
Modular Coil Interface Hardware
Outboard Bolted Joint FDR

Presented by
K Freudenberg, D Williamson

July 30, 2007



Review Charge

• Are the requirements defined?  Does design meet requirements?

• Are the models/drawings complete?

• Is the analysis and R&D adequate?  Documentation complete?

• Have prior design review chits been addressed?

• Have all technical, cost, schedule, and safety risks been addressed?



Scope

• This review-
bolted joint assembly:

• Upcoming reviews:

SE140-190-R2, BOLT KIT ASM
SE140-191-R1, STUDS
SE140-192-R2, INS WASHER/SLEEVE
SE140-193-R2, LOAD WASHER
SE140-194-R1, SPH WASHER SET
SE140-195-R0, BUSHING
SE140-208-R0, FLAT WASHER
SE140-040-R0, SHIM

AA/AB/BC Interface
PDR 8/2/07
FDR 9/4/07

CC Interface
PDR 8/7/07
FDR 1/7/08

AB

BC

AA

CC



Requirements

Electrical 
• Partial Toroidal electrical breaks shall be provided between adjacent 

modular coils within a field period (AA, AB, BC).
• Electrical breaks are required between adjacent modular coils in

adjacent field periods (CC). [Ref. GRD Section 3.2.1.5.2b to be revised] 
• Toroidal electrical breaks must be able to withstand an applied voltage 

of 150 V (ref. GRD Section 3.2.1.5.3.6).

Structural
• Carry compressive loads 
• Maintain a “no slip condition” under the bolts (friction joint)

Assembly
• Position the coils accurately
• Minimize gaps

Requirements are derived from the Modular Coil Asm Specification 
(NCSX-CSPEC-14-05-01) and the Station-2  Asm Specification (in progress).



Interface A-B
• 25 tapped holes, most on Type-A
• 1 through hole

Type-A Type-B



Interface B-C

• 29 tapped holes, most on Type-B

Type-B Type-C



Interface A-A

• 20 tapped holes

Type-A Type-A



Interface C-C

• 24 through holes
• 8 tapped holes

Type-C Type-C



Inventory of Tapped/Through Holes



Bolted Joint Asm (SE140-190-R2)

• ECN-5244 MODIFICATIONS: 



Bolted Joint Asm (SE140-190-R2)



Bolted Joint Asm (SE140-190-R2)



Bolted Joint Asm (SE140-190-R2)



Bolted Joint Asm (SE140-190-R2)



Bolt Preload

• Nominal preload of 73-kips based on 85% of A286 yield strength, 
permanent joint, 2% uncertainty w/ ultrasonic inspection

• Cool-down relaxation of assembly is -4% (Inconel washers)



Supernut (P/N S-02200)



Studs (SE140-191-R1)



Ins Washer (SE140-192-R2)



Load Washer (SE140-193-R2)
Flat Washer (SE140-208-R0)



Sph Washer (SE140-194-R1)



Bushing (SE140-195-R0)



Shim (SE140-040-R0)



Shim (SE140-040-R0)

DIMENSIONS AFTER ALUMINA COATING



Shim (SE140-040-R0)

DIMENSIONS BEFORE ALUMINA COATING



Shim (SE140-040-R0)



HOLE 1

HOLE 5

HOLE 10

HOLE 15

HOLE 20

HOLE 25

INBOARD SHIMS

PORT 12 OPENING

NEUTRAL BEAM 
PORT OPENING

PORT 12 OPENING

AA      
Hole #

Shim Length 
Hole to Bottom

No Bolt 
Shim

1 2.75
2 5.00
3 5.00
4 5.00
5 5.00
6 5.00
7 5.00
8 5.00
9 5.00
10 5.00
11 5.00
12 5.00
13 5.00
14 5.00
15 5.00
16 5.00
17 5.00
18 5.00
19 5.00
20 5.00
21 5.00
22 5.00
23 5.00
24 5.00
25 5.00
26 5.00
27 5.00
28 2.75

