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The talent for optimizing medical magnetic resonance imaging (MRI) equipment is 

crucial, especially in terms of cost, weight and volume. To date, the superconductivity 

technique dedicated to MRI has undergone a relaxation either for economic monopoly 

purposes, or maturity of research to find other more competing superconductivity 

alternatives.  Two particularly antagonistic dilemmas were considered: generation of 

several Tesla, and reduced thermal stress threshold of the magnetizing coil.  These 

constraints induced in the magnet main, generator of high magnetic field densities, 

constitute inevitable challenge to be faced, despite the varieties of cooling solutions 

adopted, and put into service being. In this regard, a new contribution to relieve the 

heating occurring an MRI system is at the heart of this investigation. This option is 

mainly based on strategy for developing a new power supply for generator with high 

MRI density magnetic, assisted by the resonance technique. This alternative procedure 

involves switching the converter's semiconductors at frequencies close to the resonant 

frequencies of the passive components, specifically the magnetization circuit and the 

compensation capacitor, which are selected for each flux density used. Furthermore, 

this frequency range will maintain the properties of the main magnet materials in a 

normalized thermal state, given that power losses are optimal, well before magnetic 

saturation. This solution will allow the availability of high-voltage capacitors, which 

are highly recommended for this type of medical equipment.  
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NOMENCLATURE 

R specific internal coil rsistance, Ohm 

 Ri iron resistance magnetizing circuit, Ohm 

L coil inductance , Henry 

Lm Main magnetization inductance, Henry  

Lf leakage r inductance, Henry 

Xf leakage reactance, Ohm 

Xm reactance magnetization, Ω 

XLR coil reactance in resonance mode, Ω 

XCR capcitor reactance in resonance mode. Ω 

Cp Parasitic capacitore, pF 
ICP stray current,  mA 

B0 main density magnetic field, Tesla 

Im manetization current, A 

I0 parasitic branch current, mA 

w0 normal operating pulsation, rd.s-1 

f0 normal operating frequency, Hz 

w resonance pulsation, rd.s-1 

f Resonance  frequency,  KHz 

|Z| impedance magnitude 

Greek symbols 

Ω Resistance Ohm unit 

Ǫ damping system 

ϕ Magnetic flux, Weber 

 magnetic permeability, Hm–1 

Δu voltage difference 

Subscripts 

MRI magnetic resonance imaging 

EMC electromagnetic compatibility 

PWM Pulse widh modulation 

HF high frency 

He Liquid Helium 
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1. INTRODUCTION

     The technique of medical imaging is mainly known as the 

means of clinical investigation most used by the human 

health sector. This attractive field has continued to progress, 

given its vital aspect which called upon several disciplines, 

thus the therapeutic and diagnostic trends have strongly 

launched very advanced research in order to further regulate 

the human health sector. Medical imaging by magnetic 

resonance (MRI) has been dedicated to global health as a 

new cutting-edge alternative. The contributions already 

valued for the benefit of this imaging technique, have made 

the fertile field of investigations to further relieve the health 

sector to a more comfortable state in terms of increased 

diagnostic precision. 

     To generate a high density magnetic field, a strongly 

pulsed current with high amplitudes will be recommended. 

However, the resistance parameter of the gradient coil is a 

limiting factor in the face of the thermal constraints which 

manifest strongly at the heart of the main magnet. To cope 

with this major constraint, it is recommended to use a 

superconducting magnet, with the winding material emerged 

in a special cooler, having the ability to align the thermal 

characteristics of the magnetizing coil wires to a near 

resistance of the zero value. 

     Thus, magnetic fields of several Teslas can be obtained by 

using windings of several turns of superconducting wires 

immersed in liquid helium, often based on alloys of Niobium 

and Titanium (NbTi) or Niobium and Tin (Nb3Sn) [3]. These 

coils are often called “superconducting magnets”. 

In this context, three major parameters are fundamentally 

discussed in this type of equipment: 

• The critical current, through the coil to maintain its

superconductivity.

