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Updated Quench Calculations for the SHMS Dipole
Martin N Wilson

1. Introduction

Here | update my report SJ2 (7" Dec 2010) to incorporate the conductor with rolled stabilizer and
also the revised coil length.

In this version 2, | calculate for copper with RRR=100 and RRR=50. In addition, | fix an error in the
version 1 data for copper resistivity.

2. Data

QUENCH works in terms of a unit cell and all parameters are averaged over the unit cell. Appendix
1 presents the detailed calculation of parameters and Table 1 summarizes the main numbers. Some
changes come from the change in conductor and coil, but others come from my change of mind, for
example averaging the field over the top sector. None of the changes are large

Table 1: Parameters used in the Calculation

unit cell area 72.7mm? magnet inductance 2.7TH
fraction of NbTi 0.063 operating current 3419A
fraction of Cu 0.706 mean field on winding 5T
fraction of G10 0.198 critical current in mean field 12333A
fraction of solder 0.033 resistivity ratio of copper 100 or 50
resistance ratio of copper 70 critical temperature in mean field 7.3K
azimuthal width of winding | 95.6mm starting temperature 4.42K
radial width of coll 118.7mm longitudinal propagation velocity 3.26ms™
perimeter of coil 6.0m ratio transverse / longitudinal velocity 0.038
3. Results

Fig 2 shows the current decay and temperature rise for a 'natural’ quench, with no protection resistor,
when the quench starts at the point shown in Fig 1. It may be seen that, although the current decays
slightly quicker with RRR=50, the maximum temperature is unchanged at 161K.

Fig 1: Quench initiation point shown by red circle.
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Fig 2: Current decay and temperature rise after a natural quench.

Fig 3 shows the internal resistive voltage for a natural quench — slightly greater with RRR=50.
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Fig 3: Current decay and internal resistive voltage after a natural quench.
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Fig 4 shows the current decay and temperature when a 0.075Q protection resistor is switched into the
circuit immediately after a quench. The peak temperature is reduced to 74K, with RRR=100, or
83K with RRR=50K.
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Fig 4: Current decay and temperature rise after a quench with 0.075Q protection resistor

3500 1 | | 60
\ —— current RRR=50

\
3000 current RRR=100 1 50
y \ — internal voltage RRR=50

2500 _
/ \ — internal voltage RRR=100 |+ 40

\ \ - 30

‘\ N\
500 \ \ + 10

b

current A
= N
() (@]
(@] (@]
o o
2]
l
internal voltage V

\x
0 0
0 20 40 60 80 100
time sec

Fig 5: Current decay and internal voltage after a quench with 0.075Q protection resistor

4. Conclusion
Hardening the conductor will not make a significant difference to the quench behaviour of the dipole.
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Appendix 1: Mathcad calculation of input data.

Quench Input Data for JLab Dipole with rolled conductor change Bm, RRR 3 May 12
1) Winding Data lop = 3419.4amp Bn := 4.5T 0o = 4.4K Uo i= 41 -1077‘henry-m71

spec lc at 5T and 6T
legs := 12333A Icde := 9875A

¥

T tChI tea
take Ic at 4.5T and 4.42K from & th b
General Jc.xIs l
le := 12801A . N
-+ o, L

st

2) Conductor Geometry

gnore corner radii ﬁo
stabilizer width Wyt 1= 18.73:mm stabilizer thickness ty := 3.118mm make quench prog fit

channel width wgp, := 0.486in= 12.344-mm mat:= 1.6

channel thickness tcp; := 0.043in= 1.092:mm fehz := 0.05lin= 1.295mm  tep := 0.5(tchy + o) = 1.194mm

