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A Review of Development and Performance Control of Non-oriented Silicon
Steel for Drive Motors

QIU Shengtao', NIU Yuhao'?, QIAO Jialong"’, WANG Haijun’

(1. Engineering and Research Center for Continuous Casting Technology, Central Iron and Steel Research Institute
Co. Ltd, Beijing 100083, China; 2. School of Metallurgical Engineering, Anhui University of Technology, Maanshan
243032, China)

Abstract: Realizing “ carbon peak” and “ carbon neutrality” is an inherent requirement for implementing the
new development concept, constructing a new development pattern, and promoting high-quality development. Under
the strategic background of implementing “dual carbon” target and promoting green development, China’s new
energy vehicle industry has developed rapidly. As the core device for energy conversion in new energy vehicles, the
drive motor directly determines the driving experience and endurance performance of new energy vehicles. Non-
oriented electrical steel, as the key soft magnetic material of the driving motor core, directly affects the energy
conversion efficiency, variable frequency acceleration capability, service life, manufacturing cost and other
characteristics of the drive motor. Based on the practical demand for high-performance non-oriented silicon steel in
drive motors, the research and development status of silicon steel for new energy vehicle drive motors in typical
silicon steel production enterprises at home and abroad.The research progress of silicon steel for drive motors in
improving magnetic and mechanical properties, as well as the synergistic improvement of magnetic and mechanical
properties was reviewed. In view of the characteristics of high efficiency, high speed and high torque of the new
generation of drive motors, the research and development of high-performance non-oriented silicon steel for drive
motors in the future will be based on composition optimization design, microstructure control and thin-gauge product
development. While further improving the accuracy and production efficiency of silicon steel products, it will break
through the limitations of self-adhesive coatings and integrate multi-disciplinary knowledge such as metallurgy,
material science and physics, which can better realize the coordinated control of high-performance non-oriented

silicon steel development and drive motor design.

Keywords: new energy vehicles; drive motors; non-oriented silicon steel; magnetic properties; mechanical properties
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Fig. 1 Influence of Si content on the density, resistivity,

and specific heat capacity of silicon steel
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Fig. 2 Performance requirements of driving motor and motor core of new energy vehicles
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Fig. 3 Typical characteristic curves of drive motors and
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Tab.1 Some non-oriented silicon steel products for drive motors developed by Nippon Steel and JFE and their related

performance indicators

Z 751 Joi 2 AFRERE/Mmm P/ (Wekg™) By/T R, /MPa R./MPa

35HX230 0.35 16.1 1.69 508 372

35HX250 0.35 17.7 1.70 480 335

35HX300 0.35 18.4 1.72 470 330

HILITECORET™ 30HX1600 0.30 13.6 1.66 510 393
30HX1800 0.30 14.0 1.68 501 371

27HX1500 0.27 14.4 1.67 469 357

20HX1800 0.20 11.9 1.67 500 382

35HXT590T 0.35 41.0 1.65 678 659

HIEXCORE™ 35HXT680T 0.35 44.6 1.65 725 718
35HXT780T 0.35 45.9 1.65 822 860

35JIN250 0.35 17.0 1.66 531 405

IN™, INE™, JINT™ 35JNE-S 0.35 23.0 1.69 570 480
35INT590T 0.35 29.0 1.64 640 590

INEH™ 20JNEH1200 0.20 11.0 1.67 496 375
20JNEH1500 0.20 12.5 1.66 481 370
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Tab.2 Some non-oriented silicon steel products for drive motors developed by POSCO in South Korea and their related

