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Effect of Winding Spacing in Discretely Arranged Deperming Coils on
Spatial Magnetic Field Distribution and Deperming Performance
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A two-dimensional FEM framework coupled with an axial scalar Preisach hysteresis model was used to investigate the effect of
winding spacing in discretely arranged deperming coils on the magnetic-field distribution and deperming performance of an SM45C
specimen. Nine spaced-coil configurations with normalized gaps of 2.73—8.82% were compared with a dense reference coil. In the air-
core condition, the mean absolute vertical field in the central specimen region increased from 348.8 to 851.4 A/m, while the axial
component remained near 2 kA/m. With a linear magnetic specimen, the central-region mean field of the spaced coils was 2.94.3%
lower than that of the reference coil, whereas the coefficient of variation increased from 1.26% to 4.11%. Across five deperming
protocols starting from 5,000 A/m, all 45 spaced-coil cases reduced the residual peak field by 2.53-11.93%. C15 showed robust
performance, and its final minor-loop area was 12.7% smaller.
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Fig. 1. (Color online) Conceptual illustration of discretely arranged
deperming coils around a ship hull.
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Fig. 2. (Color online) Analysis models: (a) densely wound reference coil with dimensions and sensor geometry, (b) discretely spaced coil with

winding gap d. All other dimensions are identical to (a).

Table 1. Specifications of the analyzed coil models and applied current density at H, = 5,000 A/m.

Model No. of windings Gap d (mm) rg (%) Applied J; (A/mm?)
Dense - - — (reference) 6.970
C27 27 8.14 2.73 25.061
C25 25 9.08 3.05 27.141
C23 23 10.20 342 29.597
C21 21 11.54 3.87 32.543
C19 19 13.18 442 36.137
C17 17 15.225 5.11 40.613
C15 15 17.857 5.99 46.329
C13 13 21.367 7.17 53.860
Cl11 11 26.28 8.82 64.031
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Fig. 3. (Color online) Major B-H hysteresis loop of SM45C used for
the material model. The initial deperming field Hy = 5,000 A/m
corresponds to a high-field state; complete saturation is not assumed.

Fig. 4. (Color online) Preisach density distribution of SM45C used in
the present Preisach-FEM analysis.
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Table I1. Field components in the central 100-mm region at the specimen position under the air-core condition.
Model rg (%) Mean |Hx| (A/m) Mean |Hz| (A/m) |Hz)/[Hx|
Dense - 1999.4 1.9 0.001
C27 2.73 2000.9 348.8 0.174
C25 3.05 2006.3 380.9 0.190
C23 342 1973.0 423.6 0.215
C21 3.87 2018.6 497.7 0.247
C19 442 2011.6 545.0 0.271
C17 5.11 1951.5 599.3 0.307
C15 5.99 2036.0 737.7 0.362
C13 717 2027.3 795.5 0.392
Cl1 8.82 1888.2 8514 0.451
(a) Air-core, central 100-mm region (b) Linear specimen, central 90% region
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Fig. 5. (Color online) Vertical field component versus normalized coil gap: (a) mean absolute value in the central specimen region under the air-
core condition, (b) local maximum within the central 90 % of the linear magnetic specimen (pr = 1,000).
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Table III. Internal magnetic-field characteristics with the specimen present.

A
e
5

Mean [H|, central

CVH, central

Min [HJ, central

Max |H|, central

Max [Hz|, central

Model re (%) 100 mm (A/m) 100 mm (%) 100 mm (A/m) 100 mm (A/m) 90% (A/m)
Dense - 288.6 126 280.5 292.7 0.93
C27 273 279.8 1.53 268.9 287.1 1.94
25 3.05 279.9 1.57 2714 287.8 2.14
23 3.42 279.7 1.77 269.1 288.6 228
c21 3.87 280.1 1.73 2683 289.7 2.71
C19 442 280.2 1.88 271.0 2912 2.88
C17 5.11 279.8 236 2675 293.1 331
cls 5.99 280.2 239 266.0 295.5 3.49
C13 7.17 279.6 2.91 2683 298.7 3.72
il 8.82 2763 411 260.8 3023 4.04

Internal magnetic-field distribution with the specimen present
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Fig. 6. (Color online) Internal magnetic-field magnitude along the
linear magnetic specimen (ur = 1,000) for representative coil
configurations, showing the periodic spatial modulation of the spaced
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Fig. 7. (Color online) Spatial modulation of the vertical field
component Hz with the linear magnetic specimen (ur = 1,000).
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Table IV. Peak residual magnetic field Bres,peak (uT) after deperming. Values in parentheses are reduction ratios (%) relative to the dense coil.

