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OVERVIEW

Under the direction of Steve Jurczynski, mechanical testing of National Spherical Tourus Experiment (NSTX) Toroidal Field (TF) Flag Joint components was performed by Ronald Beyer, John Semler and Steve Langish. Testing included mock-ups of currently used components, new components as well as actual components removed from NSTX.

Charge Number: 1150****X156

MTL Number: 218

TEST SETUP

The photo below shows the MTS hydraulic test set-up, which was augmented by a Digital Storage Oscilloscope (DSO) or “Scope” and handheld Digital Volt Meter (DVM). The DSO and DVM provided a means to capture and store test data. It should be noted that the Scope plots Load vs. Time. A method of plotting Load vs. Displacement was configured. The X-Axis, or displacement, is filtered by a 20Hz low pass filter. Scale is 2mv = 0.001”. There is about 1mV or 0.00005” noise on this channel. The Y-Axis, or force, is filtered by a pair of 2Hz Low Pass Filters. The scale is 1volt = 2,000lbs. There is about 40lbs, or 20mV, of noise on this channel.
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TEST SETUP (continued)

For cyclical testing of components the MTS hydraulic press’s Span adjustment was characterized as shown below. Using this chart a delta offset on a pre-load can be quickly setup. For example if a 1,000lb delta is required the Span Setting should be approximately be 0.53.
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TEST SETUP (continued)

Two 10,000 lb full scale Load Cells (model LC203-10k) and two Strain Gauge Panel Meters (model DP25-S) were purchased from Omega and characterized. The Table and Chart below show the Load Cell % Error vs. the MTS Test Stand Load Cell calibration report dated 07/22/02.
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SER.#

67049

SENSOR

LOAD

MTS CAL

MTS %

SCALED

CELL

CELL

LBS

DATA

ERROR

FLUKE

METER

% ERROR

2000

2002.0

0.10

2004.4

2008

0.18

4000

4006.1

0.15

4010.3

4002

-0.21

6000

6009.3

0.15

6007.3

6000

-0.12

8000

8015.1

0.19

8015.5

8003

-0.16

10000

10013.0

0.13

10005.8

9996

-0.10

RED

SER.#

67047

SENSOR

LOAD

MTS CAL

MTS %

SCALED

CELL

CELL

LBS

DATA

ERROR

FLUKE

METER

% ERROR

2000

2002.0

0.10

2005.2

2001

-0.21

4000

4006.1

0.15

4021.3

4009

-0.31

6000

6009.3

0.15

6023.7

6007

-0.28

8000

8015.1

0.19

8020.9

7997

-0.30

10000

10013.0

0.13

10017.6

9997

-0.21


FIXTURE BOLTS
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re-take picture with A286 cut down and threaded Flag Bolt

From Left to Right: Grade 5 “Kalish Special” bolts break at 11,500lbs, Hastelloy stretch too much to be useful. Hex Head Stock Room Bolts of Unknown Grade break at 15,000 lbs, A286 Flag Bolts cut and threaded are good to > 15,000lbs.

TEST SAMPLES

Three Test Samples were utilized as shown in the below pictures:

TAP LOK 3/8 – 16 H-Series Tap Drill 17/32 (TOP)

KEEN SERTS 3/8 – 16 #KNH616J Tap Drill 33/64 (MIDDLE)

KEEN SERTS 3/8 – 16 #KNH616J Tap Drill 33/64 (BOTTOM)

Note: After Testing it was discovered that the TAP LOKs were not installed in the optimum manner. TAP LOKs for this data were installed in tapped holes. The preferred method is to only partially tap the holes. Re-testing with optimally installed TAP LOKs is planned.
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TEST SAMPLES (continued)

The second batch of TAP LOK samplers is shown below. These TAP LOKs were installed in the optimum manner however the size was not that as shown on released drawing. A third set with the proper size TAP LOKs is forthcoming.
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Top: TAP LOK 3/8” – 16, 17/32” TAP DRILL PLUG TAPPED ONLY

Bottom Left: TAP LOK 3/8” –16, 0.537 DIAMETER HOLE NO TAP USED

Bottom Center: TAPPED 3/8” – 16, NO INSERT

Bottom Right: Sample No Data
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TEST SAMPLES (continued)

The third set of TAP LOK inserts are shown below. This set contains what is supposed to be the proper size TAP LOKs.
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TAP LOK 0.537” Diameter Hole, Insert Tool Only, Medium Length 0.562”

NEW KEEN SERT PULL TEST
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KEEN SERT threaded inserts were installed in two inner leg test samples. # 1-5 with a TOP surface Rockwell Hardness of 40 and BOTTOM hardness of 32. # 6-8 TOP = 43 & BOTTOM = 36. Test setup is shown on the left.

SUMMARY

KEEN SERT #1
11,120lbs

KEEN SERT #2
12,000lbs

KEEN SERT #3
11,880lbs

KEEN SERT #4
11,620lbs

KEEN SERT #5
11,500lbs

KEEN SERT #6
11,260lbs

KEEN SERT #7
11,500lbs

KEEN SERT #8
11,380lbs
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KEEN SERT  #1 Scope = 5.56v (11,120lbs)
DVM = 5.46 

NEW KEEN SERT PULL TEST (continued)
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KEEN SERT  #2 Scope = 6.00v (12,000lbs)
DVM = OL 
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KEEN SERT  #3 Scope = 5.94v (11,880lbs)
DVM = 5.85 

NEW KEEN SERT PULL TEST (continued)
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KEEN SERT  #4 Scope = 5.81v (11,620 lbs)
DVM = 5.67 
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KEEN SERT  #5 Scope = 5.75v (11,500lbs)
DVM = 5.61 

NEW KEEN SERT PULL TEST (continued)
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KEEN SERT  #6 Scope = 5.63v (11,260lbs)
DVM = 5.52 
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KEEN SERT  #7 Scope = 5.75v (11,500lbs)
DVM = 5.60 

NEW KEEN SERT PULL TEST (continued)
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KEEN SERT  #8 Scope = 5.69v (11,380lbs)
DVM = 5.57 

TAP LOK INSERT PULL TESTS
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TAP LOK threaded inserts were installed in an inner leg test sample with a TOP surface Rockwell Hardness of 39.5 and BOTTOM hardness of 30. Test setup is shown on the left.

