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Parameters and specifications

Within the framework of HiLumi LHC - Task n° 3.5 - Sub-task “Large aperture
Q4”, CEA/Saclay is studying the conceptual design of a large aperture two-in-
one quadrupole for the outer triplet

Field quality must be optimized in the domain boundary (1/3 of aperture
radius) with consideration of cross-talk due to double aperture

Nominal gradient could be low and compensated by magnetic length: value
of [Nominal gradient x Magnetic length] can be the same than that of actual
MQY magnet, i.e. 160 T/m x3.4m=544T

Margin to quench must be at least 20% at nominal current

CERN proposed as a first approach to use MQM (2 layers) or MQ (1 layer)
cable for this study

For all studies for the large aperture Q4, cable insulation and inter-pole
insulation thicknesses were assumed to be the same than those of actual
MQM or MQ magnets



Parameters and specifications

Actual MQY Large aperture Q4 Observation for large aperture Q4
kind of magnet Cos-tetha Cos-tetha Preferably

Technologie NbTi NbTi Preferably

Double-aperture Double-aperture 194 mm spaced (like LHC MQ or actual MQY)
Coil inner diameter ANl 85-90 - 100 mm or more As large as possible

MQY inner-outer (4 layers) MQM (2 layers) or MQ (1 layer)  As a first approach

Margin_ §R3Z 20% At least

Operating Temp. 45K 1.9K As a first approach. Then see option at 4.5 K
Magnetic length 34m uptobm Space available for increasing the length

Nominal gradient 160 T/m Can be low but compensated by length

Nominal current 3610 A Depends of cable

Quench voltage 700V Seems to be realistic
Hot spot criterion 200 K Max. Seems to be realistic

Transp Degrad
Kind of cables
(mm) (%)

MQY inner 1.15 1.40 NbTi

8.3 0.78 0.91 34 66 NbTi
(mav [ 0.78 0.91 36 66 5 NbTi
I 1.362 1.598 36 100 5 NbTi

Strand I Diam(mm) L__Cu/sc___L__RRR__|_Tr(k) | Br(l) _lJc@BrTr | dic/dB
0.735 1.25 80 4.5 5 2670 600

MQY outer et MQM 0.48 1.75 80 1.9 5 2800 600
IER  o0.825 1.9 80 1.9 9 2246 550

(6]




Mechanical computation

Due to symmetries, the 2D CASTEM Front collar
model is restricted to one octant g

2 levels of collars to simulate effect
of stacking in alternated layers .

Boundary conditions imposed at
symmetry planes

Perfect contact between
e layers is assumed

Thermo-mechanical properties collars
| Materials | Temp.| Elastic | Vield [ Ultimate [ Integrated .

| (Componants) |  |Modulus| Strength | Strength | Thermal Shrinkage |
_IEIBEEIIMIIMI
2 210 1023 1595 24

30 205 275 5%

2 210 666 1570 2.9

300 136

2 1% 33

30 25

2 4 6.0

300 7.50*

2 1125¢ 50% * Estimated for MQM cable stack



Mechanical computation

Collaring, relaxation due to creep, cool-down and energization are
simulated with the CASTEM software package:

* The collaring process is simulated by prescribing an azimuthal gap
between the sides of the keys and collar keyways (gap angle )

* The relaxation due to creep is in first assumed to be 20 %. Creep is
modeled by a 20 % reduction of the gap angle 8 which is maintained
for the next steps (cooling and energization)

* The cooling is modeled by an applied thermal body force over the
entire structure (by the use of integrated thermal shrinkages from
300 K to 2 K)

* The magnetic forces induced at nominal current are computed at
each coil node using the magneto-static module of CASTEM software
package




Mechanical computation

MPa
For each magnetic design with MQM cable, mechanical study
allowed to verify that the following objectives were reached:
* all parts of coils remained in compression at nominal current,
with a security margin of 10 MPa to avoid any separation on -
polar plan between coils and collars, see Fig. on top -
* during all phases, peak stress in coils was below 150 MPa :jif
(arbitrary, but reasonable value) to avoid any possible e
degradation of the cable insulation, see table below -
* coil radial displacement due to magnetic forces during -

excitation was low (below 50 um), see Fig. below

Q4_Opti9omm Creep (20%

Azimuthal stress in coil (MPa)

