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7.0 Cold Mass Assembly

It was decided that for HGQ-03 there will be no end-loading and hence the magnet cannot be supported by bullets. Note that there is no collet in this magnet as it has a internal splice design. This  left us to design an anchoring system which will hold the collared-coil assembly within the yoke pack. A simple idea was to insert two tabs (1.4 inch long and 0.6 inch wide with the same thickness as collar laminations; in fact  these tabs were machined out of standard laminations) between the laminations, 1800 apart and glue them in place. These tabs rest on the yoke pack and can support the entire weight of the collared-coil assembly. The location of these tabs is at the transition between the standard laminations and the round collar laminations approximately the same location where the collet in the external splice design starts.  

[image: image1.wmf]HGQi-019 : LE  

30

35

40

45

50

55

60

65

70

75

80

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

Distance from the LE, in

SIZE, mils

ACTUAL COIL SIZE

WITH SHIM+CD+KD

With Shim Only


Fig. 27: Collared-coil support system within the yoke pack.

7.1 Yoking and Skinning

Due to the twist in the magnet lead and return ends it was decided to put collet yoke packs in the LE instead of stainless steel yoke pack and no yoke in RE. This way the magnet is truly not loaded  in the ends. The twist as measured in IB3 was pretty much local in the ends, but during insertion in the yoke, a twist was apparent in the body as well. However, the total residual twist at the ends after the collared coil was placed in the lower yoke half was not done. The tabs were inserted between the iron yoke and the LE collet yoke pack. The following schematic represents the yoking assembly:
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Fig. 28: Yoking configuration for HGQ-03
There was some concern of weld shrinkage at the RE as there is no yoke pack to support the skin. It was decided that the welding pusher displacement measurements will be made after each weld pass and will be decided on the spot when to stop welding in the RE. Note the yoke laminations were fusion welded at 7 locations ( 5 on outer surface and 2 on inner surface) to form packs. 

The skin alignment key was 24 mm wide compared to 19 mm for HGQ-01 and 23 mm for HGQ-02. This leaves a gap of 1.75 mm between the yoke and the skin. Note for HGQ-01 there was gap of 0.75 mm between the key and the skin and the skin rests on yoke pack; for HGQ-02 the gap between the yoke and the skin was 1.25 mm. The magnet was compressed at 600 Psi during welding. The pressure seems to drop after every weld pass and so it was adjusted accordingly. For HGQ-03, there was one fusion or root pass followed by three filler passes. The last filler pass was done only upto the beginning of the RE to avoid excessive shrinkage. The distance between the top and bottom pushers was measured on both sides after each welding pass to obtain the weld shrinkage (Figs. 29 and 30). The data shows that the shrinkage pattern in HGQ03 was not symmetrical, and this may have been due to the placement of the skin alignment key flush with the return ends of the keys, such that the weld press could not continue welding as far as in previous magnets. The maximum shrinkage in HGQ-03 was 1.8 mm compared to 1.75 mm in HGQ-02 (showed some buckling of the yoke packs) and 1 mm in HGQ-01 (visible buckling). The welding process itself took about 4 hrs; a drastic improvement from 8 hrs for previous magnets and the quality of welding also seems to be much better atleast visually. 
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Fig. 29: Weld shrinkage measurements on the north side of the magnet.
Fig. 30: Weld shrinkage measurements on the south side of the magnet.
The skin OD measurements using a micrometer were made along the length of the magnet at positions around the circumference at 50, 450 and 900.  PI TAPE measurements were also made along the length of the magnet every 5 inches. The MIC measurements in the body at 50 position were about 4 mils over the reference diameter (16.378 inches); however the magnet ends at his position were off by more than 0.150 inches. The measurements at 450 and 900 were very close to the reference diameter (see Fig. 31).
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Fig. 31: Skin OD measurements using a micrometer and a PI TAPE
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Fig. 32: Twist measurements using a height gauge.
The twist in the magnet was also measured using a height gauge and a twist measuring device. For the height gauge measurements, the magnet was placed on a granite table and height from the top of the table to the groove in the skin alignment key was measured along the length of the magnet. Fig. 32 shows the height gauge measurements on either side of the magnet. The twist is then computed to be 1.0 milli-radian/m in the straight section. This is slightly worst than HGQ-02 which had 0.6 milliradian/m. Fig. 33 shows the methodology used to compute the twist from height gauge measurements [from Igor].
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Fig. 33: Methodology to compute twist from the height gauge measurements. The points A, B, C and D are shown in the Fig. 32
The twist measuring device is a semicircular dome with flat top and has pivots to anchor on to the groove in the skin alignment key on either side of the magnet. An electronic level is placed on top of the flop-top and the read-out gives us directly the angular measurement (Fig. 34). The twist according to these measurements is 1.26 milli-radian per meter which agrees well with the twist measured with height gauge. (Note that the sensitivity of the electronic level used in the twist measuring device is, 1 digit = 0.01 mm/m = 2 SEC). The discrepancy reported in the previous magnets between the twist measuring device and the height gauge measurements is probably due to mistake in the conversion of the read-out on the electronic level to angle.
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Fig. 34: Data from twist measuring device.
7.2 End-Plate and End-Bullets Installation
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End-plates were welded on both lead and return ends. Since the skin OD close to the alignment key is about 0.15 inches bigger additional filler material had to be used while welding. Micrometer measurements were done at 50 location on circumference after welding the end-plate and Fig. 35 shows this data:

Fig. 35: Skin OD measurements at 50 location before and after installing the end-plate.
Evethough the magnet is not going to be loaded in the ends during the first thermal cycle, end-bullets were installed if in case we decide to apply end-load during the second thermal cycle. The pressure plates were partially screwed into the outer end-saddles. This was to avoid any loading in the coils due to possible differential thermal contractions. 

7.3 Testing at IB3

HGQ-03 was hi-potted coil to ground, heater to ground and heater to coil at 1500 V. Leakage is required to be less than 0.5 A at 1500 V. All the coils and the inner strip heaters passed the hi-pot testing. However only two out of the four outer coil strip heaters tested ok. The two outer strip heaters failed (Outer Q1 and Q2 and Outer Q3 and Q4) showed leakage of 0.5 A at around 140 V. However there is no coil to ground short. This strange behavior is yet to be explained. The adhesive used in the outer coil strip heaters to attach the kapton to the stainless steel strip flowed to certain regions. We hi-potted these regions before installing them and found the leakage to be less than 0.5 A at 1500 V. The hi-pot data in given in Table 11.

The final electrical data collected before shipping to MTF:


Resistance  ohm
Ls 

H
Q

Q1 - inner
0.0822
151.900
1.21

Q1 - outer
0.1119
283.981
1.63

Q2 - inner
0.0810
156.990
1.25

Q2 - outer
0.1120
291.899
1.73

Q3 - inner
0.0821
146.900
1.20

Q3 - outer
0.1111
283.107
1.60

Q4 - inner
0.0819
168.133
1.55

Q4 - outer
0.1125
292.680
1.74






Q1 – Quadrant total
0.1944
706.547
2.18

Q2 – Quadrant total
0.1944
740.547
2.44

Q3 – Quadrant total
0.1958
702.970
2.11

Q4 – Quadrant total
0.1957
772.603
3.05







Resistance  ohm
Ls 

mH
Q

Magnet Total
0.7798
4.062
2.33

Table 9: Magnet Resistance, L and Q measurements.

Heater
Resistance  ohm
Heater
Resistance ohm

Q-1/2 - inner*
7.351
Q-1/2 - outer
3.916

Q-2/3 - inner
7.342
Q-2/3 - outer*
4.526

Q-3/4 - inner*
7.353
Q-3/4 - outer
3.864

Q-4/1 - inner
7.740
Q-4/1 - outer*
4.997

Table 10: Heater resistance measurements; the heaters with asterisks were used.
All the voltage taps were also tested and we lost 7 of them during the entire assembly process. The four inner voltage taps lost were while removing the end-can after collaring the straight section of the magnet. The following are the voltage taps lost:

Inner Coils:

Q2 - 2A and 14A

Q3 - 14D

Q4 - 14B

Outer Coils:



Q1 - 16D



Q2 - 16B



Q3 - 16C


HGQ-03 Hipot Leakage
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Measurements taken after magnet fully collared and keyed (including ends)








Taken after pulling off .500 in. of laminations to fix broken Q3 leg of Q2-Q3 outer strip heater








Requirement to pass is less than .5uA @1.5kV








Requirement for coil to coil was mistakenly taken as .5uA @100V

















Q1-Q2 outer heater to coil 


5uA @132V

all coils bussed together



Q2-Q3 outer heater to coil 


.12uA @1.5kV

all coils bussed together



Q3-Q4 outer heater to coil 


1.5uA @140V

all coils bussed together



Q4-Q1 outer heater to coil 


.16uA @1.5kV

all coils bussed together












Q1-Q2 outer heater to ground 


dead short





Q2-Q3 outer heater to ground 


.14uA @1.5kV





Q3-Q4 outer heater to ground 


dead short





Q4-Q1 outer heater to ground 


.12uA @1.5kV














Inner heaters to coil (all)


<.03uA@1.5kV

all coils bussed together



Inner heaters to ground (all)


<.03uA@1.5kV

all coils bussed together












Coils to ground (all)


<.06uA@1.5kV

all coils bussed together












Coil to coil (done at 100V)

















Q1 to Q2


<.03uA @100V

Quadrants bussed together



Q2 to Q3


<.03uA @100V

Quadrants bussed together



Q3 to Q4


<.03uA @100V

Quadrants bussed together



Q4 to Q1


<.03uA @100V

Quadrants bussed together



Table 11: Hi-Pot leakage data for HGQ-03
8.0 Concerns 

8.1 Coil Pre-Stress: Force Balance

The coil pre-stress measurements as read by beam gauges in the magnet body do not co-relate with that of the collar-coil deflection measurements and FEA. One last check is to follow the good old method of doing force balance between the main pump pressure and the coil  pre-stress. 

One way of doing the force balance is to assume a uniform pressure (equal to the main pump pressure) acting on a thick walled cylinder (collared coil assembly) and calculate the stress distribution using the formula (taken from Roark and Young):
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Where  = stress in the cylinder, q = uniform external pressure, a = external radius, b = internal radius and r  is the radius at which stress to be determined.  The maximum and minimum stress in the thick walled cylinder for a uniform external pressure of 6500 Psi is 17847 Psi or 123 MPa and 11348 Psi or 78 MPa. However according to the beam gauge measurements the coil pre-stress is around 220 MPa in the inner coils and 80 MPa in the outer coils. So the inner beam gauges read twice more than they should and outer beam gauges agree reasonably well.

The second method is to convert pump pressure to force and then calculate the reaction forces on the poles of the laminations. For each main pusher there are four surfaces at which we get reaction forces (two due to outer coils and two due to inner coils). For a pump pressure of 6500 Psi, we get a force due to single pump as 6500 Psi x 20 in2 = 130000 lbs. The corresponding stress in the coil is then:
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In the denominator of the above equation, the first '4' is because there are four reaction forces and the contact area = width of the cable (0.614 in) * length of the pusher block (4 in). As said before the inner beam gauges read 220 MPa and outer beam gauges read 80 MPa.