Testing was halted after setup bolts broke on pulls of Holes #2 & #3.

1st Sample SUMMARY (peak force) 3/8 – 16 H-Series Tap Drill 17/32

TAP LOK #1
15,260lbs

TAP LOK #2
15,500lbs (bolt broke)

TAP LOK #3
15,260lbs (bolt broke)

2nd Sample SUMMARY (peak force) 3/8”-16 17/32” Tap Drill Plug Tapped Only

TAP LOK #1
16,000lbs

TAP LOK #2
15,380lbs

TAP LOK #3
15,760lbs

TAP LOK #4
15,500lbs

TAP LOK #5
15,620lbs

3rd Sample SUMMARY (peak force) 0.537” Diameter Hole, Insert Tool Only, Medium Length 0.562”

TAP LOK #1
12,500lbs

TAP LOK #2
12,500lbs

TAP LOK #3
11,500lbs

TAP LOK #4
12,500lbs

TAP LOK #5
11,760lbs

TAP LOK INSERT PULL TESTS 1st Sample
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TAP LOK #1 Scope = 7.63v (15,260lbs)
DVM = 7.54 
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TAP LOK #2 Scope = 7.75v (15,500lbs)
DVM = 7.65 

TAP LOK INSERT PULL TESTS 1st Sample
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TAP LOK #3 Scope = 7.63v (15,260lbs)
DVM = 7.56 

TAP LOK INSERT PULL TEST (continued, 2nd Sample)

[image: image35.png]



03_28_03 TAP LOK #1 2nd Sample, Peak Force = 8.00v or 16,000lbs
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03_28_03 TAP LOK #2 2nd Sample, Peak Force = 7.69v or 15,380lbs

TAP LOK INSERT PULL TEST (continued, 2nd Sample)

[image: image37.png]



03_28_03 TAP LOK #3 2nd Sample, Peak Force = 7.88v or 15,760lbs
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03_28_03 TAP LOK #4 2nd Sample, Peak Force = 7.75v or 15,500lbs

TAP LOK INSERT PULL TEST (continued, 2nd Sample)
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03_28_03 TAP LOK #5 2nd Sample, Peak Force = 7.81v or 15,620lbs

TAP LOK 0.537 DIA. Hole No Tap Used
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03_28_03 TAP LOK 0.537 DIA. Hole No Tap Used, Peak Force = 7.25v or 14,500lbs.

TAP LOK INSERT PULL TEST (continued, 3rd Sample Medium Length 0.562)
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04_01_03 TAP LOK #1 0.537 DIA. Hole Insert Tool Only, Peak Force = 6.25v or 12,500lbs.
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04_01_03 TAP LOK #2 0.537 DIA. Hole Insert Tool Only, Peak Force = 6.25v or 12,500lbs.

TAP LOK INSERT PULL TEST (continued, 3rd Sample Medium Length 0.562)
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04_01_03 TAP LOK #3 0.537 DIA. Hole Insert Tool Only, Peak Force = 5.75v or 11,500lbs.
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04_01_03 TAP LOK #4 0.537 DIA. Hole Insert Tool Only, Peak Force = 6.25v or 12,500lbs.

TAP LOK INSERT PULL TEST (continued, 3rd Sample Medium Length 0.562)
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04_01_03 TAP LOK #5 0.537 DIA. Hole Insert Tool Only, Peak Force = 5.88v or 11,760lbs.

NO INSERT PULL TESTS
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In Sample marked “TAP LOK 3/8-16 H-Series TAP DRILL 17/32” Six additional 3/8” – 16 holes were drilled and tapped. Bare copper was pull tested with NO Inserts. Also shown are the copper threads which pull out with the bolt.

SUMMARY:

Single Sample 3/8” – 16 Thread NO INSERT Peak = 13,620 lbs

“6 UP” Sample:

#1 12,500lbs peak, 8 Threads Pulled

#2 12,620lbs peak, 8 ½ Threads Pulled

#3 13,120lbs peak, 9 Threads Pulled

#4 12,500lbs peak, 8 Threads Pulled

#5 10,880lbs peak, 7 Threads Pulled

#6 12,380lbs peak, 8 Threads Pulled

TAP LOK INSERT PULL TEST NO INSERT
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03_28_03 Tapped Copper NO Insert, Peak Force = 6.81v or 13,620lbs
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04_24_03 Tapped Copper NO Insert #1, Peak Force = 6.25v or 12,500lbs

TAP LOK INSERT PULL TEST NO INSERT (continued)
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04_24_03 Tapped Copper NO Insert #2, Peak Force = 6.31v or 12,620lbs
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04_24_03 Tapped Copper NO Insert #3, Peak Force = 6.56v or 13,120lbs

TAP LOK INSERT PULL TEST NO INSERT (continued)
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04_24_03 Tapped Copper NO Insert #4, Peak Force = 6.25v or 12,500lbs
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04_24_03 Tapped Copper NO Insert #5, Peak Force = 5.44v or 10,880lbs

TAP LOK INSERT PULL TEST NO INSERT (continued)
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04_24_03 Tapped Copper NO Insert #6, Peak Force = 6.19v or 12,380lbs

FLAG BOLT TESTING
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Six Flag Bolts taken off of NSTX were pulled to destruction. The Test setup is shown to the left.

Scope Channel #1 “LOAD” is the Applied Load at a scale of 2000lbs/volt

Channel #2 “FUNC” is Applied Control Voltage from the Function Generator at the same scale of 2000lbs/volt

Scope Plots for Bolts #1 & #2 were inadvertently not taken (oops). Floppy used to store data was full. Scope gave no indication of this condition. Peak Load Data was however, recorded manually and is given along with sample plots.

