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MBW-MQW in the LHC

Considerations on expected life and available options

P. Fessia N. Mariani
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Summary

- The magnets, their circuits, the spares, the failure modes
- The dose estimation

- Magnet radiation resistance estimation

- Protective actions

- Improving knowledge and possible development

- Considerations on interventions in point 7 and general
remarks

« Documents

« ECR LHC-MW-EC-0001: approved referring to LS1 all
Implementation completed

- ECR LHC-MW-EC-0002: approved referring to LS2 pending
final validation om ABP, collimation simulations and requiring
design of absorber from the collimation team




THE MAGNETS, THEIR CIRCUITS, THE
SPARES, THE FAILURE MODES
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MOQW T MBW

Produced by Alstom- - Produced by BINP

Canada - Welded and bolted yoke
Welded and bolted yoke . 20 units in LHC IR3 and IR7
48 units in LHC IR3 and - 3 spares available + 1 spare for
IR7 the life test

4 spares available
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MQW point 7 and 3

Characteristics RQ4. RQ5. RQT4 RQT4 RQ4. RQ5. RQT4 RQT5L RQT4R RQT5.R3
LR7 LR7 L7 .R7 LR3 LR3 L3 3 3

| ulimate (fromlayout 810 810 600 600 810 810 600 600 600 600

database) [A]

Voltage I ultimate [V] 381 383 29 27 451 452 38 34 42 39

I[A7] TeV (Fidel report) 598 610 151 151 sl | B | 2 441 313 441

Voltage | 7 TeV [V] 282 289 8 8 313 331 20 31 22 29

Number magnet in 10 10 1 1 10 10 1 1 1 1

series in circuit

Turn/magnet 171

Estimated ultimate 0.22 0.22 0.1/ 0.18 0.16 0.17 0.26 0.26 0.22 0.2 0.25 0.23

inter-turn voltage [V]

Estimated inter-turn 0.16 0.17 005 001 005 001 0.18 0.19 0.12 0.18 0.13 0.17
voltage at 7 TeV [V]

Estimated inter layer Same as inter turn

voltage

Insulation thickness 2X(2X0.25) mm=1 mm glass tape

inter turn

[Cir]CUlit energy ulimate 154 164 9 9 9 9 154 164 9 9 9 9

Kj

[CKi_r]CUlit energy 7 TeV 84 93 06 001 06 0.01 74 88 2.5 5 2.5 5
J

Ground insulation 1X(2X0.25) mm+3X(2X0.25)=2 mm

Resin used EPN1138 42%+ GY 6004 42% + CY 221 16% + HY 905 100 %+ 30ml DY 073

Dielectric resin > 20 kV/mm



MBW point 7 and 3

Characteristics RD34.LR7 RD34.LR3

| ultimate [A] (layout database) 810 810

Voltage | ultimate [V] 440 700

| 7 TeV (Fidel report) 643 643

Voltage | 7 TeV 350 556

Number magnet in series in circuit 8 12

Turn/magnet 84

Estimated ultimate inter-turn voltage 0.65 0.7

[V]

Estimated inter-turn voltage 7 TeV [V] 0.52 0.55

Estimated ultimate inter layer voltage 9.2 9.7

[V]

Estimated inter layer voltage 7 TeV 7.2 7.8

[V]

Circuit energy ultimate [K]] 472 793

Circuit energy 7 TeV [K]] 297 500

Insulation inter turn [mm] 2X(2X0.15)=0.6 glass tape

Insulation inter layer [mm] 2X(2X0.15)+2X(2X0.15)+1(glass cloth) =1.6 glass tape

Ground insulation 2X(2X0.15)+(0.15X6)=1.8 glass tape

Resin used EPC-1: resin ED-16 100 Hardener MA 2.28 [1 K Plasticizer MGF-9 20
TEa accelerant 0.5




Degradation of the insulation
system due to radiation
leading to inter turn short or
shorts to ground

Degradation of the
mechanical shimming
performed with ambient
temperature cured resins

radation of the insulation system
due to radiation leading to inter turn
short or shorts to ground

Remark magnet build with no coil on
the mid plane and therefore out from
the expected zone of highest losses




DOSE ESTIMATION
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X Distance from Hagnet Center {cm)
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Relationship dose vs. luminosity and point 7 vs.

pOi nt 3 It was recently suggested that this increase in slope is probably
T linked to the different sensitivity of the BLM_TCP.C that

] - = . - - 3
. = provides twice (1.8) the signal for vertical losses then for
Eu- T simans e &= horizontal. A change in distribution between the horizontal and
i gE| the vertical plane (with the same total losses) would explain the
'g - [E| change in slope without meaning increased loss on the magnet.
. = Factor 2 therefore probably conservative
: NS Jma
incegrated reminasiny [4°]
LA LA L LA L L DAL IS = L =
R o mrmnaeeme = Table 2: Resu e linear fit to the cumulated losses
el =S E during each fill 2012 as a function of the LHC
E”“" = delivered integrat inesi
?’: T E Fit results (Slﬂpﬂ)\ \7\2\ IR'%
I Gy fb] Bl

ig 1y =

et eminaiy 3°) 2011 6%.8 7629 1967 \1\15.1
Figure 2: Cumulated losses at the BLM located dov = 2012 before TS2 | 6359| 9682 | 26.8 | [ 126

stream the primary skew collimator in IR7 during 21 2012 after TS2 |1306.7| 1356.7 | 54.7 | | 30.1
(top) and 2012 (bottom) as a function of the LHC de]

