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PURPOSE

This test plan describes an experiment to determine the typical compression and energy
absorption characteristics of the foam material used in the Sentinel radiography device and
transport packages. The foam is Vultafoam, part mumber 16-L-708 and 16-L-720, manufactured
by General Latex and Chemical Corp. The tests involve dropping a steel bar onto foam samples
and measuring the depth of compression. Tests will be done at various temperatures.

MEASURING AND TEST EQUIPMENT
Required measuring and test equipment includes:

Steel bar and guide tube

Scale (calibrated)
Thermocouples and thermocouple reader (calibrated)
Ruler, one meter long, OR tape measure

Graduated cylinder (1 ml accuracy)

Caliper (0.001 inch accuracy)

Oven

Freezer or cooler with dry ice

SO AD W

TEST SPECIMEN PREPARATION

A total of 12 test specimens (identified in Table 1) are to be made using this test plan and work
instruction WI-AS40. All the test specimens are to be contained in a % pint tin can. Test
specimen foam mixtures are determined in Table 4 to simulate representative volumes of the
model 650 and model 680 in the % pint cans.

Table 1. Foam Specimens

SetNo. | Number of Specimens | Foam Part No. Can Top Open or Closed
1 3 16-L-708 Open
2 3 16-1.-708 Closed
3 3 16-L-720 Open
4 3 16-L-720 Closed
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Can Preparation

1. Identify each can with its set number and specimen number 1 through 3.
2. For Sets 2 and 4, drill a small hole (about % inch diameter) in the top of the can lid.

3. Weigh each tin can and record the weight before adding the Vultafoam. Record the weight
in attached foam compression test data sheets.

4. Measure the volume of a can without the top on and a can with the top on. Note: Based on
previous observations the volume of a can without a top on is typically 257 +2 mL. Measure
the volume by filling the can with water and measuring the water volume with the graduated
cylinder. Record the volume for each can in the attached foam compression test data sheets,

Foam Component Density
Determine the density of Vultafoam components. For each component (16-L-708 and
16-L-1720) perform the following steps:

a) Weigh the graduated cylinder when empty and dry.

b) Fill the graduated cylinder with the component and record the volume in Table 2.
¢) Weigh the cylinder to determine the weight of the component and record in Table 2.
d) Repeat this procedure for the other component.

¢) Calculate the density of the component in Table 2

Foam Mass Required
Determine the mass of mixture used in the Vultafoam work instruction (WI-AS40-01) for Model
650 and 680 using Table 3.

Foam Mixture Required for Test Can

Determine the mass of mixture to use in the test sets by completing Table 4.




SENTINEL Test Plan 79

AEA Technology QSA, Inc. October 8, 1998
Burlington, Massachusetts Page 3 of 12
Test Set Preparation

For Test Set 1, mix Vultafoam components A and B in the volume ratio specified in the WI
for the model 650 or 680 as appropriate. Record the volume of each component in test date
sheet (mix enough foam to prepare the mumber of cans which can be foamed in about 3
minutes). Mix the Vultafoam parts using a pistol drill with a stirrer for approximately five
seconds.

Place the test can on the scale and zero the scale. Pour the required mixture weight (as
determined in Table 4) into the test can. Record the weight in the attached data sheets.
Remove the can from the scale.

For test sets 2 and 4 place the lid on the can and tap edges with a rubber mallet to ensure the
lid is tight.
Repeat steps 1 through 3 for the remaining test set cans.

After the foam has cured, remove the top of the can for Sets 2 and 4. For Sets 1 and 3, cut
the top of the foam flush with the top of the can. Record the cure time in the attached data
sheets.

Weigh each can and record value in the attached data sheets.

7. Calculate the effective density in the attached data sheets.

9.

Cut approximately %" off the top and bottom of the can to obtain a level surface for the drop
test.

Record the foam height of the test specimen.

10. Drill a small hole in the center of the side of the test can shell approximately 1 inch deep for

the thermocouple.

TEST INSTRUCTIONS

Document completion of these test instructions on the attached data sheet.

Test Preparation:

Pl S

Verify all measuring and test equipment is in calibration.
Fabricate and measure specimens as described above.
Insert the thermocouple into the foam approximately in the center of the can.

Place one of each type of specimen in oven set to a temperature of at least 100°F for at least
one hour.

Place one of each type of specimen in a freezer set to —40°F or lower or in a cooler with dry
ice for at least one hour.

Allow one of each type of specimen to remain at room temperature for testing.
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7. Mount the guide tube over a clean, flat surface such that the tube is vertical (see Figure 2).
Make sure the guide tube is mounted such that the drop height of the steel bar can be
accurately measured and both ends of the tube will be unobstructed during the test (i.e., make
sure that air can easily escape the tube as the bar is dropped).

Compression Test:

1. Position the steel bar in the guide tube and measure the drop height.
2. Record the temperature of the test specimen as it is removed from the oven/freezer.

