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Quench
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A sudden transition from the superconducting state to the normal-conducting state.

Quench causes:

« conductor movement

» eddy currents in the conductor
* beam losses

* poor cooling

A J. / Almm?
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Self-protecting and not self protecting magnets ¢

L(i) - di(t ) R,(t)-i(t)=0 If max. temp. < 300 (350) K
q
dt and
max. voltages
Cryostat (coil-to-ground, coil-to-coil)
I do not damage the insulation
> Tmax(r)
L(i) Rq(1) >
(@]
> X
(1) ~
{ ] 3] magnet / group of magnets
é Is self protecting
He bath

(@)

Quench protection is required <
dump resistors, cold diodes, quench heaters etc.
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Self-protecting and not self protecting magnets: TECHNISCHE
UNIVERSITAT
Tau and MIITs DARMSTADT
Cryostat Cryostat |
A magnet
1 T=~L/R
s2 [ s1 L) s2 / sf > Quench trigger
Rd Rd E \
A Rq(t) G :
Ps 1 PS ; V. ' \rb
5 dit) | e e i t/s
L(i) - + (Rg(t) + Ra) - i(t) =0 g |
dt ) trq K
< i >
I2(t) - pI) de Co(T)-A-do-dl h
A =
2
. 12 5
I2(t) - dt = CW dT |:> v
p(T) >
trnas T C,(T) - A? <
I2(t) - dt = / v - dT =
/0 () T p(T)
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Self-protecting and not self protecting magnets r
@ FAIR <

« All Super-FRS magnets
« SIS100 rings (dipole ring, quadrupoles rings, chromaticity sextupoles
- 6 magnets in series, other correctors) — not self-protecting
» single SIS100 dipole almost self-protecting
« SIS300 magnets — not self-protecting

HGS-HIRe for FAIR
Helmholtz Graduate School for Hadron and lon Research

June 18th 2014 | TEMF TU Darmstadt / GSI | Piotr Szwangruber | 6 ®
!

I
®5¢"

FAIR




FAIR Project: Super-FRS

Potted coil: 28 layers, 20 turns/layer
In= 232 A, Emag=414 kJ
DC machine

I Inter-layer insulation Ground insulation
|

[ 3D Simulation ]

Helium
Reservoir

HGS-HIRe for FAIR
Helmholtz Graduate School for Hadron and Jon Research
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FAIR Project: SIS100

TECHNISCHE
UNIVERSITAT
DARMSTADT

Superconducting strand

Insulation

Nuclotron cable

CrNi
CuNi tube fixation wire

Upper poleNﬁ structure
. .j"- e ‘T
A °

Inner Quter

layer layer sl

3
m|
H

|
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FAIR Project: SIS100 dipole magnets g TEcHNiscHE
fast cycling 2 T/s -> 28 kA/s, one dipole = 47 kJ "' pARmsTaDT

1D Simulation
Insulated wire
and

23 wires + CuNi tubej

FoS dipole magnet

109 dipoles in series

9 Dipole
Magnets
Reference
Dipole
Magnet
=9 Current direction Building 1
2 .
Py d;, Pyox P " Codarea(Cryo) PS:Powersupply
' PIF RdiD: individual protection resistor
® HTS current lead
13.1 kA, 1.9 T, CuMn matrix in order to reduce AC losses HGS-HIRe for FAIR
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FAIR Project: SIS100 quadrupole magne

((( —(ﬂbj

8 1D Simulation
Insulated wire
and
23 wires + CuNi tube
\_ J

Quadrupole
Magnet

\\ |:Reference

up to 84 quadrupoles in series

% Current direction
—— Cold area (Cryo) ~ PS: Power supply

RdiQ: individual protection resistor
® HTS current lead

3 quadrupole circuits: QD, F1 and F2

3
m|
=
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« Chromaticity
sextupole magnets

« Steering magnets
(2 dipoles)

« Multipole corrector
magnets
(Quadrupole +
Sextupole +

0.5
—/ \ \
\  right-taist pitch=50m
\
adhesive kapton 0.05 | \ enanelled insulation
UEL LA 2 \ Polymide (t=43.5.8)

7.454

1D Simulation
Insulated wire

| FAIR
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FAIR Project: SIS300

Rutherford cable

I > Arjan Verweij’s talk

Z %flu::"sz \

o VRS TECHNISCHE
'<T: TSl UNIVERSITAT
a - — DARMSTADT
|_ CHANNELS

RHIC HERA
/""f m '“’\"\\_ coil aluminium
\ collars

beam tube coil

iron yoke

P

8
R ,.\
. S
contamment/

laminated yoke
vessel (a) (b)

stainless steel m——
cylindrical vessel =

T -

heat exchanger
tube

/ fixation

coil
aluminium ;
collars cold ~
e
iron yoke
beam pipe
(c) (d)
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FAIR Project: other superconducting magnets

