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May 30, 1990 

MEMO TO: Distribution 

FROM: Jim Strait 

SUBJECT: Summary of DS0309 Quenches on the First Cooldown 

Tests of DS0309 on the first cooldown included quench training at· 4.3 
K and 3.8 K, ramp rate dependence of quench current at 4.3 K, tests 
ramping down from 6500 A at rates up to 400 A/sec, strain gage runs to 
6740 A at 4.3 K and 7350 A at 3.8 K, and harmonics measurements as a 
function of z at 5000 A and as a function of current at the center of the 
magnet. The quench results are summarized here. A summary table of all 
quench files is attached and the quench history is plotted in Figure 1. 

There was one training quench (6316 A) a.t 4.3 K, located in lower 
inner turn 10 on the right side near the return end. Figure 2 shows the 
time, relative to the quench origin of the quench onset in the segments 
near the quench location. Turn 10 was fully inst.rumented with 4 voltage 
taps. During insertion of the warm finger prior to cooldown one of the 
turn 10 taps taps was broken. The training quench occurred near this 
broken tap, so the precise quench location cannot be determined. My best 
estimate is that the quench occurred in the straight section about 25± 5 
cm from the broken tap. 

All plateau quenches originated in the straight section of the upper 
inner pole turn on the side opposite the ramp-splice. Quenches with a 
ramp rate less than or equal to 25 A/sec were at the identical location 
a.bout 35± 5 cm from the lead end. Figure 3 shows the voltages in the 
three earliest segments for a typical plateau quench. Quenches at 50, 75 
and 100 A/sec were about 55, 80 and 80 cm from the lead end 
respectively. (Distance are quoted from the boundary of between the 
wedges and the lead end spacers.) Quenches at 100 A/sec and above were 
in the upper inner ramp splice; this behavior is the same as in DS0308. 
Quenches a.t ramp rates less than or equal to 100 A/sec are, after 
correcting for temperature differences, at the same current. The quench 
current drops by 60 A at 125 A/sec, 260 A at 150 A/sec and 500 A at 
200 A/sec. 



When a magnet quenches in the SSC ring, the rest of the magnets in 
that half-cell are quenched by heaters and the remainder of the ring is 
ramped down through dump resistors with a 20 second time constant. The 
magnets must be able to ramp down at the initial ra.te -325 A/sec without 
quenching. DS0309 was ramped from 6500 A to 4000 A a.t -100, -200, 
-300, and -400 A/sec without quenching, indicating adequate stability. 

There were three training quenches at 3. 75 K before a plateau at an 
average current of 7 430 A was established. The first two training quenches 
were at 7388 A in the upper outer coil and propagated into the outer coil 
ramp splice in 17 ms. There is a tap at the point where the outer pole 
turn enters the ramp splice region; otherwise the outer coil is 
uninstrumented. The voltage trace for the upper outer coil for one of 
these quenches is shown in Figure 4 and the earliest three inner coil 
segments are shown in Figure 5. Because the quench reaches the ramp-spice 
relatively promptly, the quench origin is most likely in the pole turn 
towards the return end. The third training quench was at 7275 A, a.bout 
100 A lower current than the first two, and in the upper inner coil turn 
11 at the lead end. Turn 11 is not fully instrumented so the quench 
location is deduced from the quench arrival time in segments in adjacent 
turns. The voltages in the earliest 6 segments are shown in Figure 6 and 
the times relative to the quench origin are shown on a coil pattern in 
Figure 7. The plateau quenches were at the same location as those at 4.3 
K. To check that the temperature dependence matched that expected for 
conductor limited quenches, one quench was taken at 3. 71 K. 

The relation between quench current and temperature is plotted in 
Figure 8 for all quenches with dl/dt less than or equal to 100 A/sec. The 
table below summarizes the plateau quench currents at 4 temperatures and 
compares them to that calculated using Chris Quigg's program. (This 
program, I believe, uses Gerry Morgan's parametrization of the critical 
surface.) The error bars on the measured values are the standard 
deviation divided by the square root of the number of quenches for the 
4.30 K and 3. 75 K data. The error bars for the 4.16 K and 3. 71 K 
quenches are gotten assuming the same standard deviation as measured at 
4.30 and 3. 75 K. The listed temperatures are the average of all plateau 
quenches and the average of the. three thermometer readings for each 
quench. 