wire dia  d,, := 0.65mm number of wires N, := 36
cable size from Paul ) mean ~ (1.271mm+ 1.0530mm) channel )
Berindza email 3 DecWeab := 11.68MM ypinpeq Toap = 2 =1162mm  ihickness loh = feab
. . 2
wire T, 2 2 Ay channel occupiedy, := Wep-teh = 14.344mm
Ay = Ny-—-dy,~ = 11.946:mni heab = ———— = 0.88
area 4 Weab-teab by cable
. mat 2 . . 2
wire copper area Awcu = Aw- = 7.351.-mm wire NbTi area  Apt:= Ay = 4.595mm
1+ mat 1+ mat
solder area Agy := Ach— Ay = 2.398~mm2 conductor area Agq = Wgt-tst = 58.4~mm2
interlayer insulation ) :=0.5mm  insulated conductor width wj; := 19.29mm
width unit cell wy := wjc + tj = 19.79-mm thickness t,:=3.678mm  unit cell areaA; := wyt, = 72.788mnt
insulation thickness tj:= 0.5-(tu —tst) =0.28mm insulation area Aj:= A, — Aco
. 2 Ast + Awcu
stabilizer area Ast = Aco — Weh-teh = 44.056:-mm mat for quench may ;== ——— = 11.189
t
pver uni Ast Awcu Aso
Ast := — = 0.605 Aweu = =0.101  Agy :=Agt + Awey = 0.706 Ago := — = 0.033
cell st A, wcu A Cu st wcu SO A,
Ant Aj lop -2
Au Au Au
2) Geometry for Quench Data sheath isunderinsulation, so inner and outer widths are stabilizer and unit
. . , 2 Aso
put on the solder asa thin strip 'sheath Ago = 2.398mm tso := — = 0.128:mm
Wst
thicknes of condr without solder t.q, :=tst — to = 0.299-cm teon'Wst + Agg = 58.4-mm2 check
inner width of sheath radial  wjg := tgon = 0.299-cm inner width of sheath axial  wjg := wg = 1.873.cm
outer width of sheath radial wyg =t = 0.312.cm outer width of sheath axial  wyg := Wgt = 1.873-cm
3) Superconductor critical temperature from General Jc.xls, mean field By :=5T
Co :=21.77K Cq:= 70.278-K-tesla71 Cy:= 70.015»K»teslaf2 n:=0.032 B2 := 14.05tesla
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C3:=-13.60K

4) Current Sharing 0g = eC(Bm) - (ec(Bm) _ 90).|;’_p

' > 0 = 7.136K

5) Resistivity magnetoresistance from Copper magres Fickett.xIs resistivity NbTi

1

PRT = 1.6910” S.ohmm Mpc = 4-10 LhmmT?

0c(B) :=Co+C1-B+ CZ-B2 +

Cs
[(Be-8) T

0g = 6.553K 05 :=

0c(Bm) = 7.331K

0¢(Bm) + g

0 = 6.942K
2

pnt = 610" -ohmm

- PRT
| = [ — . _
stabilizerRRR; := 70 pst(B) : RRR; + Mye'B pst(Bm) 4414 10 1O~ohmm
wire RRRN =150 pwcu(B) = ﬁ + mpcB pwcu(Bm) =3.127x 10_ 100hmm
A
11 1 1 Awn Ae Awey pu:Ru-Tu:%~A Au A
Ry RnbTi Reh Rw  pnbTik penl pweul NbTI.l_+ M-L-r wcu.L
PNbTi Pch Pweu
= ! 10
U= e s pu = 5.902x 10 %.ohmm
— +
Pnt Pst(Bm) chu(Bm)

6) Longitudinal Thermal conductiv ity (ov er unit cell)

-8 ) Ly-0
Ly :=2.4510 ~-watt-ohmK k(6)-p(0) = Ly-6 k(0) = ©)

p

over the K (8) i Lo6 L1 -
unitcell  ku(®):= ou ku(6o) = 183.473m K ~-watt ku(6t) = 296.225m-kg-K™ s~
7) Transv erse Thermal Conductiv ity M
for insulation take John Ross =) |
G10 at transition temperature ([ mm (_m‘ I

N L
ki(0) = xi0 ' X A 1
ni=0.8 ij:=0.017wattm K ﬂ [ J Kia

RS =y

—q\" 1 -1 k, — L

Kj:= Ki-(6t~K ) = 0.082wattm ~-K ir

corner radius of strip  ag := 0.25mm
a) Radial conduction

w, tst —2-ast) W,
Ky = ki'(tst _ z.ast).ii._u - ki'( st st M
24+t ty AO 245+ ty)

b) Axial conduction

A 1 Yy (Wst - 2'ast) ty
kia = ki(Wet — 2-agt) - ——+—— = kj——— - —
ki + ki -1 -
take the mean ki == vt 0.792-watt-m 1-K 1
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per unit length of unit cell

