£€ AK Steel

A CLEVELAND-CLIFFS COMPANY

DIEMAX HF-12

COLD ROLLED FULLY PROCESSED

NON-ORIENTED ELECTRICAL STEEL

Aircraft Generators

High Speed Motors

Traction Motors

DI-MAX® HF-12 is a fully processed
non-oriented electrical steel designed for
use in high speed motors, traction motors,

aircraft generators, and other rotating

equipment operating at frequencies above
60 Hz. DI-MAX HF-12 electrical steel is
supplied in a nominal thickness of 0.30 mm.




AL AKSteel

A CLEVELAND-CLIFFS COMPANY

DFMAX® HF-12

Product Description

Composition | (wt %)
Silicon (S| 3.1
Aluminum (A)] 0.8

MAGNETIC PROPERTIES

Release grading is based on as-sheared Epstein test and based on core
loss at 1.0 T and 400 Hz in accordance with ASTM A343 (reference
data at frequencies above 400 Hz were developed in conformance with
ASTM A348). Representative properties using stress relief annealing are
shown for reference.

CORE LOSS
Typical Maximum
As-Sheared 13.8 W/kg 16.0 W/kg
After 830 °C SRA 12.5W/kg 15.0 W/kg

OTHER MAGNETIC PROPERTIES

Magnetic Induction at 2500 A/m (B25) 155 T
Magnetic Induction at 5000 A/m (B50)  1.64 T

Volume Resistivity 56 pQecm
Saturation Induction 19871
INSULATIVE COATING
CARLITE® 3
C-5 Phosphate ANTI-STICK™

Type ASTM A976 C-5 ASTM A976 C-5-AS

Inorganic with some Inorganic
organic material

Components

Thickness 2.3—2.8um 0.25-0.76 um
Space Factor  [96.6% @ 1.0 MPa 97.6% @ 1.0 MPa

96.4% @ 0.345 MPa 97.4% @ 0.345 MPa
Franklin Current |0.02 A 0.3-09A

Weldability Good (minimal porosity) Excellent (no porosity)

COLD ROLLED FULLY PROCESSED NON-ORIENTED ELECTRICAL STEEL

MECHANICAL AND PHYSICAL PROPERTIES

Density

Yield Strength
Tensile Strength
Elongation, % in 2"
Rockwell Hardness
Vickers Hardness
Thickness Aim
Tolerance

Strip Crown

<7.65gm/cm®
400 MPa

500 MPa

20%

B90

193

0.30 mm

+0.02 mm

0.005 —0.006 mm

All values typical unless otherwise noted.




A€ AK Steel

A CLEVELAND-CLIFFS COMPANY

D|-/\/\AX® HF-17  coLD ROLLED FULLY PROCESSED NON-ORIENTED ELECTRICAL STEEL

Core Loss And Exciting Power Tables As Sheared

B T N R N S R R R

27.0 0.0508 0.0626 0.116 0.282 0.491 0.741 2.10 2.97 8.91 12.7 38.3 17

0.3 322 0108 0134 0.248 0.606 1.050  1.580 4.43 6.22 18.4 26.0 6.7 239
0.4 3.8 0179 0222 0.414 1.020 1780  2.67 7.51 10.5 30.6 43.4 129 =
0.5 414 0.261 0.324 0.607 1.510 2.64 3.98 1.2 15.7 45.8 65.0 196 =
0.6 46.5 0.352  0.438 0.826 2.06 3.63 8.51 185 21.8 64.1 91.7 = =
0.7 523 0.453  0.565 1.070 2.69 4.77 7.23 20.5 28.9 = = = =
0.8 592 0565 0.705 1.340 3.40 6.03 9.18 26.3 37.2 = = = =
0.9 68.1 0.690  0.860 1.640 417 744 114 32.9 46.7 = = = =
1.0 79.9 0.828  1.030 1.970 5.03 9.00 138 40.4 57.6 = = = =
1.1 979 0.986  1.230 2.35 6.00 10.8 16.5 49.0 70.5 = = = =

1.2 131 1170 1.470 2.79 712 12.8 19.7 = = = = = =
1.3 213 1420  1.770 3.35 8.52 15.3 23.5 = = = = = =
1.4 518 1.750 217 4.03 10.2 18.2 27.9 = = = = = =
15 1680 2.14 2.66 5.01 12.6 22.4 34.4 = = = = = =
1.6 3710 2.57 3.20 6.02 15.0 26.7 411 = = = = = =
1.7 7040 3.12 3.90 = = = = = = = = = =

EXCITING POWER (VA/kg) @ Frequency (Hz)

™ [T w0 [0 [ @0 ] w0 [ oo [ s ] wo ] e ] 0 ] 5w [om]

0114 0139 0239 0516 0829  1.180 2.88 S 10.7 14.9 42.8 140
0.3 0207  0.251 0438 0964 1570 225 5.68 .75 || 21.8 29.8 85.1 273
0.4 0315 0383 0672 1500 247 3.57 9115 12.5 34.7 48.7 141 =
0.5 0440 0535 0943 212 3.52 5.12 133 18.3 51.2 72.2 213 =
0.6 0583 0710 1250 284 4.73 6.90 18.1 25.0 n2 101 = =
0.7 0749 0912 1610 3.66 6.12 8.96 23.8 33.0 = = = =
0.8 0944 1150  2.083 4.61 772 113 30.3 42.2 = = = =
0.9 1180 143 2.52 5.71 956 140 37.9 53.1 = = = =
1.0 1470 1.78 313 705 117 17.2 46.8 65.8 = = = =
1.1 1850 225 3.92 874 145 21.2 574 80.8 = = = =
1.2 2.44 2.96 512 112 18.3 26.6 = = = = = =
1.3 3.68 4.45 7.67 16.2 25.8 36.6 = = = = = =
1.4 8.13 985 154 31.7 48.8 67.2 = = = = = =
1.5 26.6 2.3 54.7 111 169 229 = = = = = =
1.6 78,2 88.7 150 303 460 622 = = = = = =
17 157 191 = = = = = = = = = =