In conclusion at least the inner beam gauge readings are incorrect. The calibration data for the strain gauges was then checked and found that the data from HGQ-03 collaring is outside the range used during gauge calibration (0 - 137 MPa), suggesting a problem with the data as well. However it should be noted that the program that converts the strain gauge resistance data into pressure extrapolated linearly outside the calibration range which seems to be right. So the concern here is what to do for the next magnet and also why did this happen in HGQ-03? 

8.2 Collared Coil Deflection 

[image: image15.png]


From the end-shape measurements with the one inch pusher block and the amount of shimming we added at the ends we can estimate the end-shape and this should some-how relate to that of the measured collar-coil deflection measurements. The following 4 figures show the estimated end-shape and size due to shimming:
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Fig. 36: Estimated end-shape and size due to shimming for Outer LE.
Fig. 37: Estimated end-shape and size due shimming for Outer RE.
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Fig. 38: Estimated end-shape and size due to shimming for Inner LE.
Fig. 39: Estimated end shape and size for Inner RE
Considering just HGQ-03, its possible to expect a drop in the pre-stress at the ends as it is clear from all the plots that even after shimming we see a drop in size. Further from Fig. 36 the end-shape with respect to the body size is similar atleast qualitatively to that of the collared coil defection measurements. But if we start to compare this magnet with that of HGQ-02,  the gain in size at position #3 is only 3 mils. One thought can be that the position #3 is soft compared to the rest of the magnet and inspite of the additional shimming the spring back force could be relatively small (just a thought haven’t prooved). 

In conclusion, the HGQ-03 has positive pre-load throughout the length of the magnet; but the pre-stress levels at the ends are much lower than expected. So the question is what happened to the additional kapton shimming and further if HGQ-03 has poor quench performance at this location what are the alternatives? 

8.3 Twist in the Magnet

There are two kinds of twist in the magnet; twist induced while collaring and keying the magnet (i.e., twist in the collared-coil assembly) and twist induced while welding the skin on to the cold mass (twist in the cold-mass assembly). 

The twist in the collared-coil assembly is specific to HGQ-03 or any future internal splice magnets because the round collars used in the ends of the magnet are not properly positioned while keying. Thus measurements made in IB3 indicated that the magnet straight section is relatively free of twist and that magnet ends have considerable twist. It was later checked to see if the twist is just in the full round collars or magnets ends themselves are twisted. The result is that the magnet ends are infact twisted along with the collars. However when assembling the collared coil assembly into the yoke, a gradual twist in the whole magnet was noticed. Its possible that there is a twist in the whole magnet and that there is a change in slope at the ends. As indicated previously no attempt was made to measure the twist after putting the collared coil assembly into the yoke.

The twist in the cold-mass assembly after welding the skin was measured and found to be around 1.0 milli-radian per meter in the straight section of the magnet. The twist in HGQ-01 was 4.67 milli-radian per meter and for HGQ-02 it was 0.6 milli-radian per meter. The twist in this magnet was slightly higher than that in HGQ-02 probably because of the of no yoke in the RE. The direction of the twist is same in all the three magnets and is clockwise looking from LE to RE. The acceptable twist is however an order of magnitude less than what we have right now. So we still need to work on reducing the twist in the magnet. If we are not able to achieve our goal, we could follow BNL procedure by putting some cross-welding on the skin of the magnet to reduce twist.

8.4 ASME Code Justification

ASME requires that for a pressure vessel, we have to have a full depth penetration during the welding process. This was not achieved in HGQ-03.  Shorter skins are being welded with different groove shape by A. Makaraov to see if we could get this. Once we have this design and the weld procedure, we could then work towards satisfying the intent of ASME pressure vessel code.  

APPENDIX - I

SUPER CONDUCTING CABLE SPECIFICATIONS

Inner Cable Specifications

                                                                                                  CABLE  No.         LHC-3-I-00596
CABLE LOG SHEET                                                                    
LBNL-SUPERCON-AFRD

SUPERCONDUCTING MAGNET MATERIALS

BLD 52

- STRAND  INFORMATION -

                 MANUFACTURER :   IGC

                                  BILLET # :  B20360

                                   SPOOL # :  1,2…,19
                       COMPOSITION :   NbTi
      STRAND Dia.. NOMINAL :  .808 mm                       INSP. DIA..: .810 mm avg.

       Cu/SC RATIO NOMINAL :                                   INSP. RATIO : na
FILAMENT TWIST/LENGTH :  1/12.7 mm                 DIRECTION : LEFT

               SHARP BEND TEST : 

            LENGTH PER SPOOL :  950 m
NOTES:

-CABLING SPECIFICATION –

                         TYPE or SPEC.: LHC-HGQ-INNER  Type#3

                     No. of STRANDS : 38

                 PITCH DIRECTION : RIGHT                  PITCH LENGTH : 114 mm

              PLANETARY RATIO : +.57:1
                            ROLLER ID #: P23 & P24            WIDTH : 15.254 mm           ANGLE : 1.10deg.
                        MANDREL ID #: 21                          WIDTH : 15.15   mm  THICKNESS : .60 mm
                        LUBRICATION : 4BR 100% drip.
                 STRAND TENSION : 2.1 kg.+/-.1 kg               TURKS HEAD LOAD “SGM”: -40.0 kgm.
                    Nom. THICKNESS : 1.457 mm+/-.006 mm
                            Nom. WIDTH : 15.400 mm+/-.025 mm
                            Nom. ANGLE : .99 deg. +/-0.1 deg.
- FINISHED CABLE -

                FINISHED LENGTH : 882 m
                     Avg. THICKNESS : 1.4559 mm
                              Avg. WIDTH : 15.3975 mm
                              Avg. ANGLE : 1.048 deg.
RESIDUAL TWIST/Mtr.: 25 deg. Good direction. OK “Straightening tightens the cable”

ETCH for FILAMENT DAMAGE : OK

NOTES : Strands are “high-low” on major edge of cable and only on the top side as mfg.

                 Run #597 will test short length for pitch length.

             4 m sample Arup Ghosh

             4 m sample LBNL archive

Outer Cable Specifications

          CABLE  No.         LHC-4-F-00623
CABLE LOG SHEET                                                                
LBNL-SUPERCON-AFRD

SUPERCONDUCTING MAGNET MATERIALS

BLD 52

- STRAND  INFORMATION -

                  MANUFACTURER :   Furukawa

                                  BILLET # : :   2-1-11003-F-07 & 11002-F-01 & 11006-F-01
                                   SPOOL # 

                       COMPOSITION :   NbTi
      STRAND Dia.. NOMINAL :  .648 mm                       INSP. DIA..: .6502 mm 
       Cu/SC RATIO NOMINAL :                       

 INSP. RATIO : 

FILAMENT TWIST/LENGTH :   1 / cm                   
DIRECTION : RIGHT

               SHARP BEND TEST :   OK 

            LENGTH PER SPOOL :   890 m
NOTES: Strand from SSC inventory at LBNL

-CABLING SPECIFICATION –

                         TYPE or SPEC.: LHC-HGQ OUTER

                     No. of STRANDS : 46

                 PITCH DIRECTION : LEFT                 PITCH LENGTH : 101.6 mm

              PLANETARY RATIO : +.57:1
                            ROLLER ID #: P-25 & P26            WIDTH : 15.286 mm           ANGLE : 0.85 deg.
                        MANDREL ID #: 20                           WIDTH : 14.86   mm  THICKNESS : .38 mm 
                        LUBRICATION : 100% 4-BR
                 STRAND TENSION : 1.7 kg                     TURKS HEAD LOAD “SGM”: -160 lbs
                    Nom. THICKNESS :  1.146 mm+/-.006 mm
                            Nom. WIDTH : 15.400 mm+/-.025 mm
                            Nom. ANGLE : .   68 deg. +/-0.1 deg.
- FINISHED CABLE -

                FINISHED LENGTH : 835 m
                     Avg. THICKNESS : 1.1460 mm
                              Avg. WIDTH : 15.4050 mm
                              Avg. ANGLE : .703 deg.
               RESIDUAL TWIST/Mtr.:  10 deg. Under twist "good"

ETCH for FILAMENT DAMAGE :  V slight random

NOTES :
3 m for Jc  Arup Ghosh
             
3 m sample LBNL archive



2 cm for metallography

APPENDIX - II

Dimensions for HGQ-03
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APPENDIX - III

End - Shimming for HGQ-03
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		END-Part Deflection Measurements:

		Coils Used: HGQi-021 and HGQi-022

		Gauge Length = .938 inches

		Coil Pressue = 12000 Psi  (pump psi= 1300 Psi)

				C		D		E		F		Average		Relative Height				6 in Gauge Length Data

														[mils]

		Ref		0.5		0.5		0.5		0.5		0.5

		0.469		0.48		0.467		0.478		0.489		0.4785		21.5		-37.55		6.00		3.00

		1.407		0.48		0.463		0.459		0.472		0.4685		31.5		-27.55		11.60		5.00

		2.345		0.5		0.499		0.493		0.491		0.49575		4.25		-54.8		17.20		7.00

		3.283		0.452		0.437		0.45		0.464		0.45075		49.25		-9.8

		4.221		0.44		0.423		0.426		0.44		0.43225		67.75		8.7

		5.159		0.446		0.43		0.432		0.445		0.43825		61.75		2.7

		6.097		0.43		0.416		0.425		0.436		0.42675		73.25		14.2

		7.035		0.428		0.414		0.421		0.432		0.42375		76.25		17.2

		Coil Used: HGQi-019 (LEFT LAY Cable)

		RE, Pump Psi = 1300; I inch gauge length

				C		D		E		F		Average		Relative Height

														[mils]

		Ref		0.5		0.5		0.5		0.5		0.5

		0.5		0.448		0.437		0.436		0.437		0.4395		60.5		2.8

		1.5		0.453		0.453		0.442		0.443		0.44775		52.25		-5.45

		2.5		0.48		0.478		0.464		0.467		0.47225		27.75		-29.95

		3.5		0.448		0.443		0.44		0.447		0.4445		55.5		-2.2		-2.30		3.00

		4.5		0.45		0.446		0.436		0.441		0.44325		56.75		-0.95		-1.50		5.00

		5.5		0.445		0.445		0.441		0.442		0.44325		56.75		-0.95		2.30		6.50

		6.5		0.444		0.445		0.435		0.436		0.44		60		2.3

		LE, Pump Psi = 650; I inch gauge length

				C		D		E		F		Average		Relative Height

														[mils]

		Ref		0.5		0.5		0.5		0.5		0.5

		0.5		0.435		0.437		0.434		0.433		0.43475		65.25

		1.5		0.442		0.442		0.433		0.432		0.43725		62.75

		2.5		0.45		0.454		0.446		0.442		0.448		52

		3.5		0.436		0.437		0.433		0.433		0.43475		65.25

		4.5		0.434		0.435		0.428		0.427		0.431		69

		5.5		0.43		0.43		0.429		0.429		0.4295		70.5

		6.5		0.429		0.43		0.424		0.423		0.4265		73.5

		7.5		0.429		0.429		0.424		0.424		0.4265		73.5

		8.5		0.43		0.431		0.425		0.424		0.4275		72.5

		9.5		0.433		0.433		0.425		0.425		0.429		71

		10.5		0.433		0.434		0.428		0.427		0.4305		69.5

		11.5		0.432		0.435		0.429		0.426		0.4305		69.5

		12.5		0.433		0.436		0.429		0.426		0.431		69

		13.5		0.432		0.434		0.431		0.429		0.4315		68.5

		LE, Pump Psi = 1300; I inch gauge length

				C		D		E		F		Average		Relative Height		Disp.		E		E

														[mils]		[mils]		[ksi]		[Gpa]

