3.  Inner and Outer Coils 

Six inner and five outer coils had been wound, cured and measured as potential coils for HGQ-02. Only the four inner and four outer coils used in HGQ-02 are included in this report.

3.1  Winding and curing.

The nominal winding tension of 36.28 kG [80 lbs] was used for all turns on both inner and outer coils. 

Two wedges, one per octant, were used in each outer and inner coil. 3mm gaps were placed longitudinally between end spacers and wedges on each end. All outer coil wedges consisted of a single piece on both sides. Some inner coils had a single piece on one side and two pieces, butted together longitudinally on the other. Some inner coils had the two piece wedge configuration on both sides (as noted on traveler). 
All coils, both inner and outer, are cured in mold cavities, which are designed to have the precise cross section of the finished after they are assembled with the final design preload applied. Cavity sizes are, however, shimmed to adjust azimuthal coil size. Azimuthal coil sizes are changed to achieve the desired preload in the assembled magnet, based on prior empirical evidence.

Curing mold cavity azimuthal shim was 508 m [0.020 in] for inner coils and 0.0 m for outer coils with respect to design size. The coils are cured under radial and azimuthal pressure. The curing cycle was identical for both inner and outer coils. Temperature and pressure regimes are shown below in Fig. 1,2.
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Figure 1. Coil curing thermal cycle.
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Figure 2. Loading scheme and sequence during coil curing.
Pm-mandrel force, lbs per linear inch;  Pp-platen pressure , coil psi ; 

Pe-end force, lbs

      3.2 Coil longitudinal change after curing.

 After curing and removing the winding pole block the coil length change. 

Coil regions where the measurements have been taken are shown in Fig.3. Data are reported in Table 4.
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Figure 3. Coil measured positions.

Table 4 Length changes after coil removed from mandrel.





Inner coils
Outer coils

Meas.
Avg. Change
Avg. Change

Changing    C       RE
.023
.019

Changing    D
-.061
-.129

Changing    B       LE
.054
.079

Changing    A
-.006
-.030

     3.3 Copper stabilizer.

The copper stabilizer (a 1.5 mm thick piece of copper, the same width as the cable and 30 mm long) was soldered on the cable at lead end of coils after curing to protect cable from popping strands and collapsing during the magnet assembly process.

    3.4 Coil size and modulus.

Azimuthal size measurements of the coils are taken at a range of pressures encompassing those, which the magnet will experience during operation. Specifically, the coils are measured at pressure of 55MPa, 70MPa, 83 MPa and 97 MPa (8000 psi, 10000 psi, 12000 psi and 14000 psi). The design pressure for inner and outer coils when cold and unpowered for HGQ-02 were 83 MPa (12000 psi) for both the inner and outer coils.

Table 5. Inner Coil body size and Modulus.

Coil
Coil  average modulus [GPa] at pressure range 55-97 MPa

Coil size at 83 MPa coil pressure [µm]





Average
Stand. Div.
Side A
Stand. Div.
Side B
Stand. Div.

I-015
4.5
0.3
120
19
120
18

I-016
4.3
0.1
116
7
111
24

I-017
4.5
0.5
89
26
81
20

I-018
4.5
0.2
82
10
79
14

Table 6. Outer Coil body size and Modulus.

Coil
Coil  average modulus [GPa] at pressure range 55-97 MPa

Coil size at 83 MPa coil pressure [µm]





Average
Stand. Div.
Side A
Stand. Div.
Side B
Stand. Div.

O-011
11.1
0.7
154
16
115
26

O-012
10.6
0.7
150
19
92
21

O-013
10.5
0.8
120
15
102
18

O-014
11.1
1.00
131
25
105
16
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Coils are measured azimuthally in increments of 76.2 mm [3 in] along the straight section starting from the Lead End. Position #10 is in the middle of the coil straight section or coil body.

Coil modulus at these positions is shown in Fig. 5.

                             a. inner coils                                        b. outer coils

Figure 5. Coil modulus along length.

Size measurements along inner and outer coils are shown in Figures 6 and 7.

A- side on which winding of, first turn begins,  B- side which includes parting plane lead.
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Figure 6. Inner coil azimuthal size along length.
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Figure 7. Inner coil azimuthal size along length.

The end fixture was designed to check electrically coil ends for turn-to-turn shorts at azimuthal pressures of 83 MPa (12000 psi ). One inner coil (I-012) failed after this test. 
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This fixture was also used for coil azimuthal end measurements. The measured area is 152.4 mm  [6 in]. Measured positions are shown in Fig. 8.

Figure 8. Measured position for end fixture.
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Selected positions in the body region were measured with this fixture to “cross calibrate” it with the fixture used to measure the body.  Fig. 9 shows the data from both measuring systems on one coil.  

Figure 9. Measuring outer coil O-011 in different fixture.
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Results of end measurements are plotted in Fig. 10,11 and summarized in Table 10,11 for inner and outer coils respectively. 

Figure 10.

[image: image10.wmf]0

50

100

150

200

0

5

10

15

20

Axial position

Coil size [microns]

I-015 A

I-015 B

0

50

100

150

200

0

5

10

15

20

Axial position

Coil size [microns]

I-017 A

I-017 B

0

50

100

150

200

0

5

10

15

20

Axial position

Coil size [microns]

I-016 A

I-016 B

0

50

100

150

200

0

5

10

15

20

Axial position

Coil size [microns]

I-018 A

I-018 B

0

50

100

150

200

0

5

10

15

20

Axial position

Coil size [microns]

I-015 A

I-017 A

I-016 A

I-018 A

0

50

100

150

200

0

5

10

15

20

Axial position

Coil size [microns]

I-015 B

I-017 B

I-016 B

I-018 B


Figure 11.

Table 7. Inner coil End Size, m

Coil #
LE saddle
LE offset
LE,    

Pos.#1
Body, Avg.
RE, pos.#19
RE offset
RE saddle

I-015
28
149
161
120
161
91
22

I-016
-56
39
153
114
141
65
-18

I-017
-142
-79
54
85
118
23
-47

I-018
-65
-21
75
81
100
43
-8

Table 8. Outer coil End Size, m

Coil #
LE saddle
LE offset
LE, pos.#1
Body, Avg.
RE, pos.#19
RE offset
RE saddle

O-011
-247
-209
-57
135
172
-82
-171

O-012
-270
-206
-79
121
149
-98
-206

O-013
-326
-263
-123
111
138
-91
-155

O-014
-391
-314
-67
118
149
-187
-289

     3.5 Visual inspection.

Adhesion of end parts to the cable is poor for all coils.  The saddles come off easily and the other parts are not adhering well.

HGQi-015:                                                                  HGQi-016:

Broken shelf on Lead End and Return End.               Saddle hanging in bore on Lead End

Saddle hanging inside bore.                                        Large gap between spacer and cable 

Gap between spacer and coil turn on both ends.         on both ends.