ered mtegrated luminosity to ATLAS.
Worst P3 196.7/(697+196.7)=0.23

ESTIMATE OF WARM MAGNETS LIFETIME IN THE BETATRON
AND MOMENTUM CLEANING INSERTIONS OF THE LHC Worst P1357/(1357+30)=0.97

B. Salvachua®, R. Bruce, M. Brugger, F. Cerutti, S. Redaelli
CERN, Geneva, Switzerland




~~~~~ MBW.BER7 DROIT

Analysis exp. data point 3 and point 7
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Data from RP survey courtesy of A. Herve and C. Tromel. Data of dosimeter courtesy of DGS-RP High dosimetry



Dose evaluation process for each point

Fluka model results with 1.15

1016 p lost per interaction
point E 7 TeV.

Scale to the dosimeter readings
as benchmark (TS2) in
particular for 7 L

15010 "->3 Scale to the LS1, LS2 LS3 and 150 fb* ->3
350 fb1->7 i ) ) 350 fbl->7
3000 fb-t ->60 HL-LHC integrated luminosity 3000 fh-L ->60
0.98->1

w Scale to the Left and Right L=1

CERN

Scale to the increase slope
dose/luminosity after TS2

Normalise to a total losses
(adding the 2 points) of 1.15
1016

o, : using RP survey R=(0.4->2)



MAGNET RADIATION
RESISTANCE ESTIMATION
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Radiation resistance dose estimation

Degradation of mechanical properties appears and it can be measured before degradation of
electrical properties

Actions of the fillers
on the radiation
resistance

Results mechanical test g
of the irradiated used [FEEEE—.
resin or similar one La——

!

Estimation of the level of
resistance of the
insulation system to
radiation

Value of
mechanical load
In the Insulatio

But ...
1) What is the effect of the insulation thickness on the degradation ?
2) We know that exposure to air during irradiation should make the larger the damage.
How much ?
1) Worth re-evalauting the correlation between electrical and mechanical properties degradation



Applying the above mentioned

methodology

MQW

Coil insulation Coil to Coil spacer

EPN1138 42%+ GY 6004 42% +
+

CY 221 16% + HY 905 100 %+ EP_O.N s : & .1500

+ silica particle filler

30ml DY 073+ glass fibre

Level for pure resin Level for pure resin

10—20 MGy 510 MGy
Level for charged resin Level for charged resin
20—50 MGy 10—20 MGy

-

Coil insulation

EPC-1: resin ED-16 100 Hardener MA
2.28 + K Plasticizer MGF-9 20+ TEa
accelerant 0.5 + glass fibre

Level for pure resin
40—60 MGy

Level for charged resin
60—80 MGy



Dose [MGy] for Dose [MGy] for Dose [MGy] for
I P 3 integrated luminosity integrated luminosity integrated luminosity

150 fb~-1 350 fb~-1 3000 fb~-1
R L R L R L
MQWA.A4 0 0 0 0 2 4
MQWA.B4 0 0 0 0 2 4
MQWB.4 0 0 0 1 2 4
MQWA.C4 0 0 0 1 3 6 - -
MQWA.D4 0 1 1 2 7 14 POI”t 3 and 7 COII
MQWA.E4 2 3 4 8
MOWARS i 2 3 s magnet damage
MQWA.B5 1 3 3 6
MQWB.5 3 7 8 15 1 1
MQWA.C5 8 15 18 eStI matl On
MQWA.D5 2 4 4 9
MQWA.E5 3 7 8 16
MBW.A6 2 4 5 9
MBW.B6 2 5 5 11
MBW.C6 3 7 8 15
Dose [MGy] for Dose [MGy] for Dose [MGy] for
IP7 integrated luminosity integrated luminosity integrated luminosity
150 fb~-1 350 fb~-1 3000 fb~-1
R L R L R L
Ty 1 1 2 TR
From 10t0 20 MGy ~ From 40 to 60 MGy | MQWA.B4 0 ! ! 3 o 22
MQWB.4 1 2 2 5 17
From 20 to 50 MGy  From 60 to 80 Mgy MQWA.C4 6 6 14 14
MQWA.D4 4 4 9 9
Largerthan SOMGy | Larger than8OMGY | wowaes 5 11 s
MQWA.A5 3 3 6
MQWA.B5 4 4 10 10
MQWB.5 4 4 10 10
MQWA.C5 2 5 5 12
MQWA.D5 5 7 11
MQWA.E5 41 14
MBW.A6 22 16

MBW.B6 37 19



PROTECTIVE ACTIONS
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MBWB Peak Dose Z profile - Horizontal Scenario - Comparison

3.5

' MBWB Upper I\}o Prot --—--—--
5| MBWB Lower No Prot
bt MBWB Upper With Prot -------
B R MBWB Lower With Prot —
T T T T
L] I p L I T T 1 I
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09 e e
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- For max effectiveness we have to target the
higher possible density candidate therefore W,
or better the alloys for machining

Nominal density 18

W content % 95
Balance Ni,Cu
E-modulus 360 GPa

- Material staging along the MQW magnet Lo o g 30 M
length under study All Fluka computations courtesy of E. Skordis
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MBWB Peak Dose profile

MBWA
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Beam 2
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MQW shielding effect on the coil