performance indicators

ER] Jig = NFRIZEE /mm Prowd/(Wekg) BT R,/MPa R, /MPa
35PN230 0.35 16.5 1.66 535 393
PN #1 & 7| 35PN250 0.35 17.5 1.67 522 370
35PN270 0.35 18.2 1.68 467 347
35PNF1800 0.35 16.5 1.66 540 409
S 30PNF1600 0.30 14.4 1.66 535 415
IR 27PNF1500 0.27 13.2 1.65 535 405
20PNF1500 0.20 13.3 1.66 481 363
20PNX1200F 0.20 10.9 1.64 530 420
PNXAE &k 3 75 s SR & %) 27PNX1400FY 0.27 13.3 1.66 570 445
30PNX1500FY 0.30 14.1 1.66 576 450
PNT/ ik & 51 35PNT650Y 0.35 45.0 1.66 700 650
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Tab.3 Some non-oriented silicon steel products for drive motors developed by Thyssen—Krupp in Germany and their

related performance indicators

J5 N FRJE JE /mm Pyl (Wekg™) B,/T By/T Bioo/T R./MPa
020-130Y320 0.20 13 1.48 1.59 1.69 320
020-130Y350 0.20 13 1.48 1.59 1.69 350
020—-150Y320 0.20 15 1.48 1.59 1.69 320
025—-140Y400 0.25 14 1.52 1.61 1.71 400
027-140Y420 0.27 14 1.51 1.61 1.73 420
027-150Y370 0.27 15 1.52 1.61 1.73 370
027-150Y420 0.27 15 1.52 1.61 1.73 420
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Tab.4 Some non-oriented silicon steel products for drive motors developed by Baosteel Group and their related

performance indicators

Z 5 i 2 N FRJE JE /mm Prouod (Wekg™) By/T R,/MPa R, /MPa
B35AV2100 0.35 19.5 1.68 500 355
AV B35AV1900 0.35 17.7 1.67 530 400
B35AV1700 0.35 16.4 1.66 560 430
B35AHV1700 0.35 16.2 1.68 515 395
AHV B30AHV1500 0.30 14.2 1.67 515 395
B20AHV1300 0.20 122 1.67 470 360
B35APV1700 0.35 15.8 1.69 510 395
APV B30APV1500 0.30 13.8 1.69 500 390
B25APV1300 0.25 122 1.69 485 380
B35AHS600 0.35 33.0 1.65 720 635
AHS B35AHS550 0.35 30.0 1.66 665 575
B35AHS500 0.35 23.0 1.66 620 530
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Tab.5 Some non-oriented silicon steel products for drive motors developed by Shougang Qian'an and their related

performance indicators

Py oo (Wekg ™) Bg/T R../MPa
#71 i il A —— — =
PRIUEME S RUE PRUEME ML REfE SLRE

20SW1500 0.20 13.0 12.0 1.64 1.66 340 360

25SW1300 0.25 13.0 12.2 1.63 1.65 420 440

1% 4k 31 27SW1400 0.27 14.0 12.7 1.64 1.66 420 440

30SW1500 0.30 15.0 13.6 1.64 1.66 420 440

35SW1900 0.35 19.0 16.5 1.66 1.68 390 410

27SWH1400 0.27 14.0 13.3 1.64 1.66 390 410

T 1 IR 30SWH1500 0.30 15.0 14.3 1.65 1.67 390 410

35SWH1900 0.35 19.0 17.5 1.67 1.69 340 360

27SWG1400 0.27 14.0 12.8 1.67 1.69 420 440

B B R 30SWG1500 0.30 15.0 13.8 1.67 1.69 420 440

35SWG1700 0.35 17.0 15.8 1.68 1.70 420 440

. 35SWYS500 0.35 27.0 24.5 1.65 1.67 500 520
e i

35SWYS900 0.35 65.0 57.0 1.51 1.54 900 940

. o 25SW1250H 0.25 12.5 11.6 1.65 1.67 430 460

BRI SS 27SW1400H 0.27 14.0 12.4 1.65 1.67 430 460
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Tab. 6 Solid solution strengthening method for high-strength non-oriented silicon steel of Nippon Steel™
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Tab.7 Precipitation strengthening method for high-strength non-oriented silicon steel of Nippon Steel™
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