                                                                                    Shelf broken off Return End

HGQi-017:                                                                   HGQi-018:

Broken shelf on both ends of coil.                               Broken shelves on both ends

Saddle hanging down on Lead End at side A.             Gap between spacer and wire on          

                                                                                     both ends.

 All Ultem end spacers have to be held in correct axial position to avoid rotation during winding. Neither inner nor outer mandrel had holes for the purpose of holding down these parts. After curing, these spacers had moved out of position, causing geometrical and mechanical errors in coil ends as shown in Figure 12.
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                                  Figure 12. Geometrical errors in coil ends.

 End part adhesion continues to be a problem on polyimide /Ultem coils. Especially after end compression testing, saddles came off easily and other parts did not adhere well, making it difficult to assemble coils on the collaring mandrel. The saddle on outer coil   O-010 was cracked during this test. The RE saddle on coil O-011 was reglued to the conductor block (on one side) using an end fixture and 5-minute epoxy. This was done without removing the saddle from the coil. 

   3.6 Spot heaters and voltage taps.

In order to measure quench propagation velocities, a total of 6 spot heaters were mounted onto certain coils. In order to separate effects due to end region, a total of 112 voltage taps were mounted near the end region of the coil in the collared region of the magnet. All electrical wires were located according to notes TD 97-027, TD 98-006 except for tap 1D which was placed at the middle of the Return End saddle.

A new procedure has been applied for tap installation to decrease the potential for shorts related to taps. The new procedure specifies that the Kapton cable insulation be cut longitudinally at the center of the narrow edge of the cable, instead of scraped away. It also allows the remaining Kapton to be folded back, providing an insulating barrier so that solder is not likely to flow onto the next turn. All coils were tested twice in the end fixture, before and after voltage tap installation. No shorts due to voltage taps were discovered during the end compression tests.

The drawing numbers for voltage taps and heaters are 5520-MD-344511 (rev.B) and 5520-MD-344512 (rev.B).
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		0						0.5		0.5		0.5		0.5		0.5		0.0811		0.5		0.5		0.5		0.5		0.5		0.0821		0.5		0.5		0.5		0.5		0.5		0.082		0.5		0.5		0.5		0.5		0.5		0.0823		0.5		0.5		0.5		0.5		0.5		0.0822		0.5		0.5		0.5		0.5		0.5		0.0815

		500						0.419		0.418		0.412		0.414		0.41575		0.0816		0.411		0.418		0.421		0.426		0.419		0.0821		0.414		0.422		0.421		0.414		0.41775		0.0819		0.426		0.425		0.412		0.419		0.4205		0.0823		0.42		0.418		0.416		0.42		0.4185		0.0826		0.42		0.418		0.42		0.422		0.42		0.0817

		4000						0.446		0.448		0.422		0.422		0.4345		0.0816		0.437		0.442		0.441		0.438		0.4395		0.082		0.438		0.445		0.441		0.435		0.43975		0.082		0.455		0.443		0.423		0.441		0.4405		0.082		0.452		0.438		0.427		0.443		0.44		0.0822		0.456		0.444		0.419		0.434		0.43825		0.0819

		8000						0.459		0.461		0.428		0.427		0.44375		0.0817		0.448		0.453		0.45		0.446		0.44925		0.082		0.451		0.455		0.448		0.446		0.45		0.082		0.468		0.451		0.426		0.451		0.449		0.082		0.466		0.448		0.431		0.451		0.449		0.082		0.474		0.455		0.42		0.441		0.4475		0.082

		500						0.5		0.5		0.5		0.499		0.49975		0.0819		0.499		0.501		0.501		0.501		0.5005		0.0819		0.5		0.5		0.5		0.5		0.5		0.0822		0.5		0.5		0.5		0.504		0.501				0.5		0.5		0.5		0.496		0.499		0.0822		0.5		0.5		0.5		0.5		0.5

																-0.004												-0.00875												-0.01												-0.008												-0.01												-0.0075						-0.004		-0.00875		-0.01		-0.008		-0.01		-0.0075

																-101.6												-222.25												-254												-203.2												-254												-190.5						-101.6		-222.25		-254		-203.2		-254		-190.5

		I-011										LE saddle												LE 2" offset												LE positon 1												RE positon 19												RE 2" offset												RE saddle

		G-10

		pump psi		coil psi		coil MPa		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm

		0						0.5		0.5		0.5		0.5		0.5		0.0827		0.5		0.5		0.5		0.5		0.5		0.0821		0.5		0.5		0.5		0.5		0.5		0.0821		0.5		0.5		0.5		0.5		0.5		0.0831		0.5		0.5		0.5		0.5		0.5		0.083		0.5		0.5		0.5		0.5		0.5		0.0827

		500						0.42		0.421		0.425		0.425		0.42275		0.0827		0.412		0.411		0.428		0.425		0.419		0.082		0.409		0.418		0.417		0.417		0.41525		0.0821		0.427		0.425		0.411		0.414		0.41925		0.0829		0.41		0.409		0.407		0.406		0.408		0.0831		0.407		0.406		0.406		0.406		0.40625		0.0826

		4000						0.446		0.445		0.43		0.433		0.4385		0.0827		0.438		0.439		0.443		0.444		0.441		0.0821		0.436		0.441		0.439		0.434		0.4375		0.0822		0.456		0.444		0.422		0.436		0.4395		0.0826		0.452		0.439		0.425		0.438		0.4385		0.083		0.458		0.445		0.407		0.421		0.43275		0.0827

		8000						0.46		0.458		0.435		0.438		0.44775		0.0827		0.448		0.449		0.452		0.453		0.4505		0.082		0.449		0.45		0.445		0.444		0.447		0.0822		0.47		0.455		0.426		0.444		0.44875		0.0827		0.467		0.45		0.429		0.446		0.448		0.083		0.476		0.457		0.408		0.429		0.4425		0.0827

		500						0.5		0.5		0.5		0.5		0.5		0.0825		0.5		0.5		0.5		0.5		0.5		0.082		0.5		0.5		0.5		0.5		0.5		0.0822		0.5		0.496		0.5		0.5		0.499				0.5		0.496		0.5		0.499		0.49875				0.5		0.5		0.5		0.5		0.5

																-0.00775												-0.0105												-0.007												-0.00975												-0.00925												-0.0025						-0.00775		-0.0105		-0.007		-0.00975		-0.00925		-0.0025

																-196.85												-266.7												-177.8												-247.65												-234.95												-63.5						-196.85		-266.7		-177.8		-247.65		-234.95		-63.5

		I-012										LE saddle												LE 2" offset												LE positon 1												RE positon 19												RE 2" offset												RE saddle												RE saddle

		ULTEM

		pump psi		coil psi		coil MPa		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm

		0						0.5		0.5		0.5		0.5		0.5		0.0806		0.5		0.5		0.5		0.5		0.5		0.0812		0.5		0.5		0.5		0.5		0.5		0.0823		0.5		0.5		0.5		0.5		0.5		0.082		0.5		0.5		0.5		0.5		0.5		0.0817		0.5		0.5		0.5		0.5		0.5		0.0819		0.5		0.5		0.5		0.5		0.5		0.082