Normalization: 1.15 10 p (50 fb1)

MQWA.E5R? Peak Dose Z profile - Comparison MQWA.C5R? Peak Dose Z profile - Comparison

3 T T 3 T T
MQWA.E5R7 Hor No Prot ——— MQWA.C5R7 Hor NO Prot —
MQ\?VA.E5R7 Horo\;Vit?l P:gt MQWA.C5R7 Hor With Prot
MQWA E5R7 Ver No Prot MQWA.C5R7 Ver No Prot
MQWA.E5R7 Ver With Prot 25 MQWA.C5R7 Ver With Prot
25 .
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300 250 200 150 100 50 300 250 200 150 100 50 0

Z From the front face of the Magnet (cm) Z From the front face of the Magnet (cm)

Reduction Factor 3 on most exposed
magnet with the hardest spectra. It Reduction Factor 4 on less exposed

shadows 20 % the radiation on the magnet with the softer spectra.

following magnet




MQW shielding effect on the coil to colls

SpaCerS Normalization: 1.15 10 p (50 fb1)

MQWA .E5R7 Peak Dose Z profile on Mid Plastic Coil Support - Comparison MQWA E4R7 Peak Dose Z profile - Comparison
0.9 3
MQWA.E5R?7 Hor No Prot MQWA.E4R?7 Hor No Prot
MQWA.E5R7 Hor With Prot MQWA.E4R7 Hor With Prot
0.8 MQWA.ESR?7 Ver No Prot 4 MQWA.E4R?7 Ver No Prot
’ MQWA .E5R?7 Ver With Prot X 05 MQWA.E4R7 Ver With Prot
0.7
0.6 2 [
[
= 0.5 = t[
o O o Beam 2
= =
Y e 1.5 &
8 04 8 -~
=] ’ [=
0.3 T Tl e 1 ot
T I ;@E%m‘rﬂiic_ﬁael“—"—"“’ T
kb g :
0.2 | il I3
0.1 TT-.- Ji &ﬁ TT-r T T T Tt _H“,, E:‘T ot S il - | gF =3 SRR ;H‘ T T
’ JLJ]JUL EE “M EE ’ l E “"lll + | T :;f—{fy—' #
0 i i | E 0 e e e et i e it il T g_L ff ll l
300 250 200 150 100 50 0 300 250 200 150 100 50
Z From the front face of the Magnet (cm) Z From the front face of the Magnet (cm)

Peak reduced to 70 % of initial value.
Largest part of the magnet benefits of a

reduction to 50% (reduction factor 2 ) It Reduction Factor 5-6 on less exposed

magnet with the softer spectra.

shadows 30 % the radiation on the
following magnet




Effect of shielding on location with softer
spectra

MQWA .E4R7 Peak Dose Z profile - Comparison

I k
MQWA.E4R7 Hor No Prot
MQWA.E4R7 Hor With Prot
MQWA.E4R7 Ver No Prot
MQWA E4R7 Ver W|th Prot

Dose (MGy)

oL ...ﬁ%ﬂvfﬁﬂ":l::-p'—

300 250 200 150 100 50

Z From the front face of the Magnet (cm)




MQW shielding downstream effect not
accounted for where not known

MQWA.D5R?7 Peak Dose Z profile - Comparison MQWA.D4R7 Peak Dose Z profile - Comparison
3 T 1] 1 2
MQWA.D5R7 Hor No Prot —— - T T
MQWA.D5R7 Hor With Prot Mg\?v\,lb\vg4D£7R|7—|H°\;v th Bro:
MQWA.D5R7 Ver No Prot . or Wi ro
MQWD.E5R7 Ver With Prot MQWA.D4R7 Ver No Prot
25 MQWA.D4R7 Ver With Prot
1
2
0.8
15 és l
< T
] 06 1
[7]
o
[a]

300 250 200 150 100 50 0
Z From the front face of the Magnet (cm)

300 250 200 150 100 50
Z From the front face of the Magnet (cm)




Shielding efficiency on coll doses

dose with shielding
dose without shielding ’ remark

MQWB.4 30% Conservative assumption: average computed efficiency
MQWA.C4 30% Conservative assumption: average computed efficiency
MQWA.D4 30% Conservative assumption: average computed efficiency
MQWA.E4 15% Computed
MQWA.A5 30% Conservative assumption: average computed efficiency
MQWA.B5 30% Conservative assumption: average computed efficiency
MQWB.5 30% Conservative assumption: average computed efficiency
MQWA.C5 25% Computed
MQWA.D5 34% Assumption same value as MQWA.E5
MQWA.E5 34% Computed

MBW.A6 31% Computed

MBW.B6 33% Computed




Optic change proposal point 7 discussed and agreed as possible with M.
Giovannozzi (it needs verification)
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Dose [MGy] for Dose [MGy] for Dose [MGy] for
I P 3 integrated luminosity integrated luminosity integrated luminosity

150 fb~-1 350 fbA-1 3000 fb~-1 PO | nt 3 and 7 COi I

R L R L R L
MQWA.A4 0 0 0 0 2 4
. c . . . magnet damage
MQWB.4 0 0 0 1 2 4 = - -
mwa o 0o estimation with
MQWA.D4 0 1 1 2 7 14
MQWA.E4 - 3 2 5 13 [2a h i Id i
MQWA.A5 2 2 3 8 15 S I e I n g
MQWA.B5 3 2 a 10 19
TenE 7 . . mewmesm Qreen arrow installed LS1
MQWA.C5 15 11 22 57 106
T : T yellow arrow foreseen for
MQWA.E5 g 7 5 10
MBW.A6 2 4 3 6 15 27 LSZ
MBW.B6 z 5 3 7 17 31
MBW.C6 . 7 5 9 24 44
MBW Dose [MGy] for Dose [MGy] for Dose [MGy] for
integrated luminosity integrated luminosity integrated luminosity
150 fb~-1 350 fb~-1 3000 fb~-1
From 10 to 20 From 40 to 60 R " R L R L
MGy MGy MQWA.A4 1 1 1 2 10