SUMMARY

Bolt#1
8760lbs

Bolt#2
8760lbs

Bolt#3
9120lbs

Bolt#4
8820lbs

Bolt#5
9120lbs

Bolt#6
8940lbs
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Bolt #1 Scope = 4.38v (8760lbs)
DVM = 4.28 

FLAG BOLT TESTING (continued)

[image: image57.png]SAMPLE




[image: image58.jpg]



Bolt #2 Scope = 4.38v (8760lbs)
DVM = 4.27 
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Bolt #3 Scope = 4.56v (9120lbs)
DVM = 4.44 
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Bolt #4 Scope = 4.41v (8820lbs)
DVM = 4.30 

FLAG BOLT TESTING (continued)
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Bolt #5 Scope = 4.56v (9120lbs)
DVM = 4.47 
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Bolt #6 Scope = 4.47v (8940lbs)
DVM = 4.34 

 SAMPLE COPPER BAR WELD TESTS
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Two copper bar sample welds were cut into four necked down pieces for pull testing. In cut sections the welds were barely discernable. Pieces appear to break at the weld.

SUMMARY

“3L” Peak Force 13,760lbs

“3R” Peak Force 13,260lbs

“4L” Peak Force 13,120lbs

“4R” Peak Force 14,380lbs
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Two Welded Copper Bars Cut Into Four Necked Down Pieces

SAMPLE COPPER BAR WELD TESTS (continued)
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From Top To Bottom: 3L, 3R, 4L, 4R. Samples were water jet cut.
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All pieces appear to have separated at the weld, which was in the center of the necked down area.

SAMPLE COPPER BAR WELD TESTS (continued)
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End view of pulled pieces. Pulled surfaces have a rough but homogeneous appearance.

SAMPLE COPPER BAR WELD TESTS (continued)

Below are the X-Y Scope Plots of the four Copper Weld Sample Pull Tests.

X Axis = Displacement where 2mv =.001”.

Y Axis = Force where 1v = 2000lbs
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03_28_03 Copper Bar Weld “3L” Peak Force 6.88v or 13,760lbs, Peak Displacement 328mV or 164 mils
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03_28_03 Copper Bar Weld “3R” Peak Force 6.63v or 13,260lbs, Peak Displacement 290mV or 145 mils

SAMPLE COPPER BAR WELD TESTS (continued)
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03_28_03 Copper Bar Weld “4L” Peak Force 6.56v or 13,120lbs, Peak Displacement 368mV or 184 mils
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03_28_03 Copper Bar Weld “4R” Peak Force 7.19v or 14,380lbs, Peak Displacement 393mV or 199 mils

COPPER/SILVER SHEAR TESTS
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Shear Test Setup consists of two 10,00lb load cells in a two surface sandwich. Dry run setup shown on left. After repeated runs surface galling caused copper pieces to weld. 

Setup was modified slightly by using steel stock to distribute pre-load forces evenly over the outer copper blocks (see picture below).
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04_01_03 1st DRY RUN Copper Peak Force –2.56v or 5,120lbs

Green Load Cell (Top) Start 7979lbs – Finish 7895lbs, Red Load Cell Start 7983lbs – Finish 7658lbs

04_02_03 2nd DRY RUN Copper Peak Force –2.19v or 4,380lbs

Green Load Cell Start 7842lbs – Finish 7797lbs, Red Load Cell Start 7922lbs – Finish 7851lbs

04_02_03 3rd DRY RUN Copper Peak Force –.891v or 1,782lbs

Green Load Cell Start 2626lbs – Finish 2578lbs, Red Load Cell Start 2612lbs – Finish 2566lbs

04_03_03 SILVER Machined Surface Peak Force –1.83v or 3,660lbs

Green Load Cell Start 2366lbs – Finish ????lbs, Red Load Cell Start 2141lbs – Finish????lbs

04_03_03 SILVER Machined & Sand Blasted Surface Peak Force –2.19v or 4,380lbs

Green Load Cell Start 2614lbs – Finish ????lbs, Red Load Cell Start 2611lbs– Finish ????lbs

04_04_03 Re-Push of 04_03_03 Sand Blast Run Peak Force –1.72v or 3,440lbs

Green Load Cell Start 2577lbs – Finish 2494lbs, Red Load Cell Start 2602lbs– Finish 2564lbs
SHEAR TESTS (continued)

Photos below show examples of silver plated copper with “Galling” and without.
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Silver Plated Surface After Being Sheared – Surface Galled
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Silver Plated Surface After Being Sheared – Slight Surface “Wear” but No Galling

SHEAR TESTS (continued)
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04_01_03 1st DRY RUN Copper Peak Force –2.56v or 5,120lbs

Green Load Cell (Top) Start 7979lbs – Finish 7895lbs, Red Load Cell Start 7983lbs – Finish 7658lbs
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04_02_03 2nd DRY RUN Copper Peak Force –2.19v or 4,380lbs

Green Load Cell Start 7842lbs – Finish 7797lbs, Red Load Cell Start 7922lbs – Finish 7851lbs

SHEAR TESTS (continued)
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04_02_03 3rd DRY RUN Copper Peak Force –.891v or 1,782lbs

Green Load Cell Start 2626lbs – Finish 2578lbs, Red Load Cell Start 2612lbs – Finish 2566lbs
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04_03_03 SILVER Machined Surface Peak Force –1.83v or 3,660lbs

Green Load Cell Start 2366lbs – Finish ????lbs, Red Load Cell Start 2141lbs – Finish????lbs

SHEAR TESTS (continued)

[image: image84.png]



04_03_03 SILVER Machined & Sand Blasted Surface Peak Force –2.19v or 4,380lbs

Green Load Cell Start 2614lbs – Finish ????lbs, Red Load Cell Start 2611lbs– Finish ????lbs
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04_04_03 Re-Push of 04_03_03 Sand Blast Run Peak Force –1.72v or 3,440lbs

Green Load Cell Start 2577lbs – Finish 2494lbs, Red Load Cell Start 2602lbs– Finish 2564lbs

TORQUE COLLAR EPOXY SHEAR TESTS
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Epoxy Shear Test Setup consists of 3/8”square rods used to apply loads to the steel outer faces and the G10 laminate core.