		Ref		0.5		0.5		0.5		0.5		0.5

		0.5		0.444		0.443		0.438		0.439		0.441		59		6.25		1113.57		7.67

		1.5		0.452		0.452		0.44		0.439		0.44575		54.25		8.5		818.80		5.64

		2.5		0.472		0.473		0.459		0.457		0.46525		34.75		17.25		403.47		2.78

		3.5		0.444		0.445		0.44		0.44		0.44225		57.75		7.5		927.97		6.39

		4.5		0.442		0.442		0.437		0.436		0.43925		60.75		8.25		843.61		5.81

		5.5		0.441		0.441		0.436		0.436		0.4385		61.5		9		773.31		5.33

		6.5		0.44		0.442		0.431		0.428		0.43525		64.75		8.75		795.40		5.48

		7.5		0.437		0.439		0.432		0.431		0.43475		65.25		8.25		843.61		5.81

		8.5		0.439		0.439		0.432		0.432		0.4355		64.5		8		869.97		6.00

		9.5		0.439		0.439		0.434		0.435		0.43675		63.25		7.75		898.04		6.19

		10.5		0.44		0.441		0.433		0.434		0.437		63		6.5		1070.74		7.38

		11.5		0.44		0.441		0.434		0.433		0.437		63		6.5		1070.74		7.38

		12.5		0.442		0.444		0.433		0.431		0.4375		62.5		6.5		1070.74		7.38

		13.5		0.44		0.441		0.435		0.434		0.4375		62.5		6		1159.96		7.99

												3		-162		54.1

												5		-60		58.18

		Coil Used: HGQi-011 (G-10 End-Parts)										11		60		62.98

												14		48		62.5

		RE, Pump Psi = 1300; I inch gauge length

				C		D		E		F		Average		Relative Height

														[mils]

		Ref		0.5		0.5		0.5		0.5		0.5

		0.5		0.427		0.427		0.419		0.42		0.42325		76.75

		1.5		0.438		0.438		0.421		0.422		0.42975		70.25

		2.5		0.459		0.459		0.453		0.452		0.45575		44.25

		3.5		0.439		0.44		0.446		0.444		0.44225		57.75

		4.5		0.445		0.445		0.444		0.445		0.44475		55.25

		5.5		0.446		0.446		0.444		0.444		0.445		55

		6.5		0.447		0.445		0.436		0.438		0.4415		58.5

		HGQi-021

		LE, Pump Psi = 650; I inch gauge length

				C		D		E		F		Average		Relative Height

														[mils]

		Ref		0.5		0.5		0.5		0.5		0.5

		0.5		0.441		0.441		0.438		0.437		0.43925		60.75

		1.5		0.443		0.444		0.437		0.434		0.4395		60.5

		2.5		0.449		0.45		0.444		0.441		0.446		54

		3.5		0.435		0.437		0.436		0.434		0.4355		64.5

		4.5		0.433		0.435		0.431		0.427		0.4315		68.5

		5.5		0.429		0.432		0.43		0.426		0.42925		70.75

		6.5		0.427		0.429		0.424		0.421		0.42525		74.75

		7.5		0.427		0.429		0.425		0.422		0.42575		74.25

		8.5		0.427		0.43		0.427		0.427		0.42775		72.25

		9.5		0.428		0.431		0.428		0.424		0.42775		72.25

		10.5		0.428		0.432		0.429		0.424		0.42825		71.75

		11.5		0.427		0.43		0.428		0.424		0.42725		72.75

		12.5		0.429		0.43		0.425		0.423		0.42675		73.25

		13.5		0.429		0.433		0.428		0.423		0.42825		71.75

		LE, Pump Psi = 1300; I inch gauge length

				C		D		E		F		Average		Relative Height		Disp.		E		E

														[mils]		[mils]		[ksi]		[Gpa]

		Ref		0.5		0.5		0.5		0.5		0.5

		0.5		0.449		0.448		0.448		0.447		0.448		52		8.75		795.40		5.48

		1.5		0.452		0.455		0.443		0.438		0.447		53		7.5		927.97		6.39

		2.5		0.467		0.467		0.457		0.456		0.46175		38.25		15.75		441.89		3.05

		3.5		0.443		0.443		0.441		0.441		0.442		58		6.5		1070.74		7.38

		4.5		0.443		0.442		0.436		0.434		0.43875		61.25		7.25		959.97		6.62

		5.5		0.438		0.438		0.437		0.435		0.437		63		7.75		898.04		6.19

		6.5		0.436		0.437		0.432		0.43		0.43375		66.25		8.5		818.80		5.64

		7.5		0.435		0.439		0.434		0.438		0.4365		63.5		10.75		647.42		4.46

		8.5		0.436		0.44		0.434		0.429		0.43475		65.25		7		994.25		6.85

		9.5		0.437		0.441		0.434		0.428		0.435		65		7.25		959.97		6.62

		10.5		0.438		0.439		0.434		0.431		0.4355		64.5		7.25		959.97		6.62

		11.5		0.436		0.438		0.433		0.43		0.43425		65.75		7		994.25		6.85

		12.5		0.438		0.439		0.432		0.429		0.4345		65.5		7.75		898.04		6.19

		13.5		0.437		0.438		0.433		0.431		0.43475		65.25		6.5		1070.74		7.38

		Coil Used: HGQi-022

		RE, Pump Psi = 650; I inch gauge length

				C		D		E		F		Average		Relative Height

														[mils]

		Ref		0.5		0.5		0.5		0.5		0.5

		0.5		0.455		0.452		0.451		0.454		0.453		47

		1.5		0.456		0.455		0.451		0.452		0.4535		46.5

		2.5		0.463		0.461		0.46		0.462		0.4615		38.5

		3.5		0.426		0.425		0.429		0.431		0.42775		72.25

		4.5		0.431		0.428		0.426		0.428		0.42825		71.75

		5.5		0.427		0.426		0.429		0.43		0.428		72

		6.5		0.422		0.421		0.422		0.423		0.422		78

		RE, Pump Psi = 1300; I inch gauge length

				C		D		E		F		Average		Relative Height		disp		E		E

														[mils]		[mils]		[ksi]		[Gpa]

		Ref		0.5		0.5		0.5		0.5		0.5

		0.5		0.459		0.456		0.46		0.462		0.45925		40.75		6.25		1113.57		7.67

		1.5		0.465		0.463		0.455		0.456		0.45975		40.25		6.25		1113.57		7.67

		2.5		0.485		0.482		0.476		0.479		0.4805		19.5		19		366.30		2.52

		3.5		0.436		0.433		0.439		0.443		0.43775		62.25		10		695.98		4.80

		4.5		0.441		0.438		0.436		0.439		0.4385		61.5		10.25		679.00		4.68

		5.5		0.439		0.434		0.438		0.443		0.4385		61.5		10.5		662.84		4.57

		6.5		0.436		0.433		0.433		0.437		0.43475		65.25		12.75		545.87		3.76

		HGQi-019 ,

		RE, Pump Psi = 650; I inch gauge length

				C		D		E		F		Average		Relative Height		disp		E		E

														[mils]		[mils]		[ksi]		[Gpa]

		Ref		0.5		0.5		0.5		0.5		0.5

		0.5		0.443		0.441		0.44		0.442		0.4415		58.5		-2		-3479.89		-23.98

		1.5		0.446		0.447		0.44		0.44		0.44325		56.75		4.5		1546.62		10.66

		2.5		0.469		0.469		0.455		0.454		0.46175		38.25		10.5		662.84		4.57

		3.5		0.441		0.44		0.44		0.442		0.44075		59.25		3.75		1855.94		12.79

		4.5		0.44		0.439		0.435		0.435		0.43725		62.75		6		1159.96		7.99

		5.5		0.438		0.438		0.437		0.438		0.43775		62.25		5.5		1265.42		8.72

		6.5		0.435		0.437		0.435		0.433		0.435		65		5		1391.96		9.59

		SHIM PLAN #1

		HGQi-022

		RE, Pump Psi = 1300; I inch gauge length

				C		D		E		F		Average		Relative Height

														[mils]

		Ref		0.5		0.5		0.5		0.5		0.5

		0.5		0.451		0.447		0.45		0.454		0.4505		49.5

		1.5		0.45		0.446		0.444		0.449		0.44725		52.75

		2.5		0.471		0.47		0.46		0.46		0.46525		34.75

		3.5		0.433		0.427		0.429		0.436		0.43125		68.75

		4.5		0.438		0.433		0.428		0.433		0.433		67

		5.5		0.437		0.435		0.435		0.438		0.43625		63.75

		6.5		0.435		0.433		0.434		0.437		0.43475		65.25

		HGQi-019 ,

		RE, Pump Psi = 650; I inch gauge length

				C		D		E		F		Average		Relative Height		disp		E		E

														[mils]		[mils]		[ksi]		[Gpa]

		Ref		0.5		0.5		0.5		0.5		0.5

		0.5		0.446		0.444		0.444		0.446		0.445		55		5.5		1265.42		8.72

		1.5		0.443		0.439		0.44		0.443		0.44125		58.75		6		1159.96		7.99

		2.5		0.453		0.452		0.444		0.445		0.4485		51.5		16.75		415.51		2.86

		3.5		0.419		0.417		0.415		0.416		0.41675		83.25		14.5		479.99		3.31

		4.5		0.426		0.425		0.423		0.423		0.42425		75.75		8.75		795.40		5.48

		5.5		0.429		0.425		0.423		0.427		0.426		74		10.25		679.00		4.68

		6.5		0.425		0.426		0.427		0.426		0.426		74		8.75		795.40		5.48

		HGQi-019; SHIM PLAN #2, radial shimming

		LE, Pump Psi = 1300; I inch gauge length

				C		D		E		F		Average		Relative Height

														[mils]

		Ref		0.5		0.5		0.5		0.5		0.5

		0.5		0.442		0.441		0.441		0.44		0.441		59

		1.5		0.44		0.439		0.436		0.436		0.43775		62.25

		2.5		0.449		0.449		0.438		0.436		0.443		57

		3.5		0.439		0.441		0.437		0.433		0.4375		62.5

		4.5		0.436		0.438		0.437		0.434		0.43625		63.75

		5.5		0.436		0.438		0.438		0.435		0.43675		63.25

		6.5		0.434		0.436		0.433		0.429		0.433		67

		7.5		0.434		0.437		0.433		0.429		0.43325		66.75

		8.5		0.435		0.438		0.434		0.429		0.434		66

		9.5		0.437		0.439		0.435		0.43		0.43525		64.75

		10.5		0.437		0.44		0.435		0.43		0.4355		64.5

		11.5		0.435		0.437		0.435		0.431		0.4345		65.5

		12.5		0.435		0.438		0.435		0.43		0.4345		65.5

		13.5		0.437		0.439		0.435		0.431		0.4355		64.5

		HGQi-027; SHIM PLAN #3

		RE, Pump Psi = 6500; 5 inch gauge length

				C		D		E		F		Average		Relative Height

														[mils]