From 20 to 50 From 60 to 80 MQWA.B4 0 1 1 3 9
MGy Mgy MQWB.4 1 2 1 3 6
MQWA.C4 6 6 9 9
MQWA.D4 2 2 4 a
mmmm) MQWA.E4 1 2 2 5
MQWA.A5 3 3 4 4
MQWA.B5 4 4 6 6
R MQWB.5 4 4 6 6
MOWA.C5 2 5 3 7
3 5 6 8
MQWA.E5 14 5 11
MBW.A6 i 5 12
MBW.B6 12 6 14




MQW: shimming lifetime

Dose [MGy] for Dose [MGy] for Dose [MGy] for
integrated luminosity integrated luminosity integrated luminosity
150 fb~-1 350 fb~-1 3000 fb~-1
R L R L R L
MQWA.E4 O 1 1 2 9 19
MQWA.D5 1 2 3 13 19
MQWA.ES5 _ 3 I 8 200 67

LS3: MQWA. E5 In point 7 is critical for the
shimming life time for RUN 111

MQWA.D5 in point 7 and MQWA.C5 and MQWB.5
In point 3 are critical for HL-LHC

CE/RW
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Conclusion

- Scope
« 4 rad hard MQW to be installed in LS4

2 in Point 7 and 2 in Point 3 (Point large margin because of the present
collimation settings)

« 4 rad hard MQW to be kept as spare
« Radiation hardness level :

WITH SHIELDING
Coils 150 MGy
Supporting elements 40 MGy

WITHOUT SHIELDING
Coils 350 MGy
Supporting elements 80 MGy

- Next steps
«  Confirmation of rad hardness: this summer

- Confirmation of dose for bench mark dosimeter and FLUKA computations:
late spring

o)
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IMPROVING KNOWLEDGE,
CONFIDENCE IN DATAAND
POSSIBLE DEVELOPMENTS




Radlation hard colls:
under study

Proposal

Effect of replacing E glass with
S2 glass

Effect of replacing E glass with
Mica

Replacing epoxy with Cyanate
ester bled

MgO insulated cables

Remark
From test in Fraunhofer

From test in Fraunhofer

Known to be good, synergies
with the MCBXFA/B
development at CIEMAT

Contact established with KEK
and ITER, to go deeper in next
months




POINT 7 residual dose at 40 cm after 6 months of cooling

100 collimation ‘_" Magnets
and BPM l |
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,- ' ! Extrapolation LS2
0.001 -+ - - A Extrapolation LS3
Extrapolation LS4
Enhancement factor (vs LS1) for the remaining radiation dose after 6 moths of| — * -Extrapolation 3000 fb”-1
cooling | | |
LS2 3.4

LS3 4.3 [S. Roesler, C. Adorisio]

LS4 20

3000 fb”-1 in 2035 23



MATERIAL PROPERTIES
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MQW coll resins

component EPN1138 GY 6004 CY 221 HY 905 30ml DY 073
ppw 50 50 20 120 0.03

Paly - époypropyl—éther de nevologque
)

-fo\ FARY
O=CH—CH-CH, O—CH,—CH—CH,
N=16

EPN 1138 Novolac

—CgH,—CHy CaHy—CHgz
GY 6004 DGEBA e
% c—/cn-—f:ﬂ;-o-c&m-é—cﬁm—e—cm-ﬂq:?@lz

Di— épaxypropyl—éther de bisphénel

CY 221 DGEBA o
%o—/CH-—CHg —0=C,H, -E—Cﬁ Hy—=0— CH;-CQC-(CHE

HY 905 HY 905 (CIBA-GEIGY) Acid anhydride harderer, liguid, modified WT 907 (CIBA-GEEGY) Acid anhydride hardener, solid, unmodified
Hexahydrophthalic anhydride (see HT 907) ey

hali hydrid "—“‘]’(E"“‘u

HPA Hexahydrophthalic anhydride "*-r-'-»|;,--"

]

DY 073 flexibilizer I



MQW stresses in turn to turn insulation 1=710 A

CERN 93-01/A3E

Iviaterial:
Type

Supplier:
Remarks:

Epoxy resin TIS No. R 422
MY 745 (S0)+~ EPN 1138 (50) + CY 221

(20) + HY 905 (120) + DY 073 (0.3)

UL %:nm.
LOL

Ciba-Geigy
used for the ISR dipoles

Radiation test results according to IEC Standard 544 (and IS0 178)

Dose rate Dose Ultum. strength | Deformation Modulus
(kGv/h) (MGv) {IMPa) £ (%) (GPa)
0 0 1533 13.1£1 9 3.80£0.03
0.2 0.5 142+1 12903 3.50x0.02
0.2 2.0 140=x1 7.9+03 3.50=0.02
180 5 032 6.1+03 4.00£0.03
180 10 T3£3 4.2+02 4.10£0.04
0.5 12 T1£6 2102 3.7£0.1
180 20 131 1.1+0.1 3.40x0.04

Radiation index (RI) = 6.9 if strength 15 the critical property

Radiation index (RI) = 6.6 if deformation is the critical property

0.08
Radiation effect on Epoxy resin R 422
0.07 1000 ¢
® Ultim strength
0.06 r B Deformation
& * * —
= 100 ¢ &
w 0.05 £ E *
o = E
s E [
I ) L
H 0.04 = " — .
5 :
> 0.03 =
z
= [ ]
i
0.02 g 1z
0.01
0 . ; ;
0 1] 1 10 100
1->2 | 2>3 | 3->4 | 4>5 | 5->6 | 6->7 | 7->8 | 8->9 | 9->10 )1;)1 5->11|6->11|6->10 | 7->11 | 7->10 | 7->9 | 8-> Absorbed dose (MGy)
‘lStress [MPa]| 0.025 | 0.047 | 0.067 | 0.059 | 0.055 | 0.042 | 0.046 | 0.04 | 0.042 | 0.038|0.023|0.023 | 0.02 | 0.02 | 0.02 |0.023 OAoz‘ | Stress |VIFa)|  0.0U55 u.u11 L I O I I A 0.021 0.Ub

U.Ub




EPN 1138

[ Ntimate flex. | Deflexion Modulus of
Ne. Haterial and Supplier Bosw strength at break elasticity