SUMMARY:

#1 60,000lbs

#2 58,590lbs

#3 43,100lbs

#4 40,000lbs

#5 61,900lbs

#6 65,000lbs

1st Sample 3.135”x3.78”, 1.91”x1.915”

Peak 60,000lbs, ?? Surface Separation

2nd Sample 3.775”x3.120”, 1.95”x1.96”

Peak 58,590lbs, ?? Surface Separation

3rd Sample 3.125”x3.78”, 1.95”x1.96”

Peak 43,100lbs, ?? Surface Separation

4th Sample ??”x??”, ??”x??”

Peak 40,000lbs, ?? Surface Separation

5th Sample 3.125”x3.785”, 1.94”x1.96”

Peak 61,900lbs, ?? Surface Separation

6th Sample 3.125”x3.825”, 1.90”x1.96”

Peak 65,000lbs, ?? Surface Separation

TORQUE COLLAR EPOXY SHEAR TESTS (continued)
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Separated Surfaces Appeared Similar to Sample #4 Shown Above.

EPOXY SHEAR TESTS (continued)
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04_03_03 Torque Collar #1 X=2mv/mil, Y=1v/10,000lbs Force=6.0v = 60,000lbs, Stroke=74mv = 37mils
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04_03_03 Torque Collar #2 X=2mv/mil, Y=1v/10,000lbs Force=5.859v = 58,590lbs, Stroke=74mv = 37mils

EPOXY SHEAR TESTS (continued)
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04_03_03 Torque Collar #3 X=2mv/mil, Y=1v/10,000lbs Force=4.31v = 43,100lbs, Stroke=55mv = 28mils
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04_03_03 Torque Collar #4 X=2mv/mil, Y=1v/10,000lbs Force=4.0v = 40,000lbs, Stroke=46mv = 23mils

EPOXY SHEAR TESTS (continued)
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04_03_03 Torque Collar #5 X=2mv/mil, Y=1v/10,000lbs Force=6.19v = 61,900lbs, Stroke=78mv = 39mils
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04_03_03 Torque Collar #6 X=2mv/mil, Y=1v/10,000lbs Force=6.50v = 65,000lbs, Stroke=81mv = 40mils

EPOXY SHEAR TESTS 2nd ROUND
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Second Round of Shear Testing started with two Samples with a Cu core. These Samples, #1 & #5, were tested without side support fixture shown in the photo on the left. The force required to break these samples was much less than the previous Samples which prompted the “Side Support” fixture.

1st Sample SUMMARY (peak force) 

Stainless 1,250lbs NO SIDE SUPPORT, Wet Lay-Up 20,600lbs

2nd Sample SUMMARY (peak force) 

Stainless 4,060lbs NO SIDE SUPPORT

3rd Sample SUMMARY (peak force) 

Stainless “RAN” SIDE SUPPORT, Cu 30,600lbs

4th Sample SUMMARY (peak force) 

Stainless 16,952lbs SIDE SUPPORT, Cu 23,800lbs

5th Sample SUMMARY (peak force) 

Stainless 3,750lbs NO SIDE SUPPORT

6th Sample SUMMARY (peak force) 

Stainless “RAN” SIDE SUPPORT, Wet Lay-Up 20,600lbs

EPOXY SHEAR TESTS 2nd ROUND (continued)
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04_06_03 Cu Torque Collar #1 X=2mv/mil, Y=1v/10,000lbs Force=.125v = 1,250lbs NO Side Support
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04_24_03 Cu Torque Collar #2 X=2mv/mil, Y=1v/2,000lbs Force=2.03v = 4,060lbs NO Side Support
EPOXY SHEAR TESTS 2nd ROUND (continued)
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04_24_03 Cu Torque Collar #3 X=2mv/mil, Y=1v/2,000lbs Force=”RAN” NO Side Support
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04_24_03 Cu Torque Collar #4 X=2mv/mil, Y=1v/2,000lbs Fluke=-8.476v = 16,952lbs Side Support
EPOXY SHEAR TESTS 2nd ROUND (continued)

[image: image99.png]



04_15_03 Cu Torque Collar #5 X=2mv/mil, Y=1v/10,000lbs Force=.375v = 3,750lbs NO Side Support
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04_24_03 Cu Torque Collar #6 X=2mv/mil, Y=1v/2,000lbs Force=”RAN” Side Support
EPOXY SHEAR TESTS 2nd ROUND (continued)
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04_24_03 Cu Torque Collar #1 GUTS X=2mv/mil, Y=1v/10,000lbs Force=-2.060v=20,600lbs NO Side Support
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04_24_03 Cu Torque Collar #3 Cu GUTS X=2mv/mil, Y=1v/10,000lbs Force=-3.06v=30,600lbs NO Side Support
EPOXY SHEAR TESTS 2nd ROUND (continued)
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04_24_03 Cu Torque Collar #4 Cu GUTS X=2mv/mil, Y=1v/10,000lbs Force=-2.38v=23,800lbs NO Side Support
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04_24_03 Cu Torque Collar #6 GUTS X=2mv/mil, Y=1v/10,000lbs Force=-2.06v=20,600lbs NO Side Support
EPOXY SHEAR TESTS 3rd ROUND
[image: image105.jpg]



5/20/03 – 5/21/03 Third round of shear testing conducted with samples having 1/8” x 1/8” groves in both directions. Samples fixtured with and without side clamps.

