
Modular Coil Assembly and
Interface Design Issues

3/22/07



Objectives

• Review chits and open issues from recent modular coil design reviews:
• Bolted joint design, Feb-22
• Coil instrumentation, Jan-24

• Other modular coil and interface issues:
• Bladders
• Bushings
• Insulation
• Clamps

• Prioritize needs for field period assembly start



Bolted joint design – open issues

• Shear loads with added inboard bolts

• Shim design, incl inboard shims

• Joint assembly and tightening









Global w/ Bolts (3)
• Load step difference (preload/EM) used to determine alternating bolt load
• Results preliminary, but suggest alternating load is ~8% of preload

Interface A-A
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Model Revised to Include (5) 
A-A Inboard Bolts
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Global Model Results, A-A

Various Contour Plots of A-A Flange Results:
Bolt Preload [k-lb or kip]
Bolt Shear Force Range [k-lb or kip] produced by EM 
Load cycle. Non-zero value indicates that the joint is not 
completely isolated with preload & design-basis friction 
estimation (μ=0.3).
Slippage produced by initial EM Load cycle (~0.3 mm at 
inboard leg).
Incremental Position Shift Following EM ON-Off Cycle
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Preload [kip] in A-A Flange Bolts
(79 min.<81 Average<85 max.)

Average Preload 4% higher than 78 kip goal. All below 86 kip limit.
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Shear Force Range in A-A Flange Bolts
from EM Loads (μ=0.3, 81 kip Preload)

The addition of (5) 
Inboard A-A bolts is 
not sufficient to 
isolate them from 
significant shear 
loads:
Four of the five 
inboard bolts carry 
shear loads of 12-15 
kip.
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A-A Bolt Preload & EM-Driven 
Shear Load Range
A-A 25-Bolt Pre-Load & EM-Driven Shear Loads

~81 kip Preload, 0.3 Friction Coefficient
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Contact Slippage [m] at A-A Flange From 
EM Loading (μ=0.3, 81 kip Preload)
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Incremental Position Shift 
Following EM ON-Off Cycle
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Bolt Shear Load Range History
& Un-Recovered from EM Cycle

A-A 25-Bolt Shear Loads from EM Off-On-Off Cycle
(~81 kip Preload, 0.3 Friction Coefficient)
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Observations: Revised A-A
(25) A-A bolts with 81 kip average preload cannot 
produce a no-slip interface.
(4) of the (5) Inboard Leg bolts carry shear loads of 
12.5 to 15 kip when EM loads are applied.
The shear load in all of the bolts return to pre-EM 
load levels when EM forces are released.
This implies that bolts will likely be exposed to a 
high number of bending stress cycles.
There is a tiny (0-2 mil) incremental position 
change from the EM load cycle.
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Future Work

A more thorough analysis of the interface still 
requires a traditional contact analysis where 
flange separation can occur.



Shim requirements

• Resist loads

• Maintain geometry

• Isolate electrically

• Capable of dissassembly

• Minimal fab/inst cost





BOLTED JOINT SHIM LAYOUT - AA







Individual Shims w/ Custom Shape

Interface B-C



Additional
bolts





COIL-C TO –B INTERFACE
• 7 bolted shims

- 29 x 1.885-dia
• 4 shear pin shims

- 44 x .63-dia



COIL TO COIL INTERFACE A-B

TYPE-A TYPE-B





INBOARD LEG CONCEPT – SHEAR PINS

BUSHING
WELD
STUD

STYCAST

G-11

316 SS



TYPE-A TYPE-B

BOLTED JOINT
SHIMS

INBOARD LEG
SHIMS

SHEAR
PUCKS

INBOARD LEG CONCEPT – SHEAR PUCKS



FILLET WELD

PLUG WELD

SHIM STOCK
KAPTON LAYER





Tapped Hole



Through Hole



Inventory of Tapped/Through Holes











4.6 DIA

4.9







mjc
Text Box
We need to show a 12pt nut in this location if we are using a hydrostatic tensioner

mjc
Text Box
Should we coat this with alumina?

mjc
Text Box
If we coat item 4 with alumina can we delete this item?

mjc
Text Box
Should we show a alumina coatedshim instead of the g11cr insulation?

