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Abstract

A design method of voice coil motor is provided according to the performance of the scanning mechanism of
mirror in new winging Fourier transform spectrometer. In order to meet the requirement of swinging mirror
scanning technology, the movement parameters of the oscillating mechanism are presented. The voice coil motor
is selected as driving motor in scanning mechanism, then the size of alnico and winding of motor is given, and
the voice coil motor is designed. Finally, the performance of motor is consistent with the whole system.
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1. Introduction

The scanning mirror is an important component of the new Fourier transform spectrometer. However, in order to
drive the mirror to complete a swinging motion, it is necessary to take into account of the control characteristics
and the driving ability in the choice of motion actuators. The stepper motor is known for its precision position
control, but also for the abrupt change of its instantaneous speed, making it impossible to realize the sustained
uniform motion. The synchronous motor, on the other hand, demands AC power and has a relatively slow
acceleration and deceleration process, thus unsuitable for the space application of oscillating motion based on the
moving mirror.

The voice coil motor is a special form of a direct dive motor with a similar working principle as the electric
loudspeaker. The working principle is that in a magnetic field, the coil carrying current discharges power, the
value of which is proportional to that of the coil current. To generate the rotor into reciprocating motion, the
current coil should be loaded with the alternating current in the form of either the rectangular wave or the sine
wave (Yeom, Park, & Jung, 2007; Moser, 1996). It should be pointed out that the voice coil motor has a structure
of the moving coil type permanent magnet linear motor, mainly composed of the stator and the rotator. The stator
includes a magnetic yoke and a double-bar permanent magnet of symmetrical layout, while the rotator is
composed of the coil winding and the winding bracket (Zhang & Feng, 2006).

With its simple structure, small size, high speed and fast response, the voice coil motor can be sealed into a
whole so that non-mechanical contact movement can be realized with minimum mechanical loss in the
transmission part. These advantages make the voice coil motor the ideal choice of the driving device of moving
mirrors for the majority of Fourier transform spectrometers (Ferrec, Taboury, Sauer, & Chavel, 2006; Ye, 2000).
It then follows that our system adopts the voice coil motor as the mirror driving motor for the new swinging
Fourier transform spectrometer. The motor herein is a moving coil linear motor capable of the specific action of
the swing scanning with small amplitude. In addition, the rotator in the voice coil motor can swing the scanning
platform through the connecting rod, and then drive mirrors to swing scanning.

2. Movement Parameters of Scanning for the Swinging Mirrors

To meet the requirements of the 0.625cm™ high spectral resolution task, the Fourier transform spectrometer
needs an optical path difference above 1.6cm. According to the design requirements of the interferometer, the
angular velocity of the swing mirror uniform section is @ = 0.533rad / s (Hu, 2008).

Because the system uses the voice coil motor to drive the interference mechanism of swing scanning, the linear
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motion has to be converted to the swing motion. It is feasible to link the motor and the swing scanning
mechanism by means of the connecting rod. In this way, the movement parameters of the swing scanning
mechanism calculation will assume more flexibility, because changes in the length of the connecting rod can
directly lead to the variation in the voice coil motor force constants. If the connecting rod length is the distance
between the motor rotor and the gyration center in the swing scanning mechanism, its value is 20cm and the
torque equation is
FL=1 do QP
dt

The moving mirror and other necessary mechanical supports make up the load of the voice coil motor. If the load
weight is 3kg, then the moment of inertia/ is 0.05 kgmz. If the swing arm is 20cm, the swing angle # is6°,
and the swing period is 0.5s, we can get the voice coil motor continuous thrust:

p_ldo_00s 0.533_

— 533N 2
Ldt 02 0.025

Then the trip of voice coil motor is:

x, =20x6° =2.09cm (3)
3. Calculation and Analysis of the Alnico
3.1 Performance Comparison of Permanent Magnetic Materials

There are many types of permanent magnetic materials, and the commonly used permanent magnetic materials
usually refer to ferrite, AINiCo, MnAIN and rare earth permanent magnetic materials. The rare earth cobalt
permanent magnet and Neodymium iron boron (NdFeB) permanent magnet are rare earth permanent magnetic
materials of different categories. It should be pointed out that NdFeB permanent magnetic materials, for its
excellent magnetic properties, have been chosen to replace the original permanent magnetic material by power
motor and micro motors both home and abroad (Zhong, 1998). Table 1 compares the magnetic properties
between NdFeB permanent magnetic material and other permanent magnet materials