-121
67
-

Point B
Point C

Max von Mises stress (MPa)
927
In keys 323 258 257 289




Optimized solutions (ROXIE) with 2 layers of MQM cable

MUEr
oy
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- - -
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Here is considered the same nominal current in left and right apertures of each double-aperture

Optimized solutions with 2 layers of MQM cable

Aperture | Current | Gradient Magn Length Coil azim. stress
Field harmonics (normal relative multipoles x 10)
(mm) (A) (T/m) (Mpa)

—-———mmmmm

4945 135 4.03 -1.59 -0.01 0.15 -0.11 0.00 0.00 1.22 -0.65 132
4865 128 4.25 -3.12 0.29 0.20 -0.38 0.00 0.00 1.15 -0.67 121 67
4877 121 4.50 -7.92 0.44 0.25 -095 0.00 0.00 1.17 -0.67 135 69
4718 116 4.69 -26.66 -1.18 0.58 -2.26 0.00 0.00 1.51 -0.75 113 65
140 4.80 2.0
L g 15 ®
135 & 4.60 % 100 ° °
—_ [ | é E u
£ o 05
= 130 440 % 2 ., y [ i *b3
= * ° g N M b4
2 [ ] 2 | eGradient @ -0.5
T 125 420 © 2 T + + 4+ | Abs
G w | WMagn. length S -1.0 A
s g ¢ |eb1s
n * = -1.5
120 4.00 gt - bis
2 -2.0
A
115 . . ? 380 2.5
85 90 95 100 85 90 95 100
Aperture @ (mm) Aperture @ (mm)

Higher is the aperture, lower is the gradient with
20 % margin to quench
Gradient could be compensated by magnetic

length

b1 is high for all apertures but corresponds to a
dis-centering of only a few tenths of millimeters
b3, b4 and b5 become high from 100 mm

aperture




Optimized solutions (ROXIE) with 1 layer of MQ cable

MUEr
Time (s) 1
39.39 (.101)
-
85 mm aperture - 90 mm aperture
— R
B= 31.10
D] 29.08
—
S 2489
2282
$ 20.75
s 18.67
5 16.60
5 1453
A - 1246
X 10.39
- =
4120 - %
2100 T 7 0 \\ T
0.0 A\ A N / - e AW MU ///
ROXIEIQ} ROX|E102
0 20 40 60 80 100 120 140 160 180 200 220 240 0 20 40 60 80 100 120 140 160 180 200 220 240
MUEr MUEr
Time (s) 1 Time (s) 1
- > - > 7
- 95 mm aperture - 100 mm aperture
= 3347 = 33.17
van] 31.10 = 31.10
=) 29.03 B= 29.03
S 26.96 S 2696
~ 2489 o 2489
2282 2281
20.74 20.74
18.67 18.67
16.60 16.60
14.53 14.53
-— 12.46 - 12.46
10.39 10.39
— g —
=1 6.248 e} 6.248
- S Uy - i Ol Uy
5 \ 2.105
= 0.034 \ == 0.033 \
ROXIE ROXIE w:

0 20 40 60 80 100 120 140 160 180 200 220 240 0 20 40 60 80 100 120 140 160 180 200 220 240



Optimized solutions with 1 layer of MQ cable

Here is considered the same nominal current in left and right apertures of each double-aperture

Aperture | Current | Gradient Magn Length Coil azim. stress
Field harmonics (normal relative multipoles x 10)
(mm) (A) (T/m) (Mpa)

—-———mmmmm

16602 125 4.35 -2.85 -0.31 0.20 -0.04 0.00 0.00 2.07 0.19
16188 120 4.53 -9.21 -1.01 0.22 -0.17 0.00 0.00 2.23 0.06 - -
15485 113 4.81 -22.59 -2.67 0.25 -047 0.00 0.00 247 -0.36 - -
15199 108 5.04 -48.57 -539 036 -144 0.00 0.00 199 -0.40 - -
126 * 5.20 3.0
— @
124 L 5.00 é 2.0 l L s
o n 480 E g L
= 120 4 Wi € 00 ’ a m f
E s - 460 B - " 'y + | eb3
£ 116 @ g E A |mb4
9 L 440 = # Gradient o -2.0
Tlldm - e . -% - . AbS
(C] W Magn. lengt L 3.
112 - 4.20 g’ e ebl4
110 w 4.0
108 L+ E s +b18
T z 2
106 T T T 3.80 '6.0
85 90 95 100 85 90 95 100
Aperture @ (mm) Aperture @ (mm)