		Ref		0.5		0.5		0.5		0.5		0.5

		1		0.434		0.436		0.434		0.433		0.43425		65.75

		2		0.438		0.436		0.43		0.433		0.43425		65.75

		3		0.434		0.436		0.431		0.43		0.43275		67.25

		4		0.434		0.438		0.432		0.43		0.4335		66.5

		5		0.435		0.438		0.433		0.431		0.43425		65.75

		6		0.435		0.44		0.433		0.427		0.43375		66.25

		7		0.44		0.446		0.43		0.426		0.4355		64.5

		LE		Actual		shim+CD+KD		SHIM

		0.5		59		75		65

		1.5		54.25		70.25		60.25

		2.5		34.75		60.75		50.75

		3.5		57.75		73.75		63.75

		4.5		60.75		68.75		62.75

		5.5		61.5		67.5		61.5

		6.5		64.75		70.75		64.75

		7.5		65.25		71.25		65.25

		8.5		64.5		70.5		64.5

		9.5		63.25		69.25		63.25

		10.5		63		69		63

		11.5		63		69		63

		12.5		62.5		68.5		62.5

		13.5		62.5		68.5		62.5

		RE		ACTUAL		S+C+K		S

		0.5		40.75		48.75		40.75

		1.5		40.25		53.25		45.25

		2.5		19.5		52.25		37

		3.5		62.25		75.25		67

		4.5		61.5		69.5		61.5

		5.5		61.5		69.5		61.5

		6.5		65.25		73.25		65.5
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		END-Part Deflection Measurements:

		OUTER COILS

		HGQo-015

		LE, Pump Psi = 1300; I inch gauge length

				C		D		E		F		Average		Relative Height

														[mils]

		Ref		0.5		0.5		0.5		0.5		0.5000

		0.5		0.446		0.443		0.443		0.444		0.4440		56.00

		1.5		0.465		0.46		0.441		0.446		0.4530		47.00

		2.5		0.482		0.476		0.47		0.478		0.4765		23.50

		3.5		0.445		0.442		0.447		0.45		0.4460		54.00

		4.5		0.449		0.444		0.436		0.44		0.4423		57.75

		5.5		0.453		0.45		0.44		0.443		0.4465		53.50

		6.5		0.451		0.447		0.446		0.45		0.4485		51.50

		7.5		0.441		0.439		0.437		0.439		0.4390		61.00

		8.5		0.44		0.438		0.433		0.435		0.4365		63.50

		9.5		0.438		0.436		0.432		0.435		0.4353		64.75

		10.5		0.439		0.44		0.432		0.432		0.4358		64.25

		11.5		0.436		0.436		0.429		0.43		0.4328		67.25

		12.5		0.435		0.434		0.43		0.431		0.4325		67.50

		LE, Pump Psi = 650; I inch gauge length

				C		D		E		F		Average		Relative Height		Disp		E

														[mils]		[mils]		[GPa]

		Ref		0.5		0.5		0.5		0.5		0.5000

		0.5		0.436		0.437		0.433		0.433		0.4348		65.25		9.25		7.15				6 inch measurements (LE)

		1.5		0.446		0.445		0.432		0.435		0.4395		60.50		13.50		4.90

		2.5		0.455		0.453		0.448		0.45		0.4515		48.50		25.00		2.64				size		dist.		size

		3.5		0.433		0.433		0.434		0.435		0.4338		66.25		12.25		5.40				-159.1303657607		3		50.2947853696

		4.5		0.435		0.435		0.425		0.425		0.4300		70.00		12.25		5.40				-140.08		5		51.0568

		5.5		0.44		0.438		0.431		0.433		0.4355		64.50		11.00		6.01				183.8		11		64.012

		6.5		0.438		0.438		0.434		0.435		0.4363		63.75		12.25		5.40				271		13		67.5

		7.5		0.431		0.43		0.426		0.427		0.4285		71.50		10.50		6.30

		8.5		0.428		0.428		0.424		0.424		0.4260		74.00		10.50		6.30

		9.5		0.426		0.427		0.424		0.423		0.4250		75.00		10.25		6.45

		10.5		0.428		0.427		0.423		0.425		0.4258		74.25		10.00		6.61				317		7.5		69.5

		11.5		0.427		0.427		0.422		0.423		0.4248		75.25		8.00		8.26				69.5		5		59.7559055118

		12.5		0.426		0.427		0.424		0.423		0.4250		75.00		7.50		8.81				0		3		57.0196850394

		RE, Pump Psi = 1300; I inch gauge length

				C		D		E		F		Average		Relative Height

														[mils]

		Ref		0.5		0.5		0.5		0.5		0.5000

		0.5		0.443		0.442		0.435		0.436		0.4390		61.00

		1.5		0.465		0.465		0.438		0.439		0.4518		48.25

		2.5		0.483		0.479		0.469		0.473		0.4760		24.00

		3.5		0.443		0.441		0.435		0.448		0.4418		58.25

		4.5		0.443		0.441		0.432		0.434		0.4375		62.50

		5.5		0.44		0.439		0.431		0.432		0.4355		64.50

		6.5		0.434		0.432		0.427		0.43		0.4308		69.25

		7.5		0.435		0.433		0.425		0.428		0.4303		69.75

		RE, Pump Psi = 650; I inch gauge length

				C		D		E		F		Average		Relative Height		disp		E

														[mils]		[mils]		GPa

		Ref		0.5		0.5		0.5		0.5		0.5000

		0.5		0.433		0.43		0.425		0.429		0.4293		70.75		9.75		6.78

		1.5		0.445		0.442		0.431		0.433		0.4378		62.25		14.00		4.72

		2.5		0.455		0.455		0.448		0.449		0.4518		48.25		24.25		2.73

		3.5		0.431		0.431		0.432		0.433		0.4318		68.25		10.00		6.61

		4.5		0.429		0.427		0.419		0.422		0.4243		75.75		13.25		4.99

		5.5		0.428		0.427		0.424		0.425		0.4260		74.00		9.50		6.96

		6.5		0.426		0.424		0.421		0.421		0.4230		77.00		7.75		8.53

		7.5		0.426		0.422		0.418		0.423		0.4223		77.75		8.00		8.26

		HGQo-008

		RE, Pump Psi = 1300; I inch gauge length

				C		D		E		F		Average		Relative Height

														[mils]

		Ref		0.5		0.5		0.5		0.5		0.5000

		0.5		0.446		0.444		0.436		0.438		0.4410		59.00

		1.5		0.47		0.468		0.447		0.448		0.4583		41.75

		2.5		0.486		0.48		0.476		0.481		0.4808		19.25

		3.5		0.447		0.445		0.448		0.45		0.4475		52.50

		4.5		0.445		0.442		0.437		0.44		0.4410		59.00

		5.5		0.445		0.443		0.436		0.438		0.4405		59.50

		6.5		0.443		0.442		0.432		0.433		0.4375		62.50

		7.5		0.442		0.442		0.433		0.434		0.4378		62.25

		RE, Pump Psi = 650; I inch gauge length

				C		D		E		F		Average		Relative Height		disp		E

														[mils]		[mils]		GPa

		Ref		0.5		0.5		0.5		0.5		0.5000

		0.5		0.434		0.433		0.427		0.428		0.4305		69.50		10.50		6.30

		1.5		0.446		0.446		0.434		0.433		0.4398		60.25		18.50		3.57

		2.5		0.456		0.456		0.452		0.452		0.4540		46.00		26.75		2.47

		3.5		0.435		0.436		0.437		0.437		0.4363		63.75		11.25		5.88

		4.5		0.431		0.432		0.436		0.425		0.4310		69.00		10.00		6.61

		5.5		0.435		0.434		0.43		0.43		0.4323		67.75		8.25		8.01

		6.5		0.433		0.432		0.428		0.429		0.4305		69.50		7.00		9.44

		7.5		0.434		0.434		0.427		0.427		0.4305		69.50		7.25		9.12

		HGQo-015 + Shimming Plan #1

		LE, Pump Psi = 1300; I inch gauge length

				C		D		E		F		Average		Relative Height

														[mils]

		Ref		0.5		0.5		0.5		0.5		0.5000

		0.5		0.442		0.439		0.44		0.443		0.4410		59.00

		1.5		0.455		0.453		0.44		0.442		0.4475		52.50

		2.5		0.472		0.468		0.462		0.467		0.4673		32.75

		3.5		0.444		0.441		0.438		0.439		0.4405		59.50

		4.5		0.445		0.442		0.434		0.434		0.4388		61.25

		5.5		0.449		0.445		0.437		0.439		0.4425		57.50

		6.5		0.443		0.443		0.438		0.437		0.4403		59.75

		7.5		0.438		0.435		0.429		0.432		0.4335		66.50

		8.5		0.437		0.437		0.429		0.428		0.4328		67.25

		9.5		0.439		0.435		0.428		0.431		0.4333		66.75

		10.5		0.439		0.436		0.428		0.43		0.4333		66.75

		11.5		0.435		0.436		0.427		0.425		0.4308		69.25

		12.5		0.435		0.435		0.426		0.426		0.4305		69.50

		RE, Pump Psi = 1300; Shim Plan #1

				C		D		E		F		Average		Relative Height

														[mils]

		Ref		0.5		0.5		0.5		0.5		0.5000

		0.5		0.449		0.448		0.436		0.435		0.4420		58.00

		1.5		0.457		0.454		0.441		0.442		0.4485		51.50

		2.5		0.476		0.474		0.467		0.468		0.4713		28.75

		3.5		0.441		0.442		0.44		0.438		0.4403		59.75

		4.5		0.443		0.44		0.432		0.433		0.4370		63.00

		5.5		0.435		0.436		0.433		0.431		0.4338		66.25

		6.5		0.433		0.432		0.427		0.427		0.4298		70.25

		7.5		0.432		0.432		0.426		0.425		0.4288		71.25

		HGQo-015 + Shimming Plan #2 (BROKEN SADDLE)

		LE, Pump Psi = 1300; I inch gauge length

				C		D		E		F		Average		Relative Height

														[mils]

		Ref		0.5		0.5		0.5		0.5		0.5000

		12.5		0.433		0.433		0.429		0.426		0.4303		67.50

		11.5		0.433		0.435		0.429		0.426		0.4308		67.00

		10.5		0.435		0.436		0.431		0.429		0.4328		65.00

		9.5		0.437		0.434		0.429		0.431		0.4328		65.00

		8.5		0.434		0.433		0.424		0.426		0.4293		68.50

		7.5		0.436		0.434		0.43		0.432		0.4330		64.75

		6.5		0.441		0.441		0.431		0.431		0.4360		61.75

		5.5		0.44		0.439		0.434		0.434		0.4368		61.00

		4.5		0.444		0.443		0.433		0.434		0.4385		59.25

		3.5		0.441		0.439		0.444		0.446		0.4425		55.25

		2.5		0.46		0.457		0.454		0.456		0.4568		41.00

		1.5		0.45		0.448		0.437		0.437		0.4430		54.75

		0.5		0.442		0.44		0.439		0.442		0.4408		57.00

		HGQo-023

		Shim Plan #3

		LE, Pump Psi = 6500 Psi; 5 inch gauge length

				C		D		E		F		Average		Relative Height

														[mils]