mjc
Text Box
I have attached a pdf showing a callout for Dow Corning MolyKote Z. This needs to be applied on the spherical seats. We will need to add this to the parts list.

mjc
Line

mjc
Text Box
move the bolts down a little

mjc
Line

mjc
Text Box
On all the threads we need to lubricate with the Molykote Z powder

mjc
Text Box
Should the bushings be shown at nominal size? If we want to make them offset we need to design for this. What do you think?

mjc
Line

mjc
Line

mjc
Line

mjc
Line

mjc
Text Box
Should we specify this dimension?

mjc
Line



mjc
Text Box
We need to show some overall dimensions on this dwg. and some center lines for the screws?

mjc
Text Box
We need a note or some assembly instructions that make sure we have a gap between the studs.

mjc
Line



mjc
Text Box
Do we need to call out a flatness on this face and a parallelism on the opposite face

mjc
Line

mjc
Text Box
1.375-6UNC-3BShould the thread depth be the same as the casting 1.25?

mjc
Text Box
This is shown as a flat bottom. Don't you think they will drill this? Maybe we should so a drill point.

mjc
Line

mjc
Line

mjc
Text Box
Do you think we should show a countersink on this thread?

mjc
Line

mjc
Text Box
Do you think we should show a countersink on this thread?

mjc
Line

mjc
Text Box
This seems like a pretty big hole. What do you think of using the std normal fit for a cap screw which is .781

mjc
Line

mjc
Text Box
What do you think about matching the surface finish to match what we see on the flange? Should we require a 125 surface roughness?

mjc
Line

mjc
Line

mjc
Line

mjc
Line

mjc
Text Box
Do you think this and the opposite side should have a countersink so that the first thread will not impact the surface?









Coil instrumentation – open issues

• Fiber optic gage calibration

• Length of leads









Bladder – open issues

• Drawing of standard shape

• Prototyping – AB, BC, or CC



Inventory of wing surfaces:

No. Coil Type Interface Location Area (in2)

1 A A-B outboard 84

2 B A-B inboard 233

3 A A-B inboard 211

4 B B-C outboard 10

5 B B-C inboard ~0

6 C B-C inboard 433

7 B B-C inboard 293

8 A A-A inboard 301

9 C C-C inboard 408

10 C C-C outboard 131
ABC

6

9

8

7









Bushings – open issues

• Drawing for “perfect” bushing



Gage is inserted over
the stud and into hole
to measure offset.

In this particular case,
the line corresponding
to #7 indicated where 
the gage touched the 
hole wall.  

#7 on the chart reads
that the hole centers are
.033 offset, and this is
the dimension needed
to machine the bushing.

This is an example of a 
pretty good alignment.

Gage is inserted over
the stud and into hole
to measure offset.

In this particular case,
the line corresponding
to #7 indicated where 
the gage touched the 
hole wall.  

#7 on the chart reads
that the hole centers are
.033 offset, and this is
the dimension needed
to machine the bushing.

This is an example of a 
pretty good alignment.



Hole used to test
making a bushing
with the gage and

fitting it on the stud
and pushing it into

the hole

Hole used to test
making a bushing
with the gage and

fitting it on the stud
and pushing it into

the hole

View looking from
underneath the hole
after bushing was
pressed into hole

View looking from
underneath the hole
after bushing was
pressed into hole

A flashlight and a mirror 
were used to read the gage
from underneath the flange







Thermal insulation – open issues

• Prototyping

• Callout on drawing















Clamps – open issues

• Clamps to remove or modify





Type 
A

Section Cut 
Looking Inboard

Type 
B

Top 0.162” clearance

These clamps have an interference

Hole # 59

Hole # 61

Type-A Type-B

Clamps on A and B where there is  
interference or close contact is 

indicated.  Clamp measured needed.

Hole 
# 58

Hole # 60

A-to-B Fit-up



Ignoring the clamps their 
appears to be no winding 
interferences. 

Type-C Clamp 61 and 
clamp hardware 
interferes with the Type-B 
winding and local cable. 

Hole 61…I think!

Hole 
# 63

Hole 
# 65

B-to-C Fit-up