3. Place the specimen on the test surface and secure in place. Immediately drop the bar onto the
specimen.

4. Measure the depth of compression.
5. Record any observations regarding damage to the specimen.

Opening
Care foam with
top in place (Sets
2 and 4)
o
SN Measure inside
AT volume of container
&ﬂ leU
SARANAA

Figure 1. Foam Container
Specimen

Figure 2. Test Set Up
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Table 2. Vultafoam Component Density
|
i SetNo. | Part M%t,yC{gd« Vahmao{m Wit of Cylinder WM
{ . S wiComp © | cavmrsss
} (ibs) (mL) () (Ibs/oz)
‘ 16-L-1708 | A
\ 3
’ 16L-1720 | A
B
Note: Volume conversion: 1 oz = 29.575 ml
Completed by: Date:
Check by: Date:
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Table 3. Vultafoam Mixture Weight Used in Model 650 and 680
Sodd | Foam Part A Part B Total Mmf |
T * * Mixture
» | owt | Pa ma Volp PB s in device
©) | g | VWEd | (o) | @om (RO g,
Table 2)
650 | 16-L-708 24 30
680 | 16-L-720 225 281
g Volumes of A and B from WIAS40
Completed by: Date:
Check by: Date:
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Table 4. Vultafoam Mixture Required for Test Cans
Test Sets | Foam Tota;lkhngof Volume Ratio | Mass of Vultafoam Added to
Type | MEWISR | yolow/ Voloms Test Can (e
’ (A*B)
(From Table 3) ®)
(A)
12 16-L-708 0.057
34 161720 0.010

* Based on scoping estimates (Attachment A and B)

Completed by:

Check by:
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Foam Compression Test Data Sheet
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Description

Model/Serial Number(s)

Calibration Date(s)

Steel bar #1

N/A

Steel bar #2

N/A

Thermocouple/thermometer

Scale #1

Scale #2

Height Gage

Oven

N/A

Additional Equipment:

Graduated Cylinder

N/A

Ruler/tape measure

N/A

Completed by:

Date:

Check by:

Date:
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Foam Compression Test Data Sheet
16-L-708 (8 pef Density) Foam
Free Rise

Test Plan 79
October 8, 1998
Page 9of 12

Specimen 1-1

Specimen 1-2

Specimen 1-3

Corzpleted by:

Check by:

¥
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Foam Compression Test Data Sheet
- 16-L~708 (8 pef density) Foam
- Contained Specimens

Set 2 - Contained Specimens Specimen 2-1 Specimen 2-2 Specimen 2-3
13. Can empty weight (lbs)
14. Can volume (mL)

15. Volume of
A/B in mixtre (ml)

16. Weight of Vultafoam added
to can (Ibs)

17. Curctime  (min)

18. Filled weight (1bs)

19. Foam height, Pre-drop (in)
20. Hestinglooaling time (mmin)
21. Specimen temperature (°F)
22. Drop Bar Used

23. Bar drop height (in)

24. Foam height, Post-drop ~(m)

Completed by: Date:

Check by: Date:
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Foam Compression Test Data Sheet

- 16-L-720 (20 pef Density) Foam
Free Rise

Test Plan 79
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Set 3 — Free Rise Specimens

Specimen 3-1

Specimen 3-2

25. Can empty weight (Ibs)

26. Can volume (mL)

27. Volume of Component

A/B in mixture (ml)
28. Weight of Vultafoam added
to can Q!)

29. Curetime  (min)

30. Filled weight (fbs)

31. Foam height, Pre-drop (in)

32. Heating/cooling time (min)

33. Specimen temperatare (°F)

35. Bar drop height (in)

36. Foam height, Post-drop (in)

Completed by:

Check by:
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Foam Compression Test Data Sheet
- 16-1-720 (20 pef Density) Foam
- Contained Specimen
Set 4 — Contained Specimens Specimen 4-1 Specimen 4-2 Specimen 4-3

37. Can empty weight (Ibs)

38. Can volume (mL)

39. Volume of
A/B in mixture (ml)

40. Weight of Vultafoam added
tocen (Tbs)

4]. Coretime  (min)

42. Filled weight (Tbs)

43. Foam height, Pre-drop (ir)

44. Heating/cooling time (min)

45, Specimen temperature (°F)

46. Drop Bar Used

47. Bar drop height (in)

. Foam height, Post-drop (in)
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VULTAFOAM IMPACT TEST RESULTS
PURPOSE

To document the results of impact testing conducted on Vultafoam 16-L-708 and 16-L-720 test
specimens at AEA Technology.

SUMMARY

Vaultafoam 16-L~708 and 16-L-720 specimens were produced in % pint (8 fluid ounce) cans to
simulate the typical foam formed in Sentinel Model 650 and 680 radiography devices during
manufacturing. The samples were then tested to determine the effects of temperature and foam
dmsﬂyonthemmprmionchunﬁaisﬁuofﬁefoam&vaﬁamhanm«giesbydmppinga
1-inch diameter steel bar from various heights. Test results are summarized below in Table 1
and detailed results are in Tables 2 through S. Test data sheets and equipment calibration records
can be found in Attachment A and Attachment B respectively.

Table 1. Test Summary

. Effective | Test | Drop Drop Foam Foam
Set | Foam | Open/ | Specimen A . :
Density | Temp | Height | Energy | Compression | Stmin
1 104 -54 48.75 17.875 .59 134
1 | 16-L-708 | Open 2 10.1 71 40.13 14.713 374 135
3 10.2 105 40.13 14.713 352 132
1 12.7 45 48.75 45,906 864 320
2 | 16-L-708 | Closed 2 13.0 70 40.18 14.733 214 .083
3 12.8 120 56.75 20.808 .189 071
1 243 -50 99.00 93.225 321 116
3 | 16-L-720 | Open 2 241 70 67.63 63.685 255 090
3 245 134 99.00 93.225 262 098
1 257 63 99.13 93.347 410 152
4 | 16-L-720 | Closed 2 26.1 70 84.25 79335 | 296 109
g 287 117 99.00 93.225 265 i 097
1 103 | 1 | 3675 | 20808 466 | 176
5 | 16-L-708 | Open
2 103 n 48.88 46.029 1.060 400
1 126 70 48.88 46.024 856 ! 318
6 | 16-L-708 | Closed
2 127 71 56.75 53.440 810 299
v | thenms 1 238 70 98.75 92.990 349 124
2 248 70 98.88 93.112 383 136
1 288 70 99.00 93.225 .265 097
8 | 16-L-720 | Closed
2 289 70 99.13 93.343 .289 107
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TEST DESCRIPTION