		Ref		0.5		0.5		0.5		0.5		0.5000

		1		0.438		0.428		0.445		0.456		0.4418		58.25

		2		0.439		0.43		0.444		0.454		0.4418		58.25

		3		0.44		0.434		0.436		0.441		0.4378		62.25

		4		0.439		0.437		0.432		0.434		0.4355		64.50

		5		0.439		0.433		0.434		0.44		0.4365		63.50

		6		0.439		0.436		0.435		0.438		0.4370		63.00

		7		0.445		0.441		0.431		0.433		0.4375		62.50

		8		0.444		0.441		0.431		0.435		0.4378		62.25

		9		0.444		0.439		0.433		0.438		0.4385		61.50

		10		0.442		0.437		0.437		0.442		0.4395		60.50

		11		0.443		0.439		0.436		0.44		0.4395		60.50

		12		0.443		0.437		0.435		0.441		0.4390		61.00

		13		0.443		0.439		0.436		0.44		0.4395		60.50

		NO SHIM

		HGQo-015; LE, Pump Psi = 8000; 6 inch gauge length

				C		D		E		F		Average		Relative Height

														[mils]

		REF		0.5		0.5		0.5		0.5		0.5

		1		0.467		0.455		0.456		0.469		0.462		38.25

		2		0.463		0.451		0.460		0.472		0.462		38.50

		3		0.458		0.443		0.459		0.474		0.459		41.50

		4		0.458		0.443		0.452		0.466		0.455		45.25

		5		0.457		0.442		0.449		0.464		0.453		47.00

		6		0.456		0.442		0.449		0.464		0.453		47.25

		7		0.453		0.440		0.447		0.460		0.450		50.00

		8		0.451		0.439		0.445		0.457		0.448		52.00

		9		0.448		0.439		0.444		0.453		0.446		54.00

		10		0.449		0.436		0.441		0.454		0.445		55.00

		11		0.448		0.439		0.441		0.450		0.445		55.50

		12		0.452		0.443		0.437		0.447		0.445		55.25

		SSC, RE, Glass Insulation (outer Layer)

		1 inch gauge length

		Pump Psi = 500

				C		D		E		F		Average		Relative Height

														[mils]

		REF		0.5		0.5		0.5		0.5		0.5

		0.5		0.458		0.457		0.457		0.457		0.457		42.75

		1.5		0.458		0.458		0.454		0.454		0.456		44.00

		2.5		0.463		0.461		0.454		0.455		0.458		41.75

		3.5		0.468		0.467		0.462		0.460		0.464		35.75

		4.5		0.472		0.470		0.469		0.467		0.470		30.50

		5.5		0.453		0.455		0.456		0.453		0.454		45.75

		6.5		0.444		0.448		0.446		0.442		0.445		55.00

		7.5		0.444		0.447		0.445		0.442		0.445		55.50

		8.5		0.447		0.447		0.443		0.442		0.445		55.25

		Pump Psi = 1000

				C		D		E		F		Average		Relative Height

														[mils]

		REF		0.5		0.5		0.5		0.5		0.5

		0.5		0.462		0.462		0.462		0.462		0.462		38.00

		1.5		0.467		0.465		0.458		0.460		0.463		37.50

		2.5		0.497		0.496		0.486		0.487		0.492		8.50

		3.5

		4.5

		5.5		0.467		0.469		0.472		0.470		0.470		30.50

		6.5		0.455		0.456		0.454		0.453		0.455		45.50

		7.5		0.455		0.457		0.453		0.450		0.454		46.25

		8.5		0.46		0.458		0.451		0.453		0.456		44.50

		LE		Actual		S+C+K		S		S+CD

		0.5		56		86		68		73

		1.5		47		77		61		66

		2.5		23.5		53.5		40		45

		3.5		54		84		68		73

		4.5		57.75		87.75		73.75		78.75

		5.5		53.5		80.5		67.5		72.5

		6.5		51.5		75.5		63.5		68.5

		7.5		61		82		71		76

		8.5		63.5		81.5		71		76

		9.5		64.75		79.75		72		77

		10.5		64.25		74.25		70.5		75.5

		11.5		67.25		72.25		69		74

		12.5		67.5		72.5		67.5		72.5

		RE		Actual		S+C+K		S		S+CD

		0.5		61		88		79		84

		1.5		48.25		75.25		66.25		71.25

		2.5		24		56		46		51

		3.5		58.25		85.25		73		78

		4.5		62.5		83.5		77		82

		5.5		64.5		79.5		74.5		79.5

		6.5		69.25		80		75		80
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		END-Part Deflection Measurements:

		Coils Used: HGQi-021 and HGQi-022

		Gauge Length = .938 inches

		Coil Pressue = 12000 Psi  (pump psi= 1300 Psi)

				C		D		E		F		Average		Relative Height				6 in Gauge Length Data

														[mils]

		Ref		0.5		0.5		0.5		0.5		0.5

		0.469		0.48		0.467		0.478		0.489		0.4785		21.5		-37.55		6.00		3.00

		1.407		0.48		0.463		0.459		0.472		0.4685		31.5		-27.55		11.60		5.00

		2.345		0.5		0.499		0.493		0.491		0.49575		4.25		-54.8		17.20		7.00

		3.283		0.452		0.437		0.45		0.464		0.45075		49.25		-9.8

		4.221		0.44		0.423		0.426		0.44		0.43225		67.75		8.7

		5.159		0.446		0.43		0.432		0.445		0.43825		61.75		2.7

		6.097		0.43		0.416		0.425		0.436		0.42675		73.25		14.2

		7.035		0.428		0.414		0.421		0.432		0.42375		76.25		17.2

		Coil Used: HGQi-019 (LEFT LAY Cable)

		RE, Pump Psi = 1300; I inch gauge length

				C		D		E		F		Average		Relative Height

														[mils]

		Ref		0.5		0.5		0.5		0.5		0.5

		0.5		0.448		0.437		0.436		0.437		0.4395		60.5		2.8

		1.5		0.453		0.453		0.442		0.443		0.44775		52.25		-5.45

		2.5		0.48		0.478		0.464		0.467		0.47225		27.75		-29.95

		3.5		0.448		0.443		0.44		0.447		0.4445		55.5		-2.2		-2.30		3.00

		4.5		0.45		0.446		0.436		0.441		0.44325		56.75		-0.95		-1.50		5.00

		5.5		0.445		0.445		0.441		0.442		0.44325		56.75		-0.95		2.30		6.50

		6.5		0.444		0.445		0.435		0.436		0.44		60		2.3

		LE, Pump Psi = 650; I inch gauge length

				C		D		E		F		Average		Relative Height

														[mils]

		Ref		0.5		0.5		0.5		0.5		0.5

		0.5		0.435		0.437		0.434		0.433		0.43475		65.25

		1.5		0.442		0.442		0.433		0.432		0.43725		62.75

		2.5		0.45		0.454		0.446		0.442		0.448		52

		3.5		0.436		0.437		0.433		0.433		0.43475		65.25

		4.5		0.434		0.435		0.428		0.427		0.431		69

		5.5		0.43		0.43		0.429		0.429		0.4295		70.5

		6.5		0.429		0.43		0.424		0.423		0.4265		73.5

		7.5		0.429		0.429		0.424		0.424		0.4265		73.5

		8.5		0.43		0.431		0.425		0.424		0.4275		72.5

		9.5		0.433		0.433		0.425		0.425		0.429		71

		10.5		0.433		0.434		0.428		0.427		0.4305		69.5

		11.5		0.432		0.435		0.429		0.426		0.4305		69.5

		12.5		0.433		0.436		0.429		0.426		0.431		69

		13.5		0.432		0.434		0.431		0.429		0.4315		68.5

		LE, Pump Psi = 1300; I inch gauge length

				C		D		E		F		Average		Relative Height		Disp.		E		E

														[mils]		[mils]		[ksi]		[Gpa]

		Ref		0.5		0.5		0.5		0.5		0.5

		0.5		0.444		0.443		0.438		0.439		0.441		59		6.25		1113.57		7.67

		1.5		0.452		0.452		0.44		0.439		0.44575		54.25		8.5		818.80		5.64

		2.5		0.472		0.473		0.459		0.457		0.46525		34.75		17.25		403.47		2.78

		3.5		0.444		0.445		0.44		0.44		0.44225		57.75		7.5		927.97		6.39

		4.5		0.442		0.442		0.437		0.436		0.43925		60.75		8.25		843.61		5.81

		5.5		0.441		0.441		0.436		0.436		0.4385		61.5		9		773.31		5.33

		6.5		0.44		0.442		0.431		0.428		0.43525		64.75		8.75		795.40		5.48

		7.5		0.437		0.439		0.432		0.431		0.43475		65.25		8.25		843.61		5.81

		8.5		0.439		0.439		0.432		0.432		0.4355		64.5		8		869.97		6.00

		9.5		0.439		0.439		0.434		0.435		0.43675		63.25		7.75		898.04		6.19

		10.5		0.44		0.441		0.433		0.434		0.437		63		6.5		1070.74		7.38

		11.5		0.44		0.441		0.434		0.433		0.437		63		6.5		1070.74		7.38

		12.5		0.442		0.444		0.433		0.431		0.4375		62.5		6.5		1070.74		7.38

		13.5		0.44		0.441		0.435		0.434		0.4375		62.5		6		1159.96		7.99

												3		-162		54.1

												5		-60		58.18

		Coil Used: HGQi-011 (G-10 End-Parts)										11		60		62.98

												14		48		62.5

		RE, Pump Psi = 1300; I inch gauge length

				C		D		E		F		Average		Relative Height

														[mils]

		Ref		0.5		0.5		0.5		0.5		0.5

		0.5		0.427		0.427		0.419		0.42		0.42325		76.75

		1.5		0.438		0.438		0.421		0.422		0.42975		70.25

		2.5		0.459		0.459		0.453		0.452		0.45575		44.25

		3.5		0.439		0.44		0.446		0.444		0.44225		57.75

		4.5		0.445		0.445		0.444		0.445		0.44475		55.25

		5.5		0.446		0.446		0.444		0.444		0.445		55

		6.5		0.447		0.445		0.436		0.438		0.4415		58.5

		HGQi-021

		LE, Pump Psi = 650; I inch gauge length

				C		D		E		F		Average		Relative Height

														[mils]

		Ref		0.5		0.5		0.5		0.5		0.5

		0.5		0.441		0.441		0.438		0.437		0.43925		60.75

		1.5		0.443		0.444		0.437		0.434		0.4395		60.5

		2.5		0.449		0.45		0.444		0.441		0.446		54

		3.5		0.435		0.437		0.436		0.434		0.4355		64.5

		4.5		0.433		0.435		0.431		0.427		0.4315		68.5

		5.5		0.429		0.432		0.43		0.426		0.42925		70.75

		6.5		0.427		0.429		0.424		0.421		0.42525		74.75

		7.5		0.427		0.429		0.425		0.422		0.42575		74.25

		8.5		0.427		0.43		0.427		0.427		0.42775		72.25

		9.5		0.428		0.431		0.428		0.424		0.42775		72.25

		10.5		0.428		0.432		0.429		0.424		0.42825		71.75

		11.5		0.427		0.43		0.428		0.424		0.42725		72.75

		12.5		0.429		0.43		0.425		0.423		0.42675		73.25

		13.5		0.429		0.433		0.428		0.423		0.42825		71.75

		LE, Pump Psi = 1300; I inch gauge length

				C		D		E		F		Average		Relative Height		Disp.		E		E

														[mils]		[mils]		[ksi]		[Gpa]

