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Excitation coil manufacturing technology for

high temperature active magnetic bearing

JIN Chao-wu, LU Xu-dong, ZHU Yrli, XU Long-xiang

(College of Mechanical and Electrical Engineering,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: In view of many defects and deficiencies of high temperature excitation coil at
home and abroad, a new type of maze like excitation coil structure was proposed. Firstly,
the monolayer maze like coil was manufactured by electric discharge machining (EDM) wire
cutting, and the high temperature resistant insulating material was put into the gap of coils
sufficiently and uniformly. Secondly. the vacuum soldering process was utilized to connect
each layer. Finally, the packaged coils were used in a single degree-of-freedom (DOF) high
temperature active magnetic bearings (HTAMB) test, and the HTAMB can achieve stable
levitation for 20 hours at 550 °C. The results show that the welding line resistance value is
small, the shear strength of the selected solder and welding line shaped by copper parent
metal are credible and coil insulation performance between turns and layers is fine in high
temperature environment. Therefore, the high temperature excitation coil is feasible in the-
ory and technology. The oxidized and impaired excitation coil internal structure caused by
high temperature levitation test shows that the high temperature resistant insulating material

used in encapsulated coil has certain flaws, and they need further research.
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Fig. 8 Sketch map of weld bead

Fig. 5 Photograph of insulator filled in

coil turn-to-turn
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Fig. 6 Photograph of insulator filled in Fig. 9 Cutaway view 1 of the actual weld bead

coil layer-to-layer

S s

—3

7
Fig. 7 Profile diagram and photograph of connecting
column looked like stepped shaft

10 2
8
Fig. 10 Cutaway view 2 of the actual weld bead
9~ 12
: I, 12 L 94% ; .
’ s 550 °C
’ 2 MPH .

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



517

11 1
Fig. 11 Morphology of weld bead 1
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Fig. 12 Morphology of weld bead 2

2.5
13

13

Fig. 13 Detailed map of welded multilayer

maze like coil
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Fig. 14 Packaged maze like exciting winding

3
3.1
, 15
, 0. 2mm,
0. 35
mm,
s 550 °C
0. 8mm'"™.
16
3.2
8h
550 °C .
17 . . 550 °C

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



518 28

<30
o i $
iz 20 RIS |
L+, H :
> F10 !
L f—@ L 8 i
::-i OfF—— e e - 2.5 S
WA 155
05 E
1 TS &
0 10 20 30 40 50 60 70 80 90 100
i [ /ms
L =i R ety
Y I Ve | f ik 17 550 °C
U [_I% . %_J Wi Fig. 17 Vibration curve of static levitation at 550 °C
I IEI‘——{%{F
I h
S30 r
op f y \ ¥ v
15 iz-n HERFS |
Fig. 15 Principle drawing of one degree-of-freedom ﬁ 1.0 ;
s LR 00 1
HTAMB test bed 2= ) S i) IR I SPE. SNPS Su S Swas s | 1S
WMWY =
MRS J15%
: iy
— : it 05 5
Zei 0 10 20 30 40 50 60 70 80 90 100
1 8] t/ms
18 550°C 500 Hz
HETE
LTS
Fig. 18 Vibration curve of excited levitation at
ET the frequency of 500 Hz at 550 °C
i
s o
Sk 550 C
20 h.
g
IFi] it 4
16
Fig. 16 Test bed of one degreec-of-freedom HTAMB , ;
100 mV9 .
8 ‘um(
12.5mV/pm),
» 550 : 550 °C 20 h.
+1V )
18 ,550°C 500 Hz
400 mV,
32 pms, :
’ [1] . LJl.

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



519

(2]

(3]

[4]

[6]

(7]

[8]

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

2009(5) :61-63.
LIANG Chunhua. More electric engines in the west[J]. In-
ternational Aviation,2009(5) :61-63. (in Chinese)
Montague G,Jansen M, Ebihara B,et al. Design and fabri-
cation of high-temperature radial magnetic bearing for tur-
bomachinery[ R]. NASA/TM-2003-212300,2003.
Mutlu I H,Celik E,Hascicek Y S. High temperature insu-
lation coatings and their electrical properties for HTS/LTS
conductors[ J ]. Physica C: Superconductivity, 2002, 370
(2):113-124.
WANG Hui, XU Chuanxiang,Dang M O. Effect of organic
electronic insulation material on the sustained voltage of
diode at high Temperature[ C] // Proceedings of Interna-
tional Symposium on Electrical Insulating Materials. Toky-
0:IEEE,1995:101-104.
Tannello V. Magnetic bearing systems for gas turbine en-
gines[ R]. Washington: MAG’95,1995.
Kelleher W P,Kondoleon A S. A magnetic bearing suspen-
sion system for high temperature gas turbine application
[C]// Proceedings of International Gas Turbine &. Aero-
engine Congress & Exhibition. Orlando. Magnetic Actua-
tor Developemind, 1997 :15-24.
Scholten J R. A magnetic bearing suspension system for
high temperature gas turbine application-control system
design[ R]. Florida; ASME Turbo Expo’97.,1997.

[Jl. ,2003,18(1) :51-59.
XU Longxiang, ZHOU Bo. The current situation and de-
velopment trend for more-electric gas turbine engines[ J].

Journal of Aerospace Power,2003,18(1):51-59. (in Chi-

L9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

nese)
.201110190914. 5[ P]. 2012-02-22.
(M.
,2007.
, . [M].
,2009.
(M.
,2010.
(M.
.2006.
, . [M].
,2010.
, . L1l ,2008,
38(1) . 77-80.

WU Xiaojun, TONG Yangang. Current research of lead-
free solder [J]. Electric Welding Machine,2008,38(1) ;77-
80. (in Chinese)
, . Lyl

,2001,31(6):31-33.
WANG Futian, WANG Tianyu. Study on vacuum brazing
with silver based solder[]]. Electric Welding Machine,
2001,31(6) :31-33. (in Chinese)

[D].
,2011.

JIN Chaowu. Research on some key technologies of high
temperature active magnetic bearing[ D]. Nanjing: Nanjing
University of Aeronautics and Astronautics,2011. (in Chi-

nese)

http://www.cnki.net



