Stand-alone test of the series magnet 01
aperture 1: Red coil from Bama
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Objective of the test

Training up to 530A (plan to do)

To achieve the same stress levels as MCBRD
magnets, for Bama Red coil, the current is 530A, so
that's our ultimate goal.

Electrical insulation

Checking the electrical insulation strength of Bama
Red coil at room temperature and 4.5K.

Magnetic field measurement

For the magnetic field measurement, we will
measure it at warm and cold with the PCB coil. The
measured position is the center of the magnet.

Table1. The equivalent stress in the aperture without yoke

B[T] I[A] B*| stress factor
With yoke CERN test res. 2.59 393 1017.9
'Ultimat 2.78 422 1173.6
No Yoke 1.88 450 846.0
'Nominal Current stress equivelant 2.06 494 1019.5
} Ultimat Current stress equivalent 2.21 530 1173.5

Fig1. The Bama Red coil




Electrical test at reception

Table 2. The resistance measurement results

| Equipment | Object | Function| | Resistance/Q

4 wires Inner 1A -> Outer 1B 233.95
4 wires Inner 1A -> EE17 163.06
Coil 4 wires Inner 1A -> EE16 163.07
resistance 4 wires Inner 1A -> VCL 116.13
KEITHLEY 4 wires Inner 1A -> EE15 69.56
2002 4 wires Inner 1A -> EE14 69.55
Serial R calibration :
res(i:s(t:ai o Awires 836 1047 470@293.16K IZ:I :&gxltmﬁ: :;3 Test condition: 11.7°C & relative humidity 16.3%
4 wires 837 973.17Q@293.16K 981.03@278K
Table 3. The insulation test results —— . Lo feme () e e,
Test = =
Coil to ext. tube 499V/21nA 60s 23.4 — =
Coil to ext. tube IR 999V/30nA 60s 324 o — & =
Coil to ext. tube IR 1500V/32nA 60s 46.5 ‘* — 4” -
" Coiltoext tube IR 2000V/26nA 60s 74.8 - — T e
TOS9301 Coil to ext. tube IR 2240V/18nA 60s 1222 = =
Coil to inner former IR 499V/161nA 30s 3.096 o Umh s
Coil to inner former IR 999V/283nA 30s 3.525 — =L e
Coil to CCS 837 IR 499V/0nA 60s 1.27TQ rp— ‘
Coil to CCS 837 IR 999V/OnA 60s 1.69TQ The circuit of Bama Red coil




Electrical test after completing the installation

Table 4. The insulation test results (on the assembly platform)

|_Equipment | Object | Function | Voltage/Current Resistance/GQ

Coil to ground IR 499V/53nA 30s 9203
Coil to ground IR 999V/88nA 30s 11:231
Coil to ground IR 1500V/56nA 30s 26.642

Table 5. The insulation test results (in cryostat with the helium gas)

__Equipment | Object | Function | Voltage/Current Resistance/GQ

Coil to ground IR 98V/15nA 30s 6.451
KIKUSUI Coil to ground IR 247V/8nA 30s 27.54
TOS9301 Coil to ground IR 499V/10nA 30s 47.69

Coil to ground IR 749V/3nA 30s 217.76

Table 6. The insulation test results (at 4.5K)
_Equipment | Object | Function | Voltage/Current Resistance/GQ

KIKUSUI Coil to ground IR 247V/25nA 30s 9.84
T0S9301 Coil to ground IR 499V/23nA 30s 21.43
Coil to ground IR 749V/4TnA 30s 15.76

All electrical test results show that the Bama Red coil has a good electrical performance!
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Coil installation




CCS outer Cernox differ

Cernox under

T Sensors on manget
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Cool down

“CCS outer” is on the outer former. “Cernox upper” is on the upper end of the coil surface. “Cernox
middle” is on the middle of the coil surface. “Cernox under” is on the lower end of the coil surface.
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Quench Detection

QDS setup (bridge):
= 2.3%(Inner1A- EE14) — (EE15 — Outer 1B) J——w n —+'""'“

= (1/2.3) *(inner 1A— EE16) — (EE17 — Outer 1B) . 4
= Trigger after 10 ms @ 100 mV g
= QDS setup(Current leads): ' =
- Lead 1A- Inner1A = + =
= Lead 1B - Outer 1B Lryostat
= Trigger after 10 ms @ 100 mV Voltage taps diagram

i i CERN
HL-LHC PROJ}ECT
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After 29 quenches,
the coil was finally v
trained up to 409 A, 20
that's about 77% of i
930A. The current

grows very slowly,

Volt
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just like the training 200

process of the
MCBRDP2.
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Cold test — Training history

The Bama Red coil cold test quench training history
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Most of the training -

of the Red coil are in -

the EE17 — outer 1B, o ,,
but other segments § 200
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throughout the 100
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Cold test — Quench location