Temperature Predicted Icrit 

4.30 K 

4.16 K 

3.75 K 

3.71 K 

6629 A 

6795 A 

7240 A 

7279 A 

Measured !quench 

6830± 7 A 

7001± 14 A 

7432± 10 A 

7496± 20 A 

Difference 

201± 7 A 

206:t 14 A 

192:t 10 A 

217:t 20 A 



The plateau quench currents have a. standard deviation of a.bout 20 A 
at both 4.3 K and 3. 75 K and at 4.3 K the full range of quench currents 
is almost 80 A. This is larger than one might expect for conductor 
limited quenches a.t· constant temperature. The f!YStem for controlling dewar 
pressure and therefore helium bath temperature is rather crude: a technician 
adjusting a hand valve while monitoring a pressure gauge. The dewar is 
filled from 500 1 dewars supplied by Airco through a. transfer line with a. 
hand operated throttling valve which is set to balance the boiloff rate. It 
is conceivable that this results in significant temperature fluctuations that 
could explain the range of quench cur rents, although there is no evidence 
for this from the thermometer data. On the second cooldown it is planned 
to take enough quenches at 4.2 K, allowing atmospheric pressure to control 
the dewar pressure, to see if a similar range of quench currents occurs 
there as well. 
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Quench Fll• Su1M1ary 
DS93'!19 

QI Fi le I-m I dot I-t Idot QOC MIITa t-Q V-mex Coil t(H) V(H) T(t) T(m) T(b) p LL Location 
0 979. 0. ". 0 ". 0 U-L 0.1 -.eJ02 -6 . LI 0 ·""" "· eJ.0" "·0" 0.0" 0. ". 
1 979. ". "." "." U-L 

" .1 " • ""'" 
-6 . LI 0.""" "· 4.32 4.27 4.26 839. 66. 

2 43. ". 0 ·" "· 0 
U-L 0.0 e."00 ". LI fJ. 000 0. 4.23 4,18 4.16 832. 80. 

1 3 6316. 0. "." "." U-L 4.flJ -.flleJ 22 . LI eJ.eeJeJ "· 4.31 4.27 4.26 842. 74. IL18 Right near Return End 
4 974. "· 0.0 8 . 0 U-L fJ.1 e.ee0 -6. LI 0.000 "· 4.34 4.29 4.28 864. 78 . 
6 983. 0. ". 0 " . 0 U-L 0.1 fJ.000 -6 . LI 0.000 0. 4.34 4.29 4 . 28 849. 78. 

2 6 6836. 16. "." 0." U-L 4.4 -.008 22. UI eJ.eJ00 0. 4.36 4.30 4.29 862. 76. IU16SL 3ms from lead tep 
3 7 6836. 16. "." " . 0 U-L 4. 4 - • 008 22. UI 0 ·""" 0. 4.33 4.28 4.28 846. 72. IU16SL 3ma from leed tep 
4 8 683" . 16. ". 0 0. 0 U-L 4.4 -.007 22 . UI e . 000 0 . 4.29 4 . 26 4.24 820. 71. IU16SL 3m• from leed tep 
6 9 6826. 16. 0.0 0." U-L 4 .4 -.008 22 . UI 0.000 0. 4.34 4.29 4.28 864. 79. IU16SL 3m• from leed tep 
6 10 6800. 16. Ill. 0 0 . 0 U-L 4.4 -.008 22. UI 0 .00" 0. 4.36 4.30 4.29 862. 82 . IU16SL 3m• from le•d tap 
7 11 6810. 16. "·0 0. 0 U-L 4.4 -.008 23 . UI 0.000 e. 4.34 4.30 4 . 29 856. 78. IU16SL 3ms from leed tap 
8 12 6831/J. 26. tlJ.0 0. 0 U-L 4 ·"' - ·"08 22. UI 0. 000 0. 4.36 4.30 4 . 29 861. 77. IU16SL 3ms from lead tap 
9 13 6869. 60. 0." 0 · " 

