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NON-ORIENTED ELECTRICAL STEEL

1 FWNHARARIES | EVI (Eearly Vendor Involvement) Philosophy in Baosteel

AR PENA MR B M E R RN E1ES, WAl To be a sincere and reliable partner for our customers in providing
AT T electrical steels and solutions to achieve win-win collaboration for
5 ARAR sustainable development.

w2 ENRAFREARSZA | EVI Culture in Baosteel

BRER%E ——RTAF. RSAF. KFLAP Customer Thinking——From customer, Serve customer, Achieve customer
hERE —RF—Bir. MR TIE. RORE Synergy Thinking——Same target, Net-working, One voice
ARG 5T T T Eak. B Enterprising Thinking——Professional, Sincere dedication, Exceed expectation

w3 ENTEINEENMABIEA | Non-oriented Electrical Steel’s EVI in Baosteel

EMARAFRENGHEMEI=RETIRAZF
© BAUIRIHEM RS, SIS MEREMB AL

© LEAHREA, SR FRARA;

© SBIMITHRES S, SR S ST,

© 375 FERARBIEER A, BARSN.

Baosteel could offer a variety of specialized services and technical support from material selection in design stage to traction motor
iron core manufacturing, including:

@ To support customers in electrical steel grade selection for motor design, in order to achieve excellent performance and cost control.
@ To support customers in optimization of material and structure of motor core to achieve performance improvement or cost reduction.
@ To support customers in iron core manufacturing to achieve a good match between material and working facilities.

@ To recommend customers with new products and new technology to improve the competency of their new products.

w4 EEYEEBIN=R{FR | Non-oriented Electrical Steel Product System

EMFRARREKE. SHBNSEENTR, RESKBIILIHHIFIERER,
EEE: AEEGRES;

© B EEEHESS;

© EMERAR: MR, SR, BESESA MRS,

© BHIBE: BENHE, BRI, B EHESR;

O SRER: BRE, NATERENBERERT;

O HRRMBAR: SHERBASE, FRAGEGKR. SRS
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Non-oriented electrical steel series in Baosteel could meet the requirements from all kinds of high performance motors with features
of low iron loss at mid and high frequency, high induction density and high strength.

@ Low loss series: low iron loss, high strength;

@ High efficiency series: low iron loss, high induction;

@ High efficiency-Higher strength series: excellent overall performance in loss, induction, and strength;

@ Super induction series: high induction density to satisfy the needs for high torque and compact design of motors;
@ High strength series: high strength for high speed rotor of high speed motors;

@ Stress relief annealing series: low iron loss and high induction after stress relief annealing.

4.1 EWEEP =Gt —— LUK EE TR S F 5 TN = B8 T30 7= a4y

Product Tree of Non-oriented Electrical Steels for Traction Motors of NEV

P4
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9 /

B35AV1900
B27AV1400 B35AV2000 g
‘ B30AV1500 B35AV2100 e
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0 B25APV1300
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\ \ B20AV1200 B20APV1200

B20AV1300
B20AHV1300 B30AHV1500 O B30APV1500
Y | %
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=SHARY B35AHS500
Hi A B35AHS600
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ﬁ ENEEERT ReaERT
High efficiency- High strength
high strength
HIRR /B AR

« Stress relief annealing

ﬁ B25AHVR1150
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NON-ORIENTED ELECTRICAL STEEL

4.2 ENMEWAEEAN FAREARRG R

Application Solutions of Non-oriented Electrical Steel

A B

R AR S e e A IR R R R
1% SRR SIS K ANEE
(HE. 1)

B T~
Bk g2 R

Electrical Steel
Database

Covering all Baosteel grades,
including the magnetic,
mechanical and coating
properties of the products.

Analysis of motor performance
(i.g., efficiency, torque)
with simulation software

D B

ST EVIgEDEi% P

S ope or e =

Elfctrical steel EVI Capability Building Magnitlict?imulation
amination atform

Technical Support

®

BEmmnE B, 18IS, 2
LS - T S - ES

SRS AIRIR &
HOR&EIEE

C

BN OMI

BIRIES, oty SR
TS AT A

Manufacturing problem solving Prototype Iron

solutions accumulated for reference Core Build &

Laser cutting machine,

and wire-electrode cutting machine
for prototype core making;

Iron loss tester, motor testing platform

guidance to quick trouble shooting in Test Platform
punching, laminating, welding,

assembling process
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SEMNMEIEIEESIF Complete Material Database Support

A RIR T ¥BFRE A3
© B ERUL L SR EBRGE L. FHBRE
© FHRBTY TR HRE. WIS

Stress analysis in rotor

Magnetic simulation for motor design

L Yield strength, tensile strength,
©® DC &AC magnetization curves ! 9 ! 9

©® AC magnetization curves under special fatigue strength, elastic modulus

waveforms

_ SRR

BICETHFEREEL : SHEK. AR
SR T

ety desi Cooling system design

® Changes in mechanical property with temperature- ~ ‘ Heat coefficient, expansion coefficient