* Higheris the aperture, lower is the gradient with  * b1 is high for all apertures but corresponds to a
20 % margin to quench dis-centering of only a few tenths of millimeters
* Gradient could be compensated by magnetic * b3, b4 and b5 become high from 95 mm aperture

length




Here is now considered a 20 % unbalanced regime in
the case of the 85 mm aperture design with MQMV
cable (for higher apertures 90, 95 and 100 mm, results

Effect of cross-talk in unbalanced regime

should be inevitably worse):

Left aperture is at nominal current (4945 A)
Right aperture is at 20 % lower current (3956 A)
LEFT aperture
HARMONIC ANALYSIS NUMBER ...ttt ittt ettt eeeenenns 1
MATIN HARMONIC 4ttt ittt ittt et o taans e oo esennnessenn 2
Y-POSITION OF THE HARMONIC COIL (Mm) .«.eoeeeeeeennns. 0.0000

MEASUREMENT TYPE ....... ..ttt ALL FIELD CONTRIBUTIONS

ERROR OF HARMONIC ANALYSIS OF Br ..t iiinrrennnnns 0.1764E-02
SUM (Br(p) - SUM (An cos(np) + Bn sin(np))

MAIN FIELD (T) v ittt ittt ittt tteeinneinnenneennns -3.740885
MAGNET STRENGTH (T/(m™ (N=1)) vt teeie e eneeeennennnn -132.0314
NORMAL RELATIVE MULTIPOLES (1.D-4):

b 1: 21.71363 b 2: 10000.00000 Db 3: 3.35232

b 4: -0.22741 b 5: 0.86598 Db 6: -0.45218

b 7: 0.08886 Db 8: 0.00450 Db 9: 0.00519

b10: 0.00342 Dbll: 0.00015 Dbl2: -0.00011

b13: -0.00001 bl4: 1.24925 Dbl5: 0.00000

bl6: 0.00000 Db17: 0.00000 Db1l8: -0.65965

b19: 0.00000 Db20: 0.00000 b

Margin to quench (%)
Time(s): 1.

w
o
[~
=

RIGHT aperture

HARMONIC ANALYSIS NUMBER ...ttt ittt
MAIN HARMONIC ..ttt ittt ittt ieeteeeaeeenesenneens 2

w

Y-POSITION OF THE HARMONIC COIL (mm) .........oco... 0.0000
MEASUREMENT TYPE ..........iitiiieennn.. ALL FIELD CONTRIBUTIONS

ERROR OF HARMONIC ANALYSIS OF Br ..t iiierinnnnns 0.1411E-02
SUM (Br(p) - SUM (An cos(np) + Bn sin(np))

MAIN FIELD (T) v v tv et etn e oeneneeneneeeenenenennsnns -3.065052
MAGNET STRENGTH (T/(m™(N=1)) v teeme e eneeeennenenn -108.1784

NORMAL RELATIVE MULTIPOLES (1.D-4):

b 1: -101.91809 b 2: 10000.00000 b 3 -13.76236
b 4: 2.08110 b 5: -1.57513 b 6: -0.22557
b 7: -0.12928 Db 8: 0.00943 b 9: -0.00706
bl0: 0.00241 Dbl1l: -0.00021 Dbl2: -0.00013
bl3: 0.00001 Dbl4: 1.21977 bl5: 0.00000
blé6: 0.00000 Dbl17: 0.00000 Dbl8: -0.64408
bl9: 0.00000 Db20: 0.00000 b



Effect of cross-talk in unbalanced regime

Margin to quench (%)

