T

¥ Fermilab

Particle Physics Division
Mechanical Department Engineering Note

Number; MD-ENG-111 Date: 23 October 2006

Project Internal Reference: See Nova Docdb document number 1096
Project: NOvA

Title: Calculation of the PVC.extrusion areas (area of PVC and area
open for scintillator.

Author(s): Dave Pushka
Reviewer(s):
Key Words: PVC, extrusions, scintillator, detector active area

Applicable Codes: none

Abstract Summary:

Based on the sixteen cell PVC extrusion shown on drawing 9219.000-MC-
435388 Revision C, I calculate the PVC area and the open area (which will
be filled with scintillator oil). Since the mechanical tolerances shown on this
drawing are a significant fraction of the total area, the area calculations were
repeated for the extrusion wall thickness at the maximum and minimum
material conditions and for the corner radii at the minimum and maximum
values.
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A B TcT [3] [ E | F 1 G T H] i T K [ L] M I N [5) |
- 1_|Exterior Gross Volume of 16 cell PVC Extrusions (applies to both vertical and horizontal extrusions)
| _2_|Nominal Exterior Height, mm 66
|3 _|Nominal Exterior Width, mm 6552 DETECTOR DIMENSIONS
4| Nominal Exterior radius, mm 13 Number of Blocms 44
| _S_{Nominal Fillet Radius, mm 3 Number of vertical planes per blocm 16
- 6_iNominal Horz. Extru Inner Wall thickness 23 Number of horizontal planes per blocm 16
|.7_JNominal Vertical Extru Inner Wall thicknes: 33 Number of extrusions per vertical plane 24
|.8_iDistance = Radius inner + T inner/2 10.85 Number of extrusions per horizontal plane 24
| 9 ITheta = cos-1 (distancefradius outer) 0.583 Length of vertical planes, meters 187
| 10|Sin (theta) 0.551 Length of horizontal planes, meters 15.7
| 11 |Scallop Area = distance*radius auter*(1-sin (theta))
.12 | Scallop Area, mm2 = 63.4 Sum of the vertical plane length, meters 265,267.2
| 13 |Scallop Area Fudge Factor 0.553952689 Sum of the horizontal plane lengths, meters 248,688.0
14
|15 ] PVC Specific Gravity 1.52
16 ] . PVC Density {mg/m3) 1520
|17 Max Mat Cond Height Tolerance, mm 14
| 18 |Max Mat Cond Exterior Height, mm 689 Mass of Horizontat PVC of Nominal Dimensions, kg 2,593,120
| 19 |Min Mat Cond Height Tolerance, mm 06 Minimum mass of Horizontal PVC, kg 2,169,436
.20 |Min Mat Cond Exterior Height, mm 64.9 Maximum mass of Horizontal PVC, kg 3,392,482
21 .
| 22 |Max Mat Cond Width Tolerance, mm 3 Mass of VERTICAL PVC of Nom. Dim., kg 3,815,822
| 23 |Max Mat Cond Exterior Width, mm 661.2 Minimum mass of VERTICAL PVC, kg 3,186,393
.24 [Min Mat Cond Width Tolerance, mm 3 Maximum mass of VERTICAL PVC, kg 4,487,598
| 25 [Min Mat Cond Exterior Width, mm 649.2
| 26} SUM MASS OF PVC of Nominal Dimensions, kg 6,408,941
| 27 jMax Mat Cond Radius Tolerance, mm 06 SUM MASS OF PVC of Minimal Dimensions, kg 5,355,829
