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Abstract: Austenitic manganese Fuzzy comprehensive evaluation model

steel has been widely used in Gt — Consitute Getthe
. . - i | the weigh b cvalua 8| @t | i

various fields as wear-resisting , comment s st mati o i

material, but it belongs to the Mathematical modeling
typical difficult-to-machine material

with  extremely poor cutting

performance, which limites the t

scope of its application to a large ; H UL |
extent. The composition  of | HC I

traditional ~ austenite  medium | I

manganese steel added with Mo, Cr, Medium frequency inducton fumace

Nb and RE to combine alloying ™ Composite Alloying = Cutting Experiment
treatment was studied. The thermal
conductivity and machinability of prepared manganese alloy in the austenite was tested. The effect of composite
alloying on machinability of austenitic manganese steel was explored. A second-level fuzzy comprehensive
evaluation model to quantitatively analyze machinability with the austenitic manganese steel hardness, tensile
strength, elongation, impact toughness and thermal conductivity as influencing factors was established. The results
showed that the composite alloying treatment can improve machinability of austenitic manganese steel to a certain
extent when contents of alloying elements Mo, Cr, Nb were 1.87wt%, 2.43wt% and 0.059wt%, the tool flank wear
width (VB value) of the sample reduced by 14.3% compared to the non-alloyed ZGMn13. The correlation between
the evaluation index obtained by the two-level fuzzy comprehensive evaluation model and the VB value obtained by
the tool wear experiment was significant. The linear correlation coefficient was —0.87334, which indicated a high
degree of linear negative correlation, and the result was generally consistent with the VB value. In this way, it is
proved that the evaluation model adopted was in line with actual production, and the evaluation result was accurate
and effective.
Key words: austenitic manganese steel; composite alloying; machinability; VB value; fuzzy comprehensive
evaluation
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Table 1 Actual chemical composition of austenitic manganese steel specimen

Sample Clwt% Mn/wt% Mo/wt% Cr/wit% Nb/wt% RE/wt% Si/wt% P/wit% S/wt%
1 0.85 8.99 1.78 3.80 0.055 - 0.31 0.021 0.005
2 0.88 9.30 1.83 3.76 0.081 - 0.31 0.021 0.005
3 0.87 9.17 1.81 3.59 0.13 - 0.32 0.021 0.005
4 0.89 8.09 1.89 3.66 0.19 - 0.33 0.021 0.005
5 0.86 8.95 1.87 243 0.059 - 0.32 0.021 0.005
6 0.89 9.19 1.85 4.90 0.065 - 0.33 0.022 0.005
7 0.92 8.99 1.88 5.88 0.065 - 0.36 0.021 0.005
8 0.86 8.75 1.79 3.94 - 0.019 1.15 0.022 0.003
9 0.89 9.33 1.85 3.61 0.048 0.034 1.25 0.023 0.006
10 1.39 13.91 — — — — 0.37 0.025 0.004
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Table 2 Mechanical and physical properties of sample 1%

Hardness, HBS Tensile strength, o,/MPa

Elongation, 5%

Impact toughness, ai/(J/cm?) Thermal conductivity, k/[W/(m-K)]

323 653.9 25.2

147.1 16.61

Note: HBS was hardness by standard GB/T1172-1999.

< 3 THHRHIEIM T &2
Table 3 Classification of machinability of workpiece materials(?®]

Machinability Easily cut Relatively easily cut Relatively difficult to be cut Difficult to be cut
Grade code 0 1 2 3 4 5 6 7 8 9 9,
Comment set V Vi \Z V3 Vy Vs Ve \ Vg Vo Vio Vi
Hardness, HBS <50 >50 >100 >150 >200 >250  >300 >350 >400  >480 5635
~100 ~150  ~200 ~250 ~300 ~350 ~400 ~480  ~635
Tensile strength, on/MPa <200 >200 >450 >600 >800 >1000 >1200 >1400 >1600 >1800 >2000
~450 ~600  ~800 ~1000 ~1200 ~140 ~1600 ~1800 ~2000 ~2500
Elongation, &/% <10 >10 >15 >20 >25 >30 >35 >40 >50 >60 100
~15  ~20 ~25 ~30 ~35 ~40 ~50 ~60 ~100
Impact toughness, ai/(J/cm?) 20 >20  >40 >60 >80 >100  >140 >180 >200  >250 >300
~40 ~60 ~80 ~100 ~140  ~180 ~200 ~250  ~300 ~400
Thermal conductivity, k/[W/(m-K)] 417 <292 <167 <83 <63 <42 <33 <25 <17 <85
~292 ~167 ~83 ~63 ~42 ~33 ~25 ~17 ~8.5 )