« High Energy Beam Transfer Line (HEBT)

» SIS300 type magnets (Rutherford cable), line to CBM and beam dump
« CBM Dipole

» potted coil, “wire in channel”, similar to Super-FRS, 5.15 MJ

* Quadrupoles of HEDgeHOB final focusing system (Rutherford cable)

HGS-HIRe for FAIR
Helmholtz Graduate School for Hadron and lon Research
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GSI Quench Program

Conductor  Inter-layer

insulation  insulation
Upper pole Conductor

=
2

20 tums ! layer
al

f(t) L1
_|_
“I Rd @ L2

PS| — T

Lower pole Auench

origin 28 layers

Ground insulation

|eixe

origin of

ksﬁtf&»;; —— a7 ’ ' wr
T > the quench

radial

(B, T)- J(t) + V (k(z,y,2.T) -V - T(a,y, 2,)) = Co(B,T) - LT Y2 2:1)

@ microscopic

ot scale
dl(t _ | _
La(I) - d<t) + (Ry(t) +0(t) - Ra) - i(t) = Vps(t) @ mizg)lzwp'c

HGS-HIRe for FAIR
Heimholtz Graduate School for Hadron and lon Research
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Heat-balance equation (implicit method)

J{t)g ) p{Tr,f] T

—|—:IL' (T.T—d.r,t + T.T.,I) _ Tz—d:ﬁ:,t+df - Tu:.f-l—dt _ (T.T.,t + T.T-l—d.lf'.,t) _ Tu:,f+dt — Tsn—l—dn:.f-l—dt _
2 dr? 2 dz?

T.T.,I+dt - T.I.‘.,E

] — Ctr{Tx,t) ' At

| — position
j —time

a(i) - Ti 111 -b(i) - Tijor +el(i) - Tivr 501 = Tij + d(7)

where the parameters:

. dt Ti;i+Ti 1,
THot-spo[(t1) T(K) A mot-sput (tz) a(?) = — de : C\‘ {T ) . }.{ ( t.J 2 i N ) \
" U .7

o dt AT+ T, (T + Ty
- b{'!-:} =1 + d_LQ . CE{EJ) . (IEL (f) + k (f 1

: . ; : T, . i+1,7 i,j
P o o e e cfi) =~ (T
Pl : Normal oS edT dr? - Ctr{Tt’.j) 2
dz N zone | dz 5,
-22 -ZI1 (I) 21 IZZ 'Z ' C,U (EI‘J:} .
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GSI Quench Program Uy
Equation matrix

[b(1) (1) 0 0 0 ... 0 0\ ( Tijir ) [ Ti;+d1)
a2) b(2) ¢2) 0 0 ... 0 0 Ty i1 Ty ; +d(2)
0 0 a() bE) c@) ... 0 0 | T | T;; + d(i)

k 0 0 0 0 0 ... alimaz) blimaz) J \ T j+1 /‘ K Tipori + dlimaz) )

Initial temperature profile is known!
| — position
{ j —time ] we compute: (Tl.j+1 Toji1 ... Tigy1r .. Ti .41 )

I:> then electrical equation is updated

|:> to avoid high jumps in temperature, an adaptive time stepping
algorithm is applied (max dT is fixed)

HGS-HIRe for FAIR
Helmholtz Graduate School for Hadron and lon Research
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. . A TECHNBCHE
3D Simulation vs. measurements UNIVERSITAT
N T T T F 100 400 40
225 wa ' T 90 g WO 35
g 200 e 80 g 30 : .
< 175 0 = 2 o s
& —|mag_measured s 0 250 =V measir 25
130 _ c 69 60 2 o --\lg_cale_GS
3 g5 4 ag_cak._ g0 E o 20 =V cakc_CIEMAT ——— 2.0
O ' Imag_calc_CIEMAT 0 2 —Rq_measured
0 1007 - Trax_adiabatic 40; g W F N - Re_ca_GS 18
2 v - Tmax_calc_GS| 30 - (81 100 Ra_ca CIEVAT 44
b { =
50: Tmax_calc_CIEMAT 90 X - ”
251 10 2
0 0.0
0 0 0 5 10 15 22 25 0 3B 40
0 5 10 15 20 256 30 35 40 |
Time (s) Time (s)
S : dl
uper-FRS dipole (prototype) 0=Ry I+ Lyg(I)- -
t

HGS-HIRe for FAIR
Heimholtz Graduate School for Hadron and lon Research

| FAIR
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— 300 50
S:, :
g 200 § 40 B
= 100 » 20 o
)
9 0 —|mag_measured - =
2 -~ |mag_calc_GSI o
> -100 —Imag_calc_CIEMAT 20 g
83 -200 —\Vmag_measured M 40 }2
= - - Vmag_calc_GSI c
§ -300 Vmag _calc_CIEMAT 60 g
© - - Tmax_calc_GSI B
%)) 400 —Tmax_calc_CIEMAT 80 2
S -500 -100
o 2 4 & 8 10 12 14
Time (s)