| 28 IMax Mat Cond Exterior radius, mm 12.4 SUM MASS OF PVC of Maximal Dimensions, kg 7,880,080
.29 |Min Mat Cond Radius Tolerance, mm 1.4
| 30 [Min Mat Cond Exterior radius, mm 14.4 Scintillator Specific Gravity 0.88
1 31 Scintillator Density (kg/m3) 880
| 32 |For Nominal Radius
33 |Nominal Gross Area extr, mm2 420453 Mass of Horizontal Scintillator of Nom. Dim., kg 7,700,134
i 34 |Max Gross Area extr, mm2 44,358.7 Minimum mass of Horizontal Scintillator, kg 7,069,989
.35 {Min Gross Area extr, mm2 40,9351 Maximum mass of Horizontal Scintillator, kg 8,095,936
36
37 |For Minimum Radius Mass of VERTICAL Scintillator of Nom. Dim, kg 7,286,650
| 38 |Nominal Gross Area extr, mm2 42,0583 Minimum mass of VERTICAL Scintillator, kg 6,522,766
|39 [Max Gross Area extr, mm2 44,371.8 Maximum mass of VERTICAL Scintillator, kg 7,511,947
| 40 |Min Gross Area extr, mm2 40,948.2
| 41§ SUM MASS OF Scintillator of Nom. Dim., kg 14,986,784
| 42 {For Maximum Radius SUM MASS OF Scintillator of Min. Dim., kg 13,692,755
| 43 |Nominal Gross Area extr, mm2 42,0123 SUM MASS OF Scintillator of Max. Dim., kg 15,607,884
| 44 [Max Gross Area extr, mm2 443258
| 45 |Min Gross Area extr, mm2 40,9022
[ 2]
47
| 48 |Interior Cell Dimension Tolerances for HORIZONTAL Extrusions (thinner webs and walls):
49 |Nominal Wall Thickness 33
| 50 |Max Mat CondWall Thickness tolerance 07
|.51 {Min Mat CondWall Thickness tolerance -0.3 Percent Active Mass of Detector of Nominal Dimensions, kg 0.7005 &=
| 52 | Percent Active Mass of Detector of Minimal Dimensions, kg 0.7173
| 53 |Nominal corner Radius 9.7 Percent Active Mass of Detector of Maximal Dimensions, kg 0.6645
|54 IMax Mat Cond Corner Radius tolerance -0.3
55 [Min Mat Cond Corner Radius tolerance 07
56
57
55
|58 jinterior Cell Dimensions Based on Nominal Extrusion Outside Dimensions (Height and Width) for HORIZONTAL Extrusions {thinner webs and walls):
|60 [Nominal Cell Width, mm o 38.4 e e : e : :
| 61 [Maximum Cell Width, mm 39.0
.62 |Mininum Cell Width, mm 37.0
| 63 | Ok Net PVC X-SECTION
| 64 |Nominal Cell Height, mm 59.4 AREA for One 16 cell
| 65 [Maximum Cell Height, mm 60 HORIZONTAL
|66 [Mininum Cell Height, mm 58 extrusion, mm2 Horizontal Extrusions Horizontal Extrusions Horizontal Extrusions Horizontal Extrusions
| 67 | Ok FOR ALL 16 CELLS in one HORIZONTAL Extrusion Volume of PVC, m3 mass of PVC, mg Volume of Scintillator, m3 Mass of Scintillator, mg
| 68 |For Nominal Radius For Nominai Radius For Nominal Radius For Nominal Radius For Nominal Radius For Nominal Radius For Nominal Radius
| 69 |Nominal Cell Scint Area, mm2 2199.1 Nominal Cell Scint Area, mm2 35,185.3 6,860.00 1706.0 2,593,120 8750.2 7,700,134
| 70 |Maximum Cell Scint Area, mm2 22581 Maximum Cell Scint Area, mm?2 36,129.7 8,229.02 20465 3,110,617 8985.0 7,906,824
| 71 IMinimum Cell Scint Area, mm2 2064.1 Minimum Cell Scint Area, mm2 33,0263 7,908.82 1966.8 2,989,580 82132 7,227,659