The impact testing discussed below was conducted in accordance with AEA Test Plan 79.
Vultafoam test specimens were prepared in % pint tin cans to simulate representative volumes of
the Sertinel Model 650 and 680 radiography devices. The amount of foam required in the test
containers was determined experimentally. The foam for the specimens was then mixed
following the guidelines in AEA Work Instruction WI-AS40. Afier the samples were allowed to
cure, they were either cooled in dry ice, left at room temperature, or heated in an oven for
approximately one hour. The test specimens were then impacted with 1-inch diameter steel bars
(either 4.4 1b or 11.3 Ib) and the depth of foam compression was measured. The method of
determining the foam required in the test containers, the preparation of the test specimens, the
impact test method, and the test equipment are described below.

The amount of Vultafoam required in the test container to simulate representative volumes of the
Sentinel Model 650 and 680 was determined experimentally. First, the densities of the
Vultafoam parts (A and B) for each foam type (708 and 720) were determined by weighing a
known volume of each foam part. The foam density was then multiplied by the volume called
for in the foam work instruction and the ratio of the device volume to the test container volume
to determine the mass of Vultafoam required in each test container. These calculations are
included in the test data sheets (Attachment B). The calculation to determine the volume ratio of
each device to the test container is included in Attachment C.

rati f

A total of 20 foam test specimens were prepared in % pint tin Opening

cans. Twelve foam specimens were prepared as specified in the Foam cured with
test plan. Four additional test sets, with two specimens each, top in place (Sets
were also produced and left at room temperature to provide T ] 2,4,6,and 8)

A A

(X
2203

additional data points. The tops of test cans for test sets 1, 3, 5,
and 7 were left open. The lids for test sets 2, 4, 6, and 8 were
drilled with a small hole (Figure 1) and placed on the cans after
the foam was poured. This was intended to be representative
of the opening used to fill the actual devices.

N

Measure inside
- volume of container

¢

y) 230>

.A:=:WH
Vo,

Y

55555558

The empty volume and weight of the test specimens were Figure 1. Test Container
determined before the foam was poured so that the density of the foam could be determined after
it cured. Thevolumeofacanwit.hﬂlelidoﬁ‘andwiththelidinplacewasveﬁﬁedbyﬁ.llingthe
can with water and measuring the volume of the water with a graduated cylinder. Bach can was
then weighed and the data was recorded in the test plan data sheets.

The foam was mixed and poured in accordance with AEA Work Instruction WI-AS40. Batches
of the foam mixture were prepared in a sufficient quantity to fill two or three specimens at a
time. After the samples were allowed to cure for at least 2 hours, the overflow foam was
trimmed and the lids on the contained test cans were removed. The test specimens were then
weighed to determine effective density of the foam. The foam density calculations are provided
in Attachment D. The top and bottom of the test specimen can was then trimmed with the lathe



. surface and clamped horizontally in place to ensure the samples
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to provide a flat and level impact surface and a thermocouple hole was drilled in the side of the
can. Foam height for each test specimen was then recorded.
Finally, the test specimens were either cooled in dry ice, lefi at
room temperature, or heated in an oven.

Impact Test Method

To test the compression characteristics of the foam, a 1-inch
diameter steel impact bar was dropped from various heights. A
guide tube was used to ensure the bar impacted the foam squarely
(Figure 2). The foam specimens were placed on a solid steel impact

would not move sideways during impact.
Specimen

TEST RESULTS Figure 2. Test Set Up

Detailed test results are shown in Tables 2 through 5. Observations for each test are described in
the notes of the Table 2. Note, for the majority of 20 PCF specimens the steel bar was observed
rebounding after the initial impact.

Table 2. Test Details 16-L-708 (8 PCF) Free Rise Specimens

Specimen number
1-1 12 1-3 5-1 5.2

Container empty weight (Ibs) 0.108 0.099 0.098 0.098 2.108
Container volmme (mL) 258 258 248 258 258
Midure Volums A & B (L) 133 | 150 | 133 [ 150 | 133 | 150 | 132 | 130 [ 133 | 1%
Misture Weight A & B (bs) 0354 | 0354 | 0354 | 0354 | 0354 | 0354 | 035¢ 0354 | 0354 | 0354
Vaitafoam sdded to Can - Weight (bs) 0.230 0242 0.226 0.230 0.170
Cure time (min) 175 175 175 135 135
Filled W eight (cxeess removed) (ibs) 0.203 0191 0.191 0.192 0.202
Effective density (bs/R"3) 104 104 102 103 103
Specimen temperature (F) .54 n 108 7 m
Valafoam height, pre-drop () 2.683 2763 2657 2642 2,647
Bar weight (fbs ) a4 44 a4 a4 113
Bar drop height (in) 48.75 #0.13 w1 5675 43.88
Bar area (in2) 075 075 0.75 0.75 0.79
Vulkafoam height, post-drop () 232 2389 2315 2176 1587
Caloulated compression (in) 0359 037 0352 0.456 1.060
Strain 0.134 0.135 0132 0.176 0.400
Kinetio Energy at Impast (R-bs) 17.875 14713 147113 20.508 45.029
Observations (See Notes) 1 1 1 1 1

1 - Reel bar did not bounes ot inpoct 4 - Radial Crack in Foam from Impnot 7 - Rebound impression in Foam

