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Conventional Heaters Quench Protection System(QHs) “&®

Heat generation, f__ (t,T)
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Given the high energy density, high Stainless steel (PH) 7]
J and minimum coil thickness / >
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INn order not to overheat the coils Cable (Cu + Nb,Sn + epoxy)
after quench.

Inherently slow process
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Minimize detection time (~10

ms), heater delay time (5-10ms)

and adopt many heaters to heat

the coil uniformly(10-30ms).
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Improvements

a conventional a coupling loss
heater quench guench
protection protection

a hybrid quench protection

Feedback regulation

Energy extraction
Frequency adjustment
Lock-in amplifier

I

An Improved Coupling Loss Quench Protection(I-CLIQ)
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Improved Coupling Loss Quench Protection(I-CLIQ)
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Voltage

the oscillating current decay with C1
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Measurement of Induced Energy

Basic theory: We assumed that the coil consists of a resistance and a pure
inductor, the voltage of them have a 90 phase ditference.

Lock-In amplify

Mathematic¢al Principles: Fourier series+
the conversion of trigonometric function

Referenge signals S(t) = A, sin(wt + @)
/
Undér test signals R(t) = A, sin(wt + @,)

multiplication S@©-RE - 222
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Two Multipliers
card with AD630

Capacitance

Electromagnetic relay:

Direct-current main.

Data recorder




Tested Coil

HTS Coil

Copper Coil

LTS Coil
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Measurement of Induced Energy

The output of AD630
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Voltage of the coil (mV)

Margin to quench (%)

Running current 93A
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Concluding Remarks

B The coupling loss induced guench protection system can work
well on HTS coll

8 For HTS coils, it may induce more coupling loss, therefore,
the quench protection effect could be better

B To apply the I-CLIQ to the high-field superconducting magnets
, the following challenges remain to be solved.

8 The reliability
8 High voltage breakdown

B Responding speed of the system

B The |-CLIQ system is going to test on a larger HTS(Bi2223) coil at
the Institute of High Energy Physics(IHEP)
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