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Abstrlct 

The effects of quench propagation are modeled in 
40mm and 'sOmm diameter collider dipole ma,net 
desilns. A comparative study of ~he cold di~e 
(passive) and quench heater (active) protec~oD 
schemes will be presented. The SSCQ mocIehnl 
proaram accu"lely simulates the axial quench velocity 
and uses phenomenological time.delays for rum·~tw:D 
transverse propagation. The &lUaJ quench ve\(xaty IS 

field dependent and consequently. each conductor's 
quench profile is tracked separately. No ~ymmecry 
constraints are employed and the dlSaibuuon of the 
temperatures along the conductor differs from ~ 
adiabatic approximation. A single ma,net has a WJde 
margin of self protection which .suggests that passive 
protection schemes must be considered. 

Inlrodyction 

In the current confi,uration. the apenure size of the lon, 
SSC collider dipole magnets (COM) has been chan,ed from 
40mm to 5Omm. While the test results in long 40mm CDM test 
malnets RVeaJ that the observed fast quench velocities provide 
excellent quench protection. the Rmainin, concern is thal if the 
SOmm malnets propa,ate si,nificantly slower than the 40mm 
desi,n theR could be difficulty in desi,nin, a protection 
scheme. Currently. there is no explanation for the unusuaDy 
fast quench velocities in the lon, 40mm COM macnell. 

The unexplained quench propa,ation velocities only occur 
in lon, 40mm SSC dipole mal"ets.which are 17m in ~nph. 
The quench velocity ,overns the reStslanCe develop~nt 1D the 
coil which in tum governs the current decay. A "pld CUlTCIIt 
decay implies a lower maximum tempe"rure and is usuaDy 
represented in tenns of the intearaJ of 12 over aD time after 
initiation of the quench and is refered to as MDTS. The 
number of MIITS must be limited to protect the materials and 
the intepity of the cold mass. In the current lon, 40mm SSC 
dipole maanets. the plateau quencb normal zone appears 10 
propa,ate with extremely fast velocities. near 1401Ws on the 
inner pole-rum cable. In contrast. the plateau quench velocities 
in shon SSC dipole ma,nets. l.8m in len,th. are aear 10 
meters/second' which is the thermal conductive propalation 
IimiL2 Recent experimental evidence sUliests that the quench 
velocities accelerate from lOOmIs 10 I'somls if the quench 
propa,IlCS down the fulllenath of the mal"CL' 

A preliminary model of quench events in lon, 40mm 
dipole magnets is based on an empirical approach. The 
adiabatic quench velocities are normally expressed in terms of 
current density fraction-of-shon-sample. q. The adiabatic 
quench velocity expression can be modified to fit experimental 
data from 40mm long malnet test data. Test malnet tum-to
Nm azimuthal propalation test delays and inner-outer coil times 
delays are employtd to predict maximum temperatures in the 
coil. 
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There is a pressinl need to predict the petfonnance of the 
impendinalon, SOmm dipole magnetS. The fU'Sllon, protocype 
should be completed in the fall of 1991. The lon, 40mm 
mal net model has been extended to the SOmm design assuming 
the lonsirudinal quench velocity and aU azimuthal and iMer
outer coil time delays have the same dependence of q. This 
model is used to predictlctive and passive protection schemes 
Ind their effectiveness to mode"le maximum temperatures 
developed in I quench evenL 

Qyencb Model 

The preliminary quench model for the 40mm designs has 
been completed. Since the limit of thermal conduction quench 
velocities in SSC dipole mlgnets is approximately 80 
meIers/second. In empirical technique is employed to 
approximate the faster quench velocities and the temperarure 
prome in SCC lonl dipole magnets. The standard quenCh 
velocity expression is 

U -~~P .. - &c. (9. -9.> (1) 

where Jo is the current density. 6Cs is the density times the 
heat capacity. It is the copper thermal conductivity. p is 
resistivity. 80 is the batch temperature. and '. is the 
temperature that the heat aeneration step function turns on .• 

.. 8s is usually approximated by 8s=(8,+8e)/2 where '. is the 
current sharin, temperature. 8e is the aiticaJ temperature. This 
expression is modified such that the quench velocity matches 
near short sample quenches. 