U-L .. . 3 - ·""7 22. UI eJ.000 0. 4.33 4.28 4.27 847. 77. IU16SL 6m• from le•d tap 
lt/J 14 6903. 76. ". 0 0. 0 U-L 4.4 -.007 23 . UI ". "00 "· 4.30 4.26 4 . 24 839, 69. IU16SL 8ms from leed t•p 
11 16 6874. 1"0· ".e 0. 0 U-L 4.6 -.016 -17. UI 0 • 00" 0. 4.29 4.26 4.24 822. 71. IU16SL 8ms from lead tap 
12 16 6830. 16. 0." " . 0 U-L 4 .4 --""8 22. UI fLt/J00 0. 4.33 4.28 4.27 846. 76. IU16SL 3ms from lead tap 
13 17 6771. 126. "." "." U-L 4.6 -.013 -19. LI eJ.eJ00 "· 4.33 4.29 4.27 846. 76. IL Rmp Spl 3ms from t•p 16A 
14 18 6690. 160. "." "." U-L 4.6 -.e13 -2e. LI e.8"10 0 . 4.32 4.27 4.26 837. 76. IL Rmp Spl 3ms from tap 16A 
16 19 6326. 200. 0." 0." U-L 4.2 -.014 -21. LI 0.e00 "· 4.33 4.28 4.27 841. 77 . IL Rmp Spl 3ms from t•p 16A 
16 20 6839. 16. 0." "." U-L 4.4 -.eeJ0 23. UI eJ • eJ00 "· 4.34 4.30 4.29 869. 79. IU16SL 3ms from lead tap 
17 21 6879. 16. "." ". 0 U-L 4.4 -.008 23. UI 0.e00 0. 4.34 4.3e 4.26 860. 82. IU16SL 3ms from leed t•p 
18 22 6816. 16. 0.0 ". 0 U-L 4.4 -."08 23. UI fJ.fll00 0. 4.34 4.29 4.27 867. 79. IU16SL 3ms from lead tap 
19 23 7001. 16. 0." "." U-L 4 .6 - .S08 23. UI 0.""8 0. 4.19 4.16 4.14 746. 83. IU16SL 3ms from lead tep 
2e 24 7001. 16. "." "." U-L 4. 6 - • 008 23. UI ".00" "· 4.20 4.16 4.14 749. 81. IU16SL 3ms from lead tep 
21 26 7388. 16. 0.0 "." U-L 4.8 -."11 -23. UI 0 • 0"0 0. 3.79 3.76 3.74 494. 72. OU, 17 ms from ramp splice 
22 26 7388. 16. "." "." U-L 6." -.011 -31. UI 0 . 000 0. 3.79 3.76 3.74 494. 79. OU, 17 ms from ramp splice 
23 27 7276. 16. "." 0 . 0 U-L 4. 6 - .007 31. UI ".000 "· 3.78 3 . 74 3 . 73 493. 82. IUllEF 
24 28 7447. 16. ". 0 "·" U-L 4.9 -.008 26. UI £1.00£1 0. 3.78 3.74 3.73 496. 86. IU16SL 3ms from teed tep 
26 29 7412. 16. "." " . 0 U-L 4 .8 -·""7 26. UI 0."0" £1. 3.78 3.74 3.73 637. 76. IU16SL 3ms from lead tep 
26 30 7437. 16. "." "." U-L 4.8 -.fJ07 27. UI ".ee0 0. 3 . 78 3 . 74 3.73 499. 82. IU16SL 3ms from leed tap 
27 31 7496. 16. ". £1 "." U-L <t.9 -.sen 27 . UI 0. 000 0. 3.74 3.70 3.69 474. 74 . IU16SL 3m• from le•d tep 

32 6273. ". 0." 0.0 Cu L 10.8 S.80" e. LI "·lllJ"S "· 3.79 3.76 3.74 499. 76. 

