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Talk Over View

What is “High Luminosity LHC”

Orbit Corrector Function & Environment
CCT aperture development :

= Winding tests

= Coil development

= Cold test

= Planning

= Conclusions
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What is “High Luminosity LHC”

. B Goal of Hi-Lumi LHC §rk €6

increase Luminosity
by factor ~10

In CMS and ALTAS

Installation Due

DI[T. Nakas A MCBXFA [F. Toral, et al.

Upgrade Magnet Set
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Specification
2 aperture H,V dipole corrector

= |B=5Tm,B=2.8T, L,,,=1.8m
= Imax = 600A

CCT:

Specification and choice of CCT

Ribbon cos® vs CCT

Ribbon Cos®

Field quality limited due to collars using up
yoke space between the apertures ‘

Ribbon glue is rad hard limited

Ribbon conductor suffers from electrical
shorts during production and ongoing
degradation during operation, probably
due to radiation damage.

Radiation hard “full metal jacket” design
Low cost

Fast to produce.

Very good field quality
Little tooling



Magnetic Field Optimization

Case, Radial hybrid pole keys, aperture 2, both powered
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Example of one configuration Presenting harmonic solution due to
high field in the adjacent aperture

To achieve 5 Tm field integral with less than 10 units we first determine the maximum field in
one aperture that will not pollute the field quality in the adjacent aperture.
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1st winding test with the rectangular wire
1111 Rectangular wire failed !!!
Impossible to wind in channel

The enamel rectangular wire
rotated as we tried to wind

and finally was impossible to
wind into the slot!
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Cutting tests 0.1mm to 0.4mm
wall thickness select 0.35mm
min value.
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Machining the short 0.5m model CCT formers
Multi pass cuts.

With 1 mm slot the tool breaks often
Many passes needed

1mm dia x 7 mm high

speed tool.
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Machined former development
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The 1lmm wide x 5mm deep channel could not be machined over the 128 m long

0.5m former!
Moving to a 2 mm wide slot, the cutting tool is much stronger!

The machining time / cost to machine the channel is reduced!
The double slot width reduces machining time (cost) but doubles the number of join
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Wire Performance with polyimide insulation

Insulation curing temperature
420 C for 30 sec degraded the
wire Ic by 10%.

Magnet margin is still high at
55 % SS

G

It was difficult to find a supplier for the polyimide insulation
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3.10 T max field in coil

Current [Amps]

0 1 2 3 4 5 6 7 8 9 10
Field [Tesla]
CERN Ref 0.825 4.5K CERN Ref 0.825 1.9K
——CERN 0.825 4.5K (MAX) Polyimide insulation —+—CERN 0.825 4.5K (MIN) Polyimide insulation
——CERN 0.825 1.9K (MAX) Polyimide insulation ——CERN 0.825 1.9K (MIN) Polyimide insulation
——CCT Cerntral Transfar function ——Max field in coil Central field +20%




CNC machined slot width 2.10 mm wide.
Anodization 0.040 mm layer thickness
Anodization surface build up 0.020mm

final slot width 2.06 mm

that bonds well to the resin & provides some electrical
insulation




Al formers 6082-T6 for the final magnets
Polishing test to de-burr? and then Hard
Anodization Micro-Machining)

£

- Example of polishing to remove burrs



First single aperture model still with Al-bronze formers

H|Lum| <)) Two wires are wound at the same time, with low tension.
e \/ This is repeated until we have the full 2 wide by 5 high coil.



at both end In the magnet former
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Hiﬂ ) The joints have to be on the former to cope with thermal
il o o contraction effects
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ointing system:

1) Tined wires,

2) Copper tubes

3) Crimp for mechanical support

~ 4) Solder
5) Insulation

Jointing




— Joint box

In total a single aperture has only 9 pieces !
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Coils impregnated inside the magnet outer
support tube
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Vacuum / pressure Impregnatlon seal |
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Seal mechanical support



Insulation between the two layers

Two layers of insulation Polyimide or Mylar with min 4 mm
brake down distance from ground or the other former
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First model Magnet Test

First test of 0.5 m model, single aperture Al-Bronze former

+ Testedto 1.9K

* RRR of wire measured at 253, high!

* No quench up to 422 A nominal

* One quench at 438 A (short model hot spot 63K, voltage to
Ground 320V, for 2.2m magnet this would then be 193 K and
330 V)

* Then No quench up to 460 A ultimate design value

* Thermal cycle no quench.

* Nominal ramp rate 4.2 Als.

* Max tested ramp rate with no quench 40 A/s

Joint resistances: Average 5.7 nOhm'’s
120 +/- 20 nQ) over one aperture.