Sample #1 SUMMARY (peak force) 

1st run 40,610 lbs not clamped

2nd run 15,600 lbs not clamped

Sample #2 SUMMARY (peak force) 

1st run 63,800 lbs clamped at 6 ft lbs

2nd run 28,800 lbs

Sample #3 SUMMARY (peak force) 

56,300 lbs clamped at 6 ft lbs

Sample #4 SUMMARY (peak force) 

NA

Sample #5 SUMMARY (peak force) 

45,490 lbs clamped at 12 ft lbs

Sample #6 SUMMARY (peak force) 

1st run 57,500 lbs clamped at 6 ft lbs

2nd run 16,900 lbs

EPOXY SHEAR TESTS 3rd ROUND (continued)
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No side clamping
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Tested in other orientation

EPOXY SHEAR TESTS 3rd ROUND (continued)
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Clamped at 6 ft lbs
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Sample #2 – clamped – 05/21/03 – 63,800 lbs

EPOXY SHEAR TESTS 3rd ROUND (continued)
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EPOXY SHEAR TESTS 3rd ROUND (continued)
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Clamped at 6 ft lbs
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Sample #3 - clamped – 05/23/03 – 56,300 lbs

EPOXY SHEAR TESTS 3rd ROUND (continued)
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Clamped at 12 ft lbs
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Sample #5 - clamped – 05/23/03 – 45,490 lbs

EPOXY SHEAR TESTS 3rd ROUND (continued)
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Clamped at 6 ft lbs
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Sample #6 – clamped – 05/21/03 – 57,500 lbs

EPOXY SHEAR TESTS 3rd ROUND (continued)
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Attempt to shear steel from epoxy, small block wedged in, sheared epoxy from ground wrap prematurely
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Sample #6 –2nd run - no clamp – 05/21/03 – 16,900 lbs

EPOXY SHEAR TESTS 3rd ROUND (continued)
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5/20/03 – Sample #1 – no clamps – X=2mv/mil, Y=1v/10,000 lbs Force=-4.061 v = 40,610 lbs
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5/20/03 – Sample #1, 2nd run – no clamps – X=2mv/mil, Y=1v/10,000 lbs Force=-1.56 v = 15,600 lbs

EPOXY SHEAR TESTS 3rd ROUND (continued)
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5/21/03 – Sample #2, 1st run – 6 ft lbs – X=2mv/mil, Y=1v/10,000 lbs Force=-6.38 v = 63,800 lbs
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5/21/03 – Sample #2, 2nd run – X=2mv/mil, Y=1v/10,000 lbs Force=-2.88v = 28,800 lbs

EPOXY SHEAR TESTS 3rd ROUND (continued)
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5/23/03 – Sample #3, 1st run – X=2mv/mil, Y=1v/10,000 lbs Force=-5.63v = 56,300 lbs

EPOXY SHEAR TESTS 3rd ROUND (continued)
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5/21/03 – Sample #6, 1st run - 6 ft lbs– X=2mv/mil, Y=1v/10,000 lbs Force=-5.75v = 57,500 lbs
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5/21/03 – Sample #6, 2nd run – 6 ft lbs– X=2mv/mil, Y=1v/10,000 lbs Force=-1.69v = 16,900 lbs

TAP LOK CYCLE PULL TESTING
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Medium Length TAP LOKs installed with Installation Tool Only were cycled with a 1 Cycle Per Second (1Hz) Sine Wave force as follows:

5,000 cycles @ 4,600lbs to 6,000lbs

45,000cycles @ 5,400lbs to 6000lbs

Samples were then pulled to destruction.

SUMMARY

Sample#2, Cycled, Peak 12,376lbs

Sample#1, Not Cycled, Peak = 13,376lbs

TAP LOK CYCLE PULL TESTING (continued)
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04_05_06 TAP LOK Sample #2, 5000 Cycles @ 4,600lbs to 6,000lbs
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04_05, 06_03 TAP LOK Sample #2, 45,195 cycles @ 5,400lbs to 6,000lbs

TAP LOK CYCLE PULL TESTING (continued)
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04_06_03 Sample #2 Pulled After Cycling, Peak Force = 6.188V or 12,376lbs.
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04_06_03 Sample #2 Pulled After Cycling, Peak Force = 6.688V or 13,376lbs.

TAP LOK CYCLE PULL TESTING (continued)
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04_06_03_Not Cycled Top Trace, Cycled Bottom Trace

 CYCLE TESTING OF TAP LOC INSERTS AT ELEVATED TEMPERATURES
[image: image146.wmf]Load Cell Errors
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[image: image132]
Tap Loc Bar 1 Sample #1 SUMMARY
Not yet used
Tap Loc Bar 1 Sample #2/4 SUMMARY (Note: dual fixture used)
Rockwell hardness was 38.0/38.3 B before and 37.8/38.0 B after insert #2 pulled out of the copper bar at 2,450 cycles; Rockwell hardness 37.3/35.2 B after sample #3 was run
Tap Loc Bar 1 Sample #3 SUMMARY
Rockwell hardness 38.0 B before and 32.3/34.8 B after 50,000 cycles; Peak Pull Force = 12,120 lbs
Tap Loc Single Sample SUMMARY

0.537” diameter hole; Rockwell hardness 40.3/40.0 B before and 37.8/38.0 B after 50,000 cycles; Peak Pull Force = 13,380 lbs
Tap Loc Bar 2 Sample #1 SUMMARY
Peak Pull Force = 12,250 lbs
Tap Loc Bar 2 Sample #2 SUMMARY
Not yet used
Tap LocBar 2 Sample #3 SUMMARY

Not yet used

Tap Loc Bar 2 Sample #4 SUMMARY
Not yet used
Bare Copper Sample #1 SUMMARY
Rockwell hardness before test is unavailable and was 36.8 B after 50,000 cycles
Bare Copper Sample #2 SUMMARY
Didn’t use because threads were difficult to engage while hand tightening
Bare Copper Sample #3 SUMMARY
Rockwell hardness before test is unavailable and was 35.8 B after 50,000 cycles
Bare Copper Sample #4 SUMMARY
Not yet used
CYCLE TESTING OF TAP LOC INSERTS AT ELEVATED TEMPERATURES (cont.)
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6/30/03 Tap Loc Bar 1 Sample #2/4 setup; Sample #2 (on right) pulled out at 2,450 cycles
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6/30/03 Tap Loc Bar 1; Insert #2 pulled out at 2,450 cycles
CYCLE TESTING OF TAP LOC INSERTS AT ELEVATED TEMPERATURES (cont.)
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6/30/03 Tap Loc Bar 1 Dual Fixture #2/4 Pulled prematurely at 2,450 cycles
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7/01/03 Tap Loc Bar 1 Sample #3 Force = 4,998 to 5,968 lbs

CYCLE TESTING OF TAP LOC INSERTS AT ELEVATED TEMPERATURES (cont.)
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6/30/03 Tap Loc Single Sample Force = 5,003 to 5,952 lbs
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7/08/03 Tap Loc Bar 2 Sample #1 Force = 4,996 to 5,973 lbs

