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Fig.1 Schematic diagrams of screw plasticizing device and plasticizing process
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Table 1 Geometric parameters of three-section screw with

diameter of 26 mm (mm)

S L D1 D2 e R1 R2

26.0 520.0 10.4 15.6 3.0 3.9 7.8

Note: S-screw pitch; L-screw length; D1-bottom diameter of feed
section; D2-bottom diameter of metering section; e-thread width;
R1-pushing surface tooth root radius; R2-backing surface tooth

root radius
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Fig.2 Screw thread shape

1.3 HFENaREH
TEVESBHLASE bR To T, S8R 0 TAE 24 DA T
BUAH M A, DR B AR AT Ak . Je BB AT
R TERE TARRES, XF T e fE 200 ) — AR 2
e — ity [ 52 7 5 — v AT BRI LAY R . BT
AT 7E % 2y 3o R v 52 31 4 Rl A SRR A 1 BE ) A
F, DR BB A I . B e MR () 8 R T
L% FIAL G P BE AR V), ANAELE TR B, 17 7 S bR A2 7= o
TN BRRS EE FAS B A 0 BEAE R VL, 3% D) R Ay M T 1)
B, 7E 4R 2 S A0 FF) 2 TS 0 (B A T 20 o, AT 7 il

B3 BT RS A = A% R T

Fig.3 Schematic diagrams of screw grid (a) and coated grid (b)
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Table 2 Mechanical properties of screw base steels
Base steel Yield strength/MPa Tensile strength/MPa Elastic modulus/GPa Tangent modulus/MPa
9Cr18MoV 1533 1973 210 13800
17-4PH 1000 1070 190 2700
Crl2MolV1 1670 3265 200 61350
CPM420V 1778 2443 220 25580
Stress(MPa) Stress(MPa)
879,55 Max al > 055 max a2
782.01 9.1828
684.47 8.0432
586.93 6.9036
489.39 5.7641
2041 Serew & 404 Conta
99.232 1.2058
1.6914 Min 0.066175 Min
Stress(MPa) b1l Stress(MPa) b2
277.65 Max 3.9307 Max
246.94 3.5097
216.22 3.0886
185.51 2.6675
%gjgg 2.2464
; 1.8253
T et 2 1.4042 Coating B
31.935Ww 0-983W‘
1.2216 Min cl 0.561
0.1409 Min c2
Stress(MPa Stress(MPa
27.13 Max 8.0244 Max
468.67 7.2961
410.2 6.3878
351.74 5.4795
293.28 4.5712
234.82 Screw C 3.6629 Coating C
176.3 2.7545
59,43 0.987
0.9779 Min 0.029616 Min
Kl 4 fEE AR T A R SR T i Z R =

Fig.4 Stress nephograms of screw and coating of different structures under constant torque: screw stress (al, bl) and coating stress of

screw (a2, b2) with equal bottom diameter of 10.4 mm (al, a2) and 15.6 mm (b1, b2); three-section screw stress (c1) and coating stress (c2)
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Fig.5 Three-section screw thread stress nephograms: (a) screw adjacent thread, (b) coated adjacent thread, (c) coated pushing surface,

and (d) coated backing surface
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Fig.6 Stress (a, b) and strain (c, d) nephograms of screw base material (a, ¢) and WC coating (b, d) under torque of 600 N -m
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Fig.7 Relationship between the maximum bearing stress and the torque of screw base material (a) and WC coating (b)
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Fig.8 Relationship between the maximum bearing strain and the torque of screw base material (a) and WC coating (b)
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Table 3 Maximum bearing stress and strain of the screw base materials and WC coatings under torque of 100 N m

Base steel Screw stress/MPa Screw strain/% Coating stress/MPa Coating strain/%
17-4PH 526.29 0.277 9.06 0.376
Cri2Mo1V1 526.72 0.264 8.61 0.357
9Cr18MoV 527.13 0.252 8.20 0.339
CPM420V 527.5 0.240 7.83 0.325
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Table 4 Maximum bearing stress and strain of the screw base materials and WC coating under torque of 600 N m

Base steel Screw stress/MPa Screw strain/% Coating stress/MPa Coating strain/%
17-4PH 1056.5 0.565 48.035 1.99
Cri2MolV1 2116.9 1.06 59.288 2.46
9Cr18MoV 1786.1 0.85 93.687 4.00
CPM420V 1951.6 0.889 55.515 2.30
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Fig.9 Relationship between the maximum bearing stress (a), strain (b) and the torque of screw base materials
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Table 5 Corresponding Fig.10 mechanical properties of linear

segment of tungsten carbide coatings

Base steel E/GPa Lo e
17-4PH 190 0.090 0.003 75
Cri2MolV1 200 0.086 0.003 57
9Cr18MoV 210 0.082 0.003 40
CPM420V 2200 0.078 0.003 25

Note: E-elastic modulus; g,-slope of stress-torque curve; S.-slope

of strain-torque curve
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Table 6 Mechanical properties of screw base materials

Base steel ds/MPa T/N m ks
17-4PH 1000 228 4.386
9Cr18MoV 1533 348 4.405
Crl2MolV1 1670 384 4.349
CPM420V 1778 408 4.358

Note: os-yield strength; T-torque load corresponding to the

dividing point; ks-ratio of dsto T

®7 REBEZEFERSTHE

Table 7 Coating strength method to determine the critical

torque
Base steel mOCIiEL:?S;I/(éBPa strer\l(gltehI/dMPa T/N-m To/N-m
17-4PH 190 1000 289.10 371.07
Crl2MolV1 200 1670 329.86 566.64
9Cr18MoV 210 1533 346.08 531.35
CPM420V 220 1778 362.61 592.90

Note: Ti-critical torque to achieve coating fracture strength;

To-critical torque to achieve coating elongation
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Finite Element Analysis of Bearing Stress-Torque of Steel-Base NiMoCrFeCo-WC
Coated Screw

Ba Yaer, Shen Chengjin, Ji Zhe, Lu Kelong
(School of Materials and Physics, China University of Mining and Technology, Xuzhou 221116, China)

Abstract: In order to study the load-bearing law of tungsten carbide ceramic-coated screws in the process of high-strength plastic
injection molding, ANSYS finite element simulation was used to calculate the load-bearing characteristics of tungsten carbide-coated
screws with different screw ridge structures, and the influence law of steel base material on load of the three-section tungsten carbide
coating screw was analyzed. The stress/strain change law of tungsten carbide coated screw under torque load was simulated. The
corresponding relationship between the load torque of tungsten carbide coated screw and the maximum stress and maximum strain was
discussed. The method for determining the critical torque of tungsten carbide coated screw was established. The results show that the base
material and the tungsten carbide coating at the smallest position of the screw bottom diameter bear the maximum stress and the maximum
strain. Under the same loading torque condition, the smaller the screw bottom diameter, the greater the bearing stress and strain. Based on
tungsten carbide coating fracture strength/elongation, the simulation calculation method of critical torque of tungsten carbide coating
screw, and simulation calculation method of critical torque of tungsten carbide coating screw of unknown steel substrate based on material
elastic modulus and yield strength were established. The calculation results of the two methods are basically verified consistent. On this
basis, the critical torques of the Cr12Mol1V1, 9Cr18MoV, and CPM420V steel base/NiMoCrFeCo-WC coated screws are simulated to be
330.34, 346.87, and 363.59 N im, respectively.

Key words: tungsten carbide ceramic coated screw; NiMoCrFeCo-WC coating; finite element simulation
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