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Abstract: The efficiency and service life of advanced equipment largely depend on the performance of its core basic
components. As the heart of the hydraulic system, the high-pressure piston pump relies on key friction pair components.
Achieving long life and high reliability in the manufacturing of these components under extreme working conditions is a
major technical challenge. This is one of the common bottlenecks China faces in achieving autonomy and controllability in
advanced equipment. This paper systematically reviews both mainstream and cutting-edge processes suitable for key piston
pump components. These processes include sand casting, investment casting, pressure casting, and semisolid casting. Their
working principles, technical characteristics, and application scopes are discussed. How to precisely control the casting
solidification path and actively suppress internal defects is explored. This is achieved through advanced strategies such as
multiprocess integration design and digital simulation. These methods can significantly improve the mechanical and
tribological properties and service life of components. By comparing and analysing relevant technical paths, the paper looks
forward to the development of casting processes for key friction pair components. This development is moving toward

intelligence, green low-carbon practices, and structural and functional integration. A solution for the development of
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high-pressure piston pumps is proposed.

Key words: piston pump; hydraulic system; friction pair component; casting
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Fig.1 Sand casting process: (a) 3D model of the cast part and sand molds; (b) preparation for titanium alloy pouring and sand mold
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Fig.3 Configuration of the die and casting in vacuum-assisted high-pressure die casting: (a) moving die of the HPDC die; (b) HPDC
casting including two round bars (marked as R1 and R2), two flat plates (marked as F1 and F2) and one S-shaped sample (marked as
S); (¢) dimensions of the standard HPDC™!
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Fig.4 Semisolid slurry preparation, rheological squeeze-casting process, and characterization of sample dimensions and sampling
locations: (a) semisolid squeeze-casting process route; (b) schematic of the technological process; (c) preparation of semisolid slurry;
(d~g) practical operation process of the experiment; (h) three-dimensional schematic of the squeeze mold; (i) macroscopic morphology,
dimensions of the cast ingot, and sampling locations for characterization specimens; (j) tensile and microstructure specimen dimension®
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Tab.1 Comprehensive comparison of casting processes

Comparison )
. ) Sand casting
dimensions

Investment casting

Die casting Semi-solid casting

Core compatible High-strength cast iron,

Special alloy steels,

o ) Copper-based alloys,
Aluminium alloys, magnesium o
high-performance aluminium
alloys
alloys

Deep-sea high-pressure

New energy vehicle, UAV cylinder blocks, plungers,

materials ductile iron copper-based alloys
High-pressure pump bodies, Aerospace high-end pump
Typical plunger  large casings for wind power  bodies, precision distribution

pump components

cavity components

Process window

thin-walled pump casings, high-performance

yaw systems, multi-oil-path  plates for deep-sea exploration,

lightweight casings distribution plates, core

complex oil-path components

moving parts

+50 +20 +15 +10
width/'C
Dimensional
CT10~CT13 CT4~CT7 CT6~CT9 CT5~CT8
accuracy (CT grade)
Surface
6.3~25.0 1.6~6.3 3.2~12.5 1.6~6.3
roughness/pm
Yield strength/MPa 200~350 (ductile iron) 350~550 (GH4169 alloy) 250~400 (AlSi9MnMg) 300~500 (CuPb20Sn5)
Fatigue life 1~5 (under 31.5 MPa working 8~20 (under 31.5 MPa working ~ 3~10 (under 21 MPa working 10~25 (under 31.5 MPa
/(10° cycles) condition) condition) condition) working condition)
Relative density/% 90~95 97~99 95~98 98~99.5
Inhibits shrinkage and

Strong complex cavity

High precision, high surface

forming capability, wide
Core process ) .
material compatibility,

quality, complex fine structure,

Extremely high production ) )
. ) segregation defects, uniform
efficiency (suitable for mass ] .
. ) ) microstructure, mechanical
production), stable dimensional

advantages one-shot forming, no residual ) properties close to forgings,
recyclable sand, low accuracy, near-net-shape forming .
; ) sand ) o excellent wear and fatigue
single-piece cost reducing machining .
resistance
Low surface finish, long ) Only compatible with low Complex process control,
. . ) Complex process flow, high ) ) ) ) )
Main process production cycle, shrinkage . o melting point metals, high-speed high equipment cost,
o . o manufacturing cost, limited . . ) . . o
limitations porosity prone in thick-walled . filling prone to entrainment, high relatively specific application
casting size
sections € internal porosity rate scenarios
Medium-small batch Medium batch,
Production batch . . Small batch, high-precision ) )
) production, customized ) ) Large-scale mass production high-performance product
adaptation high-end product production

production

production
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Fig.5 Casting process scheme: (a) original scheme; (b) optimized scheme
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Fig.7 The morphology and performance of the piston: (a) piston with grooves after machining; (b) hardness distribution of aged pistons

and quality loss in various regions
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Fig.8 Photos of the textured valve plate and micrographs of the dimples on its surfacet*!
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