		500						0.415		0.414		0.425		0.424		0.4195		0.0806		0.409		0.412		0.42		0.416		0.41425		0.0817		0.415		0.421		0.412		0.406		0.4135		0.0824		0.425		0.426		0.412		0.414		0.41925		0.0822		0.419		0.419		0.415		0.414		0.41675		0.0817		0.416		0.414		0.42		0.418		0.417		0.0805		0.419		0.417		0.428		0.425		0.42225		0.0815

		4000						0.436		0.436		0.441		0.443		0.439		0.0806		0.431		0.43		0.442		0.445		0.437		0.0818		0.435		0.441		0.432		0.428		0.434		0.0822		0.451		0.438		0.417		0.433		0.43475		0.0822		0.445		0.432		0.427		0.439		0.43575		0.0808		0.444		0.43		0.438		0.446		0.4395		0.0803		0.443		0.43		0.44		0.448		0.44025		0.0812

		8000						0.449		0.448		0.449		0.451		0.44925		0.0805		0.442		0.44		0.451		0.455		0.447		0.0819		0.447		0.449		0.439		0.44		0.44375		0.0822		0.465		0.444		0.42		0.445		0.4435		0.0822		0.46		0.438		0.429		0.45		0.44425		0.0807		0.46		0.439		0.438		0.456		0.44825		0.0801		0.458		0.435		0.442		0.46		0.44875		0.0809

		500						0.5		0.5		0.5		0.5		0.5		0.0805		0.5		0.5		0.5		0.5		0.5		0.0822		0.5		0.5		0.5		0.5		0.5		0.0823		0.5		0.5		0.5		0.499		0.49975		0.0822		0.5		0.5		0.5		0.495		0.49875				0.5		0.5		0.5		0.495		0.49875		0.0818		0.5		0.5		0.5		0.5		0.5		0.082

																-0.00925												-0.007												-0.00375												-0.00375												-0.0055												-0.0095						-0.00925		-0.007		-0.00375		-0.00375		-0.0055		-0.0095

																-234.95												-177.8												-95.25												-95.25												-139.7												-241.3						-234.95		-177.8		-95.25		-95.25		-139.7		-241.3

		I-014										LE saddle												LE 2" offset												LE positon 1												RE positon 19												RE 2" offset												RE saddle

		ULTEM

		pump psi		coil psi		coil MPa		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm

		0						0.5		0.5		0.5		0.5		0.5		0.0816		0.5		0.5		0.5		0.5		0.5		0.082		0.5		0.5		0.5		0.5		0.5		0.0818		0.5		0.5		0.5		0.5		0.5		0.083		0.5		0.5		0.5		0.5		0.5		0.0834		0.5		0.5		0.5		0.5		0.5		0.0826

		500						0.413		0.414		0.421		0.422		0.4175		0.0815		0.41		0.412		0.416		0.417		0.41375		0.082		0.416		0.421		0.411		0.406		0.4135		0.0818		0.423		0.423		0.41		0.411		0.41675		0.083		0.417		0.417		0.411		0.416		0.41525		0.083		0.417		0.413		0.417		0.42		0.41675		0.0828

		4000						0.436		0.433		0.441		0.448		0.4395		0.0814		0.432		0.429		0.44		0.447		0.437		0.0824		0.436		0.44		0.433		0.43		0.43475		0.0818		0.449		0.44		0.42		0.431		0.435		0.0833		0.445		0.433		0.425		0.442		0.43625		0.0831		0.449		0.43		0.43		0.448		0.43925		0.083

		8000						0.45		0.442		0.449		0.459		0.45		0.0814		0.445		0.437		0.447		0.458		0.44675		0.0825		0.446		0.448		0.44		0.44		0.4435		0.082		0.461		0.445		0.423		0.442		0.44275		0.0832		0.46		0.439		0.429		0.455		0.44575		0.083		0.468		0.44		0.43		0.458		0.449		0.0832

		500						0.5		0.5		0.5		0.5		0.5		0.0814		0.5		0.5		0.5		0.5		0.5		0.0831		0.5		0.5		0.5		0.5		0.5		0.0821		0.5		0.5		0.5		0.5		0.5				0.5		0.5		0.5		0.502		0.5005		0.0828		0.5		0.498		0.5		0.5		0.4995

																-0.01												-0.00675												-0.0035												-0.00275												-0.00525												-0.0095						-0.01		-0.00675		-0.0035		-0.00275		-0.00525		-0.0095

																-254												-171.45												-88.9												-69.85												-133.35												-241.3						-254		-171.45		-88.9		-69.85		-133.35		-241.3

		I-015										LE saddle												LE 2" offset												LE positon 1												RE positon 19												RE 2" offset												RE saddle

		ULTEM

		pump psi		coil psi		coil MPa		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm

		0						0.5		0.5		0.5		0.5		0.5		0.0821		0.5		0.5		0.5		0.5		0.5		0.083		0.5		0.5		0.5		0.5		0.5		0.083		0.5		0.5		0.5		0.5		0.5		0.0826		0.5		0.5		0.5		0.5		0.5		0.0827		0.5		0.5		0.5		0.5		0.5		0.0827

		500						0.413		0.414		0.427		0.426		0.42		0.0821		0.41		0.413		0.423		0.42		0.4165		0.083		0.415		0.42		0.413		0.418		0.4165		0.083		0.425		0.424		0.413		0.415		0.41925		0.0826		0.42		0.412		0.416		0.42		0.417		0.0827		0.411		0.413		0.425		0.429		0.4195		0.0828

		4000						0.437		0.434		0.44		0.446		0.43925		0.0821		0.431		0.43		0.443		0.446		0.4375		0.083		0.435		0.439		0.435		0.43		0.43475		0.083		0.446		0.436		0.424		0.436		0.4355		0.0827		0.441		0.426		0.431		0.45		0.437		0.0827		0.442		0.428		0.433		0.45		0.43825		0.0827

		8000						0.45		0.444		0.448		0.457		0.44975		0.0818		0.443		0.439		0.45		0.448		0.445		0.0831		0.447		0.446		0.441		0.444		0.4445		0.083		0.459		0.44		0.428		0.449		0.444		0.0826		0.455		0.43		0.434		0.442		0.44025		0.0829		0.459		0.435		0.435		0.46		0.44725		0.0827

		500						0.5		0.5		0.5		0.5		0.5		0.0818		0.5		0.5		0.5		0.5		0.5		0.0831		0.5		0.5		0.5		0.5		0.5		0.083		0.5		0.5		0.5		0.5		0.5		0.0826		0.5		0.5		0.5		0.5		0.5		0.0829		0.5		0.5		0.5		0.5		0.5		0.0827