A-A FLANGE



HOLE 1

HOLE 5 HOLE 10

HOLE 15

HOLE 20

HOLE 25

INBOARD SHIMS

HOLE 30

PORT 9 OPENING

PORT 4 OPENING

PORT 5 OPENING

PORT 7 OPENING

AB      
Hole #

Shim Length 
Hole to Bottom

No Bolt 
Shim

1 5.00
2 5.00
3 3.75
4 3.75
5 2.75
6 2.75
7 3.75
8 3.75
9 3.75
10 3.75
11 3.75
12 5.00
13 5.00
14 5.00
15 5.00
16 5.00
17 5.00
18 5.00
19 5.00
20 5.00
21 5.00
22 5.00
23 5.00
24 5.00
25 5.00
26 5.00
27 5.00
28 5.00
29 5.00
30 5.00
31 2.75
32 2.75
33 2.75

A-B FLANGE



HOLE 1

HOLE 5

HOLE 10

HOLE 15

HOLE 20

HOLE 25

INBOARD SHIMS

HOLE 30

PORT 17 OPENING

PORT 2 OPENING

PORT 10 OPENING

PORT 6 OPENING

PORT 11 OPENING

BC      
Hole #

Shim Length 
Hole to Bottom

No Bolt 
Shim

1 5.00
2 5.00
3 5.00
4 5.00
5 5.00
6 5.00
7 3.75
8 3.75
9 3.75
10 5.00
11 5.00
12 5.00
13 5.00
14 5.00
15 5.00
16 3.75
17 3.75
18 5.00
19 5.00
20 5.00
21 5.00
22 5.00
23 3.75
24 3.75
25 3.75
26 5.00
27 5.00
28 5.00
29 5.00
30 3.75
31 3.75
32 2.75
33 2.75

B-C FLANGE



HOLE 1

HOLE 5

HOLE 10 HOLE 15

HOLE 20

HOLE 25

INBOARD SHIMS

HOLE 30

HOLE 35

HOLE 40
HOLE 45

HOLE 50

SPACER PORT 
OPENING

CC      
Hole #

Shim Length 
Hole to Bottom

No Bolt 
Shim

1 2.75
2 2.75
3 2.75
4 2.75
5 2.75
6 2.75
7 2.75
8 2.75
9 2.75
10 2.75
11 2.75
12 2.75
13 5.00
14 5.00
15 3.75
16 3.75
17 5.00
18 5.00
19 3.75
20 3.75
21 3.75
22 3.75
23 3.75
24 3.75
25 5.00
26 5.00
27 3.75
28 3.75
29 3.75
30 3.75
31 3.75
32 3.75
33 5.00
34 5.00
35 3.75
36 3.75
37 5.00
38 5.00
39 2.75
40 2.75
41 2.75
42 2.75
43 2.75
44 2.75
45 2.75
46 2.75
47 2.75
48 2.75
49 2.75
50 2.75

C-C FLANGE



SHIM LENGTH-HOLE TO BOTTOM AA FLANGE AB FLANGE BC FLANGE CC FLANGE TOTAL

2.75 2 5 2 24 33
3.75 7 10 16 33

5.00 (UN-CUT) 26 21 21 10 78

TOTAL PER FLANGE 28 33 33 50

TOTAL PER FIELD PERIOD 28 66 66 160

TOTAL PER MACHINE 84 198 198 150 630

No. Outboard Shims



• Modular coil asm design basis is defined by 5 analysis reports:

• Additional analysis reports are planned before Design Closeout:

Analysis Documentation

HM Fan, Nonlinear Analysis of Coil and Shell Structure, NCSX-CALC-14-001, APPROVED
HM Fan, Analysis of Integrated Structure, NCSX-CALC-14-003, APPROVED
K Freudenberg, Modular Coil Thermal Analysis, NCSX-CALC-14-002, DRAFT
K Freudenberg, Nonlinear Modular Coil Analysis, NCSX-CALC-14-004, DRAFT
D Williamson, Modular Coil Failure Modes Analysis, NCSX-FMEA-14-002, DRAFT

K Freudenberg, Outboard Bolted Joint Analysis, NCSX-CALC-14-006, DRAFT
K Freudenberg, Inboard Welded Shim Analysis, IN PROGRESS
D Williamson, Modular Coil Leads Structural Analysis, PLANNED



Finite Element 
Analysis



Linear Analysis for Friction coef. 
- AVERAGES

Coefficent of Friction Needed to Prevent Slip
NonLinear, Baseline w/Gaps at Wings - No Slip Inner Leg (hm10)
Inner Leg for AA, AB and BC not Shown since they are welded)
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Inner Legs for AA, AB and BC not shown.



