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Construction of material constitutive model during cutting process for
aeronautical titanium alloy based on orthogonal cutting theory

YANG Yong, ZHU Wei-wei, LI Ming

(School of Mechanical Engineering, Qingdao Technological University, Qingdao 266033, China)

Abstract: To make up the shortcoming of the current researches in material constitutive model during cutting process, a
construction method of material constitutive model based on orthogonal cutting theory was presented. According to the
orthonal cutting theory, the mathematic model of stress, strain, strain rate and temperature in shear zone, as well as the
two-dimensional cutting force, was established. The constrution technology of material constitutive model by taking the
ratio of length to depth in shear zone as an iterative variable was developed. With the split Hopkinson pressure bar (SHPB)
compression experiment and orthogonal cutting experiment, the material deformation physical quantities were solved and
the material constitutive model was established. The prediction values of material constitutive model were compared with
the cutting experiment ones, and they are found to be in good agreement. The results show that titanium alloy material
has obvious strain hardening characteristic, temperature sensitivity characteristic and strain rate sensitivity characteristic
during cutting process. And with the increase of strain rate, the flow stress increment decreases, and the strain rate
sensitivity characteristic decreases.
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Table 1 Comparisons between predicting values of JC model and SHPB testing values
Strain Strain rate/s”' Temperature/ ‘C Stress/MPa Error/%

Prediction Experiment

0.01 0.001 20 1079.6 982 9.9
0.02 0.001 200 1008.35 897.6 12.34
0.08 0.001 200 1131.1 1021 10.8
0.04 0.001 400 946.32 807 17.3
0.03 1000 20 1412.51 1210 16.7
0.08 1000 20 1536.06 1370 12.1
0.03 1000 200 1271.26 1120 13.5
0.07 1000 200 1365.73 1180 15.7
0.05 1000 400 1178.56 1016 16
0.15 1000 400 1305.66 1100 18.7

T2 JC AKIBRTIEIE -5 T A BEH L AR

Table 2 Comparisons between predicting values and orthogonal milling experiment values
Strain Strain rate/s ' Temperature/ 'C Stress/MPa Error/%

Prediction Experiment

0.599 2246.3 549 1331.81 1461.62 8.9
0.619 1337.1 571 1298.91 1458.74 4.1
0.529 1324.2 588 1255.88 1360.16 7.6
0.643 2578.7 623 1247.36 1419.91 12.1
0.606 1816.8 647 1219.36 1377.44 11.5
0.626 6149.1 562 1319.81 1422.58 7.2
0.535 19196.8 635 1234.03 1357.78 9.1
0.688 7678.7 659 1241.19 1372.39 9.6
0.637 5235.5 671 1199.24 1381.92 13.2
0.517 5105.3 517 1358.17 1512.01 10.2
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