Super-FRS dipole (prototype) Vpg = (Rd + Rq) ]+ Ld([)
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< 300 90
et 250 ‘--'—--l—l-l_l-l;-- 75 —_
5 - <
= 200 — Imag_measured 60 ®
O 190 S .- Imag_calc_GSI 45 -
5 100 '/ —Imag_calc_CIEMAT 30 S
S 50f Vmag_measured 15 &
o 0= —Vmag_calc_GSI " °
g 50 | ---Vmag_calc_CIEMAT 145 £
G | . - Tmax_calc_GS| =
> -100 | — Trmax_calc_CIEMAT =30 E
Q -150 l ________ mE==mem= 45 g
(@)
& -200 -60
= 0 2 4 6 8 10 12 14 16 18

Time (s)
Super-FRS dipole (prototype)
Vps =
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1D Simulation vs. measurements:

TECHNISCHE
UNIVERSITAT
SIS100 FoS dipole and 2 layer prototype DARMSTADT
2 layer prototype
Superconducting strand ~ 30 todel © ’ﬁuereg“md ! Ebln;czg?l
450
9
o
Insulation £400 1= — Tms (xf=0) / / /
2 .1 —Tmc (xf=1) 1-xf xf
- —Tm (xf=0.6) /4—.. / 4—»/
300 1 « Tm_measured / / /
250 / / /
] 7
150 / //
CrNi 1 o
; e ; Tm(xf)=xf-Tmc+(1-xf) Tms
CuNi tube fixation wire 50 /?_,// (xf) (1-xf)
" 1 2 3 4 5 6 7 8 9 10
350 T+ ———T— T 350 )
f -—fort=100ms /] . | | LT T — ] MilTs (MA's)
= —fort=15.3 ms I - -Magnet current [t=100 ms] 300
< r ‘ ' / o
E; 230 1 / = —Magnet current [t=15.3 ms] | 250 b
g 200 ,'I’ g — - Temperature at the hot-spot | 200 ‘g
g ‘ i £ [t=100 ms] . 3
o 150 F J - Temperature at the hot-spot | 150 £ .
80 2 , [t L 100 & <::I FoS dipole
5 /] = L . 2
2 50 /ﬂ?/ . 150 2
0 fp | | | | | | | i s ot SO | 0
0 2 4 6 8 10 100 140 180 220 260 300
MIITs(MAZs) Time (ms)

Re for
choc y3 ron an:

June 18th 2014 | TEMF TU Darmstadt / GSI | Piotr Szwangruber | 20




TECHNISCHE
UNIVERSITAT
DARMSTADT

Conclusion

* One need to perform at least simplified quench calculation before the experiment.
« Expected max. temp. and max voltages (coil-to-ground and coil-to-coil) need to be known
in advance |:> safety of the machine and personnel!

« Tmax < 300 (350) K, sometimes lower < 100 K; High Voltage (HV)! Insulation? Electrical

SEEEHE =5
Eaiiil =

sockets?

« HV? He gasinthe cryostat? ——

ﬂ T

I

7,,:L,,‘___ | |1

' Paschen effect!

« Small change in MIITs value

corresponds in a big change in Tmax.

Quench calculation is a part of the machine design!

HGS-HIRe for FAIR

Helmholtz Graduate School for Hadron and lon Research
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Thank you for attention!

HGS-HIRe for FAIR
Helmholtz Graduate School for Hadron and lon Research
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Quench Detection

A lmagnet

Quench trigger

>

= ryostat
N Cryosta _
- H 1
: : : — : |
< | e 1 1
-V . CL 1 i
= ' - ' i
| 1 | (1)) 1 1
> O <> 1 t/ S ! H
) h & to ! S2 Rg[] S1 o) L/2 : :
I {Rd ‘I g i ;
t ; :
q ¢ I O r 1 i
/ ; 32 i =
efinition D 2 0 : E
=0 , IS Startf oithe que;}ch h;the magmlat . G Rg (ZD Rdl D o l_/2 : Qu ench E
. Start of the quench in the current lea _ b : . :
Vin Voltage threshold (magnet) PS . CL I_ L E DeteCt|0n '
trt Time to reach the threshold T : Cabl net E
to Validation time leccccccccccccccce e ———- !

; Time between the release of the quench

trigger and the start of the current dumping
tra=trtt+tyt+to 1;
%) time between the start of the quench ]- q

and the start the current dumping

The total time between the start of the quench

and the end of the current dumping

Helmholtz Gra Schoc dron and lon Research

3
m|
=

June 18th 2014 | TEMF TU Darmstadt / GSI | Piotr Szwangruber | 23

n<

FAIR

o