Analysis Assumptions

• The non-linear (frictional) analysis of this structure is 
based on the half-field period model with anti-cyclic 
symmetric conditions on the end CC and AA flanges.

• The intent is to determine if the number of bolts is 
sufficient to prevent motion on the outboard side of the 
coils.  Using discrete bolts instead of averages from a 
linear model gives a higher confidence.

• A friction factor of 0.4 used under all bolts and on the 
entire flange surface.  This is derived from the 
approximate 0.6 average value seen in testing and a 1.5 
reduction factor imposed. 

• 2T high-β Magnetic loads, TF coil loads also applied. 
• Preload compressive force of roughly 75 Kips applied to 

all bolts.



Bolt Modeling

At one particular interface, pipe elements with appropriate section properties are used 
to represent the characteristics of a bolted interface. Contact elements at this 
interface are allowed sliding contact (no separation).
The other bolted interfaces are modeled with "Bonded Contact.“

**Any deflection of the top flange face (that connects to the bolt) relative to the bottom 
flange face or distortion of the hole itself could result in some minimal (usually less 
than 2 kips) shear in the bolt.



Global Results for 0.4 friction

0.172.8C-C

> 0.051.8B-C

> 0.051.2A-B

> 0.051.5A-A

Max Outboard Slippage  mmMax Bolt Shear, kipFlange Set

• These models originated when the inner leg design was unsettled and inner 
leg bolts were placed on the AA, Ab and BC flanges.

• The design now calls for welding along the inner legs of three of the four 
joints.

• The analysis was performed with the out-dated inner leg bolts. However,  
the conditions on the outboard can be no worse than the condition 
presented. This is Conservative.

• The Table below indicates that there is very minimal slippage and bolt 
shear on the outboard region of the coils. 



AA Bolt loadings (outboard)

A-A Bolt Preload & EM-Driven Bolt Shear Load
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Tension (Pre), kip

Shear with pucks (Pre+EM-Pre), kip

Bolts 21-26 are no longer in the design and are not presented.

Friction = 0.4 over the entire flange



AA Joint

The Joint is stuck (red) under every outboard bolt.

Friction = 0.4 over the entire flange



AB joint

Bolts 27-29 are no longer in the design and are not presented in the table.

A-B Bolt Preload & EM-Driven Bolt Shear Load
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Friction = 0.4 over the entire flange



AB Joint

The Joint is stuck (red) under every outboard bolt.

Friction = 0.4 over the entire flange



BC Joint

B-C Bolt Preload & EM-Driven Bolt Shear Load
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Tension (Pre), kip

Shear (mu = .4 everywhere) (Pre+EM-Pre), Kip 

Bolts 30-33 are no longer in the design and are not presented in this table.

Friction = 0.4 over the entire flange



BC Joint

The Joint is stuck under every outboard bolt.

Friction = 0.4 over the entire flange



CC-Joint
C-C Bolt Preload & EM-Driven Bolt Shear Load
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• This joint has no weld on the inboard leg or any 
inboard bolts  

• Model assumes 0.4 friction over the entire 
inboard leg. (non-conservative pending outcome 
of inner leg fix…next slides.)

• The last bolts (#1 and #32 are just beginning to 
slip a bit and pick up some very minimal shear)



CC Inboard possible solutions

Inboard Friction # of inboard bolts Max sliding distance (in) Max Shear Force (kips)

0.4 0 0.0065 2.8

0.4 6 0.0047 2.4

0.4 12 0.0011 2.7

0.04 0 0.0199 4.9

0.04 6 0.0143 4.5

0.04 12 0.0024 3.5

 Imperfect Fit-up gap 
of .005" on unbolted 

region
0 0.0193* 3.3

*sliding occurs after gap has closed

Current Design  is to add in board bolts (max 
possible of 12) to impart the shear load.

12 bolts holes added to the model and 6 or 12 were 
used with bolt connections 

Friction on the innermost inboard unbolted region 
set to either 0.4 or .04 

Contact Stiffness set of 0.5 e11 N/m^3 for all of 
these runs (results in slightly higher shear load)

 

green = .4 friction 
 
Blue = .04 friction 

bolt 1

bolt 32 

Blue = 0.04 
Friction

Green = 0.4 
Friction



Contact Stiffness Problem
Fig. 2.0-6 Max A-A Bolt Shear Load & Model Run-

Time v. Contact Shear Stiffness
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The default contact element shear stiffness 
(~0.17E11 N/m3) was found to be too soft, and 
flange faces slipped when they should have 
been stuck. A shear stiffness of 5E11 N/m3 
seemed to provide a reasonable compromise in 
accuracy and run-time and was used 
throughout the analysis. 