3 ] H
(Gy) M/ ) () (H/nm’ )
B9 | EPN 113?[333 v MY ;x{?n[];.f [ 13,5 = 24.5 9.3 £ 3.2 | 3,65 £ 0,15 «» In?
+ CY 221{20) + HY (120 +| . . " . "
+ DY 063(0.3) 6 I{lf 9.2+ 6.9 | 46 0.3 [3.75 +0.13 « m:
34 b 120 ¥ =107 6R7 =226 | 3.5 +1.2 3.5 +0.07 <10
Type 158 2=10"| 62,8:13.7 | 3.0 £0,7 |3.88 20,08 =07
ALSTHOM & = 107 6.9+ 0.3 [ 0.7 +0,0 [1.%0 + 0,24 = 10°
123 | EPM T138(50) + MY 745(50) + | @O 1B.7 +21.6 | 8.4+ 3,1 |3.30 = 0,08 % 10°
+ WY 905{103) + ¥B 26B7(0.25) &, qo¢ | 148+ 21,6 | 5.8 ¢ 3.4 |3.38 & p2 %10
24 h 130 °C 1=1w"| 785+ 8.8 [4.3:0.4 [3.45 20p,73 = 10"
ATy aaapt)| e3g0 s £9 1oaepna 136 -0 060
203 | EPN 1138(100) + WY 906{95) +| © 130.5 + 19,8 8.7 +2.2|3.52 + 0,05 = 10°
+ O m&?[?.s:. . 5= 10° | 115.8 = 19.6 7.0 £ 1,8 |3.88 017 =107
25 M 20 TC + 12 h 160 TC =107 | 122.6 2+ 7.8 7.2+ 0.7|3.95 « 004 = 10"
CIBA-GEIGY

297 | EPH 113B(50) + M¥ 745(50} + 124.2 + 24,5 | 12.4 = 3,7 [3.73 £ 0,25 = 10°
+ OF Z2V(20) + WY 90S(020) # [ . _ o0 e X e ta o it
s X8 2687(0.3) 5 mj 91.9 + B.8 6.4 £ 0.5 (3.80 £0,13 1|:|1
24 b 120 °C 1= 10 GB.% * 11.8 4.5 £ 0.9 [4.01 = 0,08 = 10
ge=10f | 1317+ 0.3 12 -o4l3pe+004x]0
CIBA-GEIGY | 5 = 107 2.1+ 0.0 0.7 = 0.0 (5.27 = 0,00 = 107

[ | Material amd Suppltee Doze I""l:‘?_;:ﬂ:;"‘" Ef":;‘;g‘: :“I‘E:??i::
H ™ -
| [hw b { Horm {mm} { Wfww® )
FaE | MY TAS{IO0OD) = HY DOA[O0) s | i THE.A ¢ 1.0 6.5 =+ 0.8 | 3.64 & 0,07 = 107
[a) | + um PRATFLI.S)
12 A 125 *C
CIRA-GE [GY
£ow | My _7ac(i00) + Y S0E(R0) s o 1004 & 373 B3z 4.0 368 ¢ 004 = 107
+ X§ ET(1.8) 5 o= 100 | 1IB.B . 324 1.2 = #.1 | 3.65 012 = 147
& ® 110 TC + 16 h 176 TC 1 = 107 0.0 @ dd.1 FOox 3.68) 4.0 = 0,10 = V0"
2.8 = 167 aE.1 = WF. 2.9 1.0 4. 20 = D21 = W0
C1BA-GE IGY 5 = 10 13.7 = 2.9 1.2 = 0.4 A.4F & D,00 10"
Fal] MY FAS{ U} & HY S06(90) W o m7.7 20,6 7.9« 2.0 A.04 = D08 = 0%
+ HB Z0ET(].5) Bow 10*| 1148 0 34,3 2.3 a0 3.3 .76 = O.12 = 107
24 B OVES G 1 1m? EB.F & 20.8 4.4 = 1.3 | 4,62 2 016 = 107
2% = fa’ 36.% + A.8 2.2 a.5 4.85 = O.24 = V0%
CIBA-GEIGY = L BB = 1.98 0.6 = 0.8 | F.E1 & O.00 = ¥OS

CY 222 (similar to CY221)

[ : Ntimate flex. | Deflexion Modulus of
Ka. Haterial and Supplier Dose strength at brask elasticity
5 ] L
Gy ) () | (e} (W
103 | CY 222 + HY 920 a
(e} {Pure resin) 5 « 10t } toa flgeible for tejting
1 =107
3=107| 157+ 2.0 5.4+ 31,6 | 8.04 £1,32 « 107
BBC Baden | § = 107 | 12.8 = 1.0 1.4+ 0.3 | 1,66 £ 0.13 = 107
|




Filler contribution

2 Categories of fillers:

- Dose for 1. Powder fillers
. -~ . Composition | _. o Dose Range o ’
Resins |Hardeners| Additives Filler (p.p.) Fig 5(()|\/;|;cfil;e)x (MGy) 2 G|aSS/SI|ICE flbers
Psfl'f"e’ igg;;;gg iij 11;’ 12 Paper [cellulose (C¢H;,Ox),]
1ice -2/- . . -
e 10027200 518l 114 —> Strong decrease of radio-resistance
Silice (5 micron) 100-27-20 |5.16 14.8 10-15 .
Silice (20 micron) |  100-27-20 [5.16|  14.8 The bigger the .l
. . I
Silice 240 mlcron; 100-27-20 |5.16 14.6 powder, the more kL
Silice (40 micron 100-27-200 |5.17 12.1 . .
BDMA | Silice (40 micron) | 100-80-2-200 |5.17 <10 <10 radio-resistant 17
Aérosil + Sulphate ]
de Barium 100-27-2-150 |5.14| 15.8 15 Hardener choice not |
Magnésie 100-27-120 |5.14) 18 18 influenced by filler R
Graphite 100-27-60 | 4.6 | 26.8 . Fom s
Alumine 100-27-220 |4.7 | 23.5) Graphite and Alumina A=+t
Alumine 100-27-220 |5.14| 51.7 i | |
_ 20-50 A R —h
Alumine 100-27-100 |5.15| 20.6 Th fill th | R
Alumine 100-27-220 € mor? ' er_s, € | -—-—|— IJ,—\_\ ‘l
Fibre deverre | 100-27-50 5. 100 more radio-resistant | .
Fibre de verre | 100-27-60 e e
Fibre de verre 100-29-50 A M 1
Fibre de silice 100-41-50 5100
Fibre desilice | 100-40-50 |5.20] >100 Best Radio-Resistant materials are
Legend Hardener obtain with Glass/Silice (influence of

boron) fibers and aromatic resins

Linear aliphatic

Cycloaliphatic (Novolac and glycidyl-amine)

Aromatic




EPN 1138 with filler

CY 222 (similar to CY221) with filler

CIBA-GEIGY | DOW SHELL . . Utinate flex, | Deflexion |  Modulus of
No. | Material and Supplier | Dose | cpanneh | at break | elasticity
EPN 1138 | DEN 438 | EPIKOTE (EP) 154 s 0 N
EPN 1139 | DEN 431 - () | (W) (m) (N/m)
No . Material and Supplier Dose mt:r:::g:;“' [ E:”::\::E :?g:hg‘-:; ]
. o " 103 | cv 222 + HY 920 0 -
(&) - (W/mnt) ] (R } |
1 S R — ) {Pure resin) s« 100 tog flaxible for testing
