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Simulation Analysis of Pyrotechnic Cutter and Structural Optimization Design
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Abstract: A simulation model of the cutting process of a pyrotechnic cutter was established using the nonlinear finite
element software ABAQUS. The cutting and fracture behavior of titanium rod during the operation of the pyrotechnic cutter, as
well as the impact of different titanium rod diameters and blade angles on the cutting effect were studied, providing a theoretical
basis for the structural design of the cutter. It was also found that the cutting energy requirement is stable when the blade rotation
angle is less than 20°, but increases with the angle beyond 20°. Based on the simulation results, an optimized design was proposed.
A support ring was designed to limit the rotation range of the blade, and the size was adjusted to avoid collision between the
moving and fixed blade edges, reducing the risk of blade breakage. The optimized cutter, verified by test, can effectively cut the
titanium rod and significantly reduce the risk of debris from blade breakage.
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Fig.1 Finite element model of titanium rod cutter

Ieoh, MRS IETRIZR, BRAFY ] E =0T
DIRILRERA —E R, SR, B ALY #I R
THESREAFERE S, M A 2 0.5 EARY
Hrgshasinl. EABTEH, —SmR AR sl
T3, IR FHERE A5 AL B3l
AR ORERFT AT RO B i B2 o AL, S T e iy
AWFEAR AT REIMATH . FEWFEE R, @il t)]
SHRERFAEVIHIER A ARE R . EPRUERS TO07 HAL
RGBT R RE (7.3 @ RTSE T, LAGSh T4
HEVE SR UWIRBEBCE S vm - s,
ERFFRERE B VI, YR (v-0.1) m - 5™
i, BRAFNDCEESE I RIA R vm - s
XL Y1 T Bl RE R 2 i 00T DI P B B/ N A

=)

<
BE o

o

BRAT AR 15247 AR AT T Johnson-Cook
RN AT B AL Z SRS LR v 0L ey AN R
R B EE AN . AT BT ) A
MR, RERSKTHHL S PR F o, ek
A (1) Poie

_ " i _ T—Ty \n (1)
o=(A+Be,)(1+Cln —)[1 (T T) ]

& melt 0
K (1) H: cHEERN ST A RS T Y
JEARTREE ;3 B AN SEL € WAFRIRTENAE
n WRLEEEG C HREFIEEHG & Wsunt:
NARSEE ;&0 MBS NARA To R il R4,
HEHL25°C; T AMENE R m RCSEL
TC4 # B Johnson-Cook A F4) #5751 ELAAK S 50(H

e SLETN
#= 1 TC4 #%l Johnson-Cook ZASHItEEI L

Tab.l Parameters of Johnson-Cook constitutive model for TC4

material
A/MPa B/MPa n C m
831.355 857.932 0.302 0.015 0.724
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Fig.2 Simulation results of cutting process
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Tab.2 Simulation results of cutting titanium rod with
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Tab.3 Simulation results of cutting titanium rod with
different cutting edge angles

different diameters
p gt o ) G ; [ ]
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3.0 0.51 16.9 1.36 45.4 1.13 37.7
35 0.72 20.7 1.44 41.0 1.34 383
4.0 0.77 19.2 1.58 39.6 1.65 413
45 0.83 185 1.87 415 1.80 40.0
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Fig.3 Influence trend of titanium rod diameter on cutting
fracture form
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Fig4 Influence trend of cutting edge angle on cutting
fracture form
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Tab.4 Simulation results of cutting process with different
blade rotation angles

Y mpze  MEIEEE Y (m - s')  UIRIRESR BN
0 47.9 8.37
5 473 8.17
10 47.2 8.13
15 473 8.17
20 473 8.17
25 48.4 8.55
30 48.9 8.73
35 49.8 9.05
40 50.0 9.13
45 51.1 9.53
50 51.9 9.83
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Fig5 Influence trend of blade rotation angle on cutting energy
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Fig.6 Schematic diagram of support ring structure
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Fig.7 Schematic diagram of cutter blade assembly structure
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Fig.8 Simulation results of cutting process after optimization
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Fig.9 Cutting situation of titanium rod
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Fig.10 The situation of non-destructive testing and main
parts of the cutter
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