																-0.00975												-0.005												-0.0045												-0.004												-0.00025												-0.00725						-0.00975		-0.005		-0.0045		-0.004		-0.00025		-0.00725

																-247.65												-127												-114.3												-101.6												-6.35												-184.15						-247.65		-127		-114.3		-101.6		-6.35		-184.15

		I-016										LE saddle												LE 2" offset												LE positon 1												RE positon 19												RE 2" offset												RE saddle

		ULTEM

		pump psi		coil psi		coil MPa		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm

		0						0.2		0.2		0.2		0.2		0.2		0.0835		0.2		0.2		0.2		0.2		0.2		0.0834		0.2		0.2		0.2		0.2		0.2		0.0834		0.2		0.2		0.2		0.2		0.2		0.0826		0.2		0.2		0.2		0.2		0.2		0.0835		0.2		0.2		0.2		0.2		0.2		0.0835

		500						0.112		0.113		0.129		0.129		0.12075		0.0835		0.106		0.11		0.123		0.121		0.115		0.0835		0.114		0.121		0.11		0.106		0.11275		0.0835		0.122		0.124		0.113		0.11		0.11725		0.0826		0.122		0.12		0.12		0.12		0.1205		0.0835		0.124		0.123		0.133		0.133		0.12825		0.0835

		4000						0.136		0.135		0.144		0.148		0.14075		0.0835		0.128		0.133		0.148		0.145		0.1385		0.0835		0.135		0.143		0.132		0.126		0.134		0.0835		0.138		0.145		0.136		0.125		0.136		0.0827		0.135		0.138		0.145		0.14		0.1395		0.0835		0.142		0.142		0.144		0.142		0.1425		0.0835

		8000						0.149		0.149		0.155		0.156		0.15225		0.0835		0.141		0.142		0.156		0.155		0.1485		0.0835		0.146		0.152		0.141		0.137		0.144		0.0835		0.146		0.153		0.144		0.135		0.1445		0.0826		0.142		0.147		0.154		0.147		0.1475		0.0835		0.149		0.154		0.153		0.147		0.15075		0.0835

		500						0.2		0.2		0.2		0.2		0.2				0.2		0.2		0.2		0.2		0.2		0.0835		0.2		0.2		0.2		0.2		0.2		0.0835		0.2		0.2		0.2		0.2		0.2		0.0826		0.2		0.2		0.2		0.2		0.2		0.0835		0.2		0.2		0.2		0.2		0.2		0.0835

																-0.01225												-0.0085												-0.004												-0.0045												-0.0075												-0.01075						-0.01225		-0.0085		-0.004		-0.0045		-0.0075		-0.01075

																-311.15												-215.9												-101.6												-114.3												-190.5												-273.05						-311.15		-215.9		-101.6		-114.3		-190.5		-273.05

		I-017										LE saddle												LE 2" offset												LE positon 1												RE positon 19												RE 2" offset												RE saddle

		ULTEM

		pump psi		coil psi		coil MPa		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm

		0						0.5		0.5		0.5		0.5		0.5		0.0821		0.5		0.5		0.5		0.5		0.5		0.0824		0.5		0.5		0.5		0.5		0.5		0.0823		0.5		0.5		0.5		0.5		0.5		0.0824		0.5		0.5		0.5		0.5		0.5		0.0824		0.5		0.5		0.5		0.5		0.5		0.0824

		500						4.18		0.416		0.426		0.429		1.36275		0.0821		0.417		0.417		0.424		0.425		0.42075		0.0824		0.416		0.418		0.415		0.411		0.415		0.0824		0.422		0.426		0.413		0.409		0.4175		0.0825		0.42		0.42		0.42		0.42		0.42		0.0824		0.416		0.418		0.433		0.43		0.42425		0.0824

		4000						0.448		0.433		0.435		0.452		0.442		0.0821		0.44		0.428		0.44		0.453		0.44025		0.0824		0.442		0.432		0.43		0.442		0.4365		0.0823		0.436		0.444		0.432		0.426		0.4345		0.0825		0.432		0.437		0.444		0.439		0.438		0.0824		0.434		0.438		0.447		0.441		0.44		0.0824

		8000						0.465		0.441		0.441		0.466		0.45325		0.0821		0.452		0.434		0.449		0.468		0.45075		0.0824		0.457		0.438		0.434		0.453		0.4455		0.0823		0.443		0.453		0.441		0.434		0.44275		0.0824		0.44		0.446		0.453		0.446		0.44625		0.0824		0.444		0.452		0.455		0.447		0.4495		0.0824

		500						0.5		0.5		0.5		0.5		0.5		0.0821		0.5		0.5		0.5		0.5		0.5				0.5		0.5		0.5		0.5		0.5		0.0823		0.499		0.5		0.5		0.5		0.49975				0.498		0.5		0.5		0.5		0.4995		0.0824		0.5		0.5		0.5		0.5		0.5		0.0824

																-0.01325												-0.01075												-0.0055												-0.003												-0.00675												-0.0095						-0.01325		-0.01075		-0.0055		-0.003		-0.00675		-0.0095

																-336.55												-273.05												-139.7												-76.2												-171.45												-241.3						-336.55		-273.05		-139.7		-76.2		-171.45		-241.3





Chart7

		LE saddle		LE saddle		LE saddle		LE saddle		LE saddle

		LE    offset		LE    offset		LE    offset		LE    offset		LE    offset

		LE     pos.# 1		LE     pos.# 1		LE     pos.# 1		LE     pos.# 1		LE     pos.# 1

		RE     pos.# 19		RE     pos.# 19		RE     pos.# 19		RE     pos.# 19		RE     pos.# 19

		RE     offset		RE     offset		RE     offset		RE     offset		RE     offset

		RE saddle		RE saddle		RE saddle		RE saddle		RE saddle



O-014 ULTEM

O-011 ULTEM

O-012 ULTEM

O-013 ULTEM

O-014 ULTEM

Position from LE to RE

Size , um

End fixture measurements of outer coils for the HGQ-02

-546.1

-457.2

-482.6

-533.4

-628.65

-508

-419.1

-419.1

-469.9

-552.45

-336.55

-266.7

-292.1

-330.2

-304.8

-44.45

-38.1

-63.5

-69.85

-88.9

-292.1

-292.1

-311.15

-298.45

-425.45

-336.55

-381

-419.1

-361.95

-527.05



Chart8

		LE saddle		LE saddle		LE saddle		LE saddle		LE saddle

		LE    offset		LE    offset		LE    offset		LE    offset		LE    offset

		LE     pos.# 1		LE     pos.# 1		LE     pos.# 1		LE     pos.# 1		LE     pos.# 1

		RE     pos.# 19		RE     pos.# 19		RE     pos.# 19		RE     pos.# 19		RE     pos.# 19