Quench location
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Reach 400A and hold 3 min, then continue

with 1A /s and quenched.
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Cold test — Ramping profile
Training history of the Bama Red coil @1A/s
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Measured temperature of the Al formers during quench @CCS outer

py:16:91
csvriol
00:8¢:9l
60:1€:81
Ll-pCOl
ET4VAR-]S
€e-0l:8l
vS:0S:Sl
[A0R 481"
0l:Le'GL
81:0€:G1
9z:€¢'Sl
geolgl
£y:60:Gl
1G:20-SL
8G:95'v1
PASRAAY
gv.gc-cl
£g:8lcl
Lo:Zh:cl
60:90:C1
81:85:11
911G
vevp-ll
vl
LG0E: L1
69:€C LI
VAV A
GL:0L:LL
pTeo-LlL
¢€:95:01
ov:6t:0L
8120l
P1:88:L1
[4AYS 1A
(0158 4 2VA 3
6€:.E L)
Ly:0€:LL
gg:€cll
0c:zsgl
62:G¥:91
LE'8EOL
Sp-1€-81
£G:veol
10:8L:9L
oLLlel
81:v0:91
92:15:S1
P€:05:Sl
eveh§l
Lgoe:st
65:62'Gl
ceeest
0€:G1:Sl
8€:80:G1
Lp-10:SL
SS-v9-vl
£0:8v:vl
LLpipL
0c-vevl
8c¢:levl
9€:0¢:vl
rveLivl
€59-:90°'v1
10:00-¥L
80-€5:¢l
9¢e6¢-€l
vy.2zel
£g'§Lcl
Lo:60:Cl
60:20:cl
11:595C)
9z-8y:Cl
ve-Lych
crvech




Cold test - Some quench curves

Voltage for each segment when quench @175.5A

The first quench,
ramping rate is 1A/s, the

gquench segment is:
EE17 — outer 1B

2.90E-01 |
—1A—EE14 EE15—EE16

2.70E-01 |
2.50E-01 |

2.30E-01 |

Voltage/ V

2.10E-01 |

1.90E-01 M’Jl |V U

1.70E-01

0.03 0.04 0.05

1.50E-01
0 0.01 0.02
Time/ s

—EE17—1B

0.06

0.07




The final quench,
ramping rate is
1A/s, the quench
location is
between the two
segments of
EE17 — outer 1B

and
EE15—-EE16

Cold test - Some quench curves

Voltage for each segment when quench @409A

3.50E-01
3.00E-01
2.50E-01
2.00E-01

N {

1.50E-01

Voltage/ V
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5.00E-02

0.00E+00 - e : .
0.01 0.015 0.02 0.025 0.03

Time/ s

0.035




b

*

The rotating coil based on PCB caoll

Only Probe 400 was used (Length is 400mm)
Rotate in the anti-cryostat to get local harmonic
Not enough to cover the entire magnet for Z scan
Choose Central Position to measured
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Magnetic field measurement - Result-1

Excitation curve Transfer function
B/T —=— Measurement|
55, —e— Calculation | 3.828 1
2‘0_: / 3.827
1:6—: b 3.826—-
1‘4-: §3825—
101 =
0'6—: 3.823
0.4 +
T — < 2 S —
100 200 300 400 500 100 150 200 250 300 350 400
I/ A I/ A
Because there's not enough liquid helium, | I(A) | 9892 = 19847 | 297.65 397.4
only the positive current direction was B(T) 0.378 0.76 1139 | 152
measured. TF(T/KA) 3.8227 3.8264 3.8272 3.8263
II:IIlI.HLC_ ROJECTl ?




Magnetic field measurement - Result-2

Field quality (local harmonic )of center
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Ly reason has not yet been confirmed.
-16 4
23 ]
) -18 4 -
2 3 4 5 6 7 8 9 10 o
n 2 3 4 5 6 7 8 9 10




Averaged harmonics of warm measurement at +/- 0.25A,

Multipole(Unit)
o

an

_lf_l = I_IL__' g g
- JL i 3
2 3 4 5 6 7 8 9 10
I(A) B(T)
0.25 0.000957
0.5 0.00191

Magnetic field measurement - Result-3

+/-0.5A at center

bn
. 0.25A
0.5A |
104[ |
0 [N o= B
\_U |

-1oé ;':, ....... %'5'6-1'0'
TF(T/kA)

3.827

3.825



Conclusion and plan
* General feeling about the test results: very like MCBRDP2, very slow
training process.
* Due to the limited availability of the test station, we stopped the training of
aperture 1, start to test the aperture 2 this week.
« |If the performance of aperture 2 is similar with aperture 1, we will make a
decision to adapt the wet wind process for the following apertures.
* From next week assembly of the 01 magnet will be started.

Plan from now to mid 2021

Late this week 01-Aperture 2 stand-alone test
End of January 2021 Start to assemble the 01 magnet i
Beginning of March 2021 The 01 magnet ready for test -
April 2021 The 01 Magnet ready for delivery to CERN
June 2021 The 02 Magnet ready for delivery to CERN
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