Time(s): 1.
Here is now considered a 50 % unbalanced regime in -
. . 90.90
the case of the 85 mm aperture design with MQM — R
83.28
. =
cable : —
= 75.65
o 71 M
=1 68.03 A 4
i H 64.22 2 :
* Left aperture is at nominal current (4945 A) e
fiy M vy VS SR A Jlovie ]
. . 56.59
* Right aperture is at 20 % lower current (2472 A) 5278 2 : TR 1T K
= 48.97
= 45.16 & G
— Rt L
37.53
- 33.72
- 29:91
- 26.09
|y
22.28
LEFT aperture RIGHT aperture
HARMONIC ANALYSIS NUMBER . s v ov oo i, 1 HARMONIC ANALYSIS NUMBER ...ttt ittt et eeeneeeanas
MAIN HARMONIC t v vttt et ettt e ettt ettt e e 2 MAIN HARMONIC ... ...................0itinnenannnn ..
Y-POSITION OF THE HARMONIC COIL (MM) + v v v e vvmnennnn. 0.0000 Y-POSITION OF THE HARMONIC COIL (MM) & vveeeeeeennnnn 0.0000
MEASUREMENT TYPE ..t tit ittt ittt eeeneenenns ALL FIELD CONTRIBUTIONS MEASUREMENT TYPE ....... .t iiiiinneennn. ALL FIELD CONTRIBUTIONS
ERROR OF HARMONIC ANALYSIS OF BT v v v v vvrmeenenenns 0.1764E-02 ERROR OF HARMONIC ANALYSIS OF Br e eeeeeennnnnn 0.8818E-03
SUM (Br(p) - SUM (An cos(np) + Bn sin(np)) SUM (Br(p) - SUM (An cos(np) + Bn sin(np))
MAIN FIELD (T) 4ot veeteetee e te e e ie e ieeeeeen -3.617162 MAIN FIELD (T) teteteteeeete et et ee e eteeaan, -1.927238
MAGNET STRENGTH (T/ (MM (N=1)) et ettt et eeeneeennns -127.6647 MAGNET STRENGTH (T/ (M (N=1)) v veen e et eeeeeeennnnn -68.0203
NORMAL RELATIVE MULTIPOLES (1.D-4): NORMAL RELATIVE MULTIPOLES (1.D-4):
b 1: 56.06375 b 2: 10000.00000 b 3: 15.87492 b 1: -405.13861 b 2: 10000.00000 b 3: -68.25383
b 4: 2.24312 b 5: 2.45618 b 6: -0.59840 b 4: 13.58986 b 5: -6.67071 b 6: 0.17456
b 7: 0.09643 b 8: -0.02918 b 9: -0.00293 b 7: -0.26382 b 8: -0.03911 b 9: 0.00261
bl0: 0.00353 bll: 0.00027 Dbl2: 0.00003 b10: -0.00042 Dbill: -0.00059 Dbl2: 0.00007
bl3: 0.00005 bl4: 1.29196 Dbl5: 0.00000 bl13: -0.00010 bl4: 1.21218 bils: 0.00001
bl6: 0.00000 b17: 0.00000 b18: -0.68221 bl6: -0.00001 bl7: 0.00000 bl8: -0.64008
bl9: 0.00000 b20: 0.00000 b b19: 0.00000 b20: 0.00000 b



Here is now considered a 20 % unbalanced regime in
the case of the 85 mm aperture design with MQ cable :

Effect of cross-talk in unbalanced regime

Left aperture is at nominal current (16602 A)
Right aperture is at 20 % lower current (13282 A)
LEFT aperture
HARMONIC ANALYSIS NUMBER .. ii ittt it tennnennnnnns 1
MAIN HARMONIC &ttt ittt ettt ettt ees e enneeonesenneean 2
Y-POSITION OF THE HARMONIC COIL (MM) &t e eennnennsn 0.0000
MEASUREMENT TYPE .. ...ttt ittt tenananns ALL FIELD CONTRIBUTIONS
ERROR OF HARMONIC ANALYSIS OF Br ....iiuiiiiinneennn. 0.1008E-02
SUM (Br(p) - SUM (An cos(np) + Bn sin(np))
MAIN FIELD (T) vttt ettt eeeeeeeaeaeanannennnenns -3.471299
MAGNET STRENGTH (T/ (™ (N=1)) tueteteeteeeneeennenns -122.5166
NORMAL RELATIVE MULTIPOLES (1.D-4):
b 1: 22.86893 b 2: 10000.00000 Db 3: 4.13271
b 4: 0.21610 b 5: 0.85072 b 6: -0.20002
b 7: 0.07092 b 8: 0.00077 b 9: 0.00269
bl0: 0.00319 Dbill: -0.00003 bl2: -0.00011
bl3: -0.00001 bl4 2.10829 Dbl5 0.00000
bl6: 0.00000 bl17: 0.00000 bl8: 0.19743
b19: 0.00000 b20 0.00000 b

Margin to quench (%)
Time(s): 1.