		RE     offset		RE     offset		RE     offset		RE     offset		RE     offset

		RE saddle		RE saddle		RE saddle		RE saddle		RE saddle



O-010 ULTEM

O-011 ULTEM

O-012 ULTEM

O-013 ULTEM

O-014 ULTEM

Position from LE to RE

Size , in

HGQ-02  End fixture results for outer coils

-0.0215

-0.018

-0.019

-0.021

-0.02475

-0.02

-0.0165

-0.0165

-0.0185

-0.02175

-0.01325

-0.0105

-0.0115

-0.013

-0.012

-0.00175

-0.0015

-0.0025

-0.00275

-0.0035

-0.0115

-0.0115

-0.01225

-0.01175

-0.01675

-0.01325

-0.015

-0.0165

-0.01425

-0.02075



Sheet2

		

		O-008										LE saddle												LE 2" offset												LE positon 1												RE positon 19												RE 2" offset												RE saddle

		ULTEM

		pump psi		coil psi		coil MPa		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm

		0						0.2		0.2		0.2		0.2		0.2		0.1103		0.2		0.2		0.2		0.2		0.2		0.1096		0.2		0.2		0.2		0.2		0.2		0.11		0.5		0.5		0.5		0.5		0.5		0.1098		0.5		0.5		0.5		0.5		0.5		0.1099		0.5		0.5		0.5		0.5		0.5		0.1096

		500						0.124		0.123		0.134		0.136		0.12925		0.1105		0.129		0.125		0.128		0.134		0.129		0.1096		0.123		0.122		0.129		0.131		0.12625		0.11		0.419		0.42		0.424		0.423		0.4215		0.1098		0.422		0.424		0.423		0.421		0.4225		0.1099		0.421		0.418		0.421		0.423		0.42075		0.1096

		4000						0.148		0.136		0.147		0.16		0.14775		0.1105		0.149		0.135		0.144		0.159		0.14675		0.1096		0.142		0.132		0.142		0.153		0.14225		0.11		0.432		0.431		0.447		0.447		0.43925		0.1099		0.436		0.435		0.436		0.435		0.4355		0.1099		0.439		0.435		0.439		0.442		0.43875		0.1098

		8000						0.166		0.144		0.158		0.18		0.162		0.1105		0.163		0.141		0.151		0.179		0.1585		0.1096		0.156		0.138		0.149		0.167		0.1525		0.11		0.439		0.436		0.459		0.462		0.449		0.1098		0.444		0.442		0.441		0.443		0.4425		0.1099		0.45		0.445		0.451		0.456		0.4505		0.1098

		500						0.2		0.2		0.201		0.2		0.20025		0.1105		0.2		0.2		0.2		0.2		0.2		0.1097		0.2		0.2		0.2		0.2		0.2		0.1099		0.5		0.5		0.5		0.5		0.5		0.1098		0.5		0.5		0.5		0.5		0.5		0.1099		0.5		0.5		0.5		0.5		0.5		0.1098

																-0.02175												-0.0185												-0.0125												-0.009												-0.0025												-0.0105						-0.02175		-0.0185		-0.0125		-0.009		-0.0025		-0.0105

																-552.45												-469.9												-317.5												-228.6												-63.5												-266.7						-552.45		-469.9		-317.5		-228.6		-63.5		-266.7

		O-009										LE saddle												LE 2" offset												LE positon 1												RE positon 19												RE 2" offset												RE saddle

		G-10

		pump psi		coil psi		coil MPa		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm

		0						0.5		0.5		0.5		0.5		0.5		0.0811		0.5		0.5		0.5		0.5		0.5		0.082		0.5		0.5		0.5		0.5		0.5		0.0821		0.5		0.5		0.5		0.5		0.5				0.5		0.5		0.5		0.5		0.5		0.0822		0.5		0.5		0.5		0.5		0.5		0.0815

		500														0		0.0816										0		0.0819										0		0.0821										0												0		0.0826										0		0.0817

		4000														0		0.0816										0		0.082										0		0.082										0												0		0.0822										0		0.0819

		8000														0		0.0817										0		0.082										0		0.082										0												0		0.082										0		0.082

		500														0		0.0819										0		0.0822										0		0.0819										0												0		0.0822										0

																0												0												0												0												0												0						0		0		0		0		0		0

																0												0												0												0												0												0						0		0		0		0		0		0

		O-010										LE saddle												LE 2" offset												LE positon 1												RE positon 19												RE 2" offset												RE saddle

		ULTEM

		pump psi		coil psi		coil MPa		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm

		0						0.2		0.2		0.2		0.2		0.2		0.1128		0.2		0.2		0.2		0.2		0.2		0.1125		0.2		0.2		0.2		0.2		0.2		0.1123		0.5		0.5		0.5		0.5		0.5		0.1123		0.5		0.5		0.5		0.5		0.5		0.1123		0.5		0.5		0.5		0.5		0.5		0.1122

		500						0.12		0.12		0.128		0.129		0.12425		0.113		0.127		0.125		0.126		0.129		0.12675		0.1125		0.122		0.121		0.129		0.131		0.12575		0.1124		0.423		0.424		0.419		0.418		0.421		0.1124		0.416		0.417		0.424		0.421		0.4195		0.1124		0.415		0.416		0.422		0.425		0.4195		0.1123

		4000						0.151		0.134		0.139		0.159		0.14575		0.1131		0.149		0.135		0.144		0.159		0.14675		0.1124		0.142		0.131		0.143		0.155		0.14275		0.1124		0.435		0.436		0.435		0.433		0.43475		0.1124		0.43		0.431		0.45		0.449		0.44		0.1125		0.437		0.436		0.445		0.445		0.44075		0.1122

		8000						0.168		0.144		0.154		0.18		0.1615		0.1133		0.165		0.141		0.155		0.18		0.16025		0.1125		0.156		0.137		0.15		0.17		0.15325		0.1124		0.443		0.442		0.441		0.441		0.44175		0.1124		0.439		0.437		0.464		0.466		0.4515		0.1124		0.45		0.446		0.457		0.46		0.45325		0.1122

		500						0.2		0.2		0.2		0.2		0.2		0.1133		0.2		0.2		0.2		0.201		0.20025		0.1125		0.2		0.2		0.2		0.2		0.2		0.1124		0.5		0.5		0.5		0.5		0.5		0.1124		0.5		0.5		0.5		0.5		0.5		0.1123		0.5		0.5		0.5		0.5		0.5		0.1123

																-0.0215												-0.02												-0.01325												-0.00175												-0.0115												-0.01325						-0.0215		-0.02		-0.01325		-0.00175		-0.0115		-0.01325

																-546.1												-508												-336.55												-44.45												-292.1												-336.55						-546.1		-508		-336.55		-44.45		-292.1		-336.55

		O-011										LE saddle												LE 2" offset												LE positon 1												RE positon 19												RE 2" offset												RE saddle

		ULTEM

		pump psi		coil psi		coil MPa		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm

