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3D MODEL (1/8 OF THE FULL MODEL)
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LOADSTEPS

half ∆y between 
collars (µm)

half ∆y between 
yokes (µm)

1 collars under pressure 0 ──
2 collar pressure release 40 ──
3 iron yoke under pressure 20 0
4 yoke pressure release 35 200/2
5 cool-down 35 55/2
6 energization 35 40/2
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COLLARS UNDER PRESSURE
(σmax=260 MPa)
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INNERMOST
END FILLER

COLLAR POLES
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COLLARS UNDER
PRESSURE

(σmax=260 MPa, 
displacements are 10 
times amplified)
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COLLAR PRESSURE
RELEASE

(σmax=250 MPa, 
displacements are 10 
times amplified)
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PEAK STRESS IN THE LAST TURN

σmax (MPa)
collars under pressure 257.6
collar pressure release 247.6
iron yoke under pressure 274.1
yoke pressure release 261.3
cool-down 227.6
energization 168.5
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COLLARS UNDER
PRESSURE
(σmax=540 MPa)

COLLAR PRESSURE
RELEASE
(σmax=520 MPa)
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MIDPLANE AVERAGE STRESSES 3D (2D)

<σy> (MPa) <σeqv> (MPa)
collars under pressure -92 (-78) 72 (73)
collar pressure release -86 (-64) 67 (61)
iron yoke under pressure -101 (-78) 80 (73)
yoke pressure release -91 (-68) 72 (64)
cool-down -53 (-38) 49 (39)
energization -53 (-43) 47 (42)
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AZIMUTHAL STRESS ON COIL END BEFORE COOL
DOWN
0 (red)→−100 MPa (blue)
grey means “in tension”
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AZIMUTHAL STRESS ON COIL END AFTER
COOL DOWN (0→−100 MPa)
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SOLUTION 1: TAPERING OF THE COLLAR POLE
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AZIMUTHAL STRESS BEFORE COOL DOWN WITH
TAPERED COLLAR POLE
(σmax=170 MPa, to be compared with 270 MPa)
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PEAK STRESS IN THE LAST TURN

σmax (MPa)
normal 

collar pole

σmax (MPa)
tapered 

collar pole
collars under pressure 257.6 166.8
collar pressure release 247.6 162.4
iron yoke under pressure 274.1 172.6
yoke pressure release 261.3 169.0
cool-down 227.6 160.6
energization 168.5 83.8
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MIDPLANE AVERAGE STRESSES 3D (2D) 
WITH TAPERED COLLAR POLE

<σy> (MPa) <σeqv> (MPa)
collars under pressure -78 (-78) 62 (73)
collar pressure release -72 (-64) 58 (61)
iron yoke under pressure -86 (-78) 69 (73)
yoke pressure release -77 (-68) 62 (64)
cool-down -41 (-38) 41 (39)
energization -41 (-43) 39 (42)
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SOLUTION 2: MIDPLANE TAPERED SHIM
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AZIMUTHAL STRESS BEFORE COOL DOWN
(0→−100 MPa)

NO MIDPLANE TAPERED SHIM WITH MIDPLANE TAPERED SHIM
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AZIMUTHAL STRESS AFTER COOL DOWN
(0→−100 MPa)

NO MIDPLANE TAPERED SHIM NO MIDPLANE TAPERED SHIM
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LONGITUDINAL LENGTHENING OF WINDING

µr =0.5 (mm) µr =0.1 (mm)
collars under pressure +0.19 +0.28
collar pressure release +0.18 +0.26
iron yoke under pressure +0.27 +0.38
yoke pressure release +0.24 +0.32
cool-down -1.13 -1.21
energization -1.07 -1.02

∆L=0.06 ∆L=0.19
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EFFECT OF LONGITUDINAL PRE-
STRESS ON FLANGE AND OUTER
SHELL



Stefania Farinon, November 4th 2009

22

3D FINITE ELEMENT MODEL
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3D FINITE ELEMENT MODEL

outer shell

thick end flange

welding

coil end flange

bolts

winding

co
lla

rs

iron yoke
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WHAT’S THE USE OF PRE-STRESS?
 Pre-stress loads in compression the coil ends, to 

avoid that they could be loaded in traction once 
the magnet has been energized

 It is crucial to understand which fraction of the 
Lorentz forces we have to face
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AXIAL AND LONGITUDINAL PRE-STRESS

PSY>FLY
no Y displacement of winding
FLY partially replaces PSY

PSZ>effective FLZ
PSZ impose Z displacement to winding
Applied UZ partially recovered by active FLZ

PSZFLZ
Y

Z

Y
X

PSY

FLY
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LOADING OF PRE-STRESS
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MAGNET ENERGIZATION

 only a fraction of 
the Lorentz forces 
contributes to the 
stress on the outer 
shell and flange 

 this expression is 
valid for a 
concentrated force 
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DISTRIBUTED FORCE
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REAL DISTRIBUTION

Fconc.≡40% Fdistr.
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LONGITUDINAL DISPLACEMENTS

no sliding sliding without friction
in the coil ends
(250 mm)

effective FLZ=7.3 kN effective FLZ=28.9 kN
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EFFECT OF GRAVITY DURING TEST AT LASA

constraint 
∆Z=0 on the 
top of the 
outer shell
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REACTION ON END FLANGES 
 initial pre-stress:

 Pi=56.2 kN
 gravity:

 Pup= 29.4 kN = Pi-54.3% of coil weight
 Pdown=78.8 kN = Pi+45.7% of coil weight

 Lorentz forces:
 Tup=58.3 kN = Pup + 28.9 kN
 Tdown=107.6 kN = Pdown + 28.9 kN

 total weight: 5668 kg
 winding weight: 5050.7 kg
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VON MISES STRESS
PRE-STRESS OF 5.6 kN

<σeqv>=9 MPa
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VON MISES STRESS
PRE-STRESS OF 5.6 kN + GRAVITY

<σeqv>=13 MPa
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VON MISES STRESS - PRE-STRESS OF 5.6 kN 
+ GRAVITY + LORENTZ FORCES

<σeqv>=17 MPa


	Meeting GSI/INFN  
	3D model (1/8 of the full model)
	loadsteps
	collars under pressure� (smax=260 MPa)
	Slide Number 5
	collars under pressure ��(smax=260 MPa, displacements are 10 times amplified)
	collar pressure release��(smax=250 MPa, displacements are 10 times amplified)
	peak stress in the last turn
	Slide Number 9
	midplane average stresses 3D (2D)
	azimuthal stress on coil end before cool down �0 (red)→−100 MPa (blue)�grey means “in tension”
	azimuthal stress on coil end after cool down (0→−100 MPa)
	solution 1: tapering of the collar pole�
	azimuthal stress before cool down with tapered collar pole� (smax=170 MPa, to be compared with 270 MPa)
	peak stress in the last turn
	midplane average stresses 3D (2D) with tapered collar pole
	solution 2: midplane tapered shim
	azimuthal stress before cool down (0→−100 MPa)
	azimuthal stress after cool down (0→−100 MPa)
	longitudinal lengthening of winding
	effect of longitudinal pre-stress on flange and outer shell
	3D finite element model
	3D finite element model
	what’s the use of pre-stress?
	axial and longitudinal pre-stress
	loading of pre-stress
	magnet energization
	distributed force
	real distribution
	longitudinal displacements
	effect of gravity during test at lasa�
	REACTION ON END FLANGES 
	von mises stress�pre-stress of 5.6 kN
	von mises stress�pre-stress of 5.6 kN + gravity
	von mises stress - pre-stress of 5.6 kN + gravity + lorentz forces