C-C Bolt Preload & EM-Driven Bolt Shear Load with 6 added in-
board bolts and perfect fitup Mu = 0.04 on unbolted region

0

25

50

75

100

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37

Bolt #

Te
ns

io
n,

 k
-lb

0

2

4

6

Sh
ea

r L
oa

d,
 k

ip

Tension with mu = 0.04 on inner leg (Pre), kip
Shear with contact stiffness = 5e11 N/m^3 (Pre+EM-Pre), kip 

Shear with contact stiffness = 25e11 N/m^3 (Pre+EM-Pre), kip 

In the CC case, even the 5E11 
N/m^3 value was too soft.

The Shear loading presented 
in the previous slides are 
likely overestimates.

Still, even the high values 
pass the fatigue requirement 
of 9 Kips for the type 2 joint.



• What If Preload is lost on outer leg now that we are welding the inner leg? 

• Which bolts should we be monitoring during operation (Strain gage candidates)? 
Are some more critical than others? 

• The Next slides show the effect of bonding the inner leg (weld) and removing the 
preload on the outer bolts.

Preload Lost?

Interface 
Joint

Largest Shear 
Load (k-lb)

Number of Bolts 
Exceeding Fatigue Limit 

of 9 Kips

Max Slip 
(inches) 

A-A 12 4 0.01

A-B 14 3 0.007

B-C 12 2 0.008

C-C 8 0 0.004



Outboard bolts Slipping A-A

#1

#4

#5

#10

#11

#16#17
#20

AA Bolt Shear with weld and no preload  on outer Bolts
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Bolts 5,10,11,16 have shear greater than 10 kips and 
should be monitored for preload during operation.

Preload is not really important in these plots and is 
only shown as a references aid.



Outboard bolts Slipping A-B

#1 #5

#11

#9

#12

#17
#22

#26

Bolts 10-12 have shear greater than 10 kips and 
should be monitored for preload during operation.

A-B Bolt Shear with weld and no preload  on outer Bolts
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Outboard bolts Slipping B-C

#1
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#9

#11
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#20#29

#25

Bolts 2,3 have shear greater than 10 kips and should 
be monitored for preload during operation.

Although bolt 1 shows low shear, it should also be 
looked at since it is immediately adjacent to the weld     
and the weld may not be this close to the bolt.

The fact that bolts 2 and 3 see large shear but not 
sliding suggests that the flanges are tending to 
pull/twist way from each other here. (verified from 
deflection plots)

B-C Bolt Shear with weld and no preload  on outer Bolts
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Outboard bolts Slipping C-C
C-C Bolt Shear with weld and no preload  on outer Bolts
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The Inner leg bolts Still have Preload and are larger 
(1.5”) here

No Outer bolts have shear greater than 10 Kips, but 
bolts 1 and 32 see shear of almost 8 Kips.
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Individual Bolt Analysis



Joint Stiffness

-80000

-60000

-40000

-20000

0

20000

40000

60000

80000

100000

120000

0 10 20 30 40 50 60 70 80 90 100

System Load

Lo
ad

 in
 M

em
be

rs

Bolt Force
Joint Force

joint
separates 
at 90-kip

min
preload



Individual Joint Analysis.

Type 1 Bolted Connection Type 2 Bolted Connection



Individual Joint analysis (Type 1)
• Load Step 1 (time=1.0): Bolt Preload ~72 kip, 0.0 kip Shear Load
• Load Step 2 (time=2.0): Bolt Preload plus 20 kip Shear Load

1st Principal Stress Range in Type 1 Bolt 
from 20 kip Shear Load

G-10 Bushing 

Stress Intensity of bushing

• Max bushing stress is 50-ksi
• Compare to bushing material:

• Compressive strength = 60-ksi
• Min bearing strength = 30-ksi

• Max shear load = ~12-kip StaticStresses in threads are evaluated for 
fatigue (slides 27-30)



Individual Joint analysis (Type 2)

