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Motivation

The following work addresses improvements of the resin impregnation systems with the goal to overcome field limiting effects

occurring during training like micro-cracks, plastic events, or delamination. A current cooperation between ETH Ziurich, Paul Scherrer
Institute and CERN, embedded in the CHART (Swiss Accelerator Research and Technology) initiative, aims at the development of tough
epoxy systems suited for the impregnation of future high field superconducting magnets. In the first project period a baseline is
established by the characterization of three technically relevant systems (CTD-101K, Mix61, MY750/HY5922) that are compared with
regards to their mechanical and processing properties at room temperature which will be transferred to liquid nitrogen/helium
temperatures in the upcoming project period.
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MY750/HY5922 would need modification to lower viscosity.

Mechanical testing at room temperature

uniaxial tensile tests uniaxial compression tests

3-point bending tests

[ strain rates: CTD-101K 1

. - max(compressive stress): " CTD-101K - E . _ _ CTD101K
B 50 _ 0.33.10° & _ 6_“ - yield stress : 8000.0 _ “ss 1mear extrqpc:latlon t E
D(_U [ 0.66-10% &' P S 150 | strain ) : s\o cryogenic temperatures f=1Hz :
2 40 [ 0.99-103 5™ -/‘/ R g 3 hardening . 2000.0 _ \\\ amp =40 um _
i .7 ] 0] ! |asti © F Ss ]
7)) o plastc ~ _
D [ P d ] k7] - deformation s DR ]
9 3f - ] o 100 - =.6000.0 F 3
7 [ -7 ] = - —~ :
L e : & ' = §
B 20 e . o ' L 5000.0 F s
B . - o B . 4 1 1 .
) [ - : L - L. strain rate 10™ s _| ]
- .7 extract'ed from Iln.ear fits: ] g O extracted from linear fits: strain rate 102 s - : ]
10 |- Young's modulus: ] & : Young's modulus: strain rate 102 s 1 40000 £ | E'(1.9K): E'(83 K): E
: E = 2596 + 140 MPa : 3193 + 235 MPa strain rate 10 s | e ] 8350 MPa § 6630 MPa :
0 P B M N - 0 : L1 M N T RS 2101010 )0} 2 NI IFEMIFIPN ENFIFIFE IFEMIIP PP NI NP VNP IPEPIPN IME PP I L
0.000 0.005 0.010 0.015 0.020 0.025 0.00 0.05 0.10 0.15 0.20 0.25 -275 -250 -225 -200 -175 -150 -125 -100 -75 -50 -25 0 25
tensile strain [-] compressive strain [-] sample temperature [°C]
I | | ' ' i ' ' ' I.I ' ' ' | ' ' ' ' | ! ' ' ' | ' '_' L L DL LA DL LA DAL LA BLELELELE BLELELELE LA BLELELELE BLELELELE BLELELELE BLELELELEN DL
25 [ Mix 61 4 — max(compressive stress): strain Mix61 9000.0 E linear extrapolation Mix61 =
_ [ : & 50 | yield stress hardening i "*=~.__ to cryogenic temperatures
s 0 o strain rates: . ] 2 7000.0 £ = ]
" [/ 0.33-107 s ] 0} ©
7] - 3 1 - = a. 6000.0 F 3
+ ' ———099-103 g™ 02) E 5000.0 — —
2 ot/ h 7 — < 4000.0 E E
@ / o L/ plastic _ T LUl
o V[ extracted from linear fits: 3 J deformation strain rate 10_3 S 3000.0 E E
5 L/ Young's modulus: _ S | //// extracted from linear fits: strain rate 10 s | 20000 £ |E'(1.9K) E'(83 K) :
[/ E =660+ 54 MPa y. Young's modulus: strain rate 102 s™ 9180 MPa 7650 MP3
/ 895 + 144 MPa strain rate 107" s™ 10000 E
0 L | 0 RS R T S S S R T R S S S I T ST I T P ST PR P PR P T TS ST BT P P
0.0 0.1 0.2 0.3 0.00 0.05 0.10 0.15 0.20 0.25 -275 -250 -225 -200 -175 -150 -125 -100 -75 -50 -25 O 25
tensile strain [-] compressive strain [-] sample temperature [°C]
L L e e e e e L L D L T T T T T T T T T T T T T T T T T
- strain rates: MY750 - | | | | MY750 10000.0 g T
60 F 3 o1 - o 100 [ max(compressive stress): . - - MY750
y 0.33-103 s ] S _ P ' 9000.0 E linear extrapolation E
o - 3 1 | yield stress "~ E Tl t ic t t _
& of ——066:10°s . = -, fo cryogenic temperatures f=1Hz
é : 09910-3 S-'] i 8 - - 8000.0 é— N amp = 40 um —é
) L ] o " —— strain - r— 3 E
o 40F . = | 7000.0 :
A ] n I ' hardening o 3 3
?30F h = 50l | — = =. 6000.0 [ 3
o) [ - 8 /. plastic _ ] L_./
= : ! 4 ; deformation _ - ;] 9000.0 F r
S 20Ff | | - cg)_ / strain rate 10 s™
- - extract'ed from Iln.ear fits: Q extracted from linear fits: strain rate 10° s™ | 4000.0 3 ' _ E
10 - YOung s modulus: - O Young's modulus: strain rate 10_2 3-1 3000.0 E E'(19 K) L (83 K) 3
: E = 1959 + 28 MPa ' / 2138 + 150 MPa strain rate 107 s - Y E [ 9440 MPa 7655 Mpa
I : , T 4 v :
0 K= I T — T T R — - o= . . . e . 210100 )0 ) TE NP ENPIIP IR P PP U IPEPEIP PP PP PPN PPN P UL
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.00 0.05 0.10 0.15 0.20 0.25 -275 -250 -225 -200 -175 -150 -125 -100 -75 -50 -25 0 25

tensile strain [-]

compressive strain [-]

sample temperature [°C]

E [MPa]

2596 +140 660 1+ 54

1959 + 28

E [MPa]

3193 + 235 895 + 144

2138 + 150

E [MPa]

3413 + 100 819.0 + 80 2988 + 300