72 Ok Ok
E For Minimum Radius (more Scint, less PVC)) For Minimum Radius (more Scint, less PVC})) For Minimum Radius For Minimum Radius For Minimum Radius For Minimum Radius For Minimum Radius
| 74 |Nominal Cell Scint Area, mm2 2204.0 Nominal Cell Scint Area, mm2 352640 6,794.38 1689.7 2,568316 8769.7 7,717,356
75 IMaximum Cell Scint Area, mm2 2263.0 Maximum Cell Scint Area, mm2 36,2084 8,163.40 2030.1 3,085,813 9004.6 7,924,047
| 76 |Minimum Cell Scint Area, mm2 2069.1 Minimum Cell Scint Area, mm2 33,1050 784320 19505 2,964,776 8232.8 7,244,882
77 Ok Ok
E For Maximum Radius (Less Scint, more PVC) For Maximum Radius (Less Scint, more PVC) For laximum Radius For Maximum Radius For Maximum Radius For Maximum Radius For Maximum Radius
| 79 |Nominal Cell Scint Area, mm2 2187.0 Nominal Cell Scint Area, mm2 34,9920 7.020.32 17459 2,653,720 8702.1 7,657,843
| 80 |Maximum Cell Scint Area, mm2 22460 Maximum Cell Scint Area, mm2 35,9365 8,389.34 2086.3 3171217 8937.0 7864534
| 81 [Minimum Cell Scint Area, mm2 2052.1 Minimum Cell Scint Area, mm2 32,8331 8,069.14 2006.7 3,050,180 81652 - 7,185,369
| 62 ] Ok Ok
3]
54
| 85 Jinterior Cell Dimensions Based on Maximum Material Condition Extrusion Outside Dimensions (Height and Width) for Horizontal Extrusions {thinner webs and walls):
|86 [Nominal Cell Width, mm 386
| 87 IMaximum Cell Width, mm 392
.88 [Mininum Cell Width, mm 372
(59 ok
| 90 {Nominai Cell Height, mm 60.8 Net PVC X-SECTION
| 91 |Maximum Cell Height, mm 61.4 AREA for One 16 cell
92 |Mininum Celi Height, mm 59.4 HORIZONTAL Horizontal Extrusions Horizontal Extrusions Horizontal Extrusions Horizontal Extrusions
| 93 | Ok FOR ALL 16 CELLS in one HORIZONTAL Extrusion extrusion, mm2 Volume of PVC, m3 mass of PVC, mg Volume of Scintillator, m3 Mass of Scintillator, mg
| 94 |For Nominal Radius For Nominal Radius For Nominal Radius For Nominal Radius For Nominal Radius For Nominal Radius For Nominal Radius
.95 |Nominal Cell Scint Area, mm2 2264.2 Nominal Cell Scint Area, mm2 36,227.4 5,817.86 1446.8 2,199,185 9008.3 7,928,201
| 96 [Maximum Cell Scint Area, mm2 23242 Maximum Cell Scint Area, mm?2 37,187.1 717164 17835 2,710,921 9248.0 8,138,227
| 97 {Minimum Cell Scint Area, mm?2 21271 Minimum Cell Scint Area, mm2 34,032.9 690224 1716.5 2,609,086 84636 7,447,945
98 Ok Ok
| 99 |For Minimum Radius For Minimum Radius For Minimum Radius For Minimum Radius For Minimum Radius For Minimum Radius For Minimum Radius
| 100| Nominal Cell Scint Area, mm2 22691 Nominal Cell Scint Area, mm2 36,306.1 5,739.16 14273 2,169,436 9028.9 7945424
101 | Maximum Cell Scint Area, mm2 2329.1 Maximum Cell Scint Area, mm?2 37,2658 7.09294 1763.9 2,681,173 9267.6 8,155,450
[ 102| Minimum Cell Scint Area, mm2 21320 Minimum Cell Scint Area, mm2 341116 6,823.54 1696.9 2,579,338 8483.1 7,465,168