		Ref		0.5		0.5		0.5		0.5		0.5

		0.5		0.449		0.448		0.448		0.447		0.448		52		8.75		795.40		5.48

		1.5		0.452		0.455		0.443		0.438		0.447		53		7.5		927.97		6.39

		2.5		0.467		0.467		0.457		0.456		0.46175		38.25		15.75		441.89		3.05

		3.5		0.443		0.443		0.441		0.441		0.442		58		6.5		1070.74		7.38

		4.5		0.443		0.442		0.436		0.434		0.43875		61.25		7.25		959.97		6.62

		5.5		0.438		0.438		0.437		0.435		0.437		63		7.75		898.04		6.19

		6.5		0.436		0.437		0.432		0.43		0.43375		66.25		8.5		818.80		5.64

		7.5		0.435		0.439		0.434		0.438		0.4365		63.5		10.75		647.42		4.46

		8.5		0.436		0.44		0.434		0.429		0.43475		65.25		7		994.25		6.85

		9.5		0.437		0.441		0.434		0.428		0.435		65		7.25		959.97		6.62

		10.5		0.438		0.439		0.434		0.431		0.4355		64.5		7.25		959.97		6.62

		11.5		0.436		0.438		0.433		0.43		0.43425		65.75		7		994.25		6.85

		12.5		0.438		0.439		0.432		0.429		0.4345		65.5		7.75		898.04		6.19

		13.5		0.437		0.438		0.433		0.431		0.43475		65.25		6.5		1070.74		7.38

		Coil Used: HGQi-022

		RE, Pump Psi = 650; I inch gauge length

				C		D		E		F		Average		Relative Height

														[mils]

		Ref		0.5		0.5		0.5		0.5		0.5

		0.5		0.455		0.452		0.451		0.454		0.453		47

		1.5		0.456		0.455		0.451		0.452		0.4535		46.5

		2.5		0.463		0.461		0.46		0.462		0.4615		38.5

		3.5		0.426		0.425		0.429		0.431		0.42775		72.25

		4.5		0.431		0.428		0.426		0.428		0.42825		71.75

		5.5		0.427		0.426		0.429		0.43		0.428		72

		6.5		0.422		0.421		0.422		0.423		0.422		78

		RE, Pump Psi = 1300; I inch gauge length

				C		D		E		F		Average		Relative Height		disp		E		E

														[mils]		[mils]		[ksi]		[Gpa]

		Ref		0.5		0.5		0.5		0.5		0.5

		0.5		0.459		0.456		0.46		0.462		0.45925		40.75		6.25		1113.57		7.67

		1.5		0.465		0.463		0.455		0.456		0.45975		40.25		6.25		1113.57		7.67

		2.5		0.485		0.482		0.476		0.479		0.4805		19.5		19		366.30		2.52

		3.5		0.436		0.433		0.439		0.443		0.43775		62.25		10		695.98		4.80

		4.5		0.441		0.438		0.436		0.439		0.4385		61.5		10.25		679.00		4.68

		5.5		0.439		0.434		0.438		0.443		0.4385		61.5		10.5		662.84		4.57

		6.5		0.436		0.433		0.433		0.437		0.43475		65.25		12.75		545.87		3.76

		HGQi-019 ,

		RE, Pump Psi = 650; I inch gauge length

				C		D		E		F		Average		Relative Height		disp		E		E

														[mils]		[mils]		[ksi]		[Gpa]

		Ref		0.5		0.5		0.5		0.5		0.5

		0.5		0.443		0.441		0.44		0.442		0.4415		58.5		-2		-3479.89		-23.98

		1.5		0.446		0.447		0.44		0.44		0.44325		56.75		4.5		1546.62		10.66

		2.5		0.469		0.469		0.455		0.454		0.46175		38.25		10.5		662.84		4.57

		3.5		0.441		0.44		0.44		0.442		0.44075		59.25		3.75		1855.94		12.79

		4.5		0.44		0.439		0.435		0.435		0.43725		62.75		6		1159.96		7.99

		5.5		0.438		0.438		0.437		0.438		0.43775		62.25		5.5		1265.42		8.72

		6.5		0.435		0.437		0.435		0.433		0.435		65		5		1391.96		9.59

		SHIM PLAN #1

		HGQi-022

		RE, Pump Psi = 1300; I inch gauge length

				C		D		E		F		Average		Relative Height

														[mils]

		Ref		0.5		0.5		0.5		0.5		0.5

		0.5		0.451		0.447		0.45		0.454		0.4505		49.5

		1.5		0.45		0.446		0.444		0.449		0.44725		52.75

		2.5		0.471		0.47		0.46		0.46		0.46525		34.75

		3.5		0.433		0.427		0.429		0.436		0.43125		68.75

		4.5		0.438		0.433		0.428		0.433		0.433		67

		5.5		0.437		0.435		0.435		0.438		0.43625		63.75

		6.5		0.435		0.433		0.434		0.437		0.43475		65.25

		HGQi-019 ,

		RE, Pump Psi = 650; I inch gauge length

				C		D		E		F		Average		Relative Height		disp		E		E

														[mils]		[mils]		[ksi]		[Gpa]

		Ref		0.5		0.5		0.5		0.5		0.5

		0.5		0.446		0.444		0.444		0.446		0.445		55		5.5		1265.42		8.72

		1.5		0.443		0.439		0.44		0.443		0.44125		58.75		6		1159.96		7.99

		2.5		0.453		0.452		0.444		0.445		0.4485		51.5		16.75		415.51		2.86

		3.5		0.419		0.417		0.415		0.416		0.41675		83.25		14.5		479.99		3.31

		4.5		0.426		0.425		0.423		0.423		0.42425		75.75		8.75		795.40		5.48

		5.5		0.429		0.425		0.423		0.427		0.426		74		10.25		679.00		4.68

		6.5		0.425		0.426		0.427		0.426		0.426		74		8.75		795.40		5.48

		HGQi-019; SHIM PLAN #2, radial shimming

		LE, Pump Psi = 1300; I inch gauge length

				C		D		E		F		Average		Relative Height

														[mils]

		Ref		0.5		0.5		0.5		0.5		0.5

		0.5		0.442		0.441		0.441		0.44		0.441		59

		1.5		0.44		0.439		0.436		0.436		0.43775		62.25

		2.5		0.449		0.449		0.438		0.436		0.443		57

		3.5		0.439		0.441		0.437		0.433		0.4375		62.5

		4.5		0.436		0.438		0.437		0.434		0.43625		63.75

		5.5		0.436		0.438		0.438		0.435		0.43675		63.25

		6.5		0.434		0.436		0.433		0.429		0.433		67

		7.5		0.434		0.437		0.433		0.429		0.43325		66.75

		8.5		0.435		0.438		0.434		0.429		0.434		66

		9.5		0.437		0.439		0.435		0.43		0.43525		64.75

		10.5		0.437		0.44		0.435		0.43		0.4355		64.5

		11.5		0.435		0.437		0.435		0.431		0.4345		65.5

		12.5		0.435		0.438		0.435		0.43		0.4345		65.5

		13.5		0.437		0.439		0.435		0.431		0.4355		64.5

		HGQi-027; SHIM PLAN #3

		RE, Pump Psi = 6500; 5 inch gauge length

				C		D		E		F		Average		Relative Height

														[mils]

		Ref		0.5		0.5		0.5		0.5		0.5

		1		0.434		0.436		0.434		0.433		0.43425		65.75

		2		0.438		0.436		0.43		0.433		0.43425		65.75

		3		0.434		0.436		0.431		0.43		0.43275		67.25

		4		0.434		0.438		0.432		0.43		0.4335		66.5

		5		0.435		0.438		0.433		0.431		0.43425		65.75

		6		0.435		0.44		0.433		0.427		0.43375		66.25

		7		0.44		0.446		0.43		0.426		0.4355		64.5

		LE		Actual		shim+CD+KD		SHIM

		0.5		59		75		65

		1.5		54.25		70.25		60.25

		2.5		34.75		60.75		50.75

		3.5		57.75		73.75		63.75

		4.5		60.75		68.75		62.75

		5.5		61.5		67.5		61.5

		6.5		64.75		70.75		64.75

		7.5		65.25		71.25		65.25

		8.5		64.5		70.5		64.5

		9.5		63.25		69.25		63.25

		10.5		63		69		63

		11.5		63		69		63

		12.5		62.5		68.5		62.5

		13.5		62.5		68.5		62.5

		RE		ACTUAL		S+C+K		S

		0.5		40.75		48.75		40.75

		1.5		40.25		53.25		45.25

		2.5		19.5		52.25		37

		3.5		62.25		75.25		67

		4.5		61.5		69.5		61.5

		5.5		61.5		69.5		61.5

		6.5		65.25		73.25		65.5
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Pressure = 12000 Psi
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Coil Pressure = 6000 Psi
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Pressure = 12000 Psi

Pressure = 6000 Psi
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No SHIM: 12000 Psi

SHIM PLAN #1 : 12000 Psi
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With Shim

Coil Pressure = 12000 Psi

6 inch measurements
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HGQi-027 (SHIM PLAN #3)
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ACTUAL COIL SIZE

WITH SHIM+CD+KD

With Shim Only

COIL SIZE DATA
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		END-Part Deflection Measurements:

		OUTER COILS

		HGQo-015

		LE, Pump Psi = 1300; I inch gauge length

				C		D		E		F		Average		Relative Height

														[mils]

		Ref		0.5		0.5		0.5		0.5		0.5000

		0.5		0.446		0.443		0.443		0.444		0.4440		56.00

		1.5		0.465		0.46		0.441		0.446		0.4530		47.00

		2.5		0.482		0.476		0.47		0.478		0.4765		23.50

		3.5		0.445		0.442		0.447		0.45		0.4460		54.00

		4.5		0.449		0.444		0.436		0.44		0.4423		57.75

		5.5		0.453		0.45		0.44		0.443		0.4465		53.50

		6.5		0.451		0.447		0.446		0.45		0.4485		51.50

		7.5		0.441		0.439		0.437		0.439		0.4390		61.00

		8.5		0.44		0.438		0.433		0.435		0.4365		63.50

		9.5		0.438		0.436		0.432		0.435		0.4353		64.75

		10.5		0.439		0.44		0.432		0.432		0.4358		64.25

		11.5		0.436		0.436		0.429		0.43		0.4328		67.25

		12.5		0.435		0.434		0.43		0.431		0.4325		67.50

		LE, Pump Psi = 650; I inch gauge length

				C		D		E		F		Average		Relative Height		Disp		E

														[mils]		[mils]		[GPa]

		Ref		0.5		0.5		0.5		0.5		0.5000

		0.5		0.436		0.437		0.433		0.433		0.4348		65.25		9.25		7.15				6 inch measurements (LE)