B9 EPH 113B(50) + My TAL{50) + [ 1] 131.5 + 24.5 9.3 # 3.2 | 3.8 = 0,15 = 10? ! .
:g: EHED%]‘ Hr 905(120) +| 6w 10¢| 922+ 69 | 4.6 20,3 |3,75 + 0,13 = 10 1% 10
26 h 120 °C T«10°| SA7 2226 | 3.521.2 |3.56 &£ 0.07 20! 12107 157420 |54+ 36 | 80840310
=10 62.8 * 13,7 3.0 9.7 3,88 + 0,08 = 10? ¥
Type ISR JRp— 6= 10 692 03 107201 1.9 ¢0.28 =100 BAC Baden | G707 | 12.8+1,0 |1.4:03 | 1.66£0.03%10
94 | EPIKOTE 154 + MYA + glass 0 4414 1 18.6 | 5.5+ 0.6 |1.85 +0.10 x 10* _
tape 5x10°| 394.4¢12.7 | 5.2+0.5 |1.77 +0.06 x10* | | 104 | cv 222 + vy 520+ 708 quass | D 88, + 0.8 6.87 ¢ 1.1 .n;
1x707| 2708 +44.2 | 3.6+ 0.9 [1.82 +0.10 x 0% A IERUNRUENELE 1,02 ¢ 0.09 % 10
2%107| 308.0 £ 216 | 4.0 +0.3 [1.85+ 001 % 10° 10T BI26S 40 1 0,50 ¢ 10
+ 00,50 «
MICAFIL 5x107) 234.5+ 3.9 [3.040.2 [1.95 0,16 % 10° 6107 | 69.7¢3.8 M N
BAC Baden |1 10| 618269 |3Be3E | 607224510

| MQW

- The pure resin mix used shall keep substantial
mechanical properties at least till 15-20 MGy

- Presence of glass fibre shall increase the substantial

176 Hagret coil resin Orld

mechamcal propertles at least to 40-50 MGy

therm{R)

51 =8 woven tape t._'rp-: 2 with
wpecial

12 h 188 °C

reinforced wi th

silane Ffinish
BEBC Baden




Spacers resins
- Composition
. HD polyethylene pipes filled with
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MBW BINP used resin.

Me looked at molecule and there is good indication that it should radiation hard as
vitnessed by the tests and we assume stresses of the order of 10 MPa

140

120

80

60

Ultimate flexural strength [MPa]

MBW

© 1+ - The pure resin mix used shall keep substantial mechanical
properties at least till 50-60 MGy (10 MPa)

» + - Presence of fibre glass should probably extend life till 70-80
MGy

0.01 0.1 1 10 100

Dose [MGy]




Different epoxy

Linear aliphatic
Cycloaliphatic
Aromatic

. . Composition . o~ | Viscosity | Service life . Dose for 50% | Dose Range
Resins Hardeners| Additives 0.p.) Mix Temp (°C) (cPs) (mn) Fig flex. (MGy) (MGy)
5.4 1.4
BDMA 100-105-0.2 80 45 >180 5.1 1.6 1-3
5.4 2.5
BDMA 100-110-0.2 80 40 >180 5.1 2.3
ECC 100-72 80 20 >240 5.5 1.8
VCD BDMA 100-160-05 60 20 >180 5.4 3.7 1-6
DADD 100-65 80 180 >240 5.4 5.5
DGEBA + 100-20-12 25 5.21 13 1-2
DGEBA DBP 83-9-17 50 500 few 5.22 1.2
DGEBA 100-35 130 60 180 4.2 5.1
DGEBA + 100-20-30 80 5.21 8.2 5-15
DGEBA 100-27 80 100 50 5.9 13.0
DGEBA 100-14.5 65 200 30 5.7 235 23
. BGERR | — -4 0 2 SOy 226y o5y | il
DGEBA BDMA 100-130-1 80 70 120 5.2 4.2
DGEBA BDMA 100-80-1 80 80 120 5.2 5.9
DGEBA 100-100 60 69 >1440 5.23 7.1
BDMA 5.1 12.0 5-15
DGEBA P 10010001100 60 65 300 | 523 121
A —_— ._.._ ._ _ _ _ _ — — =]
DGPP 100-28 130 5.6 8.2
DGPP 100-135 120 5.3 13.0
EDTC 100-20 80 40 5.9 10.0 5-15
TGTPE 100-34 125 >20000 5.6 12.1
TGTPE BDMA 100-100-0.2 125 >15000 5.3 10.6
EPN 100-35 100 30 5.6 235 20- 40
100-29 100 35 5.10 37.2
| 100761 ([ 8 [ | 40 | 510 [ 130 |
00-105-0.5 80 00 5.3+5.25 5.0 10- 20
BDMA 100-85-1 100 80 5.10 20.6
100-40 80 50 5.6 20.6
BDMA 100-136-0.5 60 30 5.3 114 10-25
BDMA 100-110-1 80 500 20 5.8 18.0
100-137 80 <20 5.8 235
100-20 25 120-420 5.7 235 20-30
100-115 25 5-20 30-5760 5.8 28.6

-

CH,

P
@, - H

" I .
G- O - 0~ O dbnasiefs,
CH, - oH

Linear Aliphaticr

Aliphatic amine harderner
—> poor radio-resistance

Aromatic amine hardener
>

Anhydride hardener

H: Too high local
concentration of benzene
may induce steric hin-.=;
disturbation

Good radio-resistance even

f:j-.;..
e
if ClI (tendence to capture ny,)

Novolac: HIGH Radio-
resistance
» Large nb of epoxy groups

= NAancihs L rinidAihg
Glycidyl-amine: HIGH R.-
resi
. ernary
- weak

n

group RRePI-%/)



MQW stresses in turn to turn insulation 1=710 A

0.08
0.07
0.06

0.05

0.04

0.03

0.02

) I I I I
0 0

1->2 | 2->3 | 3->4 | 4->5 | 5->6 | 6->7 | 7->8 | 8->9 | 9->10 )111 5->11|6->116->10| 7->11 | 7->10 | 7->9 | 8->10

B Stress [MPa] | 0.025 | 0.047 | 0.067 | 0.059 | 0.055 | 0.042 | 0.046 | 0.04 | 0.042 | 0.038|0.023|0.023 | 0.02 | 0.02 | 0.02 | 0.023| 0.02

Von Mises[ MPa]

0.07

0.06

0.05

0.04

0.03

Von Mises[ MPa]

0.01

0

B Stress [MPa]

1->Ground
0.0055

MQW stresses in insulation to ground I1=710 A

2->Ground
0.011

3->Ground
0.012

4->Ground
0.014

5->Ground
0.016

6->Ground