Qa = ki'(Wst - Z'ast) 20

kta = Kj-

AO AO
= kg ty-—
25+ tj Qr i Wy

Qr = ki'(tst - 2'ast)'

(tst - 2'ast) Wy

ky == kKj————=— = 1.088-W7:1t'[-m_1-K_1
(2~ti+ til) ty
AO
Qa= I(ta'Wu't_

U

21

Wet — 2-8st) 1 -1 -
ML = 0.495-watt-m l.K
2t| Wu

1



8) Specific Heat use standard quench form c=cfo'+ D~9d no units

a) Copper from Cu spec heat.xls Cf:=0.01149 c¢.:=1.07 D :=0.00046 d; :=3.21

c d
Ccu(®) := CE-0 “+ D © Ccu(4.) = 0.09 vy = 8.8910° vcu-Ceu(?) = 2.93x 10°
b) NbTi below 2 from NbTi spec heat.xls Cf,:=-0.0976 cp:=1.1 Dy, := 0.0540 dn :=2.17
Cn dn 3 4
Cnt(0) :==CH-0  + Dy-0 Cnt(4.) = 0.645 Ynt := 6.2:10 ¥ nt-Cnt(7) = 1.769x 10
c) Solder Ckp := 3.91.10 2 Cso =07 Dgo = 9.3810 ° dso :=5 Yso == 10.49.10°

© Cso(4) = 0.199 Vs0-Ceo(7) = 1.814x 10*

Cso ds
CSO (9) = C‘Eo 9 + Dso 9
d) G10 from G10 spec heat.xls  C4:=0.0225 Cg:=3 Dy :=—.00646 dg := 3.263

C d
Co1d(6) = Cy-0 ¥+ Dy0 ? Ce1d4) = 0.845 ve10:= 1.810° v610Ce1d7) = 7.238x 10°

overall spec heat/
volume cr))f metal On|y YC um(e) = (}"CU) Y CUCCU(G) + knt'Y nt'Cnt(e) + }\'SO Y so 'CSO (e)

?velrall specheat  yC(6) := (Acu) ¥ cu-Ccu(®) + Ant¥ nt-Cnt(8) + Xso¥ s0-Cso (0) + Ai¥ 610CG1d6)
volume

enthalpy change ec(Bm) 3
- etal gﬁ,y 9 Hum :=J /C om0k do yHym = 1.557x 10K 0, = 6.942K
05
YHum 3
averaged spec heat yC,yn = ¥C aum = 4.005x 10 15 ; ;
metal only ec(Bm) - 05
( _1) 3 Cc1d0) i p
YC um| 05K = 3.694x 10 Co(0) /}/

0¢(Bm) Ccu(®) 5| ,x"/ .
enthalpy change -1 3
unit cerl)ly gYHu = J vC U(O-K )de yHy = 2.144x 10°K j,ﬂ”"""

0 0 | 1

) 4 6 8 10
averaged spec 0
heat unit cell YHu

3
Caui= ———— Cau = 5.515x 10 -1 3
1*au 0¢(Bm) - 05 Trau yCu(OS-K ) = 5.092x 10

9) Quench velocity

longitudinal J p-k J
_ - . pu-kul Ot
velocity Vad Vi 1= op . -
y-cies}./es—eo ad : 3 = = 2.976m ﬂ
YC aumJ-m 3-K ! Bt = 0o [fad g ms

transverse . YCaum | Kkt
velocity " yCau ku(et) o = 0.038

-2 3 -10 -2 -1
Jop = 46.978A-mm YC aum = 4.005x 10 pu=5.902x 10 ~-ohmm ku(et) = 296.225m ~-wattm-K
0y = 7.136K
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10) Coil geometry take dimensioons from 317111-spec-coil-Dipole JLab RevB.pdf
a) Assume quench startsin the upper sector

sector azimuthal width s := 264, = 95.6286mm sector radial height hyg := 6-w, = 118.74mm

total turnsin sector =626 =

Nt :=6-26 1564 ) area sector Ag := Was-hys = 1.135x% 104~mm2
turns area Asp == N¢-Ay = 1.135x 10 -mm

. ~ (5.95+6.045m equivalent solenoid B
mean turns perimeter p, := — = 5.998m inner radius lus := e = 95.453.cm
Wis-has 2 2

area perturn = Ay = = 72.7883mm Ay = 72.788mm check

t
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