103 Ok Ok
| 104]For Maximum Radius For Maximum Radius For Maximum Radius For Maximum Radius For Maximum Radius For Maximum Radius For Maximum Radius
| 105]Nominal Cell Scint Area, mm2 2252.1 Nominal Cell Scint Area, mm2 36,034.2 601110 14949 2,272,232 8961.3 7885910
| 106]Maximum Cell Scint Area, mm2 23121 Maximum Cell Scint Area, mm2 36,993.9 7,364.88 1831.6 2,783,969 9199.9 . 8,095,936
| 107 ]Minimum Cell Scint Area, mm2 21150 Minimum Cell Scint Area, mm2 33,839.7 7,095.48 1764.6 2,682,134 84155 7,405,654
|108] Ok Ok
109
HE
_‘5_111 Interior Cell Di 15 Based on Mini Material Condition Extrusion Outside Dimensions (Height and Width) for Horizontal Extrusions (thinner webs and walls):
| 112]Nominal Cell Width, mm 382
113} Maximum Cell Width, mm 38.8
[114] Mininum Cell Width, mm 368
115 Ok
| 118]Nominai Cell Height, mm 58.80 Net PVC X-SECTION
| 117iMaximum Cell Height, mm 59.40 AREA for One 16 cell
| 118]Mininum Cell Height, mm 57.40 HORIZONTAL Horizontal Extrusions Horizontal Extrusions Horizontal Extrusions Horizontal Extrusions
119 Ok FOR ALL 16 CELLS in one HORIZONTAL Extrusion extrusion, mm2 Volume of PVC, m3 mass of PVC, mg Volume of Scintillator, m3  Mass of Scintillator, mg
| 1201For Nominal Radius For Nominal Radius For Nominal Radius For Nominal Radius For Nominal Radius For Nominal Radius For Nominal Radius
121 Nominal Cell Scint Area, mm2 21650 Neminat Cell Scint Area, mm2 34,640.4 7.404.88 18415 2,799,080 8614.7 7,580,893
| 122iMaximum Cell Scint Area, mm2 22236 Maximum Cell Scint Area, mm2 355773 8,781.44 21838 3,319,435 88476 7,785,930
| 123[Minimum Cell Scint Area, mm2 2031.2 Minimum Cell Scint Area, mm?2 32,499.1 8,436.04 2097.9 3,188,872 8082.1 7,112,280
124 Ok Ok
E For Minimum Radius For Minimum Radius For Minimum Radius For Minimum Radius For Minimum Radius For Minimum Radius For Minimum Radius
| 126]Nominat Cell Scint Area, mm2 2169.9 Nominal Cell Scint Area, mm?2 34,719.1 7.326.16 1821.8 2,769,331 8634.2 7.598,116
| 127]Maximum Cell Scint Area, mm2 22285 Maximum Cell Scint Area, mm2 35656.0 8,702.74 21643 3,289,686 8867.2 7,803,153
1 128] Minimum Cell Scint Area, mm2 2036.1 Minimum Cell Scint Area, mm2 325778 8357.34 2078.4 3,159,123 8101.7 7,129,503
129 Ok Ok
__1_"_:_3-9_ For Maximum Radius For Maximum Radius For Maximum Radius For Maximum Radius For Maximum Radius For Maximum Radius For Maximum Radius
| 131]Nominal Cell Scint Area, mm2 21529 Nominal Cell Scint Area, mm?2 34,4472 7.598.10 1889.6 2,872,127 8566.6 7,538,603
| 132]Maximum Cell Scint Area, mm2 22115 Maximum Celt Scint Area, mm2 35,384.1 8,974.68 22319 3,392,482 8799.6 7,743,639
| 133IMinimum Cell Scint Area, mm2 2019.1 Minimum Cell Scint Area, mm2 32,3059 8,629.28 21460 3,261,919 8034.1 7,069,989
134] Ok Ok
135
136
| 137} Interior Cell Dimension Tolerances for Vertical Extrusions {Thicker webs and walls).