0.023

7->Ground
0.021

8->Ground
0.06

9->Ground
0.06



CERN 9801/A3E

Material: " resi TIS No. R 422
Type + EPN 1138 (50) + CY 221

+ (120) + DY 073 (0.3)
Supplier: Ciba-Geigy UL 94:n.m.
Remarks: used for the ISR dipoles LOL

Material: Epoxy resin TIS No. R 422
Type MY 745 (50) + EPN 1138 (50) +

OY 22010200+ HY 205 (120) +

DY 073 (0.3)
Supplier: Ciba-Geigy UL %4: nm.
Remarks: usad for the 18R dipoles Lol

Radiation test resnlts according o IEC Standard 544 (and IS0 178)

Radiation test results according to IEC Standard 544 (and ISO 178) Diase Mechanical test results at RT Mechanical test results at 77 K
Dose rate Dose Ultim. strength | Deformation Modulus (MG Speugtll Deformation E[ILt».dul.us [ Sn'engl.]] Deformation h[nu_duln.s
(kGy/h) (MGy) (MPa) £ (%) (GPa) S (MPa) E (%) (GPa) (MPa) £ (%) (GPa)
0 0 15323 131219 3.8020.03 ] 1526+ 30 13119 | 38003 344=19 35205 6.7=0%
5 NES N . . & 5 Ay -
0.2 0.5 1421 12,903 3.50+0.02 10 2;’3 i :'g i: . E :lll . E‘ﬁ;}
0.2 2.0 1401 7.9:03 3.50:0.02 w | 0T e e AEER 91413 38:03 | 83102
: o = 13 LE- 83zx02
150 s 32| 61203 | 40005 |y | gengg | pasar | sasoos
. _ U ) ’ 35 124 = 44 1001 6.1+07
0.5 12 716 2102 3.7£0.1 18 18450 0702 | 28210
180 20 13£1 1.1+0.1 3.40=0.04 - S S
RI= 6.9 .6 >7.3 =73 7.7 1.7
Radiation index (RI) = 6.9 1f strength 1s the critical property
Radiation index (RI) = 6.6 if deformation is the critical
®D property Radiation effect on epoxy resin K 422
1000
Radiation effect on Epoxy resin R 422 & Strength KT
1000 # Defoometion KT
: 4 Sregh 77K
# Ultim strength
B Defhematin g 1 —"\c\  Defoametion 7K
& * > *
F 100 r . g
=
E W
e
g gl i
5
3 g’
= [ ]
B
g 1
5 °| ]:|,|' I W] i i uauuiy i i i isaiy il i)
a 1 10 100 1000
0 L . . Abscrbed dose (MGy)
0 10 100

Absorbed dose (MGy)

Fig. 18 Amldite MY 745 - EFN 1138 R 422




Spac_e_rs resins
- Composition
«  HD polyethylene pipes filled with

EPON 826 22 kg Low viscosity, liquid bisphenol A based epoxy resin.

RP 1500 3kg Tetramine hardener
MIN-SIL 120 F 17 kg Fused silica particles 50% diameter smaller than 0.044 mm

‘HALD"E F | P Ultimate Tlex I Deflexian Hodates of ]
& Ratarial and Sagalier Do strergth #%  beest wlagbirity
- CY205 | | H ] »
i G [LE g} [E ] LT ]
g . — Uleate Fien. | Dafisxion Modulis af | 0N | BRELBITE O & HP 856 apg v 1EA | BB 1B [BTE 0 0,08 = 10
Ha. L el 3k} ¥
el i Samltu Deda kreragti st beesi elasticity | [T — Pel0h | BN 0 W |: Fal.? |BERaG.E =T
't.l [ L] | | =100 | 2254 mA |07 006 [EAE a0 =0
(Ex] [Miham) =) Ll ;| 1 7o 10" | pepies broies |sfuer iersdibnion
¥ |magret_codl reuin Orit ] 8.1 41 20,00 . 00" | .
sherm(d) (Bae: BRERA + FEA s o - ' | H 1ims |3,T:3,3 # =10
+ oEhET ComposEts) “I':u. . '?I “:"M”T,- r:‘{ Be e 33 | EeErng TRl
- 'J_ B2.a -55 #0113 00 EA L] 2 =0" g e benken afies Ivesdifnion |
| e2a10" 202 R ACERTL |
B Baeen | S.6=107 T9e 26000 =10 | | |
m REALDNTE O + WF B&E Tillgd [ M.F0 39 [T R |
with it Tei0t | §1.861 0,9 1.1 101
" Nﬁlfﬂll-‘r—\;l-m:i & HE x0T §.0+0.5 | 298 = 0,045 00" Reared vt mbbont tep. | Ee 0t | 30113 13¢ta.4 |
procae . ] |
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nape type 1 ond mica-pager | 179707 3004 e B8 [ wE 05 | B0 = 0S| .
g B £ b 3.0+ 0.8 | 585 = 0.4 = 10 | Teig® | 383 +0.0 20t
BOC Magen | 0.010° s 18 | 3Fea.p | &6 20,00 0000 | "{ L B 1.4 £ B8
| | 1] re10" | 1.9 000 0.4t a0
m AARLOITE '|'l:D: + MRR(BO| + ! o nac 7.8 #.0ta3,3 =gt
+ D0.5] & Filber | 1=18°| mra=11.m [ETER = 10
| 2= mnzs B |02 =03 . 10 )
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™
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1L ;) CY FO5[W80] + WY S64{1M) = a B O30 | AA=D04 T2 v 208 = wn? T L
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en fonction des doses obsorbess
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Table 1

Technical application, composition, curing conditioms, and short survey

on properties of the tested impregnation systems based on ARALDITEand ARACAST@)Epnxy resins

Type 1 2 and 2a 3 4 5
. . . . Comparative systems
X o Vacuum impregnation | Vacuum impregnation ara
Technical application CERN : .
of ISR magnet coils | of SPS magnet coils Standard 1 Standard 2 lantoin

Type Za:
24 h/150 °C

Composition: &)
- Epoxy resins EPN 1138 Araldite MY 745 Araldite CY 205= Araldite CY 205 = Aracast CY 362