Table 1. Comparison of magnetic properties

Permanent magnetic material B.(T) H, (kA/m) (BH),, (kJ/m?)
ferrite 0.385 235 28
AINiCo 1.230 51 44
MnAIN 0.560 239 61
SmCos 0.870 637 146
NdFeB 1.230 881 290

As is shown in Table 1, for the NdFeB permanent magnetic material, the residual magnetic induction intensity
B, , the coercivity of magnetic flux H_and the maximum energy product (BH),, are greater than those of the

max
other permanent magnet materials. All this attests the fact that NdFeB, for the best performance of permanent
magnetic materials, has been widely used in permanent magnet motors.

In the manufacture cost of the voice coil motor, the ferrite motor magnet has the minimum manufacture cost,
followed by NdFeB, AINiCo and rare earth cobalt. For the permanent magnet of low magnetic energy, reduction
of electrical and magnetic materials can greatly lower the cost of the motor. Meanwhile for the permanent
magnet of high magnetic energy, the magnet should decrease in order to cut down the cost of the motor.

Under the circumstance of equal output thrust in the voice coil motor, the NdFeB permanent magnet is found to
have the minimum size and weight. This is because the NdFeB permanent magnet is of high magnetic energy,
thereby able to produce the air gap of higher flux and the magnetic load, and diminishing the size of the
permanent magnetic material. Therefore, considering the voice coil motor size and the manufacturing cost, the
NdFeB permanent magnet is selected as the alnico of motor for driving the interference mechanism.

3.2 Design of the Permanent Magnet in Motor Magnetic Circuit

As the magnetic source component, the permanent magnet should meet the following requirements in the motor
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magnetic circuit. First, its size and performance both need to satisfy the requirements of air gap flux. Next, it
should meet the demands of the flux stability, wherein the influence of temperature and time should not exceed
the allowable range on the magnetic flux.

Given the magnetic flux leakage and magnetic potential drop in the motor magnetic circuit, we get two basic
equations of the magnetic circuit design (Zhong, 1998; Luo & Zhang, 1999)
®=B,4,=kB,A,
F=H,L, =kH,L,

4

where k ’ is the magnetic flux leakage coefficient;
k. is the magnetic reluctance coefficient;
B, and H  are the working points of the permanent magnet;
A, L arethe area and thickness of the permanent magnet, respectively;

B, ,H,, A, and L, are the air gap flux density, the magnetic field intensity, the air gap size and the gap
length.

From Eq. (4), we get the following equation:

B’ =B H Lot

=B H, 2 (5)
v, kk,

Where, B, H, is the magnetic energy product of the permanent magnet’s working point. The definitions
ofV, and V, are:

Vg = Ang
Where, V, represents the permanent magnet size, and V, stands for the air gap size. If the working point is the
maximum magnetic energy of the material, then Eq. (6) shows that the minimum size of the permanent magnet is
required when the air gap flux density and the air gap size reach the same request.

Given the known air gap parametersB A L and the permanent magnet operating point, the magnetic flux
leakage coefficient k and the magnetlc reluctance coefficient k, are the two prerequisites for the calculation
of the permanent magnet dimension. The value of k allows sl1ght changes generally between 1.05 to 1.45,
whereas the value of k . may vary greatly in different magnetlc circuit structures (Luo & Zhang, 1999).

If the performance parameters are considered and the alnico is the NTP240SH NdFeB permanent magnetic
material, the demagnetization curve of the NdFeB permanent magnetic material is shown in Figure 1 (Wei, 2010;
Chinese Standardization Management Committee, 2009):

1.08

B/T

6 H (kA m)

Figure 1. The demagnetization curve of the NTP240SH NdFeB

When the magnetic flux density of the working point is B ,=0.817 , then we get the field intensity
H, =198kA/m. If the permanent magnet remanence is B, 21.087 , then we get the coercivity of magnetic
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flux H, =796kA/ m .