® Changes in magnetic performance with temperature

R =B B TR A TN M BEE IR, N 2 An updating and complete database of non-oriented electrical
AT, ELRH BRI AL TS ok T I AR — B2 B AR steel provides our customers a strong support with data of me-
. . . . e chanical properties, magnetic properties under normal and spe-
X5 RIBAFNSIFUER, AR HIEREIEIR S RIa e SR cial working conditions. Data could be in format of performance
EEME IR, index or original test curves points according to customers'’ re-
quirement.
T ER =18 T fR 1 aE SR RE
Non-oriented Electrical Steel Database for NEV
SRR
SRR BRI AE . (40°C~250°C) HitIR e
Typical magnetic properties Mechanical properties at various temperatures Other physical properties
(-40°C~250°C)
20Hz~10kHZ3 bk 14 #i 2% [EARGRE SARY
20Hz~10kHz AC Core loss Curves Yield strength Heat coefficient
B hs R E Rk R 3R
D.C. Magnetization Curves Tensile strength Expansion coefficient
20Hz~10kHzSEREEL AL
(-40°C~150°C) , =
20~10kHz Magnetization Curves at LE{$$ #'&gi
. Elongation Elastic modulus
various temperatures
(-40°C~150°C)
ES27 V41 A ) E57 s 5
ACiron loss curves under . ﬁ%?ﬁfg(i,ﬂ ZHIRIK
- Fatigue strength(ambient temperature) Number of bends
special waveform
HEEMNXFEE  Magnetic Properties Test Platform
SEENMENEEENNIR TS, ATNAFRESFHRTMEHERTEE With complete material properties test platform, Baosteel could
SERSEE (20HZ~10kHZ) . BREIHEREE T (~100KA/m) Bk provide customers with magnetic properties data at any fre-

“ ‘ B R AT S quency between 20Hz and 10kHz and magnetic flux density
s LIR)-Py J-H HvSF SR REER AT S, ST up to 100kA/m, the measurement of B-P, B-H and B-p and other

MR R 1. forms of magnetic properties curves, to fully make use of the ma-
terial properties to the greatest extent.
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NON-ORIENTED ELECTRICAL STEEL

4.3 EE R I HERE

Properties of Non-oriented Electrical Steel

4.3.1 BEERMNMIERE  Magnetic and Mechanical Properties

=3
35 P1.0/a00 35 P 1.0800 MR ACEREE D s000 Egiﬁ%r;
Core loss(W/kg) Core loss(W/kg)| Magnetic polarization(T) | strength(MPa)
RIEE HAE HAE RIEE BENE BLENE
Guarantee value |Typicalvalue| Typical value Guarantee value | Typical value Typical value
B20AV1200 7.60 <12.0 10.6 28.7 2161 1.63 425
B20AV1300 7.65 <13.0 12.0 315 >1.63 1.64 395
B25AV1300 7.60 <13.0 12.0 33.2 >1.62 1.63 430
B27AV1400 7.60 <14.0 13.2 375 >1.62 1.64 429
TEAVER T B30AV1500 7.60 <15.0 14.2 41.0 >1.63 1.64 435
Low loss AV seri
owloss gL s B35AVI700  7.60 <170 162 475 >164 166 438
B35AV1800 7.60 <18.0 17.2 50.5 >1.64 1.66 413
B35AV1900 7.65 <19.0 17.5 525 >1.65 1.67 400
B35AV2000 7.65 <20.0 185 54.8 >1.65 1.68 380
B35AV2100 7.65 <21.0 19.5 57.1 >1.66 1.68 355
B20AHV1200 7.65 <12.0 10.8 294 >1.64 1.65 395
. B20AHV1300 7.65 <13.0 12.2 325 >1.65 1.67 360
SAMAHVRT
High efficiency B27AHV1400 7.65 <14.0 13.3 384 >1.65 1.66 390
AHV series
B30AHV1500 7.65 <15.0 14.2 40.8 >1.66 1.67 395
B35AHV1700 7.65 <17.0 16.0 47.0 >1.66 1.68 397
B20APV1200 7.65 <12.0 10.6 28.9 >1.68 1.69 395
. B25APV1300 7.65 <13.0 12.2 33.8 >1.68 1.69 383
S HARRAPVRT]
High induction B27APV1400 7.65 <14.0 13.1 37.0 >1.68 1.69 385
APV series
B30APV1500 7.65 <15.0 13.8 40.8 >1.68 1.69 390
B35APV1700 7.65 <17.0 15.8 459 >1.68 1.69 395

%%;'JE'\ P 1.0/400 EZZWTHEFEJ 5000 EHE%&E
ZE Core loss(W/kg) Magnetic polarization(T) Yield strength(MPa)
'(36/2;9)/ RIEE HRY(E RIEE #RV(E I
9 Guarantee value | Typical value | Guarantee value | Typical value | Guarantee value Typical value
B25AHV1300M 7.60 <13.0 12.0 >1.65 1.66 >420 442
E.&QEEEAHV-M,%@J B27AHV1400M 7.60 <14.0 131 >1.65 1.66 >420 441
High efficiency-Higher
strength AHV-M series | B30AHV1400M ~ 7.60 <14.0 13.7 >1.65 1.67 >420 440
B30AHV1500M  7.60 <15.0 13.7 >1.65 1.67 >420 440
B35AHS500 7.60 <25.0 23.0 >1.64 1.66 >500 532
=R EAHSRY B35AHS550 | 7.60 <32.0 30.0 >1.63 1.66 >550 575
High strength AHS series
B35AHS600 7.60 <35.0 33.0 >1.60 1.65 2600 636
THBREZFTIR A B
Stress relief annealing  B25AHVR1150%  7.60 <11.5 11.2 >1.62 1.64 2470 485
AHVR series