		0						0.2		0.2		0.2		0.2		0.2		0.1118		0.2		0.2		0.2		0.2		0.2		0.1123		0.2		0.2		0.2		0.2		0.2		0.1124		0.5		0.5		0.5		0.5		0.5		0.1124		0.5		0.5		0.5		0.5		0.5		0.1125		0.5		0.5		0.5		0.5		0.5		0.1124

		500						0.123		0.12		0.127		0.129		0.12475		0.1118		0.126		0.124		0.122		0.125		0.12425		0.1124		0.125		0.123		0.129		0.13		0.12675		0.1123		0.422		0.424		0.42		0.418		0.421		0.1125		0.419		0.42		0.426		0.425		0.4225		0.1124		0.413		0.416		0.427		0.427		0.42075		0.1125

		4000						0.146		0.132		0.139		0.156		0.14325		0.1121		0.146		0.132		0.14		0.156		0.1435		0.1125		0.141		0.131		0.141		0.152		0.14125		0.1124		0.434		0.436		0.436		0.432		0.4345		0.1124		0.431		0.431		0.449		0.45		0.44025		0.1124		0.434		0.435		0.446		0.449		0.441		0.1125

		8000						0.165		0.139		0.149		0.179		0.158		0.1125		0.162		0.137		0.15		0.178		0.15675		0.1123		0.154		0.135		0.146		0.167		0.1505		0.1123		0.442		0.442		0.442		0.44		0.4415		0.1124		0.441		0.435		0.463		0.467		0.4515		0.1125		0.444		0.45		0.459		0.465		0.4545		0.1124

		500						0.2		0.2		0.2		0.2		0.2		0.1125		0.2		0.2		0.2		0.201		0.20025		0.1123		0.2		0.2		0.2		0.2		0.2		0.1124		0.5		0.5		0.5		0.5		0.5		0.1124		0.5		0.5		0.5		0.5		0.5		0.1124		0.498		0.5		0.5		0.5		0.4995		0.1124

																-0.018												-0.0165												-0.0105												-0.0015												-0.0115												-0.015						-0.018		-0.0165		-0.0105		-0.0015		-0.0115		-0.015

																-457.2												-419.1												-266.7												-38.1												-292.1												-381						-457.2		-419.1		-266.7		-38.1		-292.1		-381

		O-012										LE saddle												LE 2" offset												LE positon 1												RE positon 19												RE 2" offset												RE saddle

		ULTEM

		pump psi		coil psi		coil MPa		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm

		0						0.2		0.2		0.2		0.2		0.2		0.1104		0.2		0.2		0.2		0.2		0.2		0.1113		0.2		0.2		0.2		0.2		0.2		0.1113		0.5		0.5		0.5		0.5		0.5		0.1115		0.5		0.5		0.5		0.5		0.5		0.1114		0.5		0.5		0.5		0.5		0.5		0.1114

		500						0.12		0.122		0.127		0.126		0.12375		0.1106		0.125		0.124		0.124		0.127		0.125		0.1114		0.125		0.12		0.127		0.133		0.12625		0.1113		0.416		0.42		0.424		0.42		0.42		0.1115		0.419		0.42		0.426		0.425		0.4225		0.1115		0.419		0.416		0.427		0.426		0.422		0.1114

		4000						0.146		0.133		0.142		0.155		0.144		0.1107		0.149		0.133		0.139		0.157		0.1445		0.1113		0.144		0.131		0.139		0.153		0.14175		0.1113		0.431		0.438		0.438		0.432		0.43475		0.1115		0.428		0.43		0.453		0.453		0.441		0.1115		0.437		0.436		0.449		0.447		0.44225		0.1114

		8000						0.163		0.14		0.154		0.179		0.159		0.1108		0.164		0.138		0.148		0.175		0.15625		0.1114		0.157		0.137		0.145		0.167		0.1515		0.1113		0.44		0.444		0.445		0.441		0.4425		0.1116		0.436		0.436		0.468		0.469		0.45225		0.1115		0.449		0.447		0.464		0.463		0.45575		0.1115

		500						0.2		0.2		0.2		0.2		0.2		0.111		0.2		0.2		0.2		0.199		0.19975		0.1114		0.2		0.2		0.2		0.2		0.2		0.1113		0.5		0.5		0.5		0.5		0.5		0.1116		0.5		0.5		0.5		0.5		0.5				0.5		0.5		0.497		0.5		0.49925		0.1114

																-0.019												-0.0165												-0.0115												-0.0025												-0.01225												-0.0165						-0.019		-0.0165		-0.0115		-0.0025		-0.01225		-0.0165

																-482.6												-419.1												-292.1												-63.5												-311.15												-419.1						-482.6		-419.1		-292.1		-63.5		-311.15		-419.1

		O-013										LE saddle												LE 2" offset												LE positon 1												RE positon 19												RE 2" offset												RE saddle

		ULTEM

		pump psi		coil psi		coil MPa		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm

		0						0.2		0.2		0.2		0.2		0.2		0.1119		0.2		0.2		0.2		0.2		0.2		0.1116		0.2		0.2		0.2		0.2		0.2		0.1117		0.2		0.2		0.2		0.2		0.2		0.1114		0.2		0.2		0.2		0.2		0.2		0.0827		0.2		0.2		0.2		0.2		0.2		0.1116

		500						0.123		0.125		0.129		0.13		0.12675		0.112		0.128		0.128		0.128		0.129		0.12825		0.1116		0.123		0.12		0.129		0.133		0.12625		0.1117		0.12		0.125		0.122		0.12		0.12175		0.1114		0.118		0.121		0.126		0.126		0.12275		0.0827		0.119		0.12		0.124		0.126		0.12225		0.1115

		4000						0.141		0.142		0.148		0.151		0.1455		0.112		0.143		0.144		0.148		0.148		0.14575		0.1117		0.139		0.135		0.145		0.15		0.14225		0.1117		0.142		0.135		0.135		0.13		0.1355		0.1114		0.132		0.134		0.149		0.148		0.14075		0.0827		0.14		0.141		0.142		0.142		0.14125		0.1115

		8000						0.154		0.154		0.164		0.168		0.16		0.112		0.154		0.154		0.161		0.163		0.158		0.1117		0.149		0.145		0.155		0.161		0.1525		0.1117		0.144		0.149		0.141		0.137		0.14275		0.1114		0.141		0.141		0.163		0.162		0.15175		0.0829		0.153		0.154		0.155		0.155		0.15425		0.1115

		500						0.198		0.2		0.198		0.2		0.199		0.112		0.199		0.2		0.199		0.2		0.1995		0.1117		0.199		0.2		0.199		0.2		0.1995		0.1118		0.2		0.2		0.2		0.2		0.2		0.1115		0.2		0.2		0.2		0.2		0.2		0.0829		0.2		0.2		0.2		0.2		0.2		0.1115

																-0.021												-0.0185												-0.013												-0.00275												-0.01175												-0.01425						-0.021		-0.0185		-0.013		-0.00275		-0.01175		-0.01425