• 
where 85 is the adjusted heat generation step function which is 

then insened in equation I to produce VIC' the adjusted 
quench velocity. The tenn &8(q) is a fit parameter such that 
V I, matches test magnet data. In fiaure 1. the adiabatic and 
adjusted quench velocities are planed alainst tesl malnet 
quench data. 

The quench temperature profile of each conductor is 
tricked. and temperature and B-field dependent mlterial 
properties determine the quench velocities. based on V I,. 
Maximum tempe"rures are presented in table I and are a factor 
of 2 higher than experimental dalL This model differs from test 
conditions in that all tumolO-tum time delays are assumed 10 be 
maintained and all conductors ,0 DOrmaJ ~uentiaDy. Also. 



this single model did nOI conlain I healer filing rep.re~entation 
and "'at the inner coil copper·to-superconduclor ratio IS ).:: 1.3. 
The only hot-spol experimental data avail.able w~ on a magnet 
with A.=1.6 and the heaters were fired WI'" no bme delay. An 
additional model using A.= 1.6 produud I bot spot temperat~ 
approximately lOOK lower than the model results presented an 
\he table. Other test results suggest this test data had a reduced 
peak temperature, approximately SOX lower, due to the heater 
firing.S There are several adjustments wh~h can be made 10 
refine this preliminary model. Also, there IS I need Cor more 
hot.spot temperature measurements based on. more ~cent 
magnet designs which are closer to "'e 40mm deSlJ1l basehne. 
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Fil. 1- Adjusted vs. adiabatic quencb velocities 

This technique may yield uncertainties in p~cting the 
behavior of a new design because the quench velocl.bes are ~ 
well understood; however, it can su"esl relabve desl,n 
performance. Unfonunately, this technique is empirical and 
does not represent any physical pnxe$S. Comparaave models 
. can only be made by scaling the anomalously accelerated 
propagation as a function oC q. 

Table 1 40mm DDOOI7t 50mm 
baseline baseline 

Cu:S.C. ratio inner 1.3 1.6 1.5 
Cu:S.C. ratio outer 1.8 1.8 1.8 
inner cable area 11.79 IS.37 
outer cable area 9.89 11.87 
Stored Energy: 1.2MJ 1.2MJ I.S7MJ 

Model Expt. Model 
Max temperature 390 157 310 
MilTS 9.64 7.39 19.5 
t40mm test magnet, Reference S. 

This model predicts that the SOmm design will experience 
peak temperatures half l~at Of the ~m ~esi!n. Thi~ 
approximately agrees WIth SImple ad!abatlc MII~S 
approximations using empirical fits 10 expcnmcntaJ data which 
concludes that the SOmm design can sustain 20 MllTS before 
reaching SOOK VI. 12 MIlTS in ~~design.6 :nc ma~ 
protection difference in these designs JS the ~ mcrease ~ . 
cross-sectional area in the innerlou," con~uctor u ~n III 
Table 1. Using an empirical model, a relabve companson of 
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40mm vs. 50mm designs su"esls "'al the SOmm design will 
be easier to protCCl and obtain lo'4"U maximum temperatureS. 

Acliyc PCOIW!OD Model! 

This model has been adapted to model magnet protection in 
active and passive schemes. The active protection system may 
include up to five long sse dipole magnets and a quadrupole 
magnel which are isolated from the sector power supply by I 
wann diode. The passive protection system would isolate an 
individual magnet with a cold diode under the assumption that a 
single maJ1let is -self protected- and no heaters are needed 10 
protect it. In both schemes, the noo-quencbing sector magnets 
ace ramped down in approximately 30 seconds. 

If an active protection system is employed to protect I half. 
cell of magnets, the slored energy of some or all oC the 6 
magnets must be disaibuted between all magnets in the half. 
ceO. The current protection baseline states that the haJC-ceU will 
be divided into two active protection sub-groups each separated 
from the sector by a wann diode. Each magnet has active rwo 
outer·pole·rum strip heaters. Each strip heater contains twenty. 
four heater pads which forces ten cables into a normal state 
down the length of the magnet. In the event of a quench, the 
warm diode will isolate the 3 magneu. 