7 B RE R RIS TE800°C, £V NEHRAERINIEE,

* Magnetic properties are measured after annealing at 800°C, 2h.
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i3
KI5 P1s/s0 AR AR E J 5000 EHY;EEEE
ZE Core loss(W/kg) Magnetic polarization(T) strength(MPa)
'(De/rc‘rST']t})’ fRIEE HAE fRIEE HRE BLEME

9 Guarantee value Typical value Guarantee value Typical value Typical value
B35A230 7.60 <2.28 2.10 >1.64 1.66 405
B35A250 7.60 <245 2.25 >1.64 1.66 409
B35A270 7.65 <2.65 2.40 >1.64 1.67 395
B35A300 7.65 <2.90 2.55 >1.64 1.68 385
B50A250 7.60 <2.48 237 >1.64 1.66 428
B50A270 7.60 <2.65 2.50 >1.64 1.67 411
B50A290 7.60 <2.85 2.60 >1.64 1.67 400
B50A310 7.65 <3.00 2.70 >1.65 1.68 395
B50A350 7.65 <3.20 2.85 >1.65 1.68 385
B50A400 7.70 <3.30 3.00 >1.66 1.69 333

EEA/WWHRT
Low loss A/WW series 35WW250 7.60 <228 220 >1.64 1.67 415
35WW270 7.60 <245 233 >1.64 1.67 415
35WW300 7.65 <2.65 245 >1.64 1.68 395
35WW360 7.65 <3.20 2.69 21.65 1.69 380
50WW270 7.60 <248 245 >1.64 1.67 420
50WW290 7.60 <2.65 249 >1.64 1.67 420
50WW310 7.60 <2.85 2.68 >1.64 1.69 390
50WW350 7.65 <3.00 2.70 >1.65 1.69 390
50WW400 7.65 <3.20 283 >1.65 1.69 380
50WW470 7.70 <3.30 3.15 >1.70 1.72 265
B50AH350 7.70 <3.00 2.85 >1.71 173 302
= B50AH470 7.75 <3.50 3.20 >1.72 1.74 244
SXAH/WHZRF!
High efficiency

AH/WH series 50WH470 7.70 <3.00 2.86 >1.71 1.73 300
50WH600 7.75 <3.50 3.21 >1.72 1.73 265
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NON-ORIENTED ELECTRICAL STEEL

4.3.2 ;2[E1%H#E Coating Properties

RN L S N

AERE
Coating code BH(EE) FMR(TH)
Normal (Cr containing) Environmental friendly (Cr free)
ASTME
ASTM Class C-5 C-5 C-5 C-5 C-5 3
REME FENRE FENFE FENRE FENRE FENRE BIRE
Coating type Semi-organic Semi-organic Semi-organic Semi-organic Semi-organic Organic
FREEEE (um, /)
Coating thickness 0.2-0.5um 0.6-1.0um 0.3-0.7um 0.7-1.2um 2-4um 3-7um
(um/surface)
=t Ll
2
(Qcm?/55) >1 >3 >1 >3 >20 >25
Insolation resistance
(Qcm?*/piece)
{hE=k
Adhesiveness ! 3 ! 3 ! y
M HE®(X1000)
ERXBs0pmBYH B RER
Punching ability (x1000) 1000 1500 1000
puching times
until 50um burr
TN ®
e KT RTH *TH RTH *IH *IHY
areaeliliey Appearance No change No change No change No change No change No change
i S b=bu m bE:bu bE:bu bE:bu bE:bu
QOil-proof ability Pass Pass Pass Pass Pass Pass
YRS (cm/min) I E S8
<ITHIRAIFIZRE =
Weld ability(cm/min); 80~100 20~60 80~100 20~60 10~60 TEH
X ! Not suitable
maximum weld
speed bubble<7
M#EvE© kﬁﬂ/ﬁﬁ, 180°C 180°C 180°C 180°C 270°C 150°C
long time/air
Heat
proof ability 52HA =R | 210°CX2500hr/ | 210°CX2500hr/ | 210°CX2500hr/ | 210°CX2500hr/ | 300°CX2500hr/ &R
Short time/air | 600°CX30min 600°CX30min 600°CX30min 600°CX30min 600°CX30min Not suitable

U EBESA—EXH THRRENE
BIMRR B RE, BN N RIEE,

&3

IR, RM T IRE

© RRENREFEE(10MEL, SEIRI6.45cm?)

© REENME, AHlelsmmEF, B 9RERIS5%, £

FAHEH
© 50°C, 95%BNEE, 14K

@ 7_180°CE’J (99.5Wt% BT 6 SATFH+0.5wt%7K)
/th/RZ_{Z'Sq]/i/@SOALhI’ EXA%'EE{—J_V@ tg&&

BRENR, AREER<5%

© FERIPIE; JEEBRIR120A; BARTh-W
J2He18B81.5mm; I0E100kg/cm?

© DIN IEC 60404-12

07

2.4mme:

Above are test data under certain condition in laboratory repre-
senting typical properties of coating but not guarantee values

Note: © inter-lamination resistance (10 head, toal area 6.45cm?)
@ STD11, F15mm round sample, clearance 5% of thick-
ness, with stamping oil
@ 50°C, 95% humidity,14 days
@ In mixed liquid (99.5wt% METALUB ATF DEXRON
(V1)+0.5W1t% water) at 180°C for 504hr: no bubble, now-
inkle, nopeeling off, and quality difference<5%

' Protective Ar gas; welding current 120A; F 2.4mm Th-W
electrode; welding torch interval 1.5mm; pressure
100kg/cm?