| 138} Nominal Wall Thickness 48
| 139{Max Mat CondWall Thickness tolerance 07
| 140]Min Mat CondWalt Thickness tolerance -0.3
141
| 142|Nominal corner Radius 9.7
| 143]Max Mat Cond Corner Radius tolerance -03
| 144iMin Mat Cond Corner Radius tolerance 07
125}
146
127,
| 148} Interior Celf Dimensions Based on Nominal Extrusion Outside Dimensions (Height and Width) for Vertical Extrusions {Thicker webs and walls):
| 1491 Nominal Cell Width, mm 375
| 150]Maximum Cell Width, mm 38.1
| 151} Mininum Cell Width, mm 36.1
152 ok
| 153]Nominal Cell Height, mm 56.4 Net PVC X-SECTION
| 154]Maximum Cell Height, mm 57 AREA for One 16 cell
| 155]Mininum Cell Height, mm 55 HOREZONTAL Vertical Extrusions Vertical Extrusions Vertical Extrusions Vertical Extrusions
| 156 Ok FOR ALL 16 CELLS in one Vertical Extrusion extrusion, mm2 Volume of PVC, m3 mass of PVC, mg “/olume of Scintillator, m3  Mass of Scintillator, mg
 157|For Nominal Radius For Nominal Radius For Nominal Radius For Nominal Radius For No:inal Radius For Nominal Radius For Nominal Radius
|.158)Nominal Cell Scint Area, mm2 20363 Nominal Cell Scint Area, mm2 32,5816 9,463.70 2510.4 3,815,822 8102.6 7,130,326
| 159] Maximum Cell Scint Area, mm2 N Maximum Cell Scint Area, mm2 33,489.1 10,869.62 28834 4,382,698 83283 7,328,941
| 160]Minimum Cell Scint Area, mm2 1906.8 Minimum Cell Scint Area, mm2 30,508.7 10,426.42 27658 4,203,997 75872 6,676,694
161 Ok Ok
| 162]For Minimum Radius (more Scint, less PVC)) For Minimum Radius (more Scint, less PVC)} For Minimum Radius For Minimum Radius For Minimum Radius For Minimum Radius For Minimum Radius
| 163|Nominal Cell Scint Area, mm2 20413 Nominal Cell Scint Area, mm2 32,6603 9,385.00 24895 3,784,090 81222 7,147,549
| 184]Maximum Cell Scint Area, mm2 2098.0 Maximum Cell Scint Area, mm2 33,567.8 10.790.92 28625 4,350,966 8347.9 7.346,164
| 165iMinimum Cell Scint Area, mm2 19117 Minimum Cell Scint Area, mm2 30,587.4 10,347.72 27449 4,172,265 7606.7 6,693,917
166 Ok Qk
| 1671For Maximum Radius (Less Scint, more PVC) For Maximum Radius (Less Scint, more PVC) For Maximum Radius For Maximum Radius For Maximum Radius For Maximum Radius For Maximum Radius
| 168]Nominal Cell Scint Area, mm2 20243 Nominal Cell Scint Area, mm2 32,388.3 9,656.94 2561.7 3,893,739 80546 7,088,035
| 169]Maximum Cell Scint Area, mm2 2081.0 Maximum Celi Scint Area, mm2 33,2959 11,062.86 29346 4,460,615 8280.3 7,286,650
170} Minimum Cell Scint Area, mm?2 1894.7 Minimum Cell Scint Area, mm2 30,3155 10,619.66 28170 4,281,914 7539.1 6,634,403
1171] Ok Ok
172 -
73] «
174} Interior Cell Dimensions Based on Maximum Material Condition Extrusion Outside Dimensions (Height and Width) for Vertical Extrusions {Thicker webs and walls):
175} Nominal Cell Width, mm 377
| 176|Maximum Cell Width, mm 383
| 177 Mininum Cell Width, mm 375
17 ok
| 179]Nominal Cell Height, mm 57.8 Net PVC X-SECTION
| 180} Maximum Cell Height, mm 58.4 AREA for One 16 cell
| 181IMininum Cell Height, mm 56.4 HORIZONTAL Vertical Extrusions Vertical Extrusions Vertical Extrusions Vertical Extrusions
1 182 Ok FOR ALL 16 CELLS in one Vertical Extrusion extrusion, mm2 Volume of PVC, m3 mass of PVC, mg Volume of Scintillator, m3 Mass of Scintillator, mg
| 183] For Nominal Radius For Nominal Radius For Nominal Radius For Nominal Radius For Nominal Radius For Nominal Radius For Nominal Radius
| 1841 Nominal Cell Scint Area, mm2 2089.7 Nominal Cell Scint Area, mm2 33,5958 8,449.46 22414 3,406,874 8354.9 7,352,287