• The critical field, this is the maximum magnetic field

that can be applied to a superconducting material.

• The disadvantage of superconducting Helium is

accidental transformation from liquid to gaseous state.

     It is necessary to report the harmful emissions generated 

when a quench occurs [6-9]. Thus, potential economic losses 

are heavily estimated when the system is put back into 

service. 

     To deal with these disadvantages, an approach has been 

developed whose objective is to obtain a high-density 

magnetic field MRI generator, assisted by the 

superconductivity induced by the resonance technique. This 

method could be an alternative to the currently adopted 

uncompetitive superconductivity, which is achieved by 

equipment still considered cumbersome, heavy and very 

expensive. 

     This technique is only obvious when the resonance 

phenomenon caused by the energy reservoir correctly 

identified by the inductance of the coil of the magnetic MRI 

inductor and the integrated capacitor accordingly. However, 

no over voltage will be imposed on the edges of the load 

during this resonance. Thus, a variety of loads can be 

implemented, where the switches in the designated DC-AC 

converter will be subjected to other new frequency ranges of 

switching, assigned by resonance of the passive elements 

specific to each typically severed load. 

2. PRINCIPLE AND CHARACTERISTICS OF THE

MAIN MAGNET IN MRI SYSTEM

The main field magnet is designed to exacting 

specifications, but manufacturing, installation and usage 

challenges require additional tools to assign target 

performance. for these considerations, the elements for the 

design of the magnetic circuit have been fully taken into 

account, given their interactions in the frequency domain. 

     The main magnet of an MRI system provides a strong, 

homogeneous and stable B0 field required for medical 

magnetic resonance imaging use.  

Permanent magnets or resistive electromagnets are typically 

used for whole-body MRI scanners with B0≤ 0.4 Tesla, while 

superconducting magnets generate higher field strengths B0≥ 

1.5 Tesla for medical imaging use by magnetic resonance. 

The magnetic field in the solenoid coils is given in formula 1 

and formula 2 for a magnetizing coil. 

𝐵 = .
𝑁

𝑙
. 𝐼       (1) 

𝐵 =
0.8991.10−6

𝑟
 . 𝑁. 𝐼     (2) 

 For the design of magnetizing coils, the following 

criteria must be respected: 

• The coil must be designed for the capacity to manage

highly pulsed currents from a heating point of view.

• Ensure that the self-resonance frequency of the coil is

five to ten times higher than the working frequency [8].

• Adjust the coil radius as small as possible to optimize its

impedance and parasitic capacitor.

Design the coil to favorably manage high voltage (avoid 

electric arcing). 

2.1 ADOPTED MODEL OF HIGH MAGNETIC FIELD 

GENERATOR 

     In order to obtain an electrical model of the magnetizing 

coil it is initially necessary to consider the main elements 

which contribute to the inductor circuit of the main magnet. 

The parasitic elements were also considered to establish the 

following equivalent circuit designed bay figure 1 that shows 

the simplified equivalent circuit of a real inductor whose 

elements are defined as follows:  

⎯ R: the resistance resulting from the winding wire;  

⎯ L: the inductance of an ideal coil; 

⎯ Ri: Resistance represents the heating in the iron of the 

magnetic circuit. 

⎯ CP: the coil parasitic self-capacitor and its terminations. 

⎯ L: the overall inductance of the coil and XL its own 

reactance. 
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Figure1. Equivalent circuit of solenoid coil with iron core 

     In the case of high frequencies, it is impossible to 

ignore theparasitic capacitor reactance which can be quite 

significant, in fact, to be able to reduce this inconvenience; 

various winding techniques are within the reach of the 

manufacturer. Increasing the number of turns also increases 

the parasitic capacitance Cp.  And then, higher Cp reduces 

the self-resonance frequency of the coil.  The coil circuit 

representing the main field magnet is shown in figure 2, of 

which the following elements are defined as felow: 

− Lm: Main coil inductance, and Xm; its reactance.