© DIN IEC 60404-12

@



F B [\ & i

4.3.3 BBIF= R RERRZE  Magnetic Property Curves of Typical Grades

B B25AHVR11508%3#5g%% B25AHVR1150 iron loss curves
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B B30AHV1400M$ki5igh4% B30AHV1400M iron loss curves
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NON-ORIENTED ELECTRICAL STEEL

B B25AHV1300MgkiGig4% B25AHV1300M iron loss curves
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B B25AHV1300M3giiREfbaELE B25AHV1300M AC magnetization curves
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I B30AV1500%k#5i#h4% B30AV1500iron loss curves

F B [\ & i
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02 f
200Hz
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800Hz
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B B30AV15003Z5H b4 B30AV1500 AC magnetization curves
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B B30AV1500E b RiE S 4% B30AV1500 DC magnetization curves
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4.3.4 BB S TEREBIZE  Mechanical Property Curves of Typical Product

B B30AHV1500F;8M IR /%% B30AHV1500 strain-stress curve at ambient temperature
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11
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¥ B30AHV15007E F B E THREARFIHTHIGARE B30AHV1500 yield strengths and tensile strengths at various temperatures

Strength (MPa)
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4.3.595 % Z M TREEMRZ  Magnetic Property Curves Under Special Condition

B B30AHV15007E R[S FEIMEEME B30AHV1500 magnetic properties along various directions
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B B30AHV15007E5LAARR A7 FAIERIRLZE B30AHV1500 iron loss under various stress along rolling direction
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B B30AHV15007E5LEAFRR A T3S REELEIZE B30AHV1500 AC magnetization curves under various stress along rolling direction
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B B30AHV15007E ARIBER G THIEIRMLE B30AHV1500 iron loss curves under various temperatures
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B B30AHV15007E ARIRERH TR MR CEIZE B30AHV1500 AC magnetization curves under various temperatures

1.8
i S S 5 8 S—17, .78 118 8 ——
1.6 ~

1 f=400Hz / S

1.4

12 Jr e A
o o e
0.7 1 ~ B / -
06 44—+ /
ol e e = 00

//
o3 4 // B I S B B30AHV1500- -40C
0.2 / B30AHV1500- 20C H
0.1 — B30AHV1500- 150C [
0.0 ———— — ey —

10 100 1000 10000

Magnetic Polarization J (T)

Magnetic Polarization J (T)

14



NON-ORIENTED ELECTRICAL STEEL

4.4{HEEEN Simulation Analysis Capability

© DITESHERS, BN E AR @ Magnetic path analysis for material selection
O DITBIEESE, EEFS L EIRME ® Motor efficiency cloud map analysis for material selection;
O DTRG0, EFEEL 2R @ stress distribution analysis for safety

Initial Global Optimization With Mechanical loss

300
281
250 |
200 |
150
100

50 L/

Torque (Nm)

Speed(k rpm)

3.7545e7
7.4091e5 Mil
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4.5 MEDREMIEARSZIF  Punching And Lamination Process Support

- .

RYFEIHER ERIE=N B
TR TEREIRR ERIIRIE

Good quality of punching and lamina-
tion process is the prerequisite to

the stable excellent traction motor
performance.
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4.6 HNMELOHEIERETFES  Prototype Iron Core Build & Test Platform

b BTRERRARS TS ShOENIIEISEN

Technical service platform for electrical steel application technology: prototype iron core cutting and testing.

BENE Laser cutting 24172 Wire-electrode cutting

EBHLELS: Motor core

EEHLMIR Motor testing
iR Core testing
O ENESTRIRS: EHRAA R B PR EEN AL @ Prototype iron core cutting service: To provide our customer

with electrical steel material, iron core cutting service to avoid
prototype punching die building investment in early stage of

HOMIT—HFIRSS, BFNRAEERIFRE. 48587

K EHR new product development to shorten the R & D cycle.
IME BB + ot 43 4 1S FURN
© MEEENI: SREHRAENA, BRI, @ Properties testing: Iron core testing, motor testing.
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5 FZFAZEM | Application Cases

SEEEMEMERE. MEERZR, ABRNB SR ITHITIEMX To support customers for electrical steel selection for design of
o ARIRERGA T DN T LU MR T, bR B e Rk traction motor of clean-energy vehicle considering cost and per-

formance, comparison would be done according to core design,
manufacturing process design by simulation and experiments to
realize an optimized performance price ratio.

R, UIMMEN L=

B Efl—: BITRMREEEE
Case 1:Thickness selection of electrical steel
(1) FrEERSERNIERMITZE  Motor Speed And Frequency

BRENERE, EEH—FTRABVINER, HEXSH0] It needs to increase motor speed in order to increase motor’s pow-
MREE: er density, the relevant parameters are listed in the following table

EEH5%5E (rpm-4p) EE$AEE (Hz)
Motor speed (rpm-4p) Working frequency(Hz)
9000 600
10500 700
12000 800
15000
R IRIEFH 2 18000/21000 1000

18
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(2). ETMEIRISAE-FRFEFFE  Frequency-loss Relationship of Electrical Steel Material

BB LINMEIAIRFE (Ph. Pe) ESRK (B I4Ex, HAHLHIRFE Loss of electrical steel is closely related to frequency(f), where
e . N e . hysteresis loss Ph is proportional to frequency f, while eddy cur-
AR 35 32x R SR (F) A T
(Ph) S () PRIELE, TR BFE(Pe) SHME (BT F T PLE rent loss Pe is proportional to frequency f square ( shown as fol-
Eb(EN ™ ERR): lowing equation):