• Load Step 1 (time=1.0): Bolt Preload ~72 kip, 0.0 kip Shear Load
• Load Step 2 (time=2.0): Bolt Preload plus 20 kip Shear Load

1st Principal Stress Range in Type 2 Bolt 
from 20 kip Shear Load

G-10 Bushing 
• Max bushing stress is -43 ksi
• Compare to bushing material:

• Compressive strength = 60-ksi
• Min bearing strength = 30-ksi

• Max shear load = ~14-kip StaticStresses in threads are evaluated for 
fatigue (slides 27-30)

Stress Intensity of bushing



Equivalent Bolt Modeling

If the bolts are subjected to transverse slip, then the equivalent stiffness is like a 2.75" to 
2.9" diameter rod in bending. If the joints are locked by friction, then the joint stiffness is 
determined by the actual bolt diameter (e.g., 1.375").



Tabular Result
from Individual bolt Study

Keep in mind that these values are based on a 20 kip unit shear load.

• The stress profile indicates a predominantly Bending component (no surprise)
• The MEM+BEND stress and TOTAL stress are essentially the same for the Type-1 joint
• There is a significant PEAK stress component {TOTAL-(MEM+BEND)} in the Type-2 & 2a 

joints based on the bolt-hole geometric discontinuity.

242143Total Intensified Stress Range, ksi

-40.0-1.1Peak Stress Range, ksi

44Thread Stress Intensification Factor

-50.5-35.4Un-Intensified Stress Range, ksi

Type 2Type 1Joint Type



Fatigue

• We need to amplify a particular stress 
component by the thread SIF.
Amplifying SY is a logical choice since the thread 
concentration is normal to this stress component. 
However, amplifying S1 (max tensile stress) is also 
appropriate and conservative, if not essentially the 
same as SY. In addition, it would be difficult to ignore 
the Peak stress component that the model is able to 
capture, which also contributes to the total stress at this 
max stress location. Therefore, the total stress range 
which is used to evaluate the fatigue life of the bolts is 
defined as follows:

∆Stot = (kthread)(∆S1) + PEAK

• Design basis fatigue Curve for A286 at 77K
(Reference: N. Suzuki, "Low-Cycle Fatigue Characteristics of 
Precipitation-Hardened Superalloys at Cryogenic 
Temperatures," Journal of Testing and Evaluation, JTEVA, Vol. 
28, No. 4, July 2000. pp. 257-266.). 

ASME Code Base Thread Stress 
Intensification Factor (NB-3232.3 (c))



Fatigue Curves for outboard bolts: 
should slippage occur

Maximum fatigue loading of type 2 with G11 = 8.8 kips

Maximum fatigue loading of type 1 with G11 = 14.8 kips

Allowable Cycles, A286 Bolts at 77K v. Bolt Shear Load
Type 1 & 2 Joints, G-11 Bushing, 1.5" Shim Hole, Thread SIF=4
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Appendix A: Extra slides on 
inboard bolts of CC set to 1.5”



Only inner most bolts are needed 

Blue = 0.04 
Friction

Green = 0.4 
Friction

Larger 1.5” bolts

Standard 
1.375”
bolts

C-C Bolt Preload & EM-Driven Bolt Shear Load with 6 reverse 
added in-board bolts with perfect fitup
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1.5” bolts were used in 
this particular run.

Shear loads are 
overestimated on inboard 
due to low contact 
stiffness. (next slide)



Study on the Inner Leg of CC

C-C Bolt Preload & EM-Driven Bolt Shear Load with 6 reverse added in-board bolts with 
perfect fitup

0

10

20

30

40

50

60

70

80

90

100

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38

Bolt #

Te
ns

io
n,

 k
-lb

0

1

2

3

4

5

Sh
ea

r, 
k-

lb

Preload
Shear Load (Pre+Em-Pre) Kips (-5e11)
Shear Load with high contact stiffness (-10e11)
Shear with higher contact stiffness (-20e11) 
shear with highest contact Stiffness (-50e11) 

1.5” inner bolts



Inner Leg Bolts Only

C-C Bolt Preload & EM-Driven Bolt Shear Load with 6 reverse added in-board bolts with 
perfect fitup (INNER LEG BOLTS ONLY)
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Contact Slip Plots

Stiffness = -5e11 N/m^3 Stiffness = -10e11 N/m^3

1.5” inner bolts



Contact Slip Plots

Stiffness = -20e11 N/m^3 Stiffness = -50e11 N/m^3

1.5” inner bolts



What does this mean?