CYCLE TESTING OF TAP LOC INSERTS AT ELEVATED TEMPERATURES (cont.)
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7/02/03 Bare Copper Sample #1 Force = 4,998 to 5,969 lbs
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7/03/03 Bare Copper Sample #3 Force = 4,998 to 5,989 lbs
CYCLE TESTING OF TAP LOC INSERTS AT ELEVATED TEMPERATURES (cont.)
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7/07/03 Tap Loc Bar 1 Sample #3 Peak = 6.06 Volts (12,120 lbs)
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7/07/03 Tap Loc Single Sample Peak = 6.69 Volts (13,380 lbs)

CYCLE TESTING OF TAP LOC INSERTS AT ELEVATED TEMPERATURES (cont.)
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7/07/03 Bare Copper Sample #1 Peak = 6.25 Volts (12,500 lbs)
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7/07/03 Bare copper Sample #3 Peak = 5.69 Volts (11,380 lbs)
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6/30/03 – 7/03/03 Cyclical testing to 50,000 cycles of tap loc inserts at 100 degrees Celsius in a copper bar between 5,000 and 6,000 lbs per insert. Tests were also conducted on samples without inserts. Typical single sample setup shown to the left.
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Sheet1

		

		GREEN		SER.#		67049																														GREEN		SER.#		67049

		SENSOR																																		SENSOR										LOAD

				MTS		FLUKE		METER		OUTPUT		SENSOR		MTS/MTR		%		MTR/OUT		NORMAL		SHOULD		MTS CAL		MTS		SCALED		LOAD		CELL						MTS CAL		MTS %		SCALED		CELL		CELL

				LBS		-Volts		DISPLAY		VOLTS		mV		DELTA		ERROR		DELTA		OUTPUT		BE		DATA		ERROR		FLUKE		CELL		% ERROR				LBS		DATA		ERROR		FLUKE		METER		% ERROR

		1st RUN		998.6		0.4993		1004		1.000		2.57		-5.4		0.5408		4		1000

				2002.4		1.0012		2008		2.000		4.67		-5.6		0.2797		8		2000		2000		2002.0		0.0010		2004.4		2008		0.18				2000		2002.0		0.10		2004.4		2008		0.18

				3001.6		1.5008		3005		2.996		6.75		-3.4		0.1133		9		2996

				4001.6		2.0008		4005		3.995		8.84		-3.4		0.0850		10		3995		4000		4006.1		0.0015		4007.7		4005		-0.07				4000		4006.1		0.15		4010.3		4002		-0.21

				5003.4		2.5017		5005		4.996		10.93		-1.6		0.0320		9		4996

				5998.0		2.9990		6000		5.993		13.01		-2.0		0.0333		7		5993		6000		6009.3		0.0015		6007.3		6000		-0.12				6000		6009.3		0.15		6007.3		6000		-0.12

				7002.8		3.5014		7005		7.002		15.11		-2.2		0.0314		3		7002

				8000.4		4.0002		8003		8.005		17.20		-2.6		0.0325		-2		8005		8000		8015.1		0.0019		8015.5		8003		-0.16				8000		8015.1		0.19		8015.5		8003		-0.16

				9003.0		4.5015		9006		9.013		19.29		-3.0		0.0333		-7		9013

				9992.8		4.9964		9996		10.012		21.36		-3.2		0.0320		-16		10012		10000		10013.0		0.0013		10005.8		9996		-0.10				10000		10013.0		0.13		10005.8		9996		-0.10

		2nd RUN		-3.0		-0.0015		-1		0.002		0.48		-2.0		-66.6667		-3		2																RED		SER.#		67047

				503.2		0.2516		508		0.508		1.53		-4.8		0.9539		0		508																SENSOR										LOAD

				999.0		0.4995		1005		1.002		2.57		-6.0		0.6006		3		1002																		MTS CAL		MTS %		SCALED		CELL		CELL

				1999.4		0.9997		2005		1.999		4.66		-5.6		0.2801		6		1999		2000		2002.0		0.0010		2001.4		2005		0.18				LBS		DATA		ERROR		FLUKE		METER		% ERROR

				3002.6		1.5013		3009		3.000		6.76		-6.4		0.2131		9		3000																2000		2002.0		0.10		2005.2		2001		-0.21

				4000.6		2.0003		4005		3.996		8.84		-4.4		0.1100		9		3996		4000		4006.1		0.0015		4006.7		4005		-0.04

				5001.4		2.5007		5007		4.999		10.94		-5.6		0.1120		8		4999																4000		4006.1		0.15		4021.3		4009		-0.31

				6010.4		3.0052		6014		6.008		13.04		-3.6		0.0599		6		6008		6000		6009.3		0.0015		6019.7		6014		-0.09

				7004.4		3.5022		7008		7.006		15.12		-3.6		0.0514		2		7006																6000		6009.3		0.15		6023.7		6007		-0.28

				8002.6		4.0013		8006		8.009		17.20		-3.4		0.0425		-3		8009		8000		8015.1		0.0019		8017.7		8006		-0.15

				9001.6		4.5008		9005		9.014		19.29		-3.4		0.0378		-9		9014																8000		8015.1		0.19		8020.9		7997		-0.30

		3rd RUN		1004.8		0.5024		1005		1.002		2.57		-0.2		0.0199		3		1002																10000		10013.0		0.13		10017.6		9997		-0.21

				2001.8		1.0009		2001		1.994		4.66		0.8		-0.0400		7		1994		2000		2002.0		0.0010		2003.8		2001		-0.14

				4004.2		2.0021		4002		3.993		8.83		2.2		-0.0549		9		3993		4000		4006.1		0.0015		4010.3		4002		-0.21

				5998.8		2.9994		5996		5.990		13.00		2.8		-0.0467		6		5990

				9995.2		4.9976		9995		10.010		21.36		0.2		-0.0020		-15		10010		10000		10013.0		0.0013		10008.2		9995		-0.13