2 - Reel bar bounced < 1/8* sbove foam surface
3 - Steel bar bounced < 1/2" abave foam sucfacs

S . Steel bar impacted fonm t small angle <5 dsg
6 - Rteel ber impacted foam at small angle <10 deg
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Table 3. Test Details 16-L-708 (8 PCF) Contained Specinens
Spacimen number

21 22 23 &1 62
Contsiner empty weight (I>s) 0.109 0.109 0109 0.099 0.058
Containervolume (ml) 287 257 257 257 257
Mixture Volome A & B (mL) 14 | 19 | 14 | 159 | 14 | 15 | 134 | 1% | 13¢ | 1%
Mixtare Weight A & B (lbs) 0375 | 0375 | 0375 | 0375 | 0375 | 0375 | 0356 | 03% = 035 | 035
Vaoktafoam sdded to Can - Weight (tbs) 0220 024 .20 02z ! os
Cure time (min) 160 160 160 155 155
Filled Weight (eess removed) (bs) 0224 0z 0.225 o 0213
Bffeotive density (bs/273) 127 130 128 126 127
Specimen lemperatare () 45 n 120 7 7
Vultafoum height, pre-deop Gn) 2700 258 2667 26% 2.706
Bar weight (bs) 13 a4 44 113 1.3
Ber drop height Gn) 475 40.18 S6.75 48.88 56.75
Bar atea (in2) o’ 075 075 079 07
Viltafoam height, post-drop (i) 1.836 2368 2478 L838 1.896
Culeulatod compreszion (in) 0.864 0214 0189 0.85¢ 0.810
Strain 0320 0.083 0on 0318 0299
Kinetis Energy ot Impact (£-Ibs) 45.906 473 20.808 46.024 53.440
Obs exvations (See Notss) 14 2 2 1 1

Table 4. Test Details 16-1-720 (20 PCF) Free Rise Specimens

Specimen number

31 32 33 71 72
Container empty weight (lbs) 0.108 0.109 0.098 0693 0.098
Container volume (mL) 258 258 258 258 258
Mixture Volume A & B (mlL) 219 | 249 | 219 | 249 | 219 | 249 | 189 | 214 | 189 | 214
Mixture Weight A & B (Tbs) 0.580 | 0.580 | 0.580 | 0.580 | 0.580 | 0.580 | 0.500 | 0.50C | 0.500 | 0.500
Vultafoan added to Can - Weight (bs) 0372 0372 0.346 0374 0370
Care time (min) 140 140 140 125 135
Filled Weight (expess ramover) (lbs) 0329 0329 0321 0315 0324
Effective density (lbs/R"3) 243 4.1 245 B 243
Specimen temperature (F) -50 70 134 k] 7
Viltafoam height, pre-drop (in) 276 2831 2678 2812 2813
Bar weight (Tbs) 13 13 113 13 13
Bar drop height (in) 99.00 6763 99.00 9875 98.88
Bar area (in2) 07 0.79 079 0.79 om
Vultafbam height, post-crop () 2439 257 2416 2463 2.430
Culculated compressicn (i) 0321 0.255 0262 0349 0383
Strein 0.116 0.090 0.098 0.12¢ 0.136
Kinetic Energy ot Impact (Bi-hs) 93225 63.685 93225 92590 93112
Cbservations (See Notos) 14 2 26 34 1
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Table 5. Test Details 16-L-720 (20 PCF) Contained Specimens
Specimen number
41 42 43 8-1 3.2
Container empty weight (1bs) 0.098 0.099 0.099 0.098 0.098
Container volume (mL) 257 257 257 257 257
Mixture Volume A & B (m1) 227 | 258 | 227 | 258 | 227 | 258 | 189 | 215 | 189 | 215
Mixture Weight A & B (1%) 0.601 | 0.601 | 0.601 | 0.601 | 0.601 | 0.601 | 0.501 | 0.501 | 0.501 | 0.501
Valtafoam added to Can - Weight (bs) 0376 0.376 0372 0376 0376
Cure time (min) 130 130 130 125 125
Filled Weight (excess removed) (fbs) 0331 0.336 0359 0359 0.360
Bifective density (Ibs/f"3) 257 26.1 287 288 28.9
Specimen temperature (F) 63 70 117 70 70
Vulafoam height, pro-drep (in) 2.706 2708 2.725 2719 2.709
Bar weight (Ibs) 113 113 113 113 113
Ber drop height (in) 99.13 84.25 99.00 99.00 99.13
Bar area (in2) 0.79 0.79 0.79 0.79 0.79
Vultafbam height, post-drop (in) 2.29 2412 2.460 2454 2420
Calcplated compression (in) 0.410 0.296 0.265 0.265 0.289
Straic 0.152 0.109 0.097 0.097 0.107
Kinetic Energy at Impact (ft-bs) 93.347 79335 93.225 93.225 93.343
Observations (Sec Notes) 1,4 3,5 2,6 3,57 3,5
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ATTACHMENT A - TEST DATA SHEETS
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Table 2. Vultafoam Component Density
SetNo. | Part | Empty Cylinder | Volumeof | Wgtof Cylinder | Calculated

Wet. () Component (B) | w/Comp (C) Deasity
. o (C-A)(B/29.575)
@ @ | G
16-L-\708 | A 2763 So e .08t
@¢*| B 2739 So . 3922 .0760
16LY120 | A | 297 So <e93 0782
B 2756 so 3922 06930
T: 69A4F . s
bl . Note: Volume conversion: 1 0z. =29.575 ml
o~
Completed by: o D Date:  iSccT9I9
ot
~Cheek gr Date:. /5 ecr §%
?umy
& ey e’