− Lf : leakage inductance of coil, Xf; its leakage reactance.

− Im: Main current of coil and I0 : Leakage current of the

parasitic capacitor.

Figure2. Self-resonance of intrinsic inductor circuit coil and 

parasitic capacitor included, with area core 

𝑋𝐿 = 𝑤. 𝐿       (3) 

𝑋𝐶𝑝 =
1

𝑤.𝐶𝑝
    (4) 

𝐼𝑚 =
𝑉

𝑅+𝑗.𝐿.𝑤
 (5) 

𝐼0 = 𝑗. 𝐶𝑝. 𝑤. 𝑉  (6) 

     With, w=2πf, the circuit's own pulsation, I0 parasitic 

current and Im magnetizing current. 

2.2 INTRINSIC SELF-RESONANCE MODE OF 

MAGNETIZING COIL 

     As shown in figure 2, the equivalent circuit adopted for 

the magnetizing coil equipped with the parasitic capacitance 

Cp, thus the expression of the equivalent impedance of this 

main magnet allows you to obtain formula 7 describes the 

modulus of this impedance. Given that for the practical case, 

the internal resistance is infinitely small, whose inverse 

proportionality as a function of the frequency on the two 

members in the denominator, allows two antagonistic cases 

to be deduced: 

• At low frequencies, the branch w.Cp behaves short

circuit, and that (R+1/wL) behaves as an open circuit.

• At high frequencies, the branch w.Cp behaves open

circuit, and that (R+1/wL) behaves as a short circuit.

|𝑍0| =  
1

√𝑅2+
1

𝑤2𝐿2 +𝑤2𝐶𝑝2
 (7) 

𝑤0 =
1

√𝐿𝐶𝑝
 (8) 

     Thus 𝑓0 =
1

2𝜋√𝐿𝐶𝑝
 (9) 

And 𝐶𝑃 =
1

2.𝜋√𝐿.𝑓0
   (10) 

     With: w0=2π.f0, the frequency f0, represents the self-

resonance frequency specific to the coil considered. 

      The second variant (high frequency case) offers the 

opportunity to choose operating frequencies favorably suited 

to block the leakage current of the parasitic capacitor on one 

side, on the other side to allow an almost total absorption of 

the current through the magnetizing coil circuit. 

Consequently, the identification of the self-resonance of the 

inductor circuit is a determining factor for the design of main 

magnet coils in MRI application. Formula 10 shows the 

effect of high self-resonance frequencies to eliminate the 

influence of the parasitic capacitor CP. This particularity 

requires the design of coils generating high magnetic field 

intensities, with self-resonance at hyper frequencies. Thus, 

two advantages will be acquired: 

• Infinitely small parasitic capacitor reactance.

• Provide system operating frequencies, highly spaced

from self-resonance

     The results shown in Table 1 identify the range of self-

resonance frequencies not to be exceeded or overlapped, 

especially below the permissible threshold value. This 

frequency indicates the practically adopted value of the 

parasitic capacitor current.  A high self-resonance frequency 

of an inductor circuit, provided with a parasitic capacitor CP, 

will unfavorably limit the maximum working frequency of 

the coil. 
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 Table 1.Validation of the model conforming to the inductor coil 

3. TECHNICAL FOR ACTIVATING COIL

SUPERCONDUCTIVITY BAY RESONANCE

After consulting the characteristics of the resonant tanks, 

and their different combinations, the topology with two 

resonant elements adopted was that of series resonance (SR). 

At the resonant frequency, the impedance of the series-

connected resonant elements becomes zero and then, input-

output gain is unity. Therefore, SR performs a function as a 

buck converter. Thus, the tanks of the LR-CR couple are really 

resonant converter candidates.  

     Figure 3 shows the compensation by integrating a 

resonance capacitor to counterbalance the overvoltage arising 

across the terminals of  

the superconducting coil inductance. Therefore The module 

of this impedance is given by formulas 11, when the 

capacitos must be chosen adequately, to ensure it acts as a 

component causing the cancellation of the overall impedance 

of the magnetizing circuit during resonance. 