7.60 gm/cn¥ test density

ASTM A343, ASTM A348; 50/50
B = Magnetic induction

H = Applied field



A€ AK Steel

A CLEVELAND-CLIFFS COMPANY

D|-/\/\AX® HF-17  coLD ROLLED FULLY PROCESSED NON-ORIENTED ELECTRICAL STEEL

Core Loss And Exciting Power Tables Stress Relief Annealed

CORE LOSS (W/kg) @ Frequency (Hz)
0 | | 50 | 60 | 100 [ 200 | 300 | 400 | 800 | 1000 | 2000 | 2500 | 5000 | 10000 |

232 00424 00521 0.0958 0.234 0.409 0620  1.790 2.5 7.73 11.3 34.1 108

0.3 2r2 00894 0110 0.204 0.499 0.874 1330 379 537  16.1 23.3 69.8 220
0.4 304 0150 0186  0.345 0.854 1500 227 6.45 918  27.0 39.0 17 =
0.5 333 0222 0276 0517 1.280 2.26 3.43 9.78 13.8 40.5 58.7 180 =
0.6 36.4 0305 0379 0714 1.79 3.16 479 137 19.3 57.0 82.9 = =
0.7 40.0 0398 0496 0938 2.36 418 6.36 182 25.8 = = = =
0.8 447 0502 0626 1.190 3.01 .35 819 236 33.4 = = = =
0.9 511 0619 0771 1.470 373 6.68 10.2 29.7 42.4 = = = =
1.0 60.4 0.751 093 1.780 4.56 8.17 12.5 36.9 52.8 = = = =
1.1 752 0905 1130 214 5.48 9.86 156.2 453 65.2 = = = =

1.2 102 1090 1360 257 6.55 11.8 18.2 = = = = = =
1.3 164 1330 1650 3.1 7.88 14.1 21.8 = = = = = =
1.4 388 1660 207 3.87 9.68 17.3 26.6 = = = = = =
1.5 1370 2.06 2.56 4.78 1.9 21.0 32.3 = = = = = =
1.6 3570 2.42 3.01 5.63 11819 24.7 38.1 = = = = = =
1.7 6980 2.85 3.58 = = = = = = = = = =

EXCITING POWER (VA/kg) @ Frequency (Hz)

| DCTNGROWER(Wkg@Fequeny®d)
I N T N N I N R R R R

0.0964 0.117  0.200 0.429 0.685 0.970 2.40 3.28 9.04 12.9 38.1 126

0.3 0.174 0.210  0.365 0.800 1.300 1.870 4.78 6.58 18.3 26.2 76.4 254
0.4 0.261 0.317 0.555 1.240 2.05 2.98 7.76 10.7 30.1 43.1 127 =
0.5 0.359 0.438 0.775 1.760 2.93 4.29 1.4 15.7 44.5 64.1 193 =
0.6 0.470 0.574 1.020 2.34 3.94 5.80 15.6 21.7 62.1 90.1 — —
0.7 0.596 0.729 1.300 3.01 5.10 7.54 20.5 28.7 = = = =
0.8 0.743 0.909 1.630 3.78 6.43 9.56 26.2 36.9 = = = =
0.9 0.919 1120  2.01 4.68 797 119 33.0 46.6 = = = -
1.0 1.140 1.390 249 5.76 9.80 14.6 40.9 58.2 — — — —
1.1 1.440 1760  3.12 714 12.1 17.9 50.5 72.2 = = = =
1.2 1.90 2.32 4.07 9.12 15.2 22.4 = = = = = =
1.3 2.83 3.44 594 1238 20.8 30.1 = = = = = =
1.4 5.97 727 123 255 3.5 55.0 = = = = = =
1.5 22.2 27.3 457 92.9 142 193 = = = = = =
1.6 69.2 84.1 141 286 435 588 — — — — — —
1.7 1585 188 = = = = = = = = = =

7.60 gm/cn¥ test density

ASTM A343, ASTM A348, 50/50

B = Magnetic induction
H = Applied field
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£€ AKSteel

A CLEVELAND-CLIFFS COMPANY

AK Steel Corporation

9227 Centre Pointe Drive
West Chester, OH 45069
844.STEEL99 | 844.783.3599

www.aksteel.com
sales@aksteel.com

Founded in 1847, Cleveland-Cliffs is among the largest vertically integrated producers of differentiated iron ore and steel in North America. With an emphasis on non-commoditized
products, the Company is uniquely positioned to supply both customized iron ore pellets and steel solutions to a quality-focused customer base. AK Steel, a wholly-owned subsidiary of
Cleveland-Cliffs, is a leading producer of flat-rolled carbon, stainless and electrical steel products. The AK Tube and Precision Partners businesses provide customer solutions with carbon
and stainless steel tubing products, die design and tooling, and hot- and cold-stamped components. In 2020, Cliffs also expects to be the sole producer of hot briquetted iron (HBI) in
the Great Lakes region. Headquartered in Cleveland, Ohio, Cleveland-Cliffs employs approximately 11,000 people across mining and steel manufacturing operations in the United States
and Canada.

Additional information about AK Steel is available at www.aksteel.com.

AK and the AK Steel logo are registered trademarks of the AK Steel Corporation. ©2020 AK Steel. All Rights Reserved. 5.20