@bcnwes Sexle AT At Soale #

@m&s Siale UED wAaS Soxe #2
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Foam Compression Test Data Sheet

Equipment

Description Model/Serial Number(s) Calibration Date(s)
Steel bar #1 Tlozze /(’,_,M N/A
Steelbar#2 Ti0248 / smo N/A
Thermocouple/thermometer(T) Erag -1t , ErmE -2 ;s.::-:: E B :_iiq
Scale #1 5 e /emontens: sﬁ::?a s-:iqa
Scale #2 (ihian PucisiuY¥sz)) Sspc / 82244 szz::iz?) &- zf.,qg_,
Height Gage @ emtumve /o277 sﬁs—;;::vf & %~Zi—"ﬁ
Oven TuSRsLvE_[Sow vt
Additional Equipment:
Graduated Cylinder  (&2) | Pt 0o ri . N/A
Ruler/tape measure G N/A
Completed by: S.-Gl—u . Date: SocTis

Check by: zﬁ.’;,,z . Date:  so-d98
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Foam Compression Test Data Sheet
- 16-L~708 (8 pcf Density) Foam
- Free Rise
Set 1 — Free Rise Specimens Specimen 1-1 Specimen 1-2 Specimen 1-3
#2Y | 1. Cm empty weight (bs) . lo® . 099 .08
@|2 Canvolume (mL) 258 258 259
()3 Volume of Companent 133 /150 3 -~
A/B in mixture (ml) (.35« /. 35455 -
LN E——— |y, 242, 226
5. Curctime  (min) 1S s 1S
6. Filled weight (bs) . 203 .14l 141
@2 | 7. Foam height, Pro-drop (in) 2.683 2.763 2.4677
\ 8. Heating/cooling time (min) 60 NA &0
¢ | 9. Specimen temperature (°F) - =1 105
10. Drop Bar Used %1 (4485) #| #)
(@@ | 11. Bar drop height (in) 48.75 4o.13 40.i3
(@@ | 12. Foam height, Post-drop (in) 2.324 2.38% 2.3IS
ORSERVAT OWS & & &
Completed by: % St Date: __ (SocT9%
Check by: M ; Date: [/ COct78
MOTES

© tABaSUR G- §mall GUASTTES OF GmpinBuTs BY VOLuUmE Proved Te S iRl AD
VW ALCVRATE DuRinG TRIAI BumS . SINCE THE Witk aSTRuTON) Adlitas An oG
CompInGRTS I A B BATID BY WEKUT, THE Lnpertn T WimES WER rlcnatsd
NG (mpsmSnT LEAGAT MEMWREBTS) AD DEATY FachRS Fiam haBLE 2.
Dasp BAR TID> MUT BovniE .

B Diap AR Bouni&> LS THaws Y6 lncH .

(@) Drop BAR EomSD (EsS Trwe Y2 ineh .

® rrdlal CaackS fizepucsS Gy TmBeT,

© et Suefac® AT LES ToAM T° AmiGlB.

D i lreT Sunbne€ AT B3 YhHow (68 AnGLE .

UED ScalE #(

@USGO Sonie &2,
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Foam Compression Test Data Sheet
“ 16-1-708 (8 pcf density) Foam
- Contained Specimens
Set 2 - Contained Specimens Specimen 2-1 Specimen 2-2 Specimen 2-3 1‘
(#5V) | 13. Can empty weight (Ibs) . 109 <109 . 109
@& | 14. Can volume (L) 2577 257 2577
® 15. Volume of Component 4y /81— -
A/B in mixture (ml) (.%75/.375 185) il
| 16. Weight of Vultafoam added
17. Curetime  (min) V6o tbo itto
@5y | 18. Filled weight (fbs) 224 227 225
@2 | 19. Foam height, Pre-drop (in) 2. 7700 2.582 2. 495
20. Heating/cacling time (min) &o roA &o
(3 | 21. Specimen temperature (°F) e <o 120
22. Drop Bar Used #2_6(,3 L&s} # (4.4 LSS.B # (
&= |23. Bar drop height (n) 48.7s “40.\8 6.8
(&2 | 24. Foam height, Post-drop (in) 1.8346 2,368 2.478
OBSSEVATS IS & &
Completed by: __g-é’b—\—: Date: IS6¢cT38
Check by: /”33?-9




Test Plan 79

SENTINEL
AEA Technology QSA, Inc. October 8, 1998
Burlington, Massacimsetts Page 11 of 12
Foam Compression Test Data Sheet
- 16-L~720 (20 pef Density) Foam
- Free Rise
Set 3 - Free Risc Specimens Specimen 3-1 Specimen 3-2 Specimen 3-3
@ 25. Can empty weight (Ibs) .lo® <09 9%
@ | 26. Can volume (mL) 258 259 25%
@)27. Volume of Component 2@ /249 ¢ -
A/B in mixture (ml) (s20 /.SBosh
28. Weight of Vultafoam added
@ w:ﬁn(ms) 372 $72 344
29. Curetime  (min) t4o 4o (42
@20 | 30. Filled weight (1bs) . 324 329 .32
(B2 | 31. Foam height, Pre~drop (in) 2760 2,331 2,678
32. Heating/cooling time (min) 6o WA 60
(D | 33. Specimen temperature (F) —S0 20 134
34 Drop B U Fadn s 2 2
@ | 35. Bar drop height (in) 94.00 7. &3 .00
36. Foam height, Post-drop (in) 2.439 2.576 246
0BSCLUATAYe S O ] S
Completed by: o Date: IS ocT98s
Check by: __Jﬂ%.aﬁ____ Date: _ /SOci?8