In light of previous results (Table 1), the resonance 

frequency range selected for the LR-CR series tank must be 

strictly five to ten times higher than the anti resonance 

frequency range. Hence, this characteristic will make it 

possible to exclude interference from parasitic capacitors, 

when operating the magnetizing system outside frequency 

categories. 

|𝑍𝑅| = √𝑅2 + (𝑤𝐿𝑅 −
1

𝑤𝐶𝑅
)

2

     ( 11) 

Figure 3.Equivalent circuit adopted with series-resonant, 

SR LR-CR tanks 

3.1 ZERO VOLTAGE POWER SUPPLY STRATEGY 

BY SERIES RESONANCE MODE 

     Once the resonance condition occurs, the polarity change 

of over voltages of passive components is established. 

Therefore, the reactance of the capacitor is the same as the 

coil’s reactance at a given resonance frequency, as stipulated 

in formula 12, including fR resonance frequency and knowing 

that Q is the load factor.      

𝐶𝑅 =
1

(2.𝜋.𝑓𝑅)2.𝐿𝑅
    (12) 

𝑄 =
1

𝑅
√

𝐿𝑅

𝐶𝑅
  (13) 

     The formula 12 allows to calculate capacitor values as a 

function of resonance frequency, the results shown in Table 2 

clearly show that it is possible to activate superconductivity 

for the benefit of the main magnet, generator of high 

magnetic field intensities under absolutely reduced voltage. 

Indeed, for different pairs of resonant circuits, the assumed 

fixed inductance with variants of capacitors which are 

integrated, put into service, it results that the XLR and XCR 

reactances are strongly flashed under high frequencies. 

     Therefore, for each of the operating frequency that aligns 

the resonant frequency specific to each variant (LR-CR), the 

equivalent impedance reactance of the circuit in question 

remained infinitely small. 

     Knowing that the main magnet inductance chosen for 

L=5 H with its internal resistance R=0.5. The ratio of the  

R 

Ω 

 L 

H 

   XL 

m Ω 

 CP 

pF 

   XCp 

  m Ω 

 f0 

MHz 

IL 

A 

 ICP   

mA 

0.25  5 1.88 2 1.33 50.33 63 0.00

0.35 7.5 2.82 5 0.53 25.99 58 0.08

0.45 10 3.77 10 0.27 15.91 49 0.15

0.55 12.5 4.71 15 0.18 11.62 37 0.25

0.65 15 5.65 20 0.13   9.18 25 1.25

0.75 17.5 6.59 25 0.10   7.60 17 5.25

0.85 20 7.53 30 0.88   6.49 12 12.50

0.95 22.5 8.48 35 0.75   5.67   6 17.25 

1.05 25 9.42 40 0.66    5.03   2 25.15 

1.15 27.5 10.37 45 0.59    4.52   1 28.32 
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auto-resonance frequency to the operating frequency of the 

magnetizing generator must be strictly greater than or equal 

to ten and that, to neutralize the auto-resonance effect of the 

coil on the dynamic characteristics of the power supply 

system and the installation parameters. 

𝑢𝐶𝑅 =
1

𝑤𝑅.𝐶𝑅
= 𝐼. 𝑤𝑅 . 𝐿𝑅  (14) 

     Figure 4 shows the variations in the maximum voltage uCR 

at the terminals of the capacitor considered as a regulator, 

which limits the voltage at the terminals of the overall 

impedance of the load to the value UR, once the following 

condition is met. 

Figure 4. Profile of capacitor voltage CR Variations as a 

function of the quality 

Table 2. Activation of superconductivity in magnetizing generator by the resonance technique 

 3.2 RESONANT BUCK CONVERTER USED FOR 

ACTIVATING SUPERCONDUCTIVITY 

      The main field magnet used in magnetic resonance 

imaging equipment, is manufactured to rigorous 

specifications, but the challenges of realization, installation 

and use, require additional tools to maintain operational 

performance targets. 