		RED		SER.#		67047

		SENSOR

				MTS		FLUKE		METER		OUTPUT		SENSOR		MTS/MTR		%		MTR/OUT		NORMAL		SHOULD		MTS CAL		MTS		SCALED		LOAD		CELL

				LBS		-Volts		DISPLAY		VOLTS		mV		DELTA		ERROR		DELTA		OUTPUT		BE		DATA		ERROR		FLUKE		CELL		% ERROR

		1st RUN		-0.2		-0.00009		0		0.000		0.28		-0.2		-100.0000		0		0

				1002.8		0.5014		1003		0.997		2.38		-0.2		0.0199		6		997

				2003.2		1.0016		2001		1.993		4.47		2.2		-0.1098		8		1993		2000		2002.0		0.0010		2005.2		2001		-0.21

				3004.4		1.5022		3001		2.991		6.57		3.4		-0.1132		10		2991

				4015.2		2.0076		4009		3.999		8.68		6.2		-0.1544		10		3999		4000		4006.1		0.0015		4021.3		4009		-0.31

				5005.4		2.5027		4998		4.988		10.75		7.4		-0.1478		10		4988

				6014.4		3.0072		6007		5.999		12.86		7.4		-0.1230		8		5999		6000		6009.3		0.0015		6023.7		6007		-0.28

				7003.4		3.5017		6995		6.992		14.93		8.4		-0.1199		3		6992

				8005.8		4.0029		7997		8.000		17.03		8.8		-0.1099		-3		8000		8000		8015.1		0.0019		8020.9		7997		-0.30

				9007.0		4.5035		8999		9.010		19.13		8.0		-0.0888		-11		9010

				10004.6		5.0023		9997		10.018		21.23		7.6		-0.0760		-21		10018		10000		10013.0		0.0013		10017.6		9997		-0.21

		2nd RUN		3.2		0.0016		1		0.002		0.28		2.2		-68.7500		-1		2

				1000.6		0.5003		1003		1.000		2.38		-2.4		0.2399		3		1000

				2004.4		1.0022		2004		1.998		4.48		0.4		-0.0200		6		1998		2000		2002.0		0.0010		2006.4		2004		-0.12

				3000.2		1.5001		2999		2.991		6.56		1.2		-0.0400		8		2991

				3999.0		1.9995		3997		3.989		8.65		2.0		-0.0500		8		3989		4000		4006.1		0.0015		4005.1		3997		-0.20

				5000.8		2.5004		4997		4.989		10.75		3.8		-0.0760		8		4989

				6001.0		3.0005		5996		5.990		12.89		5.0		-0.0833		6		5990		6000		6009.3		0.0015		6010.3		5996		-0.24

				7000.0		3.5000		6994		6.993		14.93		6.0		-0.0857		1		6993

				8002.8		4.0014		7996		8.001		17.03		6.8		-0.0850		-5		8001		8000		8015.1		0.0019		8017.9		7996		-0.27

				9001.4		4.5007		8994		9.006		19.12		7.4		-0.0822		-12		9006

				10004.8		5.0024		9997		10.017		21.22		7.8		-0.0780		-20		10017		10000		10013.0		0.0013		10017.8		9997		-0.21

		3rd RUN		-6.0		-0.0030		1		0.003						-116.6667				3

				1001.2		0.5006		1006		1.003						0.4794				1003

				2003.2		1.0016		2005		1.998						0.0899				1998		2000		2002.0		0.0010		2005.2		2005		-0.01

				4005.4		2.0027		4005		3.995						-0.0100				3995		4000		4006.1		0.0015		4011.5		4005		-0.16

				6000.0		3.0000		5997		5.988						-0.0500				5988

				9989.6		4.9948		9987		10.003						-0.0260				10003		10000		10013.0		0.0013		10002.6		9987		-0.16
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Sheet1

		

		GREEN		SER.#		67049																														GREEN		SER.#		67049

		SENSOR																																		SENSOR										LOAD

				MTS		FLUKE		METER		OUTPUT		SENSOR		MTS/MTR		%		MTR/OUT		NORMAL		SHOULD		MTS CAL		MTS		SCALED		LOAD		CELL						MTS CAL		MTS %		SCALED		CELL		CELL

				LBS		-Volts		DISPLAY		VOLTS		mV		DELTA		ERROR		DELTA		OUTPUT		BE		DATA		ERROR		FLUKE		CELL		% ERROR				LBS		DATA		ERROR		FLUKE		METER		% ERROR

		1st RUN		998.6		0.4993		1004		1.000		2.57		-5.4		0.5408		4		1000

				2002.4		1.0012		2008		2.000		4.67		-5.6		0.2797		8		2000		2000		2002.0		0.0010		2004.4		2008		0.18				2000		2002.0		0.10		2004.4		2008		0.18

				3001.6		1.5008		3005		2.996		6.75		-3.4		0.1133		9		2996

				4001.6		2.0008		4005		3.995		8.84		-3.4		0.0850		10		3995		4000		4006.1		0.0015		4007.7		4005		-0.07				4000		4006.1		0.15		4010.3		4002		-0.21

				5003.4		2.5017		5005		4.996		10.93		-1.6		0.0320		9		4996

				5998.0		2.9990		6000		5.993		13.01		-2.0		0.0333		7		5993		6000		6009.3		0.0015		6007.3		6000		-0.12				6000		6009.3		0.15		6007.3		6000		-0.12

				7002.8		3.5014		7005		7.002		15.11		-2.2		0.0314		3		7002

				8000.4		4.0002		8003		8.005		17.20		-2.6		0.0325		-2		8005		8000		8015.1		0.0019		8015.5		8003		-0.16				8000		8015.1		0.19		8015.5		8003		-0.16

				9003.0		4.5015		9006		9.013		19.29		-3.0		0.0333		-7		9013

				9992.8		4.9964		9996		10.012		21.36		-3.2		0.0320		-16		10012		10000		10013.0		0.0013		10005.8		9996		-0.10				10000		10013.0		0.13		10005.8		9996		-0.10