A modification of the model described previously was used 
to model a quench event in a series circuit of magnets. A string 
of magnets in series was modeled with one heater firing OIl 

both sides of the magnet to emulate the active protectioa 
scheme. The heater time delays represent both voltage detecUOll 
and systemic time delays in firing the heaters. The heater bigger 
specification is 0.5 volts across the magneL In figure 2, the 
results of seveta.l total time delays are presented. These results 
demonstrate mil "'ere is I clear maximum accepcable time delay 
beCore firing "'e heaters to protect the half-ceu. This one heater 
model provides a pessimistic view of quencb development in 
"'e outer coil. The baseline configuration bas 24 heaters in 
series on each side of the maJ1let and improved models based 
on 24 heaters would yield more optimistic results. 
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The second technique involves using the resistance 
development from magnet test data to predict string 
performance. This is a simple and more accurate model which 



is based on the current vs. time dati from test magnets. A 
resistance vs. time profile is calculated Ind it reproduces the 
inductance-resistance (LR) circuit current vs. time profile. By 
using a time dependent model of the resistivity development 
during spontaneous and heater induced quenches, one can 
develop a new current profile (or I series of magnets Ind 
predict MIlTS for the spontaneously quenching magnet 
assuming the inductance is known. This is not completely 
Ic:c:urate because resistivity would develop faster in the case of 
higher time delays with more stored energy. The case chosen 
was developed from current vs. time test data (rom a near 
shon-sample quench for the test magnet 000027. The only 
safety-heater induced quench test data occurring near shon 
sample was a 6600amp quench found in ODOO19 and this 
current vs. time profile was almost identical to the resistivity 
development in the spontaneous 6800 amp quench in 000027. 

Using the resistance profile from the previously mentioned 
spontaneous 000027 quench for spontaneous, Rs(l), and 
heater induced quenches, Rh(t), a LR circuit was modeled 
based on the inductance of N magnets where (N.I) magnets 
had a firing time delay modeled by offsetting the resistance 
development for (N.l) magnets. The current profile is 

1=10 Exp[ .l{ Rs(t) + (N-l)Rb(t+d)} I (NL)] (3) 

where d is the time delay and 10 is the initial current. In figure 
3, the MIITS performance is ploned in relationship to heater 
ruing delay times and the number of dipole magnets in the 
string. As the firing time increases, the spontaneously 
quenching magnet continues to heat-up due to the stored energy 
of all the magnets in series. 8 MIITS corresponds to a hot-spot 
temperature of 200K and 12 MIITS corresponds to 800K for a 
40mm inner coil. The 800K number has not been observed, it 
is only derived from the adiabatic approximation. 

Qualitatively, the two models agree that active protection is 
feasible. The following results suggest that if a quench can be 
detected and the heaters ftre in 4O-100msec, the half cell would 
be properly protected. 
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Fig. 3 • Active Protection 40mm MnTS 

Conclusions 

5 

Empirical passive protection models predict that the SOmm 
magnets are more protected than the cunen! 40mm test 
magnets. The sOmm design is more protected because the 
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reduction o( the current density in copper slows down the 
resistivity development and power dissipation; however, lower 
current densities also slow down the quench velocities and 
these models may not accurately predict quench velocities in 
untested magnet designs. 

The resistive development active protection model predicu 
with proper quench detection that an active protection system 
will also provide adequate magnet protection. The models 
strongly depend on test data from the 40mm design. The heal 
development and quench event will develop slower in the 
sOmm design facilitating more margin for heater reaction time; 
however, higher Jc margin slows down heater reaction. This 
also implies that fast acting heaters could further reduce peak 
temperatures. Also, active protection may provide the best 
protection for outer coil quenches which tend to have slower 
quench velocities. 

The planned long sample tests and more complete models 
will yield more information for SOmm long magnet half-ceJl 
protection. Hopefully, these tests and models will be completed 
in time to impact the long 50mm dipole magnet program. More 
complete test data and corresponding models must be 
developed to accurately describe the near sonic velocities in the 
long SSC dipoles. The current paradigm includes a helium 
hydraulic quench event either in the annular space or inside the 
cable insulation. Long sample tests and more complete models 
are under development 
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