      MRI, which is based primarily on the interactions 

between nuclear magnetic moments and applied magnetic 

fields, uses a range of electromagnetic (EM) tools to optimize 

all magnetic fields necessary for image production.  

     Therefore, it is advisable to cover the performance 

dependent on electromagnetic computer modeling to offer a 

cost-effective contribution to the benefit of this equipment. 

      As condition strictly respected, the self-resonance of the 

magnetization coil must in no case encroach on the effect of 

the resonance technique in question, hence the parasitic 

capacitor Cp will be negligible compared to the integrated 

high voltage capacitor CR. 

In terms of new materials used in the main magnet, its 

behavior under high frequencies offers improved 

performance; indeed, power losses in the chosen magnet are 

optimal, well before its magnetic saturation [2], [7]. Thus, 

these qualities correspond to an optimal magnetic flux 

density. 
Since the RLC series circuit is subject to a voltage step E, the 

relations deduced from the mesh law can be described as 

follows: 

𝑒(𝑡)  = 𝑢𝑅 + 𝑢𝐿𝑅 −   𝑢𝐶𝑅    (15) 

By introducing the characteristic relation of the capacitor 

designated as a regulator, this is governed by the differential 

equation of the second order system: 

𝑒(𝑡) = 𝑅. 𝐶𝑅 .
𝑑𝑢𝐶𝑅

𝑑𝑡
+ 𝐿𝑅 . 𝐶𝑅 .

𝑑2𝑢𝐶𝑅

𝑑𝑡2 + 𝑢𝐶𝑅   (16) 

𝑖 =  𝐶𝑅
𝑑𝑢𝐶𝑅

𝑑𝑡
   (17) 

fR 

kHz 

CR 

pF 

X LR 

Ω 

X CR 

Ω 

ZLRC

Ω 

UCR 

V 

UR 

V 

ILR 

A 

Q 

 5 22.50 0.16 1.31 0.25 380 8 12 1.88

15 8.10 0.78 1.55 0.87 510 14 19 3.14

25 4.10 1.10 1.82 0.80 750 21 28 4.41

35 2.50 1.41 2.21 0.83 885 27 37 5.65

45 1.60 1.73 2.41 0.73 960 32 43 7.07

55 1.20 2.04 2.72 0.72 18000 43 54 8.16

65 0.90 2.35 2.35 0.26 21000 49 62 9.42

75 070 2.67 2.67 0.25 25000 57 75 10.20

95 0.56 2.98 2.99 0.25 31000 61 84 11.25 

105 0.46 3.30 3.29 0.25 37000 80 90 1.17
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 Figure 5.functional block diagram corresponding to a phase 

     Modeling the passive circuit by introducing the operator, 

p= d/dt gives the following representation: 

𝑈𝐶𝑅 = 𝐸 − 𝑅. 𝐶𝑅. 𝑝. 𝑈𝐶𝑅 − 𝐿𝑅 . 𝐶𝑅. 𝑝2.   𝑈𝐶𝑅    (18) 

      Mainly, the activation of superconductivity is limitedly 

subordinated to the voltage states of the high voltage 

integrated capacitor, as follows: 

{

𝑈𝐶𝑅 = 𝑈𝐿𝑅 , 𝑈𝑅 = 𝐸
    𝑈𝐶𝑅 > 𝑈𝐿𝑅 , 𝑈𝑅 = 𝐸 − ∆𝑢

 𝑈𝐶𝑅 < 𝑈𝐿𝑅 , 𝑈𝑅 = 𝐸 + ∆𝑢
  (19) 

 If UR =E, the system is inside relative superconductivity. 

 If UR >E, the system is inside relative superconductivity. 

 If UR <E, the system is outside superconductivity. 

     With: 

− Δu: voltage difference
− E: voltage generator, in volts (V);

− uCR: voltage at the capacitor terminals, in volts (V);

− LR: inductance of the coil, in henrys (H);

− i: current in the circuit, in amperes (A);

− CR: electrical capacity of the capacitor, in farads (F);

− R: magnetizing coil resistance, in ohms (Ω);

− t: time in seconds (s).