Voln® f2%(B_ )
PEEVLf B W P=— (W)

NTREBEIME, BEEAEERE TNME RS IRFER In order to increase motor efficiency, it's necessary to decrease
MRS EEN S LSS R AR ERE PRSI = iron loss of electrical steel greatly. The effective way is to reduce
I, RFREZITAFRAE. TREEBINMRELRR the thickness of electrical steel sheet. The iron losses of various
MR T TF RN 52 E1.0TR IR L T E: thicknesses at magnetic induction density 1.0T under various fre-

quencies are shown in following figure:

o - /
55 / /
o S A
. // S
o P

20 ] //r
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Core Loss (W/Kg)

7~ B35AV1900 I

LN

B30AHV1500 H
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1 / ————— B25AHV1300M

5 — i
. / ———— B20AV1300
I I
0 —— r r r r r — T
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(3)s FRIEEMHNMEREIRENL Changes of Efficiency Map with Various Thickness of Electrical Steels

ENEETET IESBEINHTHETE, SEINE Simulation has been done with various thickness grades, the effi-

=] . = sy ciency maps indicated that high efficiency area of 0.25mm mate-
B, 0.25mmIHBHEKARAT0.35mm M, rial is much better than 0.35mm material’s.
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s 400 2
° £
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50
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= i
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(4). FRSAE FRUMEBEMSZN

NEFRIEIETREEMESI M, MBS I%itT
2, NHIFEHIT THEMSEN. HRENITEENERMR:

THHREEN i

No load iron loss simulation result
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.:
inl
Iron loss (W)
]
8

AL EkH
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BIES A
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== B35AHV1700

B TR EMEXLL

Efficiency comparision under rated condition by simulation
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8 TRBEMENLL

Efficiency simulation results under peak condition
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(5)« 38 Conclusions

KAEMETEEEN R, BB TRESER AHIRE, 27
BHNE, RIBENNRSHR (0X) (. SIEER X) . 5
X BIE I ERER R U R A AR R BB THMNE EFES,
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Motor Efficiency Simulation and Testing Under Various Frequencies Electrical Steels

In order to verify the effect of thickness of electrical steel, a design
model has been used to do simulation analysis and experimental
testing. Iron loss calculation results are shown in following figures.

k=73 U R 1A 5

Load iron loss simulation result
3000
2500

2000

S(W)
Iron loss (W)

1500

73

1000

0 2000 4000 6000 8000 10000 12000
——— B20AV1300  ——— B27AHV1400  ——— B35AHV1700
HIERPM
Speed RPM

B TRSEMMEER L

Efficiency comparision under rated condition by motor test

MEY
Efficiency%

0 2000 4000 6000 8000 10000 12000

—®— B20AV1300 —O— B27AHV1400 —O-— B35AHV1700

EBALEEIRRPM
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& {E TIREMMESTLL

Efficiency comparision under peak condition by motor test
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0 2000 4000 6000 8000 10000 12000
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EBA AL IRRPM
Motor speed RPM

The thickness and grade of electrical steel should be determined
by maximum speed (frequency), rated speed(frequency), high ef-
ficiency region, and other factor regarding motor performance
and cost. Thin gauge non-oriented electrical steels are good in
reducing load loss in high speed region therefore improving mo-
tor efficiency.
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Case 2: Selection of strength of electrical steel

(1), EBTSMAEIBEREE  Strength of Electrical Steel

EBRNNREENRS, HMEMNLRB2IL KBS, #
HERENBEI (EF) RHERAEFHKE, BEGBHEH L
BYESS o IR TR R EERE+HEER.

x B M & W

With increasing motor power density, the working frequency and
motor speed are increasing. High strength is needed for electri-
cal steel at the magnetic bridge area of rotor because the stress
concentration in this area makes it the weakest point of motor
in structure.

(2)s BFHN 934 Stress Analysis in Magnetic Bridge Area of Rotor

MHENBEFH NI, BRHIBNTER: (BINMEEREEZ403MPait)

Basic data for stress analysis in rotor is shown in the following table: (yield strength of electrical steel is taken as 403MPa)

BT  Motor design

FEXMMA(MPa) R2EY
FEL wE Equivalent stress Safety coefficient
Tmax(Nm) Magnetic bridge Width(Tnm)
—&
2 One place 187

HP A1 Q2R BRETEMTIHAERNREANT 2RI, T
ERBEEENMIRT MAF KRR R R M RSB ERYRE.
RERFME. NI BR. EEAE. B 1%,

B h 53R NEFRTR

Stress distribution is shown as following figures

8.3765¢7
5.6176e7
2.8588¢7
9.9921e5 Min

Safety coefficient 1.62 is the safety factor considering all uncer-
tain factors, which includes but not be limited to: actual size
change of magnetic bridge, variation of material strength, effect
of temperature, manufacture resulted stress, speed excess, as-
sembly tolerance, one side magnetic pulling force, etc.
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(3)s FHEFHIEEE-R Y Stress Dependence of Speed in Rotor

BFZHTERWO T LD AER: Stress in rotor mainly composes of following parts:

O SNE (EPARETFTE R BEEY) MM E O, 5% @ Centrifugal force of outer circle (i.e., surrounding bridges) and steel

B X R magnet, being proportional to speed square.

O BT EEF BB, SAREBREL @ Magnetic force between rotor and stator when motor is running, pass-
HEFEHBMAIBZ N, EAEE R EXME EF ing on to iron core mainly at bridge, being roughly in inverse proportion
BRI R R, to speed above rated speed range.

