results indicated that uniform and continuous surface layer with a minimum dimensional variation
could be obtained by ion nitriding with bipolar mode power source and much enhanced wear characteristics
with a duplex surface treatment could be obtained, compared with results from ion nitriding or single-layerd

TiN coating specimens.

Keywords : lon nifriding, Bipolar power supply, EHA [Electro Hydrostatic Actuator), TiN PVD codafing, High
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(a) Specimen specifications

(b) Jig specifications

Fig. 1. Specimen and jig specifications for ion nirtiding;
(a) Specimen specifications, (b) Jig specifications.

Table 1 Average hole size (mm)

Hole a b-1 b-2 c-1 c-2
a fg:ter) 76 | 57 | 57 | 36 | 36

Table 2 Conditions for ion nitriding
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Specimens A B D
Temperature 500°C 500°C 500°C 500°C
Total pressure 2 torr 2 torr 2 torr 2 torr
Sputtering time 1 hr 1 hr 1 hr 1 hr
Processing time 5 hr 13 hr 13 hr 13 hr
Voltage 600 V 600 V 600 V 600 V
D.C mode Unipolar mode Bipolar que Bipolar mode
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Fig. 2. Specimens specifications for wear test.
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Fig. 3. Optical micrographs from various location of the ion nitrided specirhen.
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Fig. 4. Results from microhardness measurement.
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Table 3 Dimensional variation before and after ion nitriding

Before ion nitriding After ion nitriding Deviation
3 mm 15 mm 3 mm 15 mm 3 mm 15 mm
location location location location location location
7.5963 7.4932 7.6121 7.5131 0.0158 0.0199
5.6847 5.6712 5.7095 5.7233 0.0248 0.0521
(A) 5.6474 5.5928 5.6798 5.6138 0.0324 0.021
3.5821 3.5612 3.6093 3.5831 0.0272 0.0219
3.5911 3.6124 3.6372 3.6347 0.0461 0.0223
7.5913 7.5956 7.6141 7.6088 0.0228 0.0132
5.6982 5.6951 5.7150 5.7116 0.0168 0.0165
(B) 5.6982 5.7074 5.7163 5.7148 0.0181 0.0074
3.5979 3.5936 3.6113 3.6132 0.0134 0.0196
3.5966 3.5956 3.6155 3.6106 0.0189 0.0150
7.5780 7.5860 7.5760 7.5830 —0.0020 —-0.0030
5.6560 5.6680 5.6530 5.6660 —0.0030 -0.0020
© 5.6660 5.6620 5.6630 5.6610 —0.0030 -0.0010
3.5900 3.5780 3.5890 3.5760 —0.0010 -0.0020
3.6080 3.5800 3.6070 3.5800 —0.0010 0
7.6220 7.6310 7.6210 7.6290 -0.0010 -0.0020
5.5690 5.6300 5.5670 5.6270 —0.0020 -0.0030
D) 5.6710 5.6490 5.6700 5.6470 —0.0010 —0.0020
3.5510 3.5320 3.5480 3.5310 —0.0030 -0.0010
3.6090 3.5870 3.6030 35790 —0.0060 -0.0080
0.030 0.030
L l Ad at 3mm location | _ Ad at 15mm location
0.025 |- oos L : ’
0.020 0.020
% a0 1 % 0.015
0.010 |- R 0.010
0.005 F 0.005
De :l(‘)de' Unipolar mode Hng}gggg?gyg;}gs%, (‘515?1?,;!31‘3‘1‘3,.:.5-@ _ | DCiode  Unipolaf mode Hu.'ff‘if,’i?,gﬂf.ﬁ'.im<..,?L":‘i’§‘:’:,“i‘1‘3§;30%,
{a) 3mm location below the top surface inside hole - (b) !Smm location below the top surface inside hole

Fig. 5. Variation of hole diameter at different power conditions; (a)-3 mm location below the top surface inside hole,
(b) 15 mm location below the top surface inside hole.
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