Energy distribution during quench : with 0.7 Q dump:
Coil 13%, Dump 59%, aluminium support tube and formers 28%
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CED

LHC
Run 1 | Run 2 Run 3
LS1 13 Tev EYETS 13.5-14 TeV Ls2 14 TeV —
injector upgrade Sto7x
splice consolidation cryo Palnt 4 cryalimit HL-LHC naminal
7 TeV 8 TeV button collimators DS collimation interaction luminosity
—_— R2E project P2-P7(11 T dip.) regions installation

Civil Eng. P1-P5

expiament experiment upgrade £ x nominal luminosity

P Dipe: rominalluminosily  — phata — [ upgrade phase 2
luminaelty
! ]
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LHC/ HL-LHC Plan (last update 22.08,2016)

0.5m model tested _ :
| Summer 2017 Fu” size prototype 18 - 20 Off fwin aperture

Assembly during 2018 “Magnets production in indust
delivery ~ 2020
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Closing Comments and Conclusions

CERN is developing a CCT 3 Tesla orbit corrector for use Hi-Lumi LHC
This old idea from the 1960’s has many positive points:
« Simple design / Potentially low-cost, No significant tooling.
» Field errors appear to be insensitive to small mechanical errors.
« Radiation hard design, "Full metal jacket around impregnated
conductor”.
« Short 0.5 metre Proof of concept model test successfully completed .
« 2.2 m prototype test planned for winter 2017 / 2018 Full Field quality will
be measured in this test .
« Series production ~ 18 to 20 — twin aperture magnets Should start in 2019
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Deflnltlon of CCT skew angle
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Magnet Current Field Field

(A) Skew angle optimization, I/iss = 55.4% (T) Integral Skew angle optimization (int B,=5 Tm)
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CCT skew angle optimisation
Due to the cross talk the max aperture field is setto ~2.7 T

For a fixe d 5 Tm integral & magnet length ~2m the optimum skew angle is 30 deg.
Lower skew angles give more field less conductor but have longer ends!




Components for the 0.5m model
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Orbit Corrector Function & Environment

y (m) Peak dose profile in the inner coils (L;,; = 4000 fb")
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The two counter rotating HL-LHC beams are brought to full
energy, then the sets of orbit correctors quickly (within 100
sec) maneuver the two beams into collision.
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ITEM Number STaTraHE (=
Definition Q4 CORRECTOR ASSEMELY
Momenclature LHCMCEYY 0028
Date 03.05.2018
L4 CORRECTOR ASSEMBLY v COD Folder
Extracted by L. Gentini —
De=ign. Fanufacturing
plonend - ST number Diefinition v |1+ v | Make orE Material - SCEM + |Supf ~ Su - Deslg!n L w | DesignNa ~ Manulaclulln_g - M
e er | resposibli Statl order responsil
LHCMCEYY STO732836 D234 CORRECTOR EXTERMAL PIF| 2| CERM Design Alu ER A%W-5033 [H11E] L. Gentini
LHCMCBYYi 5T07334338 FI INSULATIMNG EMD FLATE 2| CERM Design Epowuy GF EF G 308 [G-11) L. Gentini
LHCMCEYY1 ST0747071 WIRE EXIT BOR 2| CERM Design Epoiy GF EP GC 308 [G-11] L. Gentini
LHCMCEYYLSTO7 37412 500 mm KEY 4| CERM Design EM 14307 [St. Steel 304L) L. Gentini
LHCMCBEYY1 STO7E3312 34 CORRECTOR YOKE W2 84| CERM Design ARMCOE [Fe 99,33) L. Gentini
LHCMCBEYY STO7ES324 04 Flis EASTREMITY FLANGE v2 1| CERM Design EN 14306 [St. Steel 304L) L. Gentini
LHCMCEYY{ STO7727E4 04 FREE EXTREMITY FLAMNGE Y2 1|CERMDesign | EM 14306 (St Steel 204L) L. Gentini
LHCMCBEYY STO7 72447 FMAGMNET COIL ASSEMELY w3 2| CERM Design L. Gentini
LHCMCEYYI STO7r2448 INMER COIL w3 2| CERM Design Copper L. Gentini
LHCMCBYYi 5TO772457 OUTER COIL w3 2| CERM Design Copper L. Gentini
LHCMCEYYI STO7 7671 INSULATING FREE ERD PLATE 2| CERM Design Epoiy GF EP GC 308 [G-11] L. Gentini
LHCMCEYYL STOFFER40 COMMECTION BOH 2 4| CERM Design Epowy GF EP GE 308 [G-11) L. Gentini
LHCMCEYY STO7 76578 YOKE RODO W2 4| CERM Design EM 14307 [St. Steel 304L) L. Gentini
LHCMCBEYY STO77244E V3 @4 CORRECTOR ASSEMELY L. Gentini
LHCMCEYY{ STO7E3171 INSULATING WIRE LIME 142 1| CERM Design  |Epouy GF EF GC 208 [G-1] L. Gentini
LHCMCBEYY STO7E3172 IMSULATING WIRE LIME 2 w2 1| CERM Design Epowy GF EP GC 308 [G-11) L. Gentini
LHCMCEYYI STO7E31T4 INSULATING WIRE COVER 142 1| CERM Design Epony GF EP GO 308 [G-11) L. Gentini
LHCMCBYYi 5T0773327 HYBRIO YOKIMG KEY - OUTER FPAR 4| CERM Design ARMCO® [Fe 95,33:4) L. Gentini
LHCMCEYY STO07 73653 HYERIO YOKIMNG KEY - INMER FART| 4| CERM Design EM 14306 [St. Steel 304L) L. Gentini
LHCMCEYYL STO07 79921 HYERID YOKIMNG KEY ASSEMELY 4| CERM Design L. Gentini
150 4032_M16-A4 HEX NUT STYLE1 GRADE A M6 4| Mormalized Stainles Steel A4 Acier Inox Ad 47.4377.160.4
IS0 4762 M3nE-04 HEX SKT HDO CAP SCREW_M3K2 17| Mormalized St Steel A4
IS0 4762 M4nT2-04 HEX SKT HD CAF SCREW_M4X12 16| Mormalized St Steel A4 47.EETLIBE.T
150 7029_16x30-A4 MORMAL PL WASHER_1EX30 4| Mormalized Stainlezs Steel A4 Acier Inox A4 47.78.15.016.8
IS0 8752 12080-02 Sl heawy duty =pring pin_ 12180 28| Mormalized Stainless Steel B2 Acier Inox A2
STO343735 SPRING LOCK wASHER M4 [GRO 18| Commercial Ierm | St. Steel Ad 47.78.158.202.8 Eoszard [EMETS
IS0 4762 M326-A4 HEX SKT HO CAP SCREW_M3X26 24| Mormalized St. Steel A4 4762 71.110.0
STO2E2152 SPRING LOCK WaASHER 1MO2 [GRO 24| Commercial lkem | St. Steel A4 47.72.16.200.0 Bozzard |EMETR
ST0523388 HEX SKT LOW HDO SCREW h4:3 8| Commercial lkem | St. Steel A2 BDSSA@ Ehl 2844
IS0 4762_M258-12.9-A0[ HEX SKT HO CAP SCREW_M2H8 52| Mormalized Steel12.9