O BTN A OMER BIRERZE~E0 RN @ One side pulling force due to uneven magnetic field, assembly gap, etc,
fii /), BAREEE, 5ERLX. being a fixed value basically and irrelevant to speed.

MR D2 ER =D HHEREM. SR ERFE RN Stress in magnetic bridge composes mainly of above three parts, being gen-
EEANFERRTS = 8., AR - R R L8R T erally proportional to speed by power between1 to 2, where taking power 1.8.
N o = - .0/

E1=
800
00 //
//
600 7
/
500 g
w / yd
[a /
2 400 =
< v
S =
5 '
= 300
a -
e e
200 A
7 ~
100 > = — —a— Stress ]
l/
e — Yield Strength
0 T T T
' 1 ' 1 ' 1

4000 6000 8000 10000 12000 14000 16000 18000 20000

Rotational Speed(r/min)

(4). #HEREMIFFHEZE  Solution to Speed Rise

HENEREL 2RI, SgiZBEERNMN (BiREE It can been seen that normal electrical steel grades ( yield

NEVEEN W s 4 % strength around 400MPa) could be used without any problem
400MpaZcfa) A LARBUCME Ao HEB R RIAEI. 55540, XT6 when motor speed is lower than 12krpm, but electrical steel with

T ERBENERSIEINEI450Mpak s, EEXRAESRE higher strength (yield strength above 450MPa) are necessary
BT LMK, MREEE—SIRF, REBHTIAB TR )en motorspeed reaches 15kipm. ,

A ) ar Other measures should be taken if strength requirement exceeds
TRFR, WASZTURERE M TS E Ry HE the strength limit of electrical steel.
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IRIZBAAIEE (57) REFTIAB I, BFEMEVIIE, HEF~mRINT:

Recommended electrical steel grades in Baosteel are listed in following table according to motor speeds based on our EVI research results

B &EE, rpm TEX A BB T it
Max revolution , rpm Recommended electrical steel grades
<10500 B30AV1500/B30AHV1500. B35AV1700. B35AV1800. B35AV1900
12000 B27AV1400/B27AHV1400. B30AV1500/B30AHV1500
RRE 13500 B25AHV1300M. B25AV1300. B27AHV1300M. B27AV1400/B27AHV1400
Passenger cars
15000 B20AV1200. B20AV1300. B25AHV1300M. B25AV1300. B27AHV1300M
TEFstator: B20AV1200/B20AHV1200. B20AV1300/B20AHV1300
>15000
% Frotor: B35AHS500/B35ASH550/B35ASH600
<3000 B35AV1900. B35AV2000. B35AV2100
4000 B35AV1800. B35AV1900. B35AV2000
ARE
et 6000 B35AV1700/B35AHV1700. B35AV1800
cars
8000 B30AV1500/B30AHV1500. B35AV1700/B35AHV1700
>9000 B27AV1400/B27AHV1400. B30AV1500/B30AHV1500
— ENE — SHE — BE — BT
Efficiency Speed Torque Cost
SRR EpERY
Super induction series Low loss series
27APV
30APV " 25AV
i
|
1
1
25AHV-M 7 /.~ 20AV
27AHV-M |
EEERT T ARV AR
High efficiency-Higher 30AHV-M 25AHV High efficiency series
strength series
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B EfI= SRSENEKSIRA SRR NS M REIY

Case 3:The effect of annealing atmosphere on performance of high grade silicon steel core and application suggestions

S SENEESE

ERs, AN fEdETEERS,

BIRHEEHMHK O EEHTRAN, S EMNMRESHERANT

ZHR ST IR K.
SiFIBERIE

The oxidation peak and location of Si

40 16
35 14
30 12
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———— Sil&{E
The oxidation peak of Si

SHA SHB SHC - SHD
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— SIlEELE (%K)
Si peak position (um)

HIEFTR, N, S5 FRASIO RER I, DXS4A. B. CE
NSIOJREEL.6UM, FEIJIN, BISHDAISIOREE0.Tum, ZBADX
SH5A.B.CRAENEE, BEMARESHISFNENMLRSS
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1" 71I

1ox| lation treatment)

—
FEWIRAK T Z400HzE IR
Iron loss at 400Hz under Baosteel annealing process
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]
<
= 20
1286 1199 11.83 1.6
10
non-; annealed sample 750 CS\uw descem 780 ( Ramd descem 78!) CS\uw descenHBIumg 780° CR |d des(em 1+B|u|ng
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SR RIABRANEHERRRA R L.
PRLET Y B S e SEENHITEO DR A BRI
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SFRBNT
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SUREREB AR
7%

RAFEDE, BIRE
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Because of its high silicon content and high temperature in the
manufacturing process of steel mill, the performance of the iron
core is closely related to the atmosphere control of the annealing
process.

As shown in the figure, the SiO, depth of annealing in N, atmo-
sphere is relatively ideal, the SiO, depth of annealing in DX at-
mosphere A, B and Cis 1.6pm, and the SiO, depth of annealing
in D atmosphere is 0.7um, which indicates the thickness of the
oxide film annealed in DX atmosphere A, B and C, and the oxida-
tion depth is consistent with the oxidation strength of the atmo-
sphere.