91.34
87.63
83.92
80.21
76.50
72.79
69.08
65.37
61.66
57.95
54.24
50.52
46.81
43.10
39.39
35.68
31.97
28.26
24.55
20.84

N\
~
q
”

‘e

%
-

RIGHT aperture

HARMONIC ANALYSIS NUMBER
MAIN HARMONIC

Y-POSITION OF THE HARMONIC COIL
MEASUREMENT TYPE
SUM (Br(p) - SUM (An cos (np)
MAIN FIELD (T)

MAGNET STRENGTH (T/(m” (n-1))

NORMAL RELATIVE MULTIPOLES (1.D-4):

b 1: -95.65299 b 2: 10000.00000
o) 4TE 2.37447 Db 5: -1.50294
b 7: -0.10519 b 8: 0.00442
bl0: 0.00199 Dbll: 0.00001
bl3: 0.00002 bl4: 2.06273
bl6: 0.00000 bl7: 0.00000
bl9: 0.00000 b20: 0.00000

| O L
o

N\l
N P
'11 N (T iiE.
2123 ‘:{%‘)53.75 as 10625 1275 &i:‘ 170
7 ~
0N
............... 0.0000
ALL FIELD CONTRIBUTIONS
0.8068E-03
-2.838481
-100.1818
-13.71980
-0.01365
-0.00393
-0.00013
0.00000
0.19316



Here is now considered a 50 % unbalanced regime in
the case of the 85 mm aperture design with MQ cable :

Effect of cross-talk in unbalanced regime

Left aperture is at nominal current (16602 A)
Right aperture is at 20 % lower current (8301 A)
LEFT aperture
HARMONIC ANALYSIS NUMBER ..t ciittietenetenneennnenns 1
MAIN HARMONIC &ttt ittt ittt ittt teetnneenneenneennees 2
Y-POSITION OF THE HARMONIC COIL (MM) & eveveeeeeeennn 0.0000
MEASUREMENT TYPE . ...ttt tnenennnens ALL FIELD CONTRIBUTIONS
ERROR OF HARMONIC ANALYSIS OF Br ...t iinnennns 0.1008E-02
SUM (Br(p) - SUM (An cos(np) + Bn sin(np))
MAIN FIELD (T) &t i eeeteeeeeeeeeseseseeeannneneeeennns -3.357496
MAGNET STRENGTH (T/ (MM (N=1)) & uvtiinneneenennnnnn -118.5000
NORMAL RELATIVE MULTIPOLES (1.D-4):
b 1: 34.10849 b 2: 10000.00000 b 3: 21.07877
b 4: 3.66663 b 5: 2.78636 Db 6: -0.28044
b 7: 0.05983 Db 8: -0.04128 b 9: -0.00723
bl0: 0.00389 bll: 0.00039 Dbl2: 0.00018
bl3: 0.00007 bl4d: 2.17973 Dbl5: -0.00001
blé6: 0.00000 bl7: 0.00000 Dbl8 0.20412
bl19: 0.00000 b20: 0.00000 b

In every cases, b1, b3, b4 and b5 are impacted (b1 and b3
highly impacted) by cross-talk due to unbalanced regime,

Margin to quench (%)