The assumption here is that the RLC circuit, governed by

equations systems 19, are perfectly linear. The two quantities 

whose derivative is involved are current i and voltage uCR at 

the terminals of the capacitor CR.   As shown in Figure 6, 

including downstream assistance from a pulsed current 

source, which controls the intensity of the electrical current 

delivered into the coil. Thus, high field intensity at high 

frequency is obtained by using a resonance capacitor to 

cancel the impedance of the coil.  

     The current amplifier, which in this application is more 

often called in the occurrence; switching power supply, 

which, has been assigned to it the control of the intensity of 

the electric current delivered in the magnetizing coil. As 

shown in Figure 6, when a high frequency magnetic field is 

required, the resonance technique will reduce the coil 

impedance which will allow for high current driven by a low 

voltage function generator amplifier. 

Figure 6.Schematic of the assembly combined with controllers to manage thermal optimization of systeme magnetizing 
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4. CHARACTERISTICS OF HIGH MAGNETIC

DENSITY GENERATOR BY EXITATION

       During the excitation of the main magnet generating high 

magnetic field densities, an adaptable voltage capacitor was 

properly selected. Assuming that the load parameters were 

selected accordingly, then a variety of voltage regulator 

capacitors have been put into service for each case and those, 

to activate the superconductivity induced by electrical 

resonance of passive energy storage elements.  To obtain the 

most efficient response qualities, two types of controllers 

(PID and Fuzzy logic) have been set up. Respecting the strict 

conditions of spacing between the coil’s own auto-resonance 

frequency and that of the primary circuit’s resonance, it is 

evident to effectively neutralize the influence of the coil’s 

intrinsic CP parasitic capacitor on the desired operation of the 

assembly in question.  

     This feature has been actively tested experimentally. To 

give concrete expression to this approach, a parasitic current 

threshold has been adopted whose relation with the main 

current is ideally negligible, and this in accordance with the 

predetermined relation between the auto-resonance frequency 

and that of the main passive circuit. 

4.1. POWER SUPPLY, MANAGED BY PID 

CONTROLLER MEDIUM LOAD CASE 

     Figures 7.a and 7.b shows a perfectly uniform reduced 

voltage at the main circuit terminals. In reality, this reduced 

voltage is only the one at the terminals of the internal 

resistance of the magnetizing coil generating high magnetic 

field densities. 

     However, large amplitudes of pulsed currents can be 

injected into the magnetizing coil under superconductivity 

conditioning, which is announced during the resonance 

phenomenon. Therefore, the thermal stresses at the heart of 

the magnetizing circuit are increasingly optimized. This 

important feature is clearly shown in Figure 7.c. 

Figure 7.a. pulsed current injected into the main magnetizing 

coil at medium power 

Figure 7.b. Profile of resonance technique contribution to 

activate superconductivity in main magnet 

Figure 7.c. Uniformly reduced voltage of the entire inductor 

circuit, in full current 

4.2 POWER SUPPLY, MANAGED BY THE PID 

CONTROLLER HEAVY LOAD CASE 

     As shown in figures 8.a and 8.b for each charge absorbing 

high intensities of pulsed currents, a suitably chosen 

capacitor reactance as voltage regulator has been assigned to 

it.  In such circumstances, the results obtained in these 

figures, where the voltages announced by these capacitors 

during their resonance mode did not exceed critical values, 

which correspond to oversized passive elements. 
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Figure 8.a. Pulsed current injected into the main coil at 

heavy load power 

Figure 8.b.Resonance technique contribution to activate 

superconductivity in main magnet 

Figure 8.c.Uniformly reduced voltage of the entire inductor 

circuit, in full current 

     In addition, no requirement to exceed the standard values 

of the available contracts for this type of capacitor. On the 

other hand, whatever the load identified to embrace the 

resonant series circuit for set up, the voltage of the capacitor 

will not exceed 20 kV. In this case, the current absorbed by 

the coil is strongly conditioned by controlling the resistor 

voltage that represents the thermal seat of the main magnet 

(Figure 8.c). In the light of these results, there will be no 

concern for the availability of standard high voltage 

capacitors, and a large number of heated trips have been 

made, indeed, the optimization of thermal stress 

accumulation in the inductor circuit is imminent. These 

characteristics are considered crucial for the benefit of MRI 

equipment intended for medical imaging. 