NOTATION KEY 

Q# 
Fi le 
I-m 
I dot 
1-t 
I dot 
QOC 

MIITa 
t-Q 
V-max 
Coi I 

t~H) V H) 
T t/m/b) 
p 
LL 
Location 

Quench number or Spot heeter number (e.g. s4 is spot heater '4) 
Quench file number 
Mein coi I current at quench 
Main coil dI/dt at quench 
Trim coi I current at quench 
Trim coil dI/dt at quench 
Neme of quench detection circuit which tripped: 

1) U-L Upper - Lower Coil 
8) Thru Through Bus - Idot 

Integr•I of (I••2)dt from t-Q to •infinity• 
Time first voltage appears in V(Upper) - V(Lower) (relative to quench detection time) 
Meximum voltege ecross any querter coil 
Coil corresponding to V-mex 
Protection heeter firing time (reletive to quench detection time); -.999 if heeter did not fir• 
Protection heater firing voltage; -999. if heeter did not fir• 
Temperetur• et top/middle/bottom of 111agnet 
Dewar pressure (Torr) 
Liquid level (~) 
Quench or spot heeter location 
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. f Quench # 1 at 3.8 K (7388 A) 
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Quench # 1 at 3.8 K (7388 A) ..-: 
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.- Quench #3 at 3.8 K (7275 A, Turn 11) ~: 

Ci) I Y" 
DS0309.QB027 I:(/.) 

::w W'......., 
oro :0 

>· ~> 
0f") n'-/ 

<( <( 
N 0 
.- ~ 

I I 
m m 
Nro coO 
.- . .~ 

N N 

L 
L 

Q) 
Q) 

c c 
c c 

::>co co:) 

~.- ~~ 

I I 
_J 

_J 

"O 1J c c w w 
"O co ~1J 0 . oo vO Q) 
_J _J 

a... a... 
0 0 
I- I-

>~ <'!> 
.. o 0 
co I I ;..:. 
..... N 
t") -1.5 -1.0 -0.5 0.0 0.5 n 

Time (seconds) E-2 



- .. 
LOWER LEFT tcQE_PER RIGHJ.) 

/--------------------------- ... . 
/----------------A---------------------------------------------------------\ 

I I 
I /--------------A-------------------.(J}.---------------------C-----------\ I 
I I . -------- I I 
I I /------------A--------------------{J)--------------------------------\ I I 
I I I /-----------A----------------------~------------------C--------\ I I I 
I I 11 11 I I 
I~ I /---------A-------------------~---------------------C------\ I I I I 
I b I 1--------A----------------------~------------------C-----\ I I I ~I I r \ I~ e_t-A------------------------------------------c----\ 11 I 1 t I 
I r II I \--------B-------------------------------------------0----/ )1 ll I i 
I I 11 \---------8-------------------------------------------D-----/ I I I I I 
I I I \-----------8-------------------------------------------D------/ I I I I 
I I I 11 I I 
I I \------------8----------------------~------------------D--------/ I I I 
I I -------------------~-------------------------------/ I I 
I \-------------- · -- I I 
\----------------B-------------------{f9.---------------------D-----------/ I 

I 
\-------------------------------------~-----------------------------------/ 

LOWER RIGHT /<QffER LEFT::::> 



I 
Q.) • I 

t-") L I 
:J I • 'V 

-+-
0 .. I 

!..... I 
Q.) I 

0.. I N . 
E I 'V 

I 
Q.) • I 
I- I 

0 
.(. 4) 

(/) {/) IC: ..--

' 
. 

> /.~ .q- r--.. 
<( :l.: ~ 

IJ ........,.; 
-+- 0 
c 0 I 

(l) 

Q.) 
..-- 1(; L 

1<J ::::J L V11 x 0 -+- ~ L /;: v- 0 
:J fJ L t - (l) u ""O -s 

' lb Q. v-
t/E E 

., _. 
""O u. 

_c ~ (l) 
O'> ...... (.) ~ . 

c /J.. I"') 

Q.) I 

:J I 

a I 
I ro . 

O'l I I"') 

0 ., I 

t"') 
., 

0 
I 

• I 
(/) I' 

0 
I 

t-") 
I 

I 

0 0 0 0 
0 0 0 0 
L{) 0 L{) 0 
I' " <D <D 

(sdwv) iue.un~ 4ouano 


