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Abstract

To address the mismatch between imported dies and domestic thin-wall stainless pipes with large
variability, this study investigates a DN25 radial crimping die through theoretical analysis, CAE sim-
ulations, and fatigue tests. First, a card tribology model that includes friction and contact was estab-
lished and three types of limiting contact conditions are identified: the lower end surface of the jaws,
the upper and lower end surfaces, and the upper end surface. Subsequently, static finite element anal-
ysis was performed under the assumption of 42CrMo material. The initial model showed a maximum
equivalent stress of 1130 MPa at the upper surface contact, indicating a risk of failure. After consid-
ering the influence of fitting clearance and elastic deformation on the force arm and contact angle,
the theoretical parameters were modified and a second simulation was conducted, reducing the
maximum stress to 867 MPa. Based on the stress distribution map, the mold thickness, jaw chamfer,
and transition fillet were optimized, further reducing the peak stress under the most unfavorable
working conditions to 781 MPa (approximately 84% of the material’s yield strength of 930 MPa). In
the full-load cyclic test with a 3.2 t thrust force, the optimized structure achieved 26,276 cycles with-
out failure, exceeding the designed lifespan of 20,000 cycles. The research results provide a reusa-
ble methodology and data basis for the parametric design and rapid iteration of a series of crimping
molds.
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Figure 1. Diagram of pressure pipe
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Figure 2. Force analysis diagram of roller component
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Figure 3. Force analysis diagram of revolute pair
3. WERRIZ o hE

DOI: 10.12677/m0s.2026.151025 273 e RSE TR


https://doi.org/10.12677/mos.2026.151025

e <5

Kb G UlERCRI T 52 IR SCHE 77, WRAE 32 1 0 ml R

G=Fy (2)
M =Gp 3
p=Ar 4)
JEE ¥R 735
M =Fr =M, 5)

PLO fiRRE, 5 FraHUIMECNEEER, 0 AEERNE. f, AUREERL, G0Nk
B 1.25F, KA RIiefsEI I 1.57f.
B 1 i T 52 0 AT SO AR AR R R (R A B KT R A Ry, BRI TN 4.

Figure 4. Force analysis diagram of mold
B 4. REAZHOHE

JIFE TR R A
>M=0 (6)
CIES:
Fubh—-FRL—-M, =0 (7)
.
Ful=FRL+Gp (8)
O R, 5 R, R o H12.30 F, #HEEERILZ R E TTAE
G? =(F,sina)’ +(Fy, + Fcosa)’ 9)

R e S A i 0«

DOI: 10.12677/m0s.2026.151025 274 e RSE TR


https://doi.org/10.12677/mos.2026.151025

e <5

FL =FL, +FL, (10)
X Fa N DRI SERUER 1, Fs NIEE RS, &7 s RIEH . @3e5lE, %K
N 45.2 KN [11].
H_ER A RS 4S, FEMELHE ) 3.2 t TN, Z it s Bandk 1.

Table 1. Result data of the standard test system
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Figure 5. Stress diagram of mold
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Figure 6. Deformation diagram of mold
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Figure 7. Deformation diagram of pressure plate
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Figure 8. Graph of clearance versus 1
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Table 2. Fitting clearance correction value
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Table 4. Roller pin fitting clearance correction value
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Table 5. Results of corrected force analysis
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Figure 9. Stress diagram of mold
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Figure 10. Comparison of mold before and after optimization
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Figure 11. Mold stress diagrams
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Figure 12. Fatigue cycle test
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