= Test Plan 79
AEA Technology QSA, Inc. October 8, 1998
Buri Massachusetts Page 12 of 12

Foam Compression Test Data Sheet
- 16-L~720 (20 pcf Density) Foam

- Contained Specimen
Set 4 — Contained Specimens Specimen 4-1 Specimen 4-2 Specimen 4-3
@ 37. Can empty weight (Ibs) O 099 099 i
2 Rntbombmoreind 2572 2577 257 |
< v o R s e g =
@ 9. gy&‘;“mw B N - 2 D22
41. Curetime  (min) 130 (Bo (30
€5V 42. Filled weight (Ibs) .23\ 336 . 359
(B | 43. Foam height, Pre-drop (in) 2.7 7266 2. 768 2.725
| 44, Heating/cooling time (min) bo oA Lo
(D | 45. Specimen temperature (F) —£32 7o (7
4 Dy w2 (s e | 2 w2
&> | 47. Bar drop height Gn) a9z a84.25 oo
(& | 48. Foam height, Post-drop (in) 2.296 2.4 2 4bo
O s RUETIISS &E& @ © @
Completed by: $-beml Date: _IS 92T 98

Check by: _5@3790__._ . Date: ,52398




SENTINEL

Test Plan 79

AEA Technology QSA, Inc. October 8, 1998
Burlington, Massachusetts Page 9 of 12
Foam Compression Test Data Sheet
- 16-L-708 (8 pcf Density) Foam
- Free Rise
Set 1 — Free Rise Specimens Specimen-+-4> 1 Specimen 13> % Speeirromrt=3—
1. Can empty weight (Ibs) .98 ios
@ |2. Canvolume (uL) 258 258
3. Volume of Component 1%3% /i1so
@ A/B in mixture (ml) (.3&A1M)F————*>
@ 4, zmdvmuu . 230 A7
5. Curetime  (min) 135 135
(#SD | 6. Filled weight (bs) . 92 : 202
(@2 | 7. Foam height, Pre-drop (in) 2. 642 2. 47
: 8. Heating/cooling time (min) A bobs
(@ |9 Specimen temperature CF) 71 d|
10. Drop Bar Used = (4,4 cg_g) &fz(d-‘i (.&5\
@ | 11. Bar arop height Gn) =6 .75 “48.88
@2 | 12. Foam height, Post-drop (in) 2. ¢3¢ L .S877
OBSEeVATIRISS @ @
Oty Q- e Date: (S XTSE
Check by: ___ﬁ?&____ Date: /570422




SENTINEL Tt Een 9
AEA Technology QSA, Inc. October 8, 1998
Burlington, Massachnsetts Page 10of12

Foam Compression Test Data Sheet

- 16-L-708 (8 pef density) Foam
- Contained Specimens
Set 2 Contained Specimens Specimen 2+ &1 Specimen33©"Z| Specimen23 |
' 13. Can empty weight (Ibs) 099 A8
(&) | 14. can volume (u) 2577 257
15. Volume of Component 134 /15’0 . GO
™ ATH s miine @) | (359 /, 35D &) ——>
G Imgeee | s | e
17. Curetime  (min) (85 s
@S | 15. Filled weigh (be) 213 213 i
(B | 19. Foam heigh, Pre-drop (in) 2.6A4 206 e
20. Heating/cooling time (min) NA A
&0 | 21. Specimen temperature CF) o &
22. Drop Bar Used w2 (1.3 U,z_sﬁ #2
G| 23. Bar drop height (in) 2. 58 S
@ 24. Foam height, Post-drop (in) .3 L.&926 i

OBsCLA UDDS @ @

Completed by: 5 A Date: (S ocz2%
Check by: W Date:  /snndef




0 @ 80 @ OB

Check by: @f?

SENTINEL Test Plan 79
A g g e g — -
Foam Compression Test Data Sheet
. 16-L-720 (20 pcf Density) Foam
- Free Rise
Set 3 — Free Rise Specimens Specimen 3t~ 7+ Specimen 3-2 Specimen 33—
25. Can empty weight (fbs) 098 .098
26. Can volame (mL) 252, 235
)27, Volume of C i sl s S
A/B in mixture (ml) (Zov /. Sop 125)4—
" S, | gy 37
29. Cwretime  (min) 125 (38
30. Filled weight (fbs) B - 324~
31. Foam heigixt, Pre-drop (in) Z.A0 Z2-213
32. Heating/cooling time (min) Al ~NA
33. Specimen temperature (°F) 7o Zo
34, Drop Bar Used *35 (1% u_zs§ #*2
35. Bar drop height (in) a8 75 92.85
_36‘ Foam height, Post-drop (in) 2,4&3 2.430 -
OLSERNST/OS, @ E) &
Completed by. S Date: i ocT9B

Date:  /Sari58




SENTINEL Test Plan 79
AEA Technology QSA, Inc. October 8, 1998
Burlington, Massachusetts Page 12 of 12

Foam Compression Test Data Sheet

- 16-L-720 (20 pef Density) Foam
- Contained Specimen
Set 4 — Contained Specimens Spetmandt Specimen42 "%  Specimenda
37. Can empty weight (Ibs) 098> .-o‘?&
(&< 38. Can volume (miL) 257 257
(1 SRt . | Coe iien st
e 7 74
4]. Curetime  (min) 125 (2g
42. Fillod weight (b) .25 s
(@) | 43. Foem height, Pre-drop (in) 2.714 2. %
; 44. Heating/cooling time (min) ANA AN
(3 | 45. Specimen temperature (F) 26 70
46. Drop Bar Used #0 (1L.3135) w2
@=| 47. Bardrop height Gn) - a4 .00 M .3
@ 48. Foam height, Post-drop (in) 2.4s54 2,420
OB sEenaTionS O @ O
Completed by: L Date:___iCocT38)

Check by: ﬁra&;mil Dae:_ sifw




TET R & 79
9‘.@—:_ l‘@f”

Volum & OFMAJT' Ar/& i . mrocduee (ml.\
§=s.