Araldite MY 745 Araldite F Araldite T
Araldite CY 221
- Hardener HY 205 HY 906 HY 905 HY 206 HY 905
- Accelerator XB 2687 XB 2687 oy 06l o 064 XB 2687
Parts per weight of the S0:50: 20:120:0.3 100:90:1.5 100:100:1 100:80:1 100:120:1.5
components
Curing conditions for test| 24 h/120 °C Type 2: 8 h/BD °C + 24 h/150 °C 12 h/90 °C +
specimen 5 h/110 °C + B h/130 °C 18 h/140 °C
16 h/125 °C

Processing properties b)

Mechanical and thermo=-

mechanical properties b)

Electrical properties o)

Medium viscosity,
very good long pot-
life, long gel-time.
Good flexibility,
medium heat distor-
tion temperature
respegt@ve]y glass
translition tE,’IIq:IETH-
ture (medium cross-
linking grade).

Medium tracking
resistance.

Medium viscosity,
long pot-life,
medium gel-time.

Good flexibility,
higher transition
temperature than
type 1 (higher
cross-linking
grade).

Za: less
flexible and higher
glass transition
temperature.

Good properties as
a function of tem-
perature.

Medium viscosity,
short pot-life,
short gel-time.

Good flexibility,
medium glass tran-
sition temperature
(medium cross—
linking grade].

Very good tracking
resistance.

Medium viscosity,
short pot-life,
short gel-time.

Medium flexibility,
high glass transi-
tion temperature
(high cross-
linking grade).

Good dielectrical
properties as a
function of tempe-
rature.

Low viscosity, long
pot-life, short
gel-time.

Medium heat distor-
tion temperature
respectively glass
transition tempera-
ture (medium cross-
linking grade].

Very pood tracking
resistance.

a) For more details see

Table 2;

b} For more details see Table 13,

ARALDII'E and ﬁRﬂCﬁST@) are trade names of Ciba-Geigy epoxy resins.
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Table I1l.1&

Effect of nuclear radiation on the
dielectric strength of epoxy resins

Dielectric strength (kV/mm) versus dose (rad)
Resin composition

0 2.3 = 10%° 5.6 % 10° 6.8 x 10° 1.2 = 10° 1.z = 10° 2.7 = 107
1) Araldite F + MDA 21.2 + 0.8 17.7 & 0.8(83.5) 16.1 = 0.8(76)
7] Araldite F + DADPS 21,4 " 18.5 " (86.5) 17.5 " (82)
3) Araldite F + MA 19.0 " 8.2 " (96) 17.8 " (95.5)
4) Araldite B + AP 18.1 * 17.4 " (96) 14.5 "™ (B0) ;
5) Araldite F + OPA + TETA [19.6 " [19.5 ¢ 0.8(100) 16.5 + D.8(84) 0 "
6) EPM + MA + EDMA 2.5 " 21.0 # 0.8(93.5) 20.0 + 0.8(89)
7) EPN + MDA w1 " .0 " (105) 1.5 " (97)
8) TGMD + MA + BIDMA 0.1 " 18.7 " (93.5) 18.0 " (90)
9) TGO + MDA 3.4 0" 23.3 " (100} 25.2 " (108)

The values in brackers represent Lhe percentage of the initial value.
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DGEBA considerations

4. Pure resin combinations (Table 2 and Figs. 1 to 6)

The radiation resistance of composite insulating materials depends primarily on the binding material,
in particular in cases where the other components are inorganic, e.g. glass tape, mica, etc. For this reason
pure resins that are generally used as binding materials were included in this study. On the other hand, not
too much importance should be attributed to these results since the radiation resistance may be
considerably improved by the reinforcing materials.

Comparing the results and taking the half-value dose for flexural strength after irradiation as the
parameter, the following radiation resistance was found:

-~ No. 338, epoxy resin + isocyanate upto 1 x 10® Gy
— No. 348, epoxy resin: DGEBA + anhydride + other components upto 3 x 107 Gy
- No. 336, epoxy resin: DGEBA + anhydride + other components uptol x 10" Gy
— No. 337, silicone resin uptol % 10" Gy
- No. 369, silicone resin uptol x 107 Gy
— No. 368, epoxy resin: DGEBA + anhydride + other components upto 3 x 10° Gy
4
Material Flex. strength Deflexion Modulus of RI
No. Type Dose at max. load at max. load elasticity IEC5544-4
Supplier at 100 Gy/h
Remarks (Gy) S (MPa) D (mm) M (GPa)
336  Solventless epoxy resin 0.0 85.0 £+ 3.0 4.6 + 0.1 3.36 = 0.02 7.3
(Base: DGEBA + anhydride
hardener + other components) 3.0 x 10° 90.6 + 7.5 4.6 + 0.1 3.54 + 0.09
Micadur resin 1.0 x 10° 94.4 + 6.0 5.2+ 0.3 3.47 + 0.11
BBC, Baden 3.0 x 10° 84.2 + 6.0 4.6 = 0.6 3.41 + 0.16
HV machine insulation applica- 1.0 x 10’ 75.0 + 6.1 4.0 + 0.4 3.46 + 0.06
tion
3.0 x 107 314 + 0.0 2.9 £ 0.0 1.93 + 0.0

1.0 x 10® 6.4+ 2.5 0.8 + 0.3 1.00 + 0.32