HEFRESFIBA400HZERH

Iron loss at 400Hz of samples annealed in different atmospheres

40

34.85 3102
. 31.21
3034 28.46
Q
¥
B
12 86 14 32 13.11 12.97 1.77
|| [ | -
=58 =sc SED
non- annealed sample AlmospheveA Atmosphere B Atmosphere C Atmosphere D
M P1.0/400 M P1.5/400

The properties of iron cores prepared from high grade materi-
als were tested and compared in different atmospheres after an-
nealing. The properties of samples annealed in N, atmosphere
are consistent with the variation of process parameters. It shows
that the iron loss of non-annealed sample is the highest, and the
iron loss decreases with the increase of temperature. and the per-
formance is the best when the temperature is kept at 780°C The
results of DX atmosphere annealing process show that the per-
formance of iron core after annealing is inconsistent with the rule
of temperature and time, and The iron loss of A/B/C atmosphere
samples after annealing is higher than that of the non-annealed
sample.

Therefore, the recommendation for core annealing of high grade
silicon steel is as follows:

@ Control annealing atmosphere to avoid forming inner oxide
layer.

® If it is difficult for the user to change the atmosphere of the
annealing, it is suggested that the motor core should not be
annealed according to the actual use situation, which can sta-
bilize the performance and save the annealing cost.
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Case 4: The effect of machining method on the properties of high grade silicon steel

FNBESTE MBS 2 BT I BHEF SIS/
B, BEITEMNMITZHMHEGE, Bt RN
A=, NULESEGRR BOCTIE LTE K TITRISTEER
AR SRR INHITI LKL

3.5

(a) X
3.0F
) /4
—a— 34{J] (Shear) /
250 —e— il (Punching) ./
—A— WOEYIHE (Laser cutting) /
2.0F  —v— £RbIH (Wire cutting) /./'

7Kk )% (Water cutting)

P sm0 (W/kg)

Baosteel high grade non-oriented silicon steel is widely used to
manufacture high energy efficiency small and medium motor
products. However, after the iron core is made by different pro-
cessing technology, the performance of the motor is different.
Therefore, the effects of continuous punching, laser cutting, wire
cutting and water knife cutting on the microstructure and prop-
erties of silicon steel are compared.

3.0

(b)
2.5} Va
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_ 2.0F —e— 5 (Punching)
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= ot /
A
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e
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T AL SKIRERLR R (a. B AET, bBAE)

Effect of machining method on iron loss curve (a. Before annealing, b. After annealing)

MATREREHF SRR &S AHEREF KRBT, BT
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The laser cut sample has the highest iron loss. The iron loss of
the punching sample is slightly lower. When the magnetic polar-
ization is lower than 1.2T, the iron loss of the sample after shear
is similar to that of the sample after wire cutting, but when the
magnetic polarization is higher than 1.2T, the iron loss of the
sample after shear is slightly greater than that of the samples
after wire cutting. The iron loss of sample after water cutting is
the lowest.

2.0

(b)
L8t /M""wﬁ
L6} e
L4 //

—u— BY1J] (Shear)
—e— {157 (Punching)
—a— BOETE (Laser cutting)

Js000(T)
AN
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’ ”/ 7K Y)#] (Water cutting)
0.4 F .

4
0.2 4

A\ &
0.0 L 1 L
100 1000 10000
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MITA X R (a. B AET, b.IBAE)

Effect of machining method on magnetization curve (a. Before annealing, b. After annealing)
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JEBRAZ IR AET, HIMNEEL/ NF200A/mBY, Bt TIEIERYIR
FHRRE, PRENEEES, LU MEIT/ER0E R
1B, A EEHEES, KRN ERS.
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Before stress relief annealing, when the external magnetic field is
less than 200A/m, the magnetic polarization of the sample after
laser cutting is the worst, the punched sample is slightly higher,
the magnetic polarization of the sample after wire cutting and
shear is comparable, higher than the punched sample, and the
magnetic polarization of the sample after water knife cutting is
the highest.
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440 |
(b) —n— Bj4J) (Shear)
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400 —A— i (Punching)
380 - —v— £&YJ#I (Wire cutting)
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FRMIAZRMIGERFNEES (aBAH], b.BAE)

Hardness distribution of samples with different machining method (a. Before annealing, b. After annealing)

HATRENEERRERS, XRRNEMIE IIET~E
BYRRE IS SR E T F7, MBEEDTRERKEN N H
AEEYF RN IR AR, XAIPFR R DAY RETR AT
Mo MKRILLERKE, BTHUBEARN IR, BOCTIEIXT
HHRRBBUERRNRE. kEEEFNRRER, AN
KDEIBTFRET, MARFERNS, B =SBILE BE@'I“_{
Lo HRN RN ERRF KRBT —5, BNBRAER
NSRRI, =BT Ko

RRT I

ERAEEN TR RNETHREMNT, MEARRITMEBT;

O EEBVERIRITH, NMIBBREBEMITRIIELE, THERE
FEMI AR ERAEENRERN, URRIELRITE
17, BIEARIEIIERES
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The iron loss of the sample after laser cutting is the highest, be-
cause the rapid heating and cooling generated in the laser cut-
ting process will produce thermal stress. According to the results
of hardness distribution, the residual stress at the edge is the
largest, which is very unfavorable to the magnetic properties of
the sample. It can be seen from the experimental results that la-
ser cutting has the most obvious effect on the deterioration of
iron damage due to the maximum residual stress at the edge.
The iron loss of the sample after water cutting is the lowest, be-
cause water cutting belongs to cold deformation, neither ther-
mal stress nor plastic deformation of the edge will be generated.
After stress relief annealing, the iron loss of each sample tends to
be the same, because after annealing, the edge stress is released
and the abnormal loss is reduced.