Model rg (%) 36 shots 32 shots 28 shots 24 shots 20 shots
Dense - 53.6 59.8 73.5 94.2 115.8

C27 2.73 50.2 (6.2) 56.9 (4.9) 68.3 (7.1) 88.1 (6.4) 111.8 (3.5)
C25 3.05 49.3 (8.0) 57.0 (4.7) 68.6 (6.7) 87.6 (7.0) 110.8 (4.4)
C23 3.42 50.1 (6.4) 57.8 (3.4) 68.7 (6.6) 88.6 (6.0) 1122 (3.1)
C21 3.87 503 (6.1) 57.6 (3.8) 69.2 (5.9) 90.7 (3.7) 112.9 (2.5)
C19 442 50.1 (6.4) 57.8 (3.4) 68.7 (6.6) 89.3 (5.1) 112.8 (2.6)
C17 5.11 50.2 (6.3) 57.5 (3.9) 67.3 (8.5) 88.6 (5.9) 111.7 (3.5)
C15 5.99 472 (11.9) 55.5 (7.3) 65.7 (10.7) 85.0 (9.8) 106.7 (7.9)
C13 7.17 49.7 (7.3) 574 (4.0) 67.8 (7.8) 87.9 (6.6) 111.0 (4.2)
Cl1 8.82 48.1 (10.3) 56.5 (5.5) 65.6 (10.8) 853 (94) 106.9 (7.7)
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Residual-field reduction relative to the dense coil

121 —— 36shots —@— 24 shots
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| —®— 28shots

Reduction in residual Bres, peak (%)

Normalized coil gap, g/Ls (%)

Fig. 8. (Color online) Reduction in peak residual magnetic field
relative to the densely wound reference coil.
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Table V. Reduction ratios (%) of the C15 coil relative to the dense
coil for residual-field metrics.

Shots Bres,peak |Bx|max |Bzjmax Bres,RMS
36 11.93 12.21 12.68 13.74
32 7.26 7.54 7.95 8.99
28 10.66 10.92 11.21 12.22
24 9.76 10.04 10.58 11.69
20 7.89 8.18 8.57 9.67

Mean 9.50 9.78 10.20 11.26
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(a) Entire deperming history
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(b) Final minor loop and terminal decay
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Fig. 9. (Color online) Comparison of local Bx-Hx trajectories at the specimen center (x = 0) under the 36-shot deperming protocol: (a) entire
deperming history and (b) final minor loop and terminal decay. Squares denote the terminal points.

Table VI. Comparison of representative local B-H trajectory metrics at the specimen center (36 shots).

Metric Dense C15 Difference
Local peak [Hx| (A/m) 2277.6 15223 -33.2%
Local peak |Bx| (T) 1.244 1.146 —7.8%
Positive Br at Hx = 0 (mT) 42.86 3941 -8.1%
[Negative Br| at Hx = 0 (mT) 26.12 23.75 -9.1%
Final Bx-Hx minor-loop area (normalized) 1.000 0.873 -12.7%
Terminal Hx (A/m) 77.65 75.52 —2.7%
Terminal Bx (mT) 22.02 20.19 —8.3%
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Table VII. Mesh-sensitivity check for the minimum-improvement 20-shot condition.

Case Baseline Bres,peak (uT) Refined Bres,peak (uT) Change (%)/interpretation
Dense, 20 shots 115.8 1143 -1.3%
C21, 20 shots 112.9 113.3 +0.4%
C21 reduction vs. Dense 2.53% 0.84%
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