(4o~ 2me8) s . 1326

1~-L-70% A
= ( +2Aaz2-.273a) ¢ 183 Bz So mL
16-L-720 A Cﬂ%'.2‘77!\: 1322 (B So mi
Spinend (-l = -3 Gukoi. (\ush, 7 355y gt o 354
|
; {
ib-L-wp A (.3«;4/,;1«;45’# S5 £ IPBiac

= 150 ML

e (.34 /1183 ) S0

$(b£;.-—o 2=l — 3’3 M‘l(c. ("“T‘A:om“s, “64.6':3%“)

(.'5'?5/-;‘52,&\_ e Mabl

1b-L-720p A
154 ML

s (7). 133V« o
;{et:w Rl =2 BT Bagol ,(H+A =.§Bows)u;+$e.$’&om) ;

(.sso /.rszz§ *® % s
(85 /.ute ) *5o<

1-L~720 A 219 ~L
(53 244 mUL |

Stps e E—( == 43 EATLH (H*A""‘“‘,""%“:s"""("‘s>§

4

tb-L-720 A (.6.:( .gszz>i’5o « 227 mL
g (sl /-uu5 ¥ sp <t 286 ML }

rsr Se mil.

T=i + S 2,
(st = -%4—44»)
133~L
(So ~

=1 ¢ E«F
(‘-,,515: -3:6 wb

134 0
tse nl

7=t ¢ T2

(gt « Sow w6
(89 ~L
Zi4

-l ¢« 8-2_
Cogt s . Sol 5D

14 A0

6D, BSp—arle
* i 216 mL
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SENTINEL Test Report No. 79
AEA Techuology QSA, Inc. October 16, 1998
Burlington, Massachusetts Page 7 of 10

ATTACHMENT B — EQUIPMENT CALIBRATION RECORDS




127 Riverneck Road CALIBRATION REPORT
(27 msford, MA 01624
-.,@g:m- SERVICE NUMBER: SN-0226212
Vg ITE: hitp:/iwww.tekserv.com m < "', CONTRACT NuMBer: SENTINEL
REGETERED GORPANT ",‘,9'
m_‘ e ! '_ AS9848
\EA TECHNOLOGIES ~ 1o0s08/98] 2887 Eﬂé n

10 NORTH AVENUE

JURL INGTON

2/24/98

ey

MMWTMMMWWU@W“EWBM N.LS.T TEST WAS
RFORMED IN ACCQRDANCE WITH MIL-STD-45662A, IS02002, /
3-10012-1, ANSINCSL-Z540-1-1984. CERTIFIED BY

7
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CALIBRATION REPORT

SEAVICE NUMBER: SN-02246210

A e s | ]

CONTRACT NuMaer: SENTINEL
1809002

A59847

AEA TECHNOLOGIES ‘ 10103,98 2887 EN& ‘2_
40 NORTH AVENUE A T e

DMEOA

g s e e

BURLINGTON MA 01803 3 HH-21 T=179139

R R DESGHIPTION B S

23. OQC 30. 00% 9/25/97 i2 MO i0/08/98 10/08/99
! WORK&&)U@TED % SERVICES RENDERED G " REMARKS
CALIBRATE/CERTIFY CALIBRATED/CERTIFIED IN TOLERANCE AS RCV'D

:ausRrATION cHEckso to: MANUFACTURER ‘S sPECIFICATIONS | AosusTen To: MANUFACTURER 'S SPECIFICATIONS

MANUFACTURER.™  "I*“" “"0" % "MODEL.:" ST e BERART 1. ACCURACY." " | ‘DATE CALIBRATED
ANALOGIC AN6S20 8904010 | WMFe. | 7/03/98
.
5 e, | i P §

KSERV CEF;;I"IFES THAT ALL CALIBRATION EQUIPMENT USED IN THE TEST IS TRACEAB WAS
‘RFORMED IN ACCORDANCE WITH MIL-STD-45662A, 1S08002,
3-10012-1, ANSUNCSL-Z540-1-1994. CERTIFIED BY
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Oct-09-98 02:13F Dave Burke 603 -625-5266

Mettler-Toledo, Inc.
Sooies & Systems

CERTIFICATE OF CALIBRATION No.:81492-97

This is to certify that the below listed weighing eguipment was tested and
found to be within the RIST tolerances according to the reguirements listed
in NIST Handbock 44 for weighing devices amd in accordance with MIL-STD
45662A. See the Test Record and Service Report for details on errcrs found
and corrections made.