Time(s): 1.
93.50
- 89.75
B4 85.99
i 82.24
= 78.48
i =, -
— N\ \ Lo/
e ~ ” N #
63.46 Y L
59.71 Sy - S =
55;5 {;} !%3 P ‘iig P P I E]E.
i — &~ o gm e e m‘§
— oot /[-‘\ 7T\
40.93 -mmw“ y
L 37.18 ;
== 33.42
- 29:67
- 25.91
o
22.16
RIGHT aperture
HARMONIC ANALYSIS NUMBER v vveteeeeeeeeeeeeeeanannn. 2
MAIN HARMONTIC 1t vvtteeeeeeeeeeeeeeeeneeeneeeeeeeenns 2
Y-POSITION OF THE HARMONIC COIL (MM) ®@vvuuunnnnnn.. 0.0000
MEASUREMENT TYPE .. vvvtenenennnnnnnnnnnn ALL FIELD CONTRIBUTIONS
ERROR OF HARMONIC ANALYSIS OF BI tuvviiiinnnnnnnnnn. 0.5042E-03
SUM (Br(p) - SUM (An cos(np) + Bn sin(np))
MAIN FIELD (T) v tveeeetteee ettt -1.775260
MAGNET STRENGTH (T/ (™ (N=1)) & rereeeeieennnnnn. -62.6563
NORMAL RELATIVE MULTIPOLES (1.D-4):
b 1: -335.09889 b 2: 10000.00000 Db 3 -74.50916
b 4: 15.37060 Db 5: -7.11895 b 6 0.39295
b 7: -0.18694 b 8: -0.06419 b 9: 0.01113
bl10: -0.00030 bll: -0.00082 bl2: 0.00036
bl13: -0.00014 bl4: 2.06126 Dbl5: 0.00001
bl6: -0.00001 bl7: 0.00000 b18: 0.19302
bl19: 0.00000 b20: 0.00000 Db

What is acceptable

-2 for harmonics?

especially in the right aperture, see values in yellow



Effect of cross-talk in unbalanced regime

Margin to quench (%)

What we obtain with a 20 % unbalanced regime in the - e
-
. 84.43
case of the actual 70 mm aperture MQY magnet: e
- 76.22
- 72.12
- - = 68:02
e Left aperture is at nominal current (3600 A) =
59.82
* Right aperture is at 20 % lower current (2880 A) ki Bl 1o v
47.52 J 180 200 220 290
¥
- 35.22
- 31-12
- 27-02
- 22.92
- 18'82
—
14.72
LEFT aperture RIGHT aperture
HARMONIC ANALYSIS NUMBER v vvvvttmeeeeeneeeennnnnn 1 HARMONIC ANALYSIS NUMBER . ......c...iitunniniennnnennn. 3
MATN HARMON T C vt e ettt et et et et e e ettt et e e e e e e e e eeann 2 MATIN HARMONTIC &ttt ittt ettt ettt eeeeeeeeeeeaeeeneaeas 2
Y-POSITION OF THE HARMONIC COIL (MM) e vvvvunennnnnn 0.0000 Y-POSITION OF THE HARMONIC COIL (mm) ............... 0.0000
MEASUREMENT TYPE ...ttt ittt teeeeneanas ALL FIELD CONTRIBUTIONS MEASUREMENT TYPE ..... ..., ALL FIELD CONTRIBUTIONS
ERROR OF HARMONIC ANALYSIS OF BT vt v et teeeeeeeennnn 0.3450E-03 ERROR OF HARMONIC ANALYSIS OF B vt teemnneennnnnn 0.2760E-03
SUM (Br(p) - SUM (An cos(np) + Bn sin(np)) SUM (Br(p) - SUM (An cos(np) + Bn sin(np))
MAIN FIELD () et ettt e ettt ettt et eee e eeeaeeeeanaenn -3.649655 MAIN FIELD (T) ttviieiiit it ittt ettt -2.976890
MAGNET STRENGTH (T/ (™ (N=1)) v ettt ittt ettt eeeeenenn -156.4140 MAGNET STRENGTH (T/ (I (N=1)) t v eem e eeeeeeeeennenns -127.5812
NORMAL RELATIVE MULTIPOLES (1.D-4): NORMAL RELATIVE MULTIPOLES (1.D-4):
b 1: 18.47540 Db 2: 10000.00000 b 3: 7.25335 b 1: -124.09670 b 2: 10000.00000 b 3: -17.83167
b 4: 0.12648 b 5: 0.72437 b 6: 5.32269 b 4: 1.97432 b 5: -1.22369 b 6: 5.34062
b 7: 0.03196 b 8: -0.00185 b 9: 0.00087 b 7: -0.04892 b 8: -0.00068 Db 9: -0.00132
bl0: -5.09820 bll: 0.00003 Dbl2: -0.00001 bl0: -5.00038 Dbll: -0.00005 Dbl2: -0.00001
bl3: 0.00000 Dbl4: 1.14539 bl5: 0.00000 bl3: 0.00000 bl4: 1.12340 Dbl5: 0.00000
blé6: 0.00000 b17: 0.00000 bi18: -0.17131 blé6: 0.00000 Dbl7: 0.00000 Db18: -0.16802
b19: 0.00000 b20: 0.00000 Db bl19: 0.00000 b20: 0.00000 b