																-533.4												-469.9												-330.2												-69.85												-298.45												-361.95						-533.4		-469.9		-330.2		-69.85		-298.45		-361.95

		End measurement

		o-014										LE saddle												LE 2" offset												LE positon 1												RE positon 19												RE 2" offset												RE saddle

		ULTEM

		pump psi		coil psi		coil MPa		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm

		0						0.5		0.5		0.5		0.5		0.5		0.1133		0.5		0.5		0.5		0.5		0.5		0.1129		0.5		0.5		0.5		0.5		0.5		0.1133		0.5		0.5		0.5		0.5		0.5		0.1132		0.5		0.5		0.5		0.5		0.5		0.1132		0.5		0.5		0.5		0.5		0.5		0.1133

		500						0.427		0.429		0.433		0.433		0.4305		0.1133		0.43		0.429		0.433		0.433		0.43125		0.113		0.426		0.423		0.427		0.43		0.4265		0.1133		0.425		0.42		0.425		0.427		0.42425		0.1132		0.42		0.42		0.435		0.435		0.4275		0.1132		0.423		0.424		0.432		0.432		0.42775		0.1133

		4000						0.441		0.447		0.443		0.451		0.4455		0.1134		0.441		0.443		0.444		0.453		0.44525		0.1131		0.438		0.436		0.445		0.447		0.4415		0.1133		0.437		0.432		0.438		0.44		0.43675		0.1132		0.429		0.429		0.46		0.46		0.4445		0.1132		0.439		0.441		0.454		0.451		0.44625		0.1133

		8000						0.452		0.46		0.477		0.469		0.4645		0.1134		0.451		0.454		0.473		0.469		0.46175		0.1132		0.447		0.445		0.458		0.458		0.452		0.1133		0.443		0.439		0.446		0.447		0.44375		0.1132		0.435		0.435		0.479		0.478		0.45675		0.1132		0.449		0.452		0.472		0.47		0.46075		0.1133

		500						0.5		0.5		0.499		0.5		0.49975		0.1134		0.5		0.5		0.5		0.5		0.5		0.1132		0.5		0.5		0.5		0.5		0.5		0.1134		0.5		0.5		0.5		0.501		0.50025		0.1132		0.5		0.5		0.5		0.5		0.5		0.1132		0.5		0.5		0.5		0.5		0.5		0.1133

																-0.02475												-0.02175												-0.012												-0.0035												-0.01675												-0.02075						-0.02475		-0.02175		-0.012		-0.0035		-0.01675		-0.02075

																-628.65												-552.45												-304.8												-88.9												-425.45												-527.05						-628.65		-552.45		-304.8		-88.9		-425.45		-527.05

		HGQ-02		Coil size average , um

		Coil #		LE sadle		LE offset		LE  ~ pos.# 1		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		RE     pos.# 19		RE offset		RE sadle

		O-010		-313		-243		-46		117		117		123		117		111		118		131		127		108		92		104		102		113		129		131		130		144		153		151		-135		-243

		O-011		-247		-209		-57		123		136		136		127		118		128		142		139		117		105		118		111		125		145		146		149		158		167		172		-82		-171

		O-012		-270		-206		-79		112		112		119		108		106		117		130		122		103		92		97		99		114		139		138		143		148		149		149		-98		-206

		O-013		-326		-263		-123		108		108		113		105		96		109		121		115		93		82		89		91		104		121		125		124		129		133		138		-91		-155

		O-014		-391		-314		-67		107		109		108		106		102		108		123		122		100		87		97		97		113		132		138		138		148		155		149		-187		-289

		I-012		6		63		146		128		127		123		114		114		117		118		121		117		117		121		120		118		107		123		109		87		108		146		101		-1

		I-014		10		74		156		135		133		126		121		123		120		128		124		122		138		117		142		120		124		110		119		114		126		144		99		48

		I-015		28		149		161		111		103		124		111		104		119		117		108		112		113		110		125		128		128		122		131		130		125		161		91		22

		I-016		-56		39		153		108		103		107		98		101		110		114		118		123		124		124		122		123		111		105		102		112		115		141		65		-18

		I-017		-142		-79		54		67		82		63		90		75		97		83		77		79		79		80		87		80		85		88		100		93		91		118		23		-47

		I-018		-65		-21		75		80		96		80		80		73		71		81		88		80		76		83		80		88		79		87		82		66		69		100		43		-8

		Coil #		LE sadle		LE offset		LE,pos.#1		Body, Avg.		RE,pos.19		RE offset		RE sadle

		O-010		-313		-243		-46		153		151		-135		-243

		O-011		-247		-209		-57		167		172		-82		-171

		O-012		-270		-206		-79		149		149		-98		-206

		O-013		-326		-263		-123		133		138		-91		-155

		O-014		-391		-314		-67		155		149		-187		-289

		Coil #		LE sadle		LE offset		LE,pos.#1		Body, Avg.		RE,pos.19		RE offset		RE sadle

		I-012		6		63		146		118		146		101		-1

		I-014		10		74		156		126		144		99		48

		I-015		28		149		161		120		161		91		22

		I-016		-56		39		153		114		141		65		-18

		I-017		-142		-79		54		85		118		23		-47

		I-018		-65		-21		75		81		100		43		-8
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Chart12

		LE sadle		LE sadle		LE sadle		LE sadle

		LE offset		LE offset		LE offset		LE offset

		LE  ~ pos.# 1		LE  ~ pos.# 1		LE  ~ pos.# 1		LE  ~ pos.# 1

		1		1		1		1

		2		2		2		2

		3		3		3		3

		4		4		4		4

		5		5		5		5

		6		6		6		6

		7		7		7		7

		8		8		8		8

		9		9		9		9

		10		10		10		10

		11		11		11		11

		12		12		12		12

		13		13		13		13

		14		14		14		14

		15		15		15		15

		16		16		16		16

		17		17		17		17

		18		18		18		18

		RE  ~ pos.# 19		RE  ~ pos.# 19		RE  ~ pos.# 19		RE  ~ pos.# 19

		RE offset		RE offset		RE offset		RE offset

		RE sadle		RE sadle		RE sadle		RE sadle



end fixture with G-10 pole insert

body fixture

end fixture with metal pole insert"

end fixture with G-10 pole insert"

Axial position from LE to RE , #

Coil average size , mm

HGQo-011

-0.4572

-0.4191

-0.2667

0.1229362459

-0.09525

-0.0762

0.1356362713

0.1358902718

0.1272542545

0.1181102362

0.127508255

0.1417322835

0.1389382779

-0.1016

0.1168402337

0.1046482093

0.1176022352

0.1107442215

0.1247142494

0.1445262891

0.1463042926

0.1493522987

0.158496317

0.1671323343

-0.0381

0.1719583439

-0.04445

-0.0254

-0.2921

-0.381



Sheet3

		O-011										LE saddle												LE 2" offset												LE positon 1												RE positon 19												RE 2" offset												RE saddle

