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® [ron materials in generator
® reduce the reluctance in the magnetic circuit
® confine the flux in the generator
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® [ron materials in generator
® reduce the reluctance in the magnetic circuit
® confine the flux in the generator

® From “warm” iron to “cold” iron, what we know...
® iron losses, higher cooling power and longer cool down time ®

W effective airgap is reduced greatly, as a result, reluctance is
reduced and superconductor is saved ©

® cold iron contributes to the cold mass and enhance thermal
capability of the system ©

® There is not much investigation on the B-H curve and
losses behavior of iron materials for rotating machines
at cryogenic temperatures
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® General principle

Primary
winding

| =
® Main data S

® MagneticField 0-15T

— Secondary
winding

® Frequency 0-1KkHz
® Op. Temp. RT and 77 K
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Measurement setup AT
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® General principle Ul -
Primary A — Secondary
winding "m0 = *0O winding

RN

® Applying Faraday’s induction law to the secondary winding, the flux
density in the toroid core is calculated by measuring induced voltage.

® Applying Ampere’s law to the primary winding, the magnetic strength is
obtained by measuring the current.

‘ B-H curve
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® General principle
Primary uamp(t)
winding

Measurement setup wy A‘(IT

7

\/ﬁ/

() Secondary

S’ / winding

1
1l

s

Based on the Ohm’s law and Faraday’s induction law,
the power absorbed by the toroid core:

N .
‘ yamp(t) ) ip(tz = Bp ) i'pz(t) + N_ ) us,ind(t) ’ lp(t)

A B P

C

A: input power to the toroid core,

U....(t): amplifier voltage, . : .
amp(!) P J B: the ohmic losses in the primary

I,(t):  primary winding current,

R, resistance of the primary winding, \(/:V{ngcl)rr]g’ma netization and core
Us ing(t): Induced voltage of primary winding, Io.sses 9
N.: number of turns of secondary winding, _
N,: number of turns of primary winding, Loss behavior
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Measurement setup
B Measured samples

M330-35A
Losses Thickness

Specification of Samples Cobalt iron
_ M330-35A M330-50A M235-35A Vacodur49
Density 7620kg/m3 7650kg/m3 7600kg/m3 8120 kg/m3

Thickness 0.35 mm 0.50 mm 0.35mm 0.27 mm

Conductivity at RT  2.29 x 106 S/m 2.33x 106 S/m 1.92x 106 S/m 2.35x 10% S/m
Conductivity at 77K 2.90x 10 S/m 2.93x 109 S/m 2.11x 105 S/m 2.59x 10 S/m

Saturation point 15T 15T 15T 23T
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Test results - Relative permeability
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Losses as a function of flux density ﬂ("‘
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Losses as a function of flux density
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Losses as a function of frequency
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Losses as a function of frequency ﬂ("‘
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Parameters for iron loss model < 400Hz -\\-‘(IT

Bertotti developed an iron loss model to describe the loss behavior
with flux density, frequency and empirical factors.

Pre = ChySthlg + Cecszzg + Cexcfl'SBI}S

Pre- iron IOSS, Chyst; Cec;and Cexc :
f. frequency, coefficients of hysteresis loss, eddy current
B,: amplitude of the flux density,  loss and excess loss.
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Parameters for iron loss model < 400Hz

Bertotti developed an iron loss model to describe the loss behavior
with flux density, frequency and empirical factors.

Pre = ChySthlg + Cecszzg + Cexcfl'SBI%.S

Chyst’ Cec’and Cexc :
coefficients of hysteresis loss, eddy current
loss and excess loss.

Pre. iron loss,
f. frequency,

B,: amplitude of the flux density,

Fitting Coefficients of Iron Loss Model

- M330-35A | M330-50A | M235-35A | Vacodur49

Chyse RT 2.62E-2  2.89E-2  2.00E-2  2.03E-2
¢, RT 6.06E-5 125E-4 5.09E-5 2.84E5 |
| C,,c RT 124E-3 1.18E-3  146E-3  9.08E-4 |
Chyst 77K 2.64E-2  2.89E-2  2.09E-2  2.07E-2
( C,, 77K 7.67E-5 158E-4  559E-5  3.12E-5 |
| Cexc 77K 162E-3  156E-3  1.73E-3  125E2
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Parameters for iron loss model < 400Hz ﬂ("‘

Bertotti developed an iron loss model to describe the loss behavior
with flux density, frequency and empirical factors.

Pre = ChySthlg + Cecszzg + Cexcfl'SBI%.S

pFe: iron IOSS, Chyst; Cec;a-nd Cexc :
f. frequency, coefficients of hysteresis loss, eddy current
B,: amplitude of the flux density,  loss and excess loss, respectively.

Fitting Coefficients of Iron Loss Model

O //k 100HEz Expenment
-I—""K 100Hz_Calculation
- M330-35A | M330-50A | M235-35A | Vacodur49 T 77K _100Hz_hec
—&-T7E_100Hz hys |

“Th 8
Y]
chyst RT 2.62E-2 2.89E-2  2.00E-2  2.03E-2 % g AL % 17K 100Kz henc -
(.. RT 606E-5 125E-4 509E-5 2.84E5 |- ) N =
(CexcRT _124E-3 118E-3 146E-3 908E4 )3 "% P

Cpyst 77K 2.64E-2  2.89E-2  2.09E-2  2.07E-2 2

(C,.77K 7.67E-5 158E-4  559E-5  3.12E-5
| Cexc 77K 1.62E-3  156E-3  173E-3  1.25E-2

y Fhx density (T)
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B In general, the relative permeability is increased by cooling
down the iron materials.

® M235 and M330 can increase over 50%, while cooling down in
liquid nitrogen has small influence on the relative permeability of
cobalt iron, we can increase over 5%

B Losses are increased by cooling down the iron materials.
® At 50Hz around saturation point losses can increase around 10%

B Fitting parameters and B-H data are available now and can
be used for simulation in commercial finite element
software, such as Comsol and Maxwell.
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