| 185|Maximum Cell Scint Area, mm2 2157.4 Maximum Cell Scint Area, mm?2 3451886 9,840.14 26103 3,967,605 8584.4 7.554,238
| 188 Minimum Cell Scint Area, mm2 2036.3 Minimum Cell Scint Area, mm2 325816 835358 22159 3,368,215 81026 7,130,326
187] Ok Ok
E For Minimum Radius For Minimum Radius For Minimum Radius For Minimum Radius For Minimum Radius For Minimum Radius For Minimum Radius
| 189 Nominal Cell Scint Area, mm2 21047 Nominat Cell Scint Area, mm2 33,6745 8,370.76 22205 3,375,142 83744 7.368,510
| 190} Maximum Cell Scint Area, mm2 21623 Maximum Cell Scint Area, mm?2 345973 976144 2589.4 3,935,873 8603.9 7.571,461
| 191 iMinimum Cell Scint Area, mm2 20413 Minimum Cell Scint Area, mm2 32,6603 827488 21951 3,336,483 81222 7,147,549
192 Ok Ok
E For Maximum Radius For Maximum Radius For Maximum Radius For Maximum Radius For Maximum Radius For Maximum Radius For Maximum Radius
| 194} Nominal Cell Scint Area, mm2 2087.7 Nomina! Cell Scint Area, mm?2 33,4026 8642.70 22926 3,484,792 8306.8 7,309,997
1 195IMaximum Cell Scint Area, mm2 21453 Maximum Cell Scint Area, mm?2 343264 10,033.38 26615 4,045,522 8536.3 7511947
| 196 Minimum Cell Scint Area, mm2 2024.3 Minimum Cell Scint Area, mm?2 32,3883 8,546.82 22672 3,446,132 80546 7,088,035
1 197] Ok Ok
18}
199
| 200] Interior Cell Dimensions Based on Minimum Material Condition Extrusion Outside Dimensions (Height and Width) for Vertical Extrusions (Thicker webs and walls):
| 201fNominal Cell Width, mm 374
1202 Maximum Cell Width, mm 380
| 203] Mininum Cell Width, mm 36.0
(204 Ok
| 205|Nominal Cell Height, mm 558 Net PVC X-SECTION
| 206] Maximum Cell Height, mm 6.4 AREA for One 16 cell
| 207| Mininum Cell Height, mm 54.4 HORIZONTAL Vertical Extrusions Vertical Extrusions Vertical Extrusions Vertical Extrusions
208 Ok FOR ALL 16 CELLS in one Vertical Extrusion extrusion, mm2 Volume of PVC, m3 mass of PVC, mg Volume of Scintillator, m3 Mass of Scintillator, mg
[ 209]For Nominal Radius For Nominal Radius For Nominal Radius For Nominal Radius For Nominal Radius For Nominal Radius For Nominal Radius
[ 210iNominal Cell Scint Area, mm2 20034 Nominal Cell Scint Area, mm2 32,053.8 8,881.34 2355.9 3,581,011 79714 7,014,828
| 21 1{Maximum Cell Scint Area, mm2 20596 Maximum Cell Scint Area, mm2 32,9538 7.981.34 21172 3,218,125 8195.2 7,211,789
| 212] Minimum Cell Scint Area, mm2 18749 Minimum Cell Scint Area, mm2 29,.998.6 10.936.54 2901.1 4,408,680 7460.3 6,565,057
213 Ok Ok
| 214fFor Minimum Radius For Minimum Radius For Minimum Radius For Minimum Radius For Minimum Radius For Minimum Radius For Minimum Radius
| 215} Nominal Cell Scint Area, mm2 20083 Nominal Cell Scint Area, mm?2 32,1325 8,802.64 23351 3549279 7991.0 7,032,051
1216 Maximum Cell Scint Area, mm?2 20645 Maximum Cell Scint Area, mm2 33,0325 7.902.64 2096.3 3,186,393 8214.8 7,229,012
| 217 Minimum Celf Scint Area, mm2 1879.8 Minimum Cell Scint Area, mm2 30,0773 10,857.84 2880.2 4,377,948 7479.9 6,582,280
218 Ok Ok
| 219} For Maximum Radius For Maximum Radius For Maximum Radius For Maximum Radius For Maximum Radius For Maximum Radius For Maximum Radius
| 220} Nominal Cell Scint Area, mm?2 19913 Nominal Cell Scint Area, mm2 31,8606 9,074.58 24072 3,658,928 79233 6,972,537
| 221 1Maximum Cell Scint Area, mm2 20475 Maximum Cell Scint Area, mm2 32,7606 817458 21684 3,296,043 81472 7,169,498
222} Minimum Cell Scint Area, mm2 1862.8 Minimum Cell Scint Area, mm2 29,8054 11,129.78 2962.4 4,487,598 7412.2 6,522,766
223, Ok Ok
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