		ULTEM

		pump psi		coil psi		coil MPa		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm

		0						0.2		0.2		0.2		0.2		0.2		0.1118		0.2		0.2		0.2		0.2		0.2		0.1123		0.2		0.2		0.2		0.2		0.2		0.1124		0.5		0.5		0.5		0.5		0.5		0.1124		0.5		0.5		0.5		0.5		0.5		0.1125		0.5		0.5		0.5		0.5		0.5		0.1124

		500						0.123		0.12		0.127		0.129		0.12475		0.1118		0.126		0.124		0.122		0.125		0.12425		0.1124		0.125		0.123		0.129		0.13		0.12675		0.1123		0.422		0.424		0.42		0.418		0.421		0.1125		0.419		0.42		0.426		0.425		0.4225		0.1124		0.413		0.416		0.427		0.427		0.42075		0.1125

		4000						0.146		0.132		0.139		0.156		0.14325		0.1121		0.146		0.132		0.14		0.156		0.1435		0.1125		0.141		0.131		0.141		0.152		0.14125		0.1124		0.434		0.436		0.436		0.432		0.4345		0.1124		0.431		0.431		0.449		0.45		0.44025		0.1124		0.434		0.435		0.446		0.449		0.441		0.1125

		8000						0.165		0.139		0.149		0.179		0.158		0.1125		0.162		0.137		0.15		0.178		0.15675		0.1123		0.154		0.135		0.146		0.167		0.1505		0.1123		0.442		0.442		0.442		0.44		0.4415		0.1124		0.441		0.435		0.463		0.467		0.4515		0.1125		0.444		0.45		0.459		0.465		0.4545		0.1124

		500						0.2		0.2		0.2		0.2		0.2		0.1125		0.2		0.2		0.2		0.201		0.20025		0.1123		0.2		0.2		0.2		0.2		0.2		0.1124		0.5		0.5		0.5		0.5		0.5		0.1124		0.5		0.5		0.5		0.5		0.5		0.1124		0.498		0.5		0.5		0.5		0.4995		0.1124

																-0.018												-0.0165												-0.0105												-0.0015												-0.0115												-0.015						-0.018		-0.0165		-0.0105		-0.0015		-0.0115		-0.015				-0.018		-0.0165		-0.0105						-0.0015		-0.0115		-0.015

																-0.4572												-0.4191												-0.2667												-0.0381												-0.2921												-0.381						-0.4572		-0.4191		-0.2667		-0.0381		-0.2921		-0.381				-0.4572		-0.4191		-0.2667						-0.0381		-0.2921		-0.381

		O-011		metal block								LE saddle												LE 2" offset												LE positon 1												RE positon 19												RE 2" offset												RE saddle																																										122.9362458725		135.6362712725		135.8902717805		127.2542545085		118.1102362205		127.5082550165		141.7322834646		138.9382778766		116.8402336805		104.6482092964		117.6022352045		110.7442214884		124.7142494285		144.5262890526		146.3042926086		149.3522987046		158.4963169926		167.1323342647		171.9583439167

		ULTEM																																																																																																																122.9362458725		135.6362712725		135.8902717805		127.2542545085		118.1102362205		127.5082550165		141.7322834646		138.9382778766		116.8402336805		104.6482092964		117.6022352045		110.7442214884		124.7142494285		144.5262890526		146.3042926086		149.3522987046		158.4963169926		167.1323342647		171.9583439167

		pump psi		coil psi		coil MPa		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm																																				0.1229362459		0.1356362713		0.1358902718		0.1272542545		0.1181102362		0.127508255		0.1417322835		0.1389382779		0.1168402337		0.1046482093		0.1176022352		0.1107442215		0.1247142494		0.1445262891		0.1463042926		0.1493522987		0.158496317		0.1671323343		0.1719583439

		0																														0.2		0.2		0.2		0.2		0.2		0.1124		0.5		0.5		0.5		0.5		0.5		0.1124																																																												-0.09525														-0.1016																						-0.04445

		500																														0.125		0.123		0.129		0.13		0.12675		0.1123		0.422		0.424		0.42		0.418		0.421		0.1125																																																												-0.0762																																				-0.0254

		4000																														0.141		0.131		0.141		0.152		0.14125		0.1124		0.434		0.436		0.436		0.432		0.4345		0.1124																																																						-0.4572		-0.4191		-0.2667																																						-0.0381		-0.2921		-0.381

		8000																		0.149		0.143		0.137		0.145		0.1435				0.146		0.147		0.141		0.141		0.14375		0.1123		0.144		0.148		0.138		0.137		0.14175		0.1124																																																						LE sadle		LE offset		LE  ~ pos.# 1		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		RE  ~ pos.# 19		RE offset		RE sadle

		500																		0.199		0.2		0.199		0.2		0.1995				0.2		0.2		0.2		0.2		0.2		0.1124		0.2		0.2		0.2		0.2		0.2		0.1124

																-0.06												-0.004												-0.00375												-0.00175												-0.06												-0.06						-0.06		-0.004		-0.00375		-0.00175		-0.06		-0.06				-0.06		-0.06				-0.00375		-0.00175				-0.06		-0.06

																-1.524												-0.1016												-0.09525												-0.04445												-1.524												-1.524						-1.524		-0.1016		-0.09525		-0.04445		-1.524		-1.524				-1.524		-1.524				-0.09525		-0.04445				-1.524		-1.524

		O-011		G-10 block								LE saddle												LE 2" offset												LE positon 1												RE positon 19												RE 2" offset												RE saddle														-0.09525		-0.04445														-0.09525		-0.04445

		ULTEM

		pump psi		coil psi		coil MPa		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm		ind # 1		ind # 2		ind # 3		ind # 4		aver. ind		R ohm

		0																														0.2		0.2		0.2		0.2		0.2		0.1124		0.5		0.5		0.5		0.5		0.5		0.1124

		500																														0.125		0.123		0.129		0.13		0.12675		0.1123		0.422		0.424		0.42		0.418		0.421		0.1125

		4000																														0.141		0.131		0.141		0.152		0.14125		0.1124		0.434		0.436		0.436		0.432		0.4345		0.1124

		8000																														0.146		0.146		0.139		0.141		0.143		0.1123		0.144		0.147		0.136		0.136		0.14075		0.1124

		500																														0.2		0.2		0.2		0.2		0.2		0.1124		0.2		0.2		0.199		0.2		0.19975		0.1124

																-0.06												-0.06												-0.003												-0.001												-0.06												-0.06						-0.06		-0.06		-0.003		-0.001		-0.06		-0.06				-0.06		-0.06				-0.003		-0.001				-0.06		-0.06

																-1.524												-1.524												-0.0762												-0.0254												-1.524												-1.524						-1.524		-1.524		-0.0762		-0.0254		-1.524		-1.524				-1.524		-1.524				-0.0762		-0.0254				-1.524		-1.524

																																																																																						-0.0762		-0.0254														-0.0762		-0.0254