4.3 POWER SUPPLY, MANAGED BY THE FUZZY 

LOGIC-PID HYBRID CONTROLLER 

     Certainly, the inadequacies of control of the transient 

regime previously managed by the PID controller of the 

system representing magnetic flux density generator has been 

the object of questioning this technique. Where the use of 

other alternatives for solutions perfectly adequate to these 

kinds of constraints is strongly solicited. In this investigation, 

a reflection was suggested to consolidate the foundation of 

the contribution of this technique. The hybrid hybrid fuzzy 

logic-PID controller strategy has been tested to idealize the 

profiles of the results already obtained by the PID controller. 

Figure 9.a. pulsed current profil injected into the main 

magnetizing coil at medium power 

Figure 9.b.Profile of resonance technique contribution to 

activate superconductivity in main magnet 
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Figure 9.c.Uniformly reduced voltage of the entire inductor 

circuit, in full current 

4.4 DISCUSSIONS AND INTERPRETATIONS 

     Using the hybrid controller, the results obtained provide 

performance translated into system control, whether in 

dynamic mode or static mode.  Compared to the fuzzy logic 

controller assistance, the transient overshoots are perfectly 

damped; hence the power supply of the magnetizing circuit 

under much more optimized thermal constraints will be 

achieved. These features have been illustrated in the figure 

9.a. At resonance, the voltage profile across the load as

shown in figures 7.c, 8 .c and 9.c which indicates the ideal

superconductivity band and the relative superconductivity

band. This results in a mean operating voltage that is

favorably conditioned for the injection of high current

amplitudes, necessary for magnetic resonance imaging

applications. Initially, the magnetizing coil with suitable

capacitor is subjected to a perfectly uniform voltage with an

amplitude of 0 to 5 Volts, however (figure 9.c), a charge

current is strongly injected without excessive thermal stress,

which then allows to increase the dose in field density of the

main magnet for the rest of time, necessary for the generation

of high magnetic field densities.

5. CONCLUSION

      In this investigation, a superconductivity priming strategy 

was tested for the main field gradient coil, which is 

designated for medical imaging MRI supply. High reliability 

of the resonance of the passive circuit of the system, whose 

main inductor is associated with a compensation capacitor 

favorably adapted to trigger superconductivity.  However, an 

appropriate adjustment of the switching frequency of the 

semiconductor components of the inverters put into service to 

overlap the resonance frequency of the global passive circuit. 

This option of technicality has largely favored the excitation 

of the magnetizing coil by strongly pulsed currents in order 

to generate desired and rated magnetic flux densities. At the 

same time, a possibility of extending the range of high-

voltage capacitors which has promoted the opportunity of 

recourse to this technique of resonance, which will be able to 

circumvent the concern for superconductivity.   

     Therefore, an upcoming standardization methodology of 

the compensation capacitors integrated in these types of 

equipment has been adopted to relieve the modern medical 

imaging market. In addition, the foundation of this approach 

on the basis of the obtained results will allow the realization 

in real time of the activation of superconductivity by the 

resonance technique. Thus, thermal optimization of the 

generator enclosure at high magnetic flux densities may be 

able to compete with the power supplies of this type of MRI 

equipment, which are until now exclusively assisted by 

coolers, heavily supported on the economic and safety level, 

such as liquid Helium at very low temperature in association 

with Barium Titanate. Even though MRI has already reached 

a certain maturity, it is certain that new developments and 

alternatives are to be expected as stipulated in this 

contribution. 
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