Solution recommendation

@ Select the appropriate way to process the core in order to
achieve the desired goal.

® In the design of motor energy efficiency, it is not only neces-
sary to consider the performance of material, but also to adopt
reasonable equipment coefficient in the processing mode of
iron core, so as to approach the design goal as quickly as pos-
sible and give a full play to the performance of material.
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Case 5:The effect of material selection on efficiency improvement of IE4 motor

ENESESTEAME ZAF T B EAFIEEER T Baosteel’s high grade non-oriented silicon steel is widely used to
=0 Ores SeiE T hie O RR LN — o manufacture high energy efficiency industrial motor products.
RN, ERENEERSHVRTT, BRE TR, FRER However, with the improvement of the grade of silicon steel, the
W2 - TEREE, Rt OMERE SR A S EIRINGE iron loss distribution shows a decreasing trend, and the magnetic
B P (B R — B induction also shows a certain decreasing trend. Therefore, the
N \E /= N 2Xo

improvement of iron core material is not consistent with the re-
duction in iron loss.

BhesSmiitae
Typical properties of each grade

P1.5/50 (W/kg)
1 50WW470 3.15 1.72
2 50WH470 2.86 1.73
3 50WW350 2.70 1.69
4 B50AH300 2.70 1.70
5 B50A250 2.37 1.66
A0, N GRBERAK, HREERKRAK. It can be seen that the span of silicon steel products is large, and

the performance difference is large.

oo L [ ]s0ww270
[ 1B50A310
[ s0w310
140 - [ ]sowwsso
[ sow470
120
= 100
[
80
60
40
SRFE $RFE SRFE HRFE F5E
Copper loss Aluminum loss Iron loss Mechanical loss  Miscellaneous loss

TRIESRE—HBRFED

Loss analysis of the same model with different grades
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M EERR, A—NESEREEEESTRNERAETE
BB, fIRAR SR AL & T RN S AR RN KO IRFE
FEAE, MMEEBAEMEREAS 2 —RENREHERER AT
g, IR EFER,

RRP =S

O BHMENEATEBENERRGIRI NNESENR
KIS, BRI, KN EERRIT SARITERER
b, UURIREN S S8R

O SHESENREBNERD, EXERRHIE, B8 T
RV, IR S LRI L DIRFERLLE, MMEHXY
PEBYIE A Bl S DU BR I T 246446
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As can be seen from the figure above, the loss of the same model
in different grade also show different situations. The high propor-
tion of copper loss covers the reduction of core loss caused by
the upgrade of silicon steel grade, so that the overall efficiency
improvement does not match the performance improvement of
silicon steel raw material, and cannot reach expectations.

Solution recommendation

@® The improvement of motor efficiency cannot simply apply the
original design. If only the grade of silicon steel raw material
is improved and the loss of iron core is reduced, there should
also be changes in groove design and winding design, so as to
make full use of the high grade silicon steel.

@ In the selection of high grade silicon steel raw materials, while
paying attention to iron loss, we should also pay attention to
the change of magnetic induction, and the proportion of each
type of motor loss, so as to select or improve raw material to
reduce the main loss.
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TEL: 0065-63336818

FAX: 0065-63336819

EMENE MMM THIRAE (SENRARL)
PT. BAOSTEEL INDONESIA STEEL SERVICE CENTER

EfREARLS
VIETNAM OFFICE
TEL: 0084-8-9100126
FAX: 0084-8-9100124

(INDONESIA OFFICE)
TEL: 0062-21-3040 8575
FAX: 0062-21-3040 8583

ERIEFRZ KX Europe, Africa & Middle East Region

(SANAND STEEL SERVICE CENTER)
TEL: 0091-22-30071700
FAX: 0091-22-30071777

TEL: 0060-32-2016986

FEMENEFRAE] ENEHUFERAE
BAOSTEEL EUROPE GMBH BAOSTEEL ESPANA, S.L.
TEL: 0049-89-32709090 TEL: 0034-93-4119325

FAX: 0049-89-3270909130 FAX: 0034-93-4119330

ERTEHEARLS EMHETHARL
TURKEY OFFICE RUSSIA OFFICE
TEL: 0090-212-3440067 TEL: 7-499-2585602
FAX: 0090-212-3440068 FAX: 7-499-2585602

EMAK America Region

EREIERARLS
SOUTH AFRICA OFFICE
TEL: 0027-11-7839985
FAX: 0027-11-7842408

EWRRQE

BAOSTEEL MIDDLE EAST FZE
TEL: 00971-4-8840458

FAX: 00971-4-8840485

FEWERFNHERPOERAE
BAOSTEEL ITALIA DISTRIBUTION CENTER SPA
TEL: 0039-010-530881

FAX: 0039-010-5308895

EWEBEFRAF
BAOSTEEL DO BRAZIL LTDA.
TEL: 0055-11-26678869

EWEMNERAHF
BAOSTEEL AMERICA INC.
TEL: 001-201-3073355

FAX: 001-201-3073358

EXRSFHIFARL
MEXICO OFFICE

TEL: 0052-55-55319506
FAX: 0052-55-55319506-201

EXBEIARL
PANAMA OFFICE
TEL: 507-382-5225

EEMEARRL
CANADA OFFICE

TEL: 001-005-7315888/7315885
FAX: 001-005-7315883

EEFEMT RS
SAN DIEGO OFFICE
TEL: 001-949-7526789
FAX: 001-049-7521234
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