		2nd RUN		-3.0		-0.0015		-1		0.002		0.48		-2.0		-66.6667		-3		2																RED		SER.#		67047

				503.2		0.2516		508		0.508		1.53		-4.8		0.9539		0		508																SENSOR										LOAD

				999.0		0.4995		1005		1.002		2.57		-6.0		0.6006		3		1002																		MTS CAL		MTS %		SCALED		CELL		CELL

				1999.4		0.9997		2005		1.999		4.66		-5.6		0.2801		6		1999		2000		2002.0		0.0010		2001.4		2005		0.18				LBS		DATA		ERROR		FLUKE		METER		% ERROR

				3002.6		1.5013		3009		3.000		6.76		-6.4		0.2131		9		3000																2000		2002.0		0.10		2005.2		2001		-0.21

				4000.6		2.0003		4005		3.996		8.84		-4.4		0.1100		9		3996		4000		4006.1		0.0015		4006.7		4005		-0.04

				5001.4		2.5007		5007		4.999		10.94		-5.6		0.1120		8		4999																4000		4006.1		0.15		4021.3		4009		-0.31

				6010.4		3.0052		6014		6.008		13.04		-3.6		0.0599		6		6008		6000		6009.3		0.0015		6019.7		6014		-0.09

				7004.4		3.5022		7008		7.006		15.12		-3.6		0.0514		2		7006																6000		6009.3		0.15		6023.7		6007		-0.28

				8002.6		4.0013		8006		8.009		17.20		-3.4		0.0425		-3		8009		8000		8015.1		0.0019		8017.7		8006		-0.15

				9001.6		4.5008		9005		9.014		19.29		-3.4		0.0378		-9		9014																8000		8015.1		0.19		8020.9		7997		-0.30

		3rd RUN		1004.8		0.5024		1005		1.002		2.57		-0.2		0.0199		3		1002																10000		10013.0		0.13		10017.6		9997		-0.21

				2001.8		1.0009		2001		1.994		4.66		0.8		-0.0400		7		1994		2000		2002.0		0.0010		2003.8		2001		-0.14

				4004.2		2.0021		4002		3.993		8.83		2.2		-0.0549		9		3993		4000		4006.1		0.0015		4010.3		4002		-0.21

				5998.8		2.9994		5996		5.990		13.00		2.8		-0.0467		6		5990

				9995.2		4.9976		9995		10.010		21.36		0.2		-0.0020		-15		10010		10000		10013.0		0.0013		10008.2		9995		-0.13

		RED		SER.#		67047

		SENSOR

				MTS		FLUKE		METER		OUTPUT		SENSOR		MTS/MTR		%		MTR/OUT		NORMAL		SHOULD		MTS CAL		MTS		SCALED		LOAD		CELL

				LBS		-Volts		DISPLAY		VOLTS		mV		DELTA		ERROR		DELTA		OUTPUT		BE		DATA		ERROR		FLUKE		CELL		% ERROR

		1st RUN		-0.2		-0.00009		0		0.000		0.28		-0.2		-100.0000		0		0

				1002.8		0.5014		1003		0.997		2.38		-0.2		0.0199		6		997

				2003.2		1.0016		2001		1.993		4.47		2.2		-0.1098		8		1993		2000		2002.0		0.0010		2005.2		2001		-0.21

				3004.4		1.5022		3001		2.991		6.57		3.4		-0.1132		10		2991

				4015.2		2.0076		4009		3.999		8.68		6.2		-0.1544		10		3999		4000		4006.1		0.0015		4021.3		4009		-0.31

				5005.4		2.5027		4998		4.988		10.75		7.4		-0.1478		10		4988

				6014.4		3.0072		6007		5.999		12.86		7.4		-0.1230		8		5999		6000		6009.3		0.0015		6023.7		6007		-0.28

				7003.4		3.5017		6995		6.992		14.93		8.4		-0.1199		3		6992

				8005.8		4.0029		7997		8.000		17.03		8.8		-0.1099		-3		8000		8000		8015.1		0.0019		8020.9		7997		-0.30

				9007.0		4.5035		8999		9.010		19.13		8.0		-0.0888		-11		9010

				10004.6		5.0023		9997		10.018		21.23		7.6		-0.0760		-21		10018		10000		10013.0		0.0013		10017.6		9997		-0.21

		2nd RUN		3.2		0.0016		1		0.002		0.28		2.2		-68.7500		-1		2

				1000.6		0.5003		1003		1.000		2.38		-2.4		0.2399		3		1000

				2004.4		1.0022		2004		1.998		4.48		0.4		-0.0200		6		1998		2000		2002.0		0.0010		2006.4		2004		-0.12

				3000.2		1.5001		2999		2.991		6.56		1.2		-0.0400		8		2991

				3999.0		1.9995		3997		3.989		8.65		2.0		-0.0500		8		3989		4000		4006.1		0.0015		4005.1		3997		-0.20

				5000.8		2.5004		4997		4.989		10.75		3.8		-0.0760		8		4989

				6001.0		3.0005		5996		5.990		12.89		5.0		-0.0833		6		5990		6000		6009.3		0.0015		6010.3		5996		-0.24

				7000.0		3.5000		6994		6.993		14.93		6.0		-0.0857		1		6993

				8002.8		4.0014		7996		8.001		17.03		6.8		-0.0850		-5		8001		8000		8015.1		0.0019		8017.9		7996		-0.27

				9001.4		4.5007		8994		9.006		19.12		7.4		-0.0822		-12		9006

				10004.8		5.0024		9997		10.017		21.22		7.8		-0.0780		-20		10017		10000		10013.0		0.0013		10017.8		9997		-0.21

		3rd RUN		-6.0		-0.0030		1		0.003						-116.6667				3

				1001.2		0.5006		1006		1.003						0.4794				1003

				2003.2		1.0016		2005		1.998						0.0899				1998		2000		2002.0		0.0010		2005.2		2005		-0.01

				4005.4		2.0027		4005		3.995						-0.0100				3995		4000		4006.1		0.0015		4011.5		4005		-0.16

				6000.0		3.0000		5997		5.988						-0.0500				5988

				9989.6		4.9948		9987		10.003						-0.0260				10003		10000		10013.0		0.0013		10002.6		9987		-0.16
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