		1.5		0.446		0.445		0.432		0.435		0.4395		60.50		13.50		4.90

		2.5		0.455		0.453		0.448		0.45		0.4515		48.50		25.00		2.64				size		dist.		size

		3.5		0.433		0.433		0.434		0.435		0.4338		66.25		12.25		5.40				-159.1303657607		3		50.2947853696

		4.5		0.435		0.435		0.425		0.425		0.4300		70.00		12.25		5.40				-140.08		5		51.0568

		5.5		0.44		0.438		0.431		0.433		0.4355		64.50		11.00		6.01				183.8		11		64.012

		6.5		0.438		0.438		0.434		0.435		0.4363		63.75		12.25		5.40				271		13		67.5

		7.5		0.431		0.43		0.426		0.427		0.4285		71.50		10.50		6.30

		8.5		0.428		0.428		0.424		0.424		0.4260		74.00		10.50		6.30

		9.5		0.426		0.427		0.424		0.423		0.4250		75.00		10.25		6.45

		10.5		0.428		0.427		0.423		0.425		0.4258		74.25		10.00		6.61				317		7.5		69.5

		11.5		0.427		0.427		0.422		0.423		0.4248		75.25		8.00		8.26				69.5		5		59.7559055118

		12.5		0.426		0.427		0.424		0.423		0.4250		75.00		7.50		8.81				0		3		57.0196850394

		RE, Pump Psi = 1300; I inch gauge length

				C		D		E		F		Average		Relative Height

														[mils]

		Ref		0.5		0.5		0.5		0.5		0.5000

		0.5		0.443		0.442		0.435		0.436		0.4390		61.00

		1.5		0.465		0.465		0.438		0.439		0.4518		48.25

		2.5		0.483		0.479		0.469		0.473		0.4760		24.00

		3.5		0.443		0.441		0.435		0.448		0.4418		58.25

		4.5		0.443		0.441		0.432		0.434		0.4375		62.50

		5.5		0.44		0.439		0.431		0.432		0.4355		64.50

		6.5		0.434		0.432		0.427		0.43		0.4308		69.25

		7.5		0.435		0.433		0.425		0.428		0.4303		69.75

		RE, Pump Psi = 650; I inch gauge length

				C		D		E		F		Average		Relative Height		disp		E

														[mils]		[mils]		GPa

		Ref		0.5		0.5		0.5		0.5		0.5000

		0.5		0.433		0.43		0.425		0.429		0.4293		70.75		9.75		6.78

		1.5		0.445		0.442		0.431		0.433		0.4378		62.25		14.00		4.72

		2.5		0.455		0.455		0.448		0.449		0.4518		48.25		24.25		2.73

		3.5		0.431		0.431		0.432		0.433		0.4318		68.25		10.00		6.61

		4.5		0.429		0.427		0.419		0.422		0.4243		75.75		13.25		4.99

		5.5		0.428		0.427		0.424		0.425		0.4260		74.00		9.50		6.96

		6.5		0.426		0.424		0.421		0.421		0.4230		77.00		7.75		8.53

		7.5		0.426		0.422		0.418		0.423		0.4223		77.75		8.00		8.26

		HGQo-008

		RE, Pump Psi = 1300; I inch gauge length

				C		D		E		F		Average		Relative Height

														[mils]

		Ref		0.5		0.5		0.5		0.5		0.5000

		0.5		0.446		0.444		0.436		0.438		0.4410		59.00

		1.5		0.47		0.468		0.447		0.448		0.4583		41.75

		2.5		0.486		0.48		0.476		0.481		0.4808		19.25

		3.5		0.447		0.445		0.448		0.45		0.4475		52.50

		4.5		0.445		0.442		0.437		0.44		0.4410		59.00

		5.5		0.445		0.443		0.436		0.438		0.4405		59.50

		6.5		0.443		0.442		0.432		0.433		0.4375		62.50

		7.5		0.442		0.442		0.433		0.434		0.4378		62.25

		RE, Pump Psi = 650; I inch gauge length

				C		D		E		F		Average		Relative Height		disp		E

														[mils]		[mils]		GPa

		Ref		0.5		0.5		0.5		0.5		0.5000

		0.5		0.434		0.433		0.427		0.428		0.4305		69.50		10.50		6.30

		1.5		0.446		0.446		0.434		0.433		0.4398		60.25		18.50		3.57

		2.5		0.456		0.456		0.452		0.452		0.4540		46.00		26.75		2.47

		3.5		0.435		0.436		0.437		0.437		0.4363		63.75		11.25		5.88

		4.5		0.431		0.432		0.436		0.425		0.4310		69.00		10.00		6.61

		5.5		0.435		0.434		0.43		0.43		0.4323		67.75		8.25		8.01

		6.5		0.433		0.432		0.428		0.429		0.4305		69.50		7.00		9.44

		7.5		0.434		0.434		0.427		0.427		0.4305		69.50		7.25		9.12

		HGQo-015 + Shimming Plan #1

		LE, Pump Psi = 1300; I inch gauge length

				C		D		E		F		Average		Relative Height

														[mils]

		Ref		0.5		0.5		0.5		0.5		0.5000

		0.5		0.442		0.439		0.44		0.443		0.4410		59.00

		1.5		0.455		0.453		0.44		0.442		0.4475		52.50

		2.5		0.472		0.468		0.462		0.467		0.4673		32.75

		3.5		0.444		0.441		0.438		0.439		0.4405		59.50

		4.5		0.445		0.442		0.434		0.434		0.4388		61.25

		5.5		0.449		0.445		0.437		0.439		0.4425		57.50

		6.5		0.443		0.443		0.438		0.437		0.4403		59.75

		7.5		0.438		0.435		0.429		0.432		0.4335		66.50

		8.5		0.437		0.437		0.429		0.428		0.4328		67.25

		9.5		0.439		0.435		0.428		0.431		0.4333		66.75

		10.5		0.439		0.436		0.428		0.43		0.4333		66.75

		11.5		0.435		0.436		0.427		0.425		0.4308		69.25

		12.5		0.435		0.435		0.426		0.426		0.4305		69.50

		RE, Pump Psi = 1300; Shim Plan #1

				C		D		E		F		Average		Relative Height

														[mils]

		Ref		0.5		0.5		0.5		0.5		0.5000

		0.5		0.449		0.448		0.436		0.435		0.4420		58.00

		1.5		0.457		0.454		0.441		0.442		0.4485		51.50

		2.5		0.476		0.474		0.467		0.468		0.4713		28.75

		3.5		0.441		0.442		0.44		0.438		0.4403		59.75

		4.5		0.443		0.44		0.432		0.433		0.4370		63.00

		5.5		0.435		0.436		0.433		0.431		0.4338		66.25

		6.5		0.433		0.432		0.427		0.427		0.4298		70.25

		7.5		0.432		0.432		0.426		0.425		0.4288		71.25

		HGQo-015 + Shimming Plan #2 (BROKEN SADDLE)

		LE, Pump Psi = 1300; I inch gauge length

				C		D		E		F		Average		Relative Height

														[mils]

		Ref		0.5		0.5		0.5		0.5		0.5000

		12.5		0.433		0.433		0.429		0.426		0.4303		67.50

		11.5		0.433		0.435		0.429		0.426		0.4308		67.00

		10.5		0.435		0.436		0.431		0.429		0.4328		65.00

		9.5		0.437		0.434		0.429		0.431		0.4328		65.00

		8.5		0.434		0.433		0.424		0.426		0.4293		68.50

		7.5		0.436		0.434		0.43		0.432		0.4330		64.75

		6.5		0.441		0.441		0.431		0.431		0.4360		61.75

		5.5		0.44		0.439		0.434		0.434		0.4368		61.00

		4.5		0.444		0.443		0.433		0.434		0.4385		59.25

		3.5		0.441		0.439		0.444		0.446		0.4425		55.25

		2.5		0.46		0.457		0.454		0.456		0.4568		41.00

		1.5		0.45		0.448		0.437		0.437		0.4430		54.75

		0.5		0.442		0.44		0.439		0.442		0.4408		57.00

		HGQo-023

		Shim Plan #3

		LE, Pump Psi = 6500 Psi; 5 inch gauge length

				C		D		E		F		Average		Relative Height

														[mils]

		Ref		0.5		0.5		0.5		0.5		0.5000

		1		0.438		0.428		0.445		0.456		0.4418		58.25

		2		0.439		0.43		0.444		0.454		0.4418		58.25

		3		0.44		0.434		0.436		0.441		0.4378		62.25

		4		0.439		0.437		0.432		0.434		0.4355		64.50

		5		0.439		0.433		0.434		0.44		0.4365		63.50

		6		0.439		0.436		0.435		0.438		0.4370		63.00

		7		0.445		0.441		0.431		0.433		0.4375		62.50

		8		0.444		0.441		0.431		0.435		0.4378		62.25

		9		0.444		0.439		0.433		0.438		0.4385		61.50

		10		0.442		0.437		0.437		0.442		0.4395		60.50

		11		0.443		0.439		0.436		0.44		0.4395		60.50

		12		0.443		0.437		0.435		0.441		0.4390		61.00

		13		0.443		0.439		0.436		0.44		0.4395		60.50

		NO SHIM

		HGQo-015; LE, Pump Psi = 8000; 6 inch gauge length

				C		D		E		F		Average		Relative Height

														[mils]

		REF		0.5		0.5		0.5		0.5		0.5

		1		0.467		0.455		0.456		0.469		0.462		38.25

		2		0.463		0.451		0.460		0.472		0.462		38.50

		3		0.458		0.443		0.459		0.474		0.459		41.50

		4		0.458		0.443		0.452		0.466		0.455		45.25

		5		0.457		0.442		0.449		0.464		0.453		47.00

		6		0.456		0.442		0.449		0.464		0.453		47.25

		7		0.453		0.440		0.447		0.460		0.450		50.00

		8		0.451		0.439		0.445		0.457		0.448		52.00

		9		0.448		0.439		0.444		0.453		0.446		54.00

		10		0.449		0.436		0.441		0.454		0.445		55.00

		11		0.448		0.439		0.441		0.450		0.445		55.50

		12		0.452		0.443		0.437		0.447		0.445		55.25

		SSC, RE, Glass Insulation (outer Layer)

		1 inch gauge length

		Pump Psi = 500

				C		D		E		F		Average		Relative Height

														[mils]

		REF		0.5		0.5		0.5		0.5		0.5

		0.5		0.458		0.457		0.457		0.457		0.457		42.75

		1.5		0.458		0.458		0.454		0.454		0.456		44.00

		2.5		0.463		0.461		0.454		0.455		0.458		41.75

		3.5		0.468		0.467		0.462		0.460		0.464		35.75

		4.5		0.472		0.470		0.469		0.467		0.470		30.50

		5.5		0.453		0.455		0.456		0.453		0.454		45.75

		6.5		0.444		0.448		0.446		0.442		0.445		55.00

		7.5		0.444		0.447		0.445		0.442		0.445		55.50

		8.5		0.447		0.447		0.443		0.442		0.445		55.25

		Pump Psi = 1000

				C		D		E		F		Average		Relative Height

														[mils]

