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COMPLIANCE WITH SPECIFICATION
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Extraction Magnet Common RequirementsTable 1 
RequirementSlide#ID
Max current density8S02.04-R002
Max temperature rise9S02.04-R004
Water flow velocity9S02.04-R005
Water pressure differential9S02.04-R006
Magnet temperature switch10S02.04-R007
Magnet temperature switch10S02.04-R008
Temperature switch trip point10S02.04-R009
Magnet water manifold11S02.04-R010
Magnet assembly design6S02.04-R012
External fiducials13S02.04-R014
Hydrostatic (water) test pressure9S02.04-R015
Insulation damage or breakdown8S02.04-R016
Terminal blocks or flags12S02.04-R018
Magnet support14S02.04-R020
Core shall be grounded13S02.04-R021
Interface for supporting the vacuum 
chamber14S02.04-R023
Coil from a single length of
conductor.8, 15S02.04-R024
Specification for Radiation Resistant 
Fiberglass/Epoxy 8, 15S02.04-R025
Magnet electrical mating surfaces12S02.04-R026
Magnet assembly wetted parts11S02.04-R027
Water connection ports11S02.04-R028
Water hoses11S02.04-R029
Transport loads.5S02.04-R063
WB-40 (or smaller) truck.5S02.04-R064
Lifting features16S02.04-R068

Pulsed Dipole RequirementsTable 2 
RequirementSlide#ID
Envelope size5S02.04-R041
Magnet core aperture7S02.04-R042
Restrained to prevent coil motion6S02.04-R043
Radiation Safety Hold12S02.04-R048



PULSED DIPOLE MAGNET ASSEMBLY, ORNL STS

04/16/24STS Pulsed Dipole Engineering Design Review - Mechanical Design4

975mm
[38.4in]

1547mm
[60.9in]
1547mm
[60.9in]

525mm
[20.7in]
525mm
[20.7in]

M=2.8kg [6.3lb] ASTM A677 NON‐ORIENTED 
ELECTRICAL STEEL, M‐15

1030mm
[40.6in]
1030mm
[40.6in]

0.5mm
[0.02in]
0.5mm
[0.02in]

M=45kg [100lb] OXYGEN FREE COPPER

COIL  x 2

M=2.8E3kg [6.3E3lb] M15
M=90kg [200lb] COPPER

12x18mm
[0.472x0.709in]
Cooling D 8mm[0.315in]

12x18mm
[0.472x0.709in]
Cooling D 8mm[0.315in]

M~3.5E3kg
[7.7E3lb]

900mm
[35.4in]
900mm
[35.4in]

650mm
[25.6in]
650mm
[25.6in]

700mm
[27.6in]
700mm
[27.6in]

6x2 turns6x2 turns

780mm
[30.7in]



TraceabilityRequirementID

S02-R007

The Pulsed Dipole magnet assembly shall fit into a volume such 
that X ≤
1.55, Y ≤ 1.00, Z ≤ 0.80 meters.
Discussion: To avoid having to move any magnets in the RTBT. X 
is
width, Y is height, and Z is along beam axis.

S02.04-R041

Design
requirement

Extraction magnet assembly packaging shall be designed to 
protect
the magnet from damage due to transport loads.

S02.04-R063

Design
requirement

Extraction magnet assemblies shall be transportable in a WB-40 
(or
smaller) truck.
Discussion: The STS access road design basis is a WB-40 truck.

S02.04-R064

PULSED DIPOLE MAGNET ASSEMBLY
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975mm
[38.4in]

1547mm
[60.9in]
1547mm
[60.9in]

780mm
[30.7in]

M~3.5E3kg
[7.7E3lb]



MAGNET ASSEMBLY
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F10203414‐‐;1‐PULSED DIPOLE MAGNET ASSEMBLY, ORNL STS