• Increasing the stiffness has a profound effect on bolt 
load (reduced by 2X) but a minimal impact on sliding. (as 
expected)

• Slippage and contact status plots from before for the 
inboard region on CC are still valid.

• Shear loads are overstated by approximately 2X.
• This suggests that using the 1.375” bolts was ok, and 

there is little advantage to using the larger diameter as 
the shear loads just simply aren’t there in magnitude to 
do anything.

• Slippage of the Inner leg (where and if there are no 
bolts) is still chief concern.



Appendix B: slides of H.M’s work 
on joint.

Combined shear and preload



Fan single bolted joint analysis
Combined 60 kip preload, 15 kip shear

Bonded Frictionless

In bonded case, dominant deformation is bolt shortening due to preload (6 mils)

In frictionless case, lateral deflection is dominant (12 mils)



Fan single bolted joint analysis
Combined 60 kip preload, 15 kip shear

SeqvSzSeqvSz

Average 
tensile stress 
due to 60kip 
preload is 
40ksi

Peak stresses 
occur at the 
faces of nuts 
due to the 
assumption 
that stud and 
nut are 
bonded

Peak stresses 
in frictionless 
case are 27% 
higher

Bonded
Frictionless



Fan single bolted joint analysis
Combined 60 kip preload, 15 kip shear

No contact 
pressure on 
bushing due 
to Poison’s 
effect of the 
preload on 
bolt and 
small shear 
displacement

Bonded Frictionless



Fan single bolted joint analysis
Combined 60 kip preload, 15 kip shear

high local stress 
located at the 
washer bearing 
surface primarily 
due to preload 

Bonded Frictionless



Myatt analysis on 1/2/07
Frictionless single bolted joint

Joint1 Transverse Load, Stiffness v. Motion
Zero Friction at Shim Interface
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15 kip lateral load results in 12 mil lateral deflection with zero friction.  
Consistent with Fan’s later calculations.



Myatt analysis Frictionless single 
bolted joint

20 kip lateral load
Max bearing stress is 67ksi
2.50 ksi/kip

15 kip lateral load
Max bearing stress is 35ksi
2.35 ksi/kip

Bearing stresses on the bushings are also consistent with Fan’s later calculations.
Provides confidence in Fan/Myatt models of single bolted joint.



Confirmatory Experimental 
Testing



Measurement of preload
• Fiber optic gages (which can be calibrated before 

installation!!) can be installed in a number of bolts to 
monitor preload during life.

• The gages would indicate when to re-torque when and if 
the preload lessons.

• Largest obstacle (drilling a 0.02” hole through a 9” long 
stud has been achieved.)

• Gages have been shown to give highly repeatable data.



Shear Testing at ORNL
• Minimum friction condition (mu=0.4) does work for all 

outboard bolts and both analyses indicate that the friction 
coefficient seen in testing is more than adequate

• Tests of bolted joint mockups in LN2 (static and cyclic) are 
planned and will use the strain gage in a bolt concept to 
monitor preload.

• Status: All Load-train and LN2 tank parts manufactured, 
awaiting bolts and shims (mid July)

LVDT
rods

Test
joints

Friction Shims are hard 
to see

Total: 
50 Kip 
Load



Chits Status- Interface Hardware PDR, Feb07



Chits Status- Interface Hardware PDR, Feb07



Chits Status- Interface Hardware PDR, Feb07



Chits Status- Interface Hardware PDR, Feb07



Chits Status- Shims FDR, Jun07



Chits Status- Shims FDR, Jun07



Conclusion

• Are the requirements well defined?
Coil asm spec is approved, FPA Station-2 spec in progress

• Does the design meet the requirements?
Outboard shim, bolt asm details unaffected by remaining
inboard interface work.

• Is the design adequately underpinned by analysis and testing
Documented analysis is being checked. Confirmatory tests planned.

• Are the drawings complete and ready to be released for fabrication?
Drawings have been issued for fabrication.

• Have chits from previous MC design reviews been addressed?
Open chits to be resolved by asm and welding trials, 
FPA Station-2 specification.

• Have technical, cost/schedule, safety risks been addressed?