		REF		0.5		0.5		0.5		0.5		0.5

		0.5		0.462		0.462		0.462		0.462		0.462		38.00

		1.5		0.467		0.465		0.458		0.460		0.463		37.50

		2.5		0.497		0.496		0.486		0.487		0.492		8.50

		3.5

		4.5

		5.5		0.467		0.469		0.472		0.470		0.470		30.50

		6.5		0.455		0.456		0.454		0.453		0.455		45.50

		7.5		0.455		0.457		0.453		0.450		0.454		46.25

		8.5		0.46		0.458		0.451		0.453		0.456		44.50

		LE		Actual		S+C+K		S		S+CD

		0.5		56		86		68		73

		1.5		47		77		61		66

		2.5		23.5		53.5		40		45

		3.5		54		84		68		73

		4.5		57.75		87.75		73.75		78.75

		5.5		53.5		80.5		67.5		72.5

		6.5		51.5		75.5		63.5		68.5

		7.5		61		82		71		76

		8.5		63.5		81.5		71		76

		9.5		64.75		79.75		72		77

		10.5		64.25		74.25		70.5		75.5

		11.5		67.25		72.25		69		74

		12.5		67.5		72.5		67.5		72.5

		RE		Actual		S+C+K		S		S+CD

		0.5		61		88		79		84

		1.5		48.25		75.25		66.25		71.25

		2.5		24		56		46		51

		3.5		58.25		85.25		73		78

		4.5		62.5		83.5		77		82

		5.5		64.5		79.5		74.5		79.5

		6.5		69.25		80		75		80
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		WELD SHRINKAGE

				E												W

				1		2		4		5		6		8		9				Average

		NORTH

		BEFORE		2.193		2.2		2.195		2.207		2.208		2.197		2.2				2.189		2.203		2.1975		2.195		2.2035		2.195		2.1965

		ROOT		2.181		2.172		2.145		2.17		2.168		2.173		2.187				2.1745		2.165		2.149		2.1635		2.1625		2.1715		2.184

		Filler-1		2.133		2.124		2.115		2.129		2.136		2.15		2.178				2.1325		2.1225		2.1165		2.1235		2.129		2.1465		2.1715

		Filler-2		2.125		2.098		2.079		2.095		2.11		2.131		2.168				2.126		2.0955		2.081		2.0895		2.0975		2.1255		2.1565

		Filler-3		2.093		2.081		2.055		2.074		2.082		2.121		2.16				2.0905		2.077		2.058		2.0705		2.077		2.1185		2.152

		SOUTH

		BEFORE		2.185		2.206		2.2		2.183		2.199		2.193		2.193

		ROOT		2.168		2.158		2.153		2.157		2.157		2.17		2.181

		Filler-1		2.132		2.121		2.118		2.118		2.122		2.143		2.165

		Filler-2		2.127		2.093		2.083		2.084		2.085		2.12		2.145

		Filler-3		2.088		2.073		2.061		2.067		2.072		2.116		2.144

		SOUTH BOTTOM : FILLED

		SOUTH TOP: FUSION

		MIC MEASUREMENTS

				0		5		10		15		20		25		30		35		40		45		50		55		60		65		70		75		78.5

		5		16.457		16.426		16.415		16.415		16.416		16.416		16.414		16.416		16.413		16.413		16.415		16.413		16.415		16.436		16.45		16.456		16.535

		45		16.372		16.375		16.372		16.374		16.377		16.375		16.376		16.378		16.377		16.377		16.378		16.381		16.381		16.384		16.391		16.387		16.383

		90		16.364		16.372		16.375		16.376		16.376		16.378		16.375		16.377		16.378		16.377		16.377		16.378		16.379		16.378		16.37		16.36		16.353

		PI TAPE MEASUREMENTS

				16.388		16.381		16.384		16.385		16.385		16.386		16.386		16.386		16.389		16.388		16.387		16.388		16.388		16.392		16.4		16.391		16.41

		DEVIATION from REF (16.378 in)

				0.079		0.048		0.037		0.037		0.038		0.038		0.036		0.038		0.035		0.035		0.037		0.035		0.037		0.058		0.072		0.078		0.157

				-0.006		-0.003		-0.006		-0.004		-0.001		-0.003		-0.002		0		-0.001		-0.001		0		0.003		0.003		0.006		0.013		0.009		0.005

				-0.014		-0.006		-0.003		-0.002		-0.002		0		-0.003		-0.001		0		-0.001		-0.001		0		0.001		0		-0.008		-0.018		-0.025

				0.01		0.003		0.006		0.007		0.007		0.008		0.008		0.008		0.011		0.01		0.009		0.01		0.01		0.014		0.022		0.013		0.032

		TWIST MEASUREMENTS

		HEIGHT GAUGE

		180		10.611		10.609		10.608		10.606		10.6		10.595		10.59		10.586		10.581		10.576		10.572		10.567		10.561		10.562		10.554		10.547		10.545

		0		10.615		10.617		10.615		10.611		10.609		10.606		10.602		10.601		10.598		10.595		10.593		10.588		10.582		10.583		10.577		10.569		10.571

				10.61		10.612		10.61		10.606		10.604		10.601		10.597		10.596		10.593		10.59		10.588		10.583		10.577		10.578		10.572		10.564		10.566

		TWIST DEVICE

				2.33		2.56		2.71		2.18		2.55		2.73		2.78		3.12		3.1		3.49		3.42		3.53		3.35		3.55		3.55		3		3.44

										0		0.37		0.55		0.6		0.94		0.92		1.31		1.24		1.35		1.17		1.37		1.37		0.82		1.26
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Sheet1

		WELD SHRINKAGE

				E												W

				1		2		4		5		6		8		9				Average

		NORTH

		BEFORE		2.193		2.2		2.195		2.207		2.208		2.197		2.2				2.189		2.203		2.1975		2.195		2.2035		2.195		2.1965

		ROOT		2.181		2.172		2.145		2.17		2.168		2.173		2.187				2.1745		2.165		2.149		2.1635		2.1625		2.1715		2.184

		Filler-1		2.133		2.124		2.115		2.129		2.136		2.15		2.178				2.1325		2.1225		2.1165		2.1235		2.129		2.1465		2.1715

		Filler-2		2.125		2.098		2.079		2.095		2.11		2.131		2.168				2.126		2.0955		2.081		2.0895		2.0975		2.1255		2.1565

		Filler-3		2.093		2.081		2.055		2.074		2.082		2.121		2.16				2.0905		2.077		2.058		2.0705		2.077		2.1185		2.152

		SOUTH

		BEFORE		2.185		2.206		2.2		2.183		2.199		2.193		2.193

		ROOT		2.168		2.158		2.153		2.157		2.157		2.17		2.181

		Filler-1		2.132		2.121		2.118		2.118		2.122		2.143		2.165

		Filler-2		2.127		2.093		2.083		2.084		2.085		2.12		2.145

		Filler-3		2.088		2.073		2.061		2.067		2.072		2.116		2.144

		SOUTH BOTTOM : FILLED

		SOUTH TOP: FUSION

		MIC MEASUREMENTS

				0		5		10		15		20		25		30		35		40		45		50		55		60		65		70		75		78.5

		5		16.457		16.426		16.415		16.415		16.416		16.416		16.414		16.416		16.413		16.413		16.415		16.413		16.415		16.436		16.45		16.456		16.535

		45		16.372		16.375		16.372		16.374		16.377		16.375		16.376		16.378		16.377		16.377		16.378		16.381		16.381		16.384		16.391		16.387		16.383

		90		16.364		16.372		16.375		16.376		16.376		16.378		16.375		16.377		16.378		16.377		16.377		16.378		16.379		16.378		16.37		16.36		16.353

		PI TAPE MEASUREMENTS

				16.388		16.381		16.384		16.385		16.385		16.386		16.386		16.386		16.389		16.388		16.387		16.388		16.388		16.392		16.4		16.391		16.41

		DEVIATION from REF (16.378 in)

				0.079		0.048		0.037		0.037		0.038		0.038		0.036		0.038		0.035		0.035		0.037		0.035		0.037		0.058		0.072		0.078		0.157

				-0.006		-0.003		-0.006		-0.004		-0.001		-0.003		-0.002		0		-0.001		-0.001		0		0.003		0.003		0.006		0.013		0.009		0.005

				-0.014		-0.006		-0.003		-0.002		-0.002		0		-0.003		-0.001		0		-0.001		-0.001		0		0.001		0		-0.008		-0.018		-0.025

				0.01		0.003		0.006		0.007		0.007		0.008		0.008		0.008		0.011		0.01		0.009		0.01		0.01		0.014		0.022		0.013		0.032

		TWIST MEASUREMENTS

		HEIGHT GAUGE

		180		10.611		10.609		10.608		10.606		10.6		10.595		10.59		10.586		10.581		10.576		10.572		10.567		10.561		10.562		10.554		10.547		10.545

		0		10.615		10.617		10.615		10.611		10.609		10.606		10.602		10.601		10.598		10.595		10.593		10.588		10.582		10.583		10.577		10.569		10.571

				10.61		10.612		10.61		10.606		10.604		10.601		10.597		10.596		10.593		10.59		10.588		10.583		10.577		10.578		10.572		10.564		10.566

		TWIST DEVICE
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		WELD SHRINKAGE

				E												W

				1		2		4		5		6		8		9				Average

		NORTH

		BEFORE		2.193		2.2		2.195		2.207		2.208		2.197		2.2				2.189		2.203		2.1975		2.195		2.2035		2.195		2.1965

		ROOT		2.181		2.172		2.145		2.17		2.168		2.173		2.187				2.1745		2.165		2.149		2.1635		2.1625		2.1715		2.184

		Filler-1		2.133		2.124		2.115		2.129		2.136		2.15		2.178				2.1325		2.1225		2.1165		2.1235		2.129		2.1465		2.1715

		Filler-2		2.125		2.098		2.079		2.095		2.11		2.131		2.168				2.126		2.0955		2.081		2.0895		2.0975		2.1255		2.1565

		Filler-3		2.093		2.081		2.055		2.074		2.082		2.121		2.16				2.0905		2.077		2.058		2.0705		2.077		2.1185		2.152

		SOUTH

		BEFORE		2.185		2.206		2.2		2.183		2.199		2.193		2.193

		ROOT		2.168		2.158		2.153		2.157		2.157		2.17		2.181
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				16.388		16.381		16.384		16.385		16.385		16.386		16.386		16.386		16.389		16.388		16.387		16.388		16.388		16.392		16.4		16.391		16.41

		DEVIATION from REF (16.378 in)
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				0.01		0.003		0.006		0.007		0.007		0.008		0.008		0.008		0.011		0.01		0.009		0.01		0.01		0.014		0.022		0.013		0.032

		TWIST MEASUREMENTS

		HEIGHT GAUGE
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Sheet2

		





Sheet2

		1		1		1		1		1

		2		2		2		2		2

		4		4		4		4		4

		5		5		5		5		5

		6		6		6		6		6

		8		8		8		8		8

		9		9		9		9		9



RE

LE

BEFORE WELDING

ROOT PASS

FILLER #1

FILLER #2

FILLER #3

Pusher Number, #

Distance between the pushers,in

NORTH SIDE

2.193

2.181

2.133

2.125

2.093

2.2

2.172

2.124

2.098

2.081

2.195

2.145

2.115

2.079

2.055

2.207

2.17

2.129

2.095

2.074

2.208

2.168

2.136

2.11

2.082

2.197

2.173

2.15

2.131

2.121

2.2

2.187

2.178

2.168

2.16



Sheet3

		






