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Abstract: A high-performance plunger pump, as the heart of hydraulic equipment, provides a prerequisite for safe and
economical operation. Ultrahigh-pressure plunger pumps are thorn in the throat of China's equipment manufacturing
industry. As a critical component of the plunger pump, achieving the localization of its material, securing superior
manufacturing performance, and enabling cost control has become the paramount priority at present. Taking special
horizontal continuous casting LZQT600-3 ductile iron dens bars for the plunger pump cylinder as the research object, the
microstructure characteristics of different parts (surface, 1/2R, center) were compared and analysed, and the carbonitriding
parameters of the samples in different parts were optimized through orthogonal experiments. The results show that the
spheroidization level and the number of graphite spheres decrease successively from the surface and 1/2R to the center of
the dens bars, which are 554, 509 and 492 per mm?, respectively; the average diameters of the graphite spheres are 29.86,
26.78 and 31.03 pm, respectively; the quantities of pearlite in the matrix are 64.4%, 65.9% and 70.8%; and the lamellar
spacings of pearlite are 274, 286 and 316 nm, respectively. The optimal carbonitriding parameter scheme obtained on the
basis of the best wear resistance requirements of the plunger pump cylinder is 580 ‘C x4 h, and the NH;:CO, ratio is 4:3.
The diffusion layer structure is composed of an oxide layer, a compound layer composed of the &-Fe,;(N, C) phase and v’
-Fe,N phase, and a diffusion layer composed of the a-Fe phase.
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Fig.1 Friction pair structure of the swash plate-type axial piston pump: (a) structural schematic; (b) cylinder morphology with different

structural dimensions
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Tab.1 Chemical composition of the LZQT600-3 HCCDIBs
(mass fraction/%)
Designation C Si Mn P S Cu Mg Fe CE
LZQT600-3 3.02 241 0.27 0.04 0.01 0.3 0.035 Bal. 3.82
3
Tab.3 Nitrogen and carbon gas permeation orthogonal test
Test No.  Sample No. Temperature, Holding time,  Gas ratio,
A/C B/h C(NH;CO,)
1 QS111 540 2 4:4
2 QS122 540 4 4:3
3 QS133 540 6 4:1
4 QS212 560 2 4:3
5 QS223 560 4 4:1
6 QS231 560 6 4:4
7 QS313 580 2 4:1
8 QS321 580 4 4:4
2 9 Q8332 580 6 43
Fig.2 Sampling sites for carbonitriding samples
397 r/min, 7.1 Hz, 4.1 km,
2
Tab.2 Factor level table of the nitrocarburizing test °
L Temperature, Holding time, . ] 2
evel vC /h Gas ratio(NH;:CO,)
1 540 2 4:4 2.1
2 560 4 4:3 3 LZQT600_3
3 580 6 4:1 ,
3 LZQT600-3 :(a) ;(b) 12R 5(c)

Fig.3 As-cast microstructures of different parts of LZQT600-3 HCCDIBs: (a) surface; (b) 1/2R; (c) center
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(c) 540 "Cx6 h, 4:1(NH;:CO,); (d) 560 Tx6 h, 4:4(NH;:CO,); () 560 Tx2 h, 4:3(NH;:CO,); (f) 560 ‘Cx4 h, 4:1(NH;:CO,);
(2) 580 Tx2 h, 4:1(NH;:CO,); (h) 580 ‘Cx4 h, 4:4(NH;:CO,); (i) 580 ‘Cx6 h, 4:3(NH;:CO,)
Fig.4 SEM images of cross sections of nitrocarburizing samples from the surface of LZQT600-3 HCCDIBs: (a) 540 Cx2 h, 4:4(NH;:
CO,); (b) 540 ‘Cx4 h, 4:3(NH;:CO,); (c) 540 ‘Cx6 h, 4:1(NH;:CO,); (d) 560 Tx6 h, 4:4(NH;:CO,); (e) 560 ‘Cx2 h, 4:3(NH;:CO,);
(f) 560 Cx4 h, 4:1(NH;:CO,); (g) 580 ‘Cx2 h, 4:1(NH;:CO,); (h) 580 ‘Cx4 h, 4:4(NH;:CO,); (i) 580 Tx6 h, 4:3(NH;:CO,)
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Tab.4 Detection thickness of the diffusion layer in nitrocarburizing from different parts of LZQT600-3 HCCDIBs
Thickness/pum 111 122 133 212 223 231 313 321 332
Surface A 12.79 7.87 13.96 9.18 13.02 14.77 14.49 17.73 26.47
12R B 9.24 9.37 22.01 9.76 14.33 15.47 17.81 13.22 23.12
Center C 10.59 7.73 12.58 8.76 11.88 16.48 16.50 1431 24.48
5 LZQT600-3
Tab.5 Surface hardness of the nitrocarburized samples
Surface hardness(HV/s) 111 122 133 212 223 231 313 321 332
Surface A 612.3 803.9 624.8 708.3 885.5 1003.7 773.9 1097.6 919.0
1/2R B 744.5 986.7 892.1 905.0 991.6 1027.4 917.0 982.0 834.5
Center C 638.6 790.5 841.3 916.0 912.4 1017.4 990.1 1062.0 1035.0
6 LZQT600-3

Tab.6 Friction performance results for different parts of LZQT600-3 HCCDIBs

QSA Coefficient of friction Wear ratex10° mm®+-N"'-m’ Comprehensive score

Sample Surface A 12R B Center C Surface A 12R B Center C Surface A 12R B Center C
111 0.665 0.581 0.615 2.109 1.171 2.720 0.4379 0.349 1 0.443 5
122 0.581 0.658 0.635 1.257 1.321 3.929 0.353 4 0.3951 0.5140
133 0.472 0.627 0.531 1.139 1.963 1.237 0.2929 04117 0.327 4
212 0.482 0.621 0.407 1.211 1.534 0.925 0.301 6 0.3872 0.249 8
223 0.682 0.527 0.312 2318 1.163 0.309 0.456 9 0.3217 0.1715
231 0.614 0.596 0.591 1.584 1.248 1.550 0.386 2 0.360 4 0.373 0
313 0.451 0.631 0.428 1.242 2.026 0.992 0.287 6 0.416 8 0.263 6
321 0.583 0.583 0.356 1.345 0.653 0.771 0.358 7 0.3242 0.216 6
332 0.576 0.606 0.424 1.416 1.167 1.313 0.358 8 0.361 4 0.27717

As-cast 0.565 0.612 0.611 3.373 1.337 1.679 0.4512 0.3729 0.389°5
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