What we obtain with a 50 % unbalanced regime in the

Effect of cross-talk in unbalanced regime

case of the actual MQY magnet:

Left aperture is at nominal current (3600 A)
Right aperture is at 20 % lower current (1800 A)

LEFT aperture
HARMONIC ANALYSIS NUMBER ..ttt ittt ttneennneennens 1
MAIN HARMONTIC 4 ittt e ittt ittt ettt eneeenneeenneennns 2

Y-POSITION OF THE HARMONIC COIL (MM) .+ .uvvuvnnennnnn 0.0000
MEASUREMENT TYPE ........iiiteiiiinennnn. ALL FIELD CONTRIBUTIONS

ERROR OF HARMONIC ANALYSIS OF Br ... iiiiieenenennnn 0.3450E-03
SUM (Br(p) - SUM (An cos(np) + Bn sin(np))

MAIN FIELD (T) 4 et ettt et n e eseeeeeenenenaeenseeenens -3.566545
MAGNET STRENGTH (T/ (™ (N=1)) v uvtti ettt teeeenennnn -152.8522
NORMAL RELATIVE MULTIPOLES (1.D-4):

b 1: 67.21679 b 2: 10000.00000 b 3: 9.81874

b 4: 0.69061 b 5: 0.91700 b 6: 5.37007

b 7: 0.01589 b 8: -0.00773 b 9: -0.00073

bl0: -5.21695 Dbll: 0.00003 bl2: 0.00000

b1l3: 0.00000 bl4: 1.17208 bl5: 0.00000

blo: 0.00000 bl7: 0.00000 bl8: -0.17530

b19: 0.00000 b20: 0.00000 b

Margin to quench (%)

94.33
90.20

28
gs

77.81
73.67
69.54
65.41
61.28

57.15

53.02 Lol PR PR P 1 P P I |
s0 10 1 180 20 22 20

48.89

44.75
40.62
36.49
32.36
28.23
24.10
19.97
15.83

RIGHT aperture

HARMONIC ANALYSIS NUMBER .......tiiiiiiiiiinnnnnnnn. 3
MATIN HARMONIC ..ttt ittt ittt ettt eeeeeeennneeennns 2

Y-POSITION OF THE HARMONIC COIL (mMmM) .+..vuvvnwennnn.
MEASUREMENT TYPE . ... ...ttt ALL FIELD CONTRIBUTIONS

ERROR OF HARMONIC ANALYSIS OF BIr i itiiinennnnnennn 0.1725E-03
SUM (Br(p) - SUM (An cos(np) + Bn sin(np))

MAIN FIELD (T) vttt ittt ettt tiinteennneeennnns -1.884633
MAGNET STRENGTH (T/ (M (N=1)) «uutuiteteeieeeeennnnn -80.7701
NORMAL RELATIVE MULTIPOLES (1.D-4):

b 1: -527.80327 Db 2: 10000.00000 Db 3: -53.88091

b 4: 8.49099 b 5: -3.06067 b 6: 5.48316

b 7: -0.06853 b 8: -0.00836 b 9: 0.00038

bl0: -4.93666 Dbll: -0.00007 bl2: 0.00001

bl3: -0.00001 bl4: 1.10904 Dbls5: 0.00000

blé6: 0.00000 bl7: 0.00000 Dbl8: -0.16587

bl9: 0.00000 b20: 0.00000 b



Conclusions

Magnetic designs for the large aperture Q4 have been presented
with MQM (2 layers) and MQ (1 layer) cable: 85, 90, 95 and 100 mm

Mechanical simulations of each main phase (collaring, relaxation due
to creep, cooling and energization) have been realized and have
validated the collaring process for designs using MQM cable. The
same verification is being realized at CEA/Saclay with designs using
MQ cable

In case of unbalanced regime, what is acceptable for harmonics?
To reduce the cross-talk effect due to unbalanced regime, CEA/Saclay

is studying designs using only one MQM cable layer for increasing
the iron mass to reduce more the cross-talk effect