F10182790‐‐;1‐CORE ASSEMBLY,  PULSED DIPOLE MAGNET, ORNL STS

F10182796‐‐;1‐COIL ASSEMBLY, UPPER, PULSED DIPOLE MAGNET, ORNL STS

F10187024‐‐;1‐ASSEMBLY, SIDE COIL 
SUPPORT, PULSED DIPOLE MAGNET, 
ORNL STS

F10189029‐‐;1‐ASSEMBLY, LEAD SIDE COIL 
SUPPORT, PULSED DIPOLE MAGNET,  ORNL 
STS

F10189375‐‐;1‐MANIFOLD 
WELDMENT, PULSED 
DIPOLE MAGNET, ORNL STS

F10189375‐‐;1‐MANIFOLD 
WELDMENT, PULSED DIPOLE 
MAGNET, ORNL STS

F10182786‐‐;1‐LAMINATION, PULSED DIPOLE MAGNET, ORNL STS

F10196517‐‐;1‐END PLATE, RH, CORE ASSEMBLY, PULSED 
DIPOLE MAGNET, ORNL STS

F10183600‐‐;1‐END PACK, RH, 
CORE ASSEMBLY, PULSED 
DIPOLE MAGNET, ORNL STS

FC0072983‐A;1‐THREADED ROD; 
M30x3.5MLG; CLASS 12.9 HIGH 
STRENGTH STEEL

FC0116357‐‐;1‐TUBE, 1.5"OD, 
1.25"ID X 48"LG, G‐10

F10182797‐‐;1‐COIL ASSEMBLY, LOWER, PULSED DIPOLE MAGNET, ORNL STS



CORE ASSEMBLY
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COIL
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• Two identical coils (rotated 180). Leads are different
• Turn electrical insulation 0.5mm. Coil ground insulation 2mm

12x18mm [0.472x0.709in]
Cooling D 8mm[0.315in]
12x18mm [0.472x0.709in]
Cooling D 8mm[0.315in]

F10182796‐‐;1‐COIL ASSEMBLY, UPPER, PULSED DIPOLE 
MAGNET, ORNL STS

F10182797‐‐;1‐COIL ASSEMBLY, LOWER, PULSED DIPOLE 
MAGNET, ORNL STS

6x2 turns6x2 turns



COOLING PARAMETRS
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TEMPERATURE SWITCH
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FC0075125‐SWITCH, THERMAL, SINGLE POLE SEALED

PDR: The temperature switched should be mounted on 
the coils, not the leads.  If water cooling fails, the coil 
bulk will heat faster than the lead.



MANIFOLD ASSEMBLY
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FC0075589‐UNION, 1" TUBE OD X 1" AN TUBE FLARE, SS316
F10196280‐TUBE 1, ORNL PULSED DIPOLE, SS316

F10189376‐MANIFOLD BODY, LEFT, ORNL PULSED DIPOLE, SS316

F10148644‐INSULATOR, MANIFOLD, PPU MAGNETS, PEEK, GLASS 
FIBER FILLED

830mm
[32.7in]
830mm
[32.7in]

FC0075588‐UNION, 1/2" OD TUBE, SS316

PDR: A concern is the proximity to each other of cooling tubes that 
have a potential difference between them.  Recommend moving 
the PEEK insulating breaks to close to the electrical flags.



POWER FLAG ASSEMBLY
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FC0094169‐COMPRESSION LUG 2 HOLE, FLARED LONG 
BARREL

FC0108568‐TERMINAL BLOCK, 8 CIRCUIT, 300V AC/DC, 20A, 
22‐12 AWG

FC0105359‐LOCKOUT PADLOCK, EXTRA CLEARANCE

F10189414‐‐;1‐POWER FLAG PLATE, PULSED DIPOLE 
MAGNET, ORNL STS



FIDUCIALS
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FC0116360‐‐;1‐FIDUCIAL MONUMENT 0.5"ODx.838"LG, WELD ON 
17‐4SS

FC0120528‐‐;1‐COPPER LUG, 1 HOLE, STD BARREL, .71"OD, 2.5"LG



STAND INTERFACE
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FC0099587‐STAND, ORNL PULSED DIPOLE ‐FROM ORNL

F10189003‐‐;1‐PLATE, BOTTOM CORE SUPPORT, 
PULSED DIPOLE MAGNET, ORNL STS

993.6mm
[39.1in]
993.6mm
[39.1in]

3/8‐16 UNC Threaded Hole (4)

50.8mm 2[in] grout pack fill50.8mm 2[in] grout pack fill

993.6+50.8=1044.4mm993.6+50.8=1044.4mm



WINDING AND CURING FIXTURES
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F10205208‐‐;1‐PULSED DIPOLE WINDING FIXTURE, 
ORNL STS

FC0104639‐‐;1‐COIL, PULSED DIPOLE MAGNET, ORNL STS

UPPER LOWER

F10204164‐‐;1‐PULSED DIPOLE CURING FIXTURE, ORNL STS

UPPER

LOWER



LIFTING TOOLING
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Model 27F ‐ Four Point Lifting 
Beams

