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Abstract

To determine the optimal hydraulic upsetting process parameters for HPb59-1 shear pins in the Y2
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state, the primary mechanical property indicators of raw HPb59-1 brass bars were first obtained
via tensile fracture tests. Subsequently, gradient hydraulic upsetting pressure tests were designed
and implemented, combined with simulation analysis, specimen dimensions, and theoretical calcu-
lation results. The evolution law of material microstructure before and after upsetting was investi-
gated through metallographic analysis, and reasonable hydraulic upsetting pressure parameters
were finally determined in combination with product breaking force test data. The results show
that obvious changes occur in the metallographic structure of materials during upsetting. After up-
setting, the width and length of a-phase bands on axial cross-sections increase, the -phase distrib-
utes more continuously along band boundaries, and the deformation characteristics become more
prominent. The internal microstructure of shear pin materials is reconstructed under plastic defor-
mation, and such structural evolution directly leads to a remarkable improvement in shear perfor-
mance. Compared with the traditional manual upsetting method, the hydraulic upsetting process
can effectively improve the consistency of the product breaking force. For HPb59-1 shear pins in Y2
state, when the hydraulic upsetting pressure is controlled within the range of 707.4 MPa to 1061
MPa, the breaking force dispersion of finished products is low with stable comprehensive perfor-
mance, which can fully meet the requirements of practical industrial production.
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Table 1. Material performance requirements and test results of theoretical and actual shear forces of shear pins for various
products
1 SXRFEETIHEMR M ERERIER I NS KFRET NMIRER

P mitE BT HR () B4 (mm) Fi o8 F (MPa) FS I 71(KN) S2FREBI] 77(KN)

LS1 1 6 471~585 18.65~30.88 37.93~44.14
LS2 2 9.5 411~451 69.92~102.30 122.59~142.20
LS3 2 6.2 411~451 29.78~43.57 49.04~68.64
LS4 4 7 471~585 87.01~144.09 177~206
LS5 4 9 471~520 143.83~211.72 265~317
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Table 2. Elemental analysis results of raw materials for shear pins
2 2. EYIHEMRIT RS ER
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Cu & 57%~60% 57.68% &

Pb & & 0.8%~1.9% 1.65% &
BRI R <1% 1.0% Gk

Table 3. Experimental results of main mechanical properties of shear pin raw materials
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Figure 1. Schematic of sampling locations for
metallographic analysis
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Figure 2. Metallographic images of shear pins before and after artificial upsetting: (a) Axial metallographic micrograph of raw
material; (b) Axial metallographic micrograph after artificial upsetting; (c) Radial metallographic micrograph of raw material;
(d) Radial metallographic micrograph after artificial upsetting
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Figure 3. Simulation results of shear pin upsetting: (a) 10 kN pressure; (b) 20 kN pressure; (c) 30 kN pressure; (d) 40 kN
pressure
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Figure 4. Physical photograph of the test piece after upsetting: (a) Manual upsetting; (b) 20 kN upsetting;
(c) 30 kN upsetting; (d) 40 kN upsetting
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Figure 5. Metallographic micrographs of shear pins after upsetting under different pressure conditions: (a) Axial metallographic
micrograph at 20 kN; (b) Axial metallographic micrograph at 30 kN; (c) Axial metallographic micrograph at 40 kN; (d) Radial
metallographic micrograph at 20 kN; (e) Radial metallographic micrograph at 30 kN; (f) Radial metallographic micrograph at 40
kN

5 FENFHTHIIHBHEFEMEE: (2) 20 kN ENHEESHEE; (b) 30 kN EHMHEEHEE; (c) 40 kN EH%H
EEHEE; (d) 20 kN EHEZEEEHEE; (e) 30 kN EHRFEEEMEE; (f) 30 kN EHEEEHEE
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Table 4. Test results of tensile fracture load for small-batch specimens
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