BSH0r R 39, IERE U AE m=3 MAETLE,
Bl U={uy, Uz, us}, FHZETEE uii=1, 2, ) LB EFE T
VTSRS Uij» B ibs]

U, = {uy,,u, } ={Hardness, Tensile strength},
U, ={Uy, U, } = {Elongation, Impact toughness},
U, = {U; } ={Thermal conductivity}.
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Table 4 Average wear width of tool flank

Sample 1 2 3 5 6 7 8 9 10
Wear width of tool flank, VB/mm 0.19 0.19 0.16 0.12 0.21 0.13 0.18 0.19 0.14
Note: v=20 m/min, f=016 mm, a,=0.3 mm, t=30 mim.
SR B AR AN DI E D THE R R B A2 6, Rl
S EEVEREAL, AR, BRAE. BAPE. WA S .
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TN TAE s v MEE P AN 7T — 7T, A AR
(RS LA i, DTHDIN T R rh 2o T B A s X i 4
TR, HEERGBGE . TRRBEREE . BORMPE K, A
GREL, R TJRI BB 5 Jr T, 5 A B RE
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VB value/mm

0.10 | . | . | . |
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Thermal conductivity/[W/(m-K)]

B2 BRIKAEEMN VBHES SMERNXR
Fig.2 Relationship between the VB value of austenitic
manganese steel and thermal conductivity
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Table 5 Thermal conductivity of austenitic manganese steel treated by water toughening

Sample 1 2 3 5 6 7 8 9 10
Thermal conductivity/[W/(m-K)] 16.61 16.33 16.37 16.02 16.63 15.88 17.30 15.98 14.77 20.66
3.2 BEEARSRERIMIA T M 9 = S & 1T U:%X_X){:MUMM] 12
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Table 6 Fuzzy comprehensive evaluation of austenitic manganese steel

Machinability Easily cut Relatively easily cut Relatively difficult to be cut Difficult to be cut

Grade code 0 1 2 3 4 5 6 7 8 9 9%
Comment set, V V1 Vo V3 Vs Vs Ve e Vg Vo Vig Vi1
1 - - 0.020 0.114 0.024 0.029 0.204 0.269 0.336 0.002 -

2 - - 0.016 0.139 0.006 0.120 0.090 0.264 0.363 0.002 -

3 - - 0.048 0.226 0.015 0.050 0.076 0.401 0.184 0.001 -

4 - 0.002 0.089 0.245 0.004 - 0.038 0.415 0.206 0.002 -

5 - 0.005 0.278 0.077 - - 0.042 0.498 0.100 - -

6 - 0.002 0.106 0.052 - 0.034 0.121 0.277 0.400 0.008 -

7 - - 0.140 0.194 0.006 0.003 0.269 0.254 0.134 - -

8 - - 0.008 0.251 0.081 0.001 0.005 0.383 0.271 0.002 -

9 - 0.004 0.139 0.195 0.002 - 0.074 0.338 0.244 0.004 -

10 0.030 0.013 0.193 0.045 — 0.031 0.098 0.564 0.027 — —

R 7 BRERAEIRYIE TR F R TEH AR
Table 7 Evaluation grade and evaluation index of machinability of austenitic manganese steel
Sample 1 2 3 4 5 6 7 8 9 10
Evaluation grade 8 8 7 7 7 8 6 7 7 7
Evaluation index -1446  -1.393  -0.823 -0.725 -0.330 -1.477 -0.365 -0.985 -0.673 -0.436
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