Bushman Model FR / Serial #43230‐2 
(TLF1148)

M=45kg [100lb] OXYGEN FREE COPPER

M~3.5E3kg
[7.7E3lb]

PDR 
(Fixturing will be required for the coil installation)



WOODEN MOCKUP
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STEAL REINFORCEMENT 

M16 x 2 Threaded Hole (4)



STACKING TOOLING
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PDR 
(It is planned to use a fixture for stacking the laminations)



PREVIOUS RECOMMENDATIONS
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Slide #PDR recommendation

20
A concern is the proximity to each other of cooling tubes that have a potential difference between them.  Recommend 
moving the PEEK insulating breaks to close to the electrical flags.

21The temperature switches will be attached by glue, no drilling and tapping into the conductor is planned.

23
The coil clamp provides 200 kN of clamping force with the bolts at 75% of their maximum torque.  Recommend 
verifying magnetic forces on the coils. 

22Recommend thinking about using a compliant material between the coils.
+The CAD model shows there is sufficient clearance between the core and the coil to allow assembly.

Other 
Talk

The coil lead routing leads to 23.75 turns instead of the design 24 and creates a loop.  Recommend moving the power 
leads as close together as possible.

18It is planned to use a fixture for stacking the laminations.
26Recommend thinking about carrying out a vibration analysis for the magnet on its stand.
+There is a risk the bottom plate will deform during welding

+
Recommend laser cutting the laminations rather than punching.  Die will be expensive for the small number of 
magnets needed.

21
The temperature switched should be mounted on the coils, not the leads.  If water cooling fails, the coil bulk will heat 
faster than the lead.

23
Think about whether a spacer is needed between the coil and the core.  Friction provides 100 kN horizontal clamping 
force.

24The L-shaped G10 supports for the power flags could be vulnerable to cracking, be careful with the fiber orientation.

20
The expectation is that the cooling tubes will be bent in advance and cut to size on the factory floor.  This will be easier 
after the PEEK tubes have been moved.

16Fixturing will be required for the coil installation.
23If horizontal clamping is required for the coil, an opportunity could be to use wedges between the existing 4 G10 rods.  
25Recommend checking the deformation that occurs during lifting.



PREVIOUS RECOMMENDATIONS
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 A concern is the proximity to each other of cooling tubes that have a potential difference between 
them.  Recommend moving the PEEK insulating breaks to close to the electrical flags.

 The expectation is that the cooling tubes will be bent in advance and cut to size on the factory floor.  
This will be easier after the PEEK tubes have been moved.

PreviousCurrent
F10196280‐TUBE 1 F10196280‐TUBE 1 

F10196281‐TUBE 2F10196281‐TUBE 2

F10196282‐TUBE 3F10196282‐TUBE 3

F10196285‐TUBE 4F10196285‐TUBE 4



PREVIOUS RECOMMENDATIONS

04/16/24STS Pulsed Dipole Engineering Design Review - Mechanical Design21

 The temperature switches will be attached by glue, no drilling and tapping into the 
conductor is planned.

 The temperature switched should be mounted on the coils, not the leads.  If water 
cooling fails, the coil bulk will heat faster than the lead.

PreviousCurrent



PREVIOUS RECOMMENDATIONS
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 Recommend thinking about using a compliant material between the coils.

FC0109296‐‐;1‐1" x 1/8" X 10' NEOPRENE STRIP WITH ADHESIVE



PREVIOUS RECOMMENDATIONS
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 The coil clamp provides 200 kN of clamping force with the bolts at 75% of their 
maximum torque.  Recommend verifying magnetic forces on the coils.

 Think about whether a spacer is needed between the coil and the core.  Friction 
provides 100 kN horizontal clamping force.

 If horizontal clamping is required for the coil, an opportunity could be to use wedges 
between the existing 4 G10 rods. 

 Magnetic forces Fx=‐1.4kN; Fy=7.8kN; Fz=0.2kN. The friction will be enough to 
withstand magnetic forces.



L-SHAPED G10
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• The L‐shaped G10 supports for the power flags could be vulnerable 
to cracking, be careful with the fiber orientation.



LIFTING DEFORMATION
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• Recommend checking the deformation that occurs during lifting.



MODAL ANALYSIS 
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SUMMARY
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• Magnet drawings 100% (Released)
• The coast estimated completed
• The schedule ready for prototyping