In order to obtain the magnetic flux leakage coefficient & ro the magnetic circuit can be converted into the
equivalent electric circuit through the method of magnetic conductance. Calculations are then made for the
various sections in the magnetic conductance (Zhong, 1998; Chen, Fuh, & Tung, 2005). The air-gap permeance
P, between the rectangular poles is:

P 4
s gzﬁjzzam 7

The permeance P, on the surface between the rectangular poles is:

P
P42l = A na 222y 2339 (8)
My T L~ 0.3
The permeance P, between the magnetic end angles is:
P,
—+=0.077L, =0.077x0.3=0.02 D)
Hy
Then we get the total permeance P as follows:
P
L =+ 2P1+2Pz)i _ 2667 +2x%3.39+2x0.02 =20.16 (100
Hy 2 0
Therefore, the magnetic flux leakage coefficient is:
P —20'16—1.51 QD)

ky=——="""=
P /2 1334

If the reluctance coefficientk, =1.2, then the air gap flux density is B, =0.657 , and the air gap length
is Lg =0.3cm in accordance with the voice coil motor design requirements. When these values are substituted
to Eq. (4), we can get the NdFeB permanent magnet thickness:

I - k.B,L, 1.2x0.65%0.3

= =0.95cm (12
UH,  4rx107 x198%10°

m

And the permanent magnet area is:

k,B,A
PR ENEIET L. i

m

Eq. (3) has already given the trip of voice coil motor x,, =2.09cm . Then combining the calculated valued in Eq.
(13) and Eq. (14) with the motor structure and the motion length of the moving coil, we can decide on the
permanent magnet size: length 4.5cm, width 2.2cm. In this way, we can finally obtain the volume of the NdFeB
permanent magnet material 4.5cmXx2.2cmx0.95cm , which well fits the design requirements of the magnet of
the voice coil motor.

4. Calculation and Design of the Coil

Based on the already-known parameters of the mirror scanning movement, we get the motor thrust /' =5.33N .
In light of the principle of the ampere force, we get:

F=B.LI (14)

where B o is the air gap flux density;
L is the effective length of the coil conductor in the magnetic field;

1 is the current in the coil conductor.

14
Then we get: I= R
L =yL, (15
where L is the length of the coil wire; R PL,
S
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Y is the proportional coefficient;
P is the resistivity of copper wire;
S is the cross-sectional area of conductor.

Then Eq. (14) can be rewritten as follows:

B yVS
F=2s (16)
P
From Eq. (16), we can get the wire cross section area:
-8
Fp 3330 7X10° _ 16810 m? amn

T B,V 065x0.17x5

—6
d= /ﬁ: /M:o_%zmm (18)
T 3.14

According to the specification of enamelled round copper wire, we can decide on the diameter of copper wire
d =0.470mm , the wire area S =0.1735mm”, and the corresponding thin enamel insulated wire’s maximum
diameter 0.510mm (Wei, 2010). It should be made clear that the enamelled wire is wound into 4 layers, with
each layer of 80 turns and altogether 320 turns in the motor coil.

Then the wire diameter is:

It is stipulated in the design reference that the voice coil motor rated current is of 0.5~1A. Then based on Eq. (11)
and Eq. (12), we get the coil wire length:
L F 5.33

, = —= = =48.2m (19>
Yy By 0.65x1x0.17

Applying the above value to Eq. (15), we get the wire resistance expressed as:

R PL _174x10°x482

S  7x0.235°x10

Since the current value is determined by the power drive circuit in the voice coil motor, the 5V voltage across the
load coil leads to:
5

=——=1.034 QD
4.83

I:

=N

Meanwhile the corresponding electromagnetic thrust is:
F=B,LI=0.65x0.17x482x1.03=549N (22>

Eq. (22) manifests clearly that the theoretical calculation value of the coil satisfy the design requirements of the
voice coil motor.

In order to make more effective use of the air gap in the process of coil winding, the coil mass should be reduced
and direct winding should be adopted instead of inserting traditional insulation winding films between each layer
winding. The quick drying glue can be used to stick together the enameled wires to ensure the firmness and the
overall rigidity of the coil.

5. Conclusions

In accordance with the technology of the swinging mirror scanning, we can determine the movement parameters
of the swing mechanism. After choosing the voice coil motor as the driving motor, we should further take the
motor size and the manufacturing cost into account, and adopt the NTP240SH NdFeB permanent magnet as the
magnet steel in the voice coil motor with the insulated wire of the diameter 0.510mm .

With more calculations and analyses on the motor alnico and coil, we successfully designed the voice coil motor
capable of swinging mirror scanning, which well meets the requirements of the overall system.
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