Low number of drawings / components ~ 20 leading to low cost of manufacture!
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2017
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2nd CCT apertuer ¥2 design 0.5m long

Mew farmer design

CHC mie 0.5m formers __’

Palish farmers 7

Hard anodize
joint box manufactusr

‘winding 0.5 m  inner farmer
‘winding 0.5 m outer former
Coail assembly , jointing,
impregnation
woke assembly
Cald test!

October Movember Jarwary Febuary March

September
w2 w3 wd w3 wh w7 owd wd WD Wl w12 w1l wid ]

w3z w3 w3 w3 w36 w37 w3 w3 wdl wd wd2 wd3 wdd wdE wdfwdi wdE wdd WS wE w52 Wi

2_2m Full lengh model
component manufactuer just Joint boxes needed
/ farmer manufactuer
/ polishing + Anodization
i CERM 0.825 wire insulation (430 ¢ for 30 sec
I CERM 0825 wire insulation (200 ]
] moadify 327 coil winding mic
coil winding aperture 1
| coil aszembly fjointing
impregnation
| cail winding aperture 2
| coil azzembly | jointing
impregnation
Magret assembly inta yoke
| \witing and prep for tent
cold test

Farmers and outer supoart tube mic

January Febuary March
wiwd wd wh wh w? wh wI wll Wl Wl wl3

September October MNeowember
w32 w3 3 w35 wiB w37 w3t w3t wdl wd” wd?Z wid3 wdd wdS wdEwdi wdE wdd Wil w5 w52 wl

Faster 0.5 m model 9 wires, design
CMNC mie 0.5m farmers
joint box manufactuer
‘wWinding 0.5 m  inner former
‘winding 0.5 mauter Former
Cail aszembly , jainting,
__impregnation
+ |uoke azsembly
f HI wiring prep for Coldtest!
o HL-Ltgold test twin app 0.5m 422 & & 4644
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Base line insulation

4 [ 59.06pm ]

3[54.07um ]

5[53.89um ]

e Glass sleeve compressed thickness ~ 0.052 mm

Polyimide 48 % overlapped wrapped
4mm wide tape,

Polyimide tape provides electrical insulation
Glass sleeve impregnated with radiation hard

Insulation tested at > 9 kV (very good) _ : _
resin provides mechanical support.