Model # | Serial # | ID | Location | Capacity | Inspector | Next Date Due

19108 242 SBIPPING 188 1B LEO A. 11/98
DWM-IV F16383 SHIPPING 5868 LB » 11/98
DSig 35814 oc 119 18 " 11/98
4810 1126131 Qc 125 LB ” 11/98
89280 267 oc 26¢ LB i 11/98
DYNO D3589 oCc 588 1B » 11/98
8582 2642125 STK RM 1e 1B " 11/98
a82¢a SR8184€6811 STR R 18 1B - 11/98
588C 834468 STK RM 588 GR " 11/98
2R BERM 1482397 ASSEMBLY 2088 1B . 11798

Date Test Performed: 5/6/98

Purchase Order No.:
Note: This document may be r:oprodnced and a copy placed at each device

if required.
METTLER TOLEDO INC.

ervice Manager)
[d] G

‘;3 Gorporute Offices: 350 W. Wilsan Bridige Rd.  Woriinglon, O 43085  Tel: (814) 438-4511  FAI: (514) ¢38-4800

.

hmnuu-uu-n«n e porchamarh neenpieege of B Totats Saneo Taane god Conduions oS4 oa B i
proecdance and gover over Sov oy ond Cordiion of eumomar to Dy e .




: . METTLER TOLEDO INC. ~— - e
”cumr._?m&S_hﬂ’ﬁ‘Qﬂp -£ST RECORD AND SERVICE REPORT  moc_t o [
smeemdh’éss "b_ Nodlh FBLG_ CUSTOMER CONTACT: .D_ﬁyf ANpiS ‘

CITY & STATE: BQMN? fon Ma DUE DATE /- 8-ZF DATE SERVICE RENDERED: AR

) 'scm.s’w'nr-mm CHART/INDIC. LOCATION TEST LOAD APPLIED CORR SERVICES -

. |MODEL] SERIAL# | MAKE | 1D.# | cAR | GRAD. | OF SCALE ERROR IN GRADUATIONS XN RENDERED; PARTS

Flex TR T 1 > (290 [300

" uasign " | 6383 t we | 4 | 42 1552 5'@0 LT anc ok
Py j2es| [~ |9 Baae TR ] an o
L & clm s 'y e i .

—Hor00| 242 (Veloel 242 | 16 | o% gl Pt 8|S P Nozes
4 . . L,

L . . a 2 T
5HOM~MQ&MM ) ,z, = QES Aof % %f»{%.i V1 CAC ok

& i - S
1% Ipsie i OHAUS |34D( | 1Aa 'u?f "§— —2‘5 -‘3‘ --/; éﬁ' Rgggt:ﬁﬂ&}_éﬁd

: : ; 200

"|eAe| 267 |ansar | 267 \p . S -l el -l O 0 e Ya
:fhﬁqmmm o | in e |\ || |/ 0L Tngpan
9 .
% ’o ¢ Y A ¢ O —O 2 /OO
“l@20n kegmioed NCT 269 | 16 | 'to gIek Py | 5 2‘560 i"“*o ?i £ V] calok

: - L - B
"lzoc (83068 | Seieg [83vup fé’" . A 9; ol il - s /-ﬁg M | i
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TRACEABILITY #:

— PROCEDURE #: QYO 32 07
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AR A B e h S B e bt s e

Hunt Merol Service, INc.

175 Iadkson St. Merlusn, Ma. 01 844-5042
Phone : (978) 6887278 Fax: {978) 7944632

Company Name: ABA TECHNOLOGY Calibration No: HMSCC-05028 __ =
Addresk: 40 NORTE AVENUE . Dated: AUG 3-7, 1998
BURLINGTON, MA. 01803 Pages: 62
Department :
Phone No.: (781) 272-2000 Ext: Fax No.: (781) 273-2216

Attention: DAVE ANNIS
P.O. No.: 2603
Technician: DAVID DICKINSON

The calibration performed on the following measuring and test equipment (M&TE)
of this document are traceable to the National Institute of Standards and Tech-
nology (N.I.S.T.) through N.I.S.T. test number B21/256504-96; Dated February
26, 1997 for dimensional calibrationm, and/or through N.I.S.T. test numbex
822/254480 dated February 26, 1997 for mass calibration.

The M&TE have been cleaned and lubricated, as needed. Our technician(s) have
calibrated, adjusted and/or reset the M&IE, affixed a calibration label to the
M&TE, updated the corresponding record(s), and provided this calibration cert-
ificate.

The standard(s) utilized to perform the calibratiocn have been calibrated,
certified and maintained in our laboratory which sustains a temperature of 68
degrees (+/- 2 degrees F.) and less than 50% relative humidity. All records
pertaining to our standards, and the masters utilized to calibrate them, are
kept on file in our laboratory for a period of no less than 3 years.

The services provided, traceability to the N.I.S.T., and Hunt Metrology
Service's calibration system comply with the requirements of ANSI/NCSL 2540-1-15394
and ISO 10012-1:1994(E).

The reported value is both "as found"® and "as left" data, unless otherwise
specified. A calibration uncertainty ratio of at least 4:1 is maintained
unless otherwise stated.

Thies calibration certificate camnnot, in any way, be reproduced, except in full,
without prior written consent from a representative of Hunt Metrology Service, Inc.

Keith R. Young
Technical Manager




- t Metrology Service, Inc.
Customer: AEA TECHNOLOGY

ID.No.: 027 (A) Manufacturer: MITUTOYO
2 ID.No,: Serial No.: 701046
Department: QOC Model No.: 543-425-1
Deviation u.: Standard No.: 012
Rccuracy: +/-0.000 10" Standayd No.:
Accuracy: Standard No.:
. . Standard No.: :
Gage Type: 0-2.0" DIGITAL INDICATOR (PART 1 OF 2)
:
Required: :0 0.010" 0.025" 0.050" 0.100" 0.250"
Deviation: REF 0 .0 0 0 "0
Measured: REF 0.010" 0.025" 0.050" 0.100" 0.250"
Customer: ' AEA TECHNOLOGY P.O.
ID.No.: 027 (B) Manufacturer: MITUTOYO
2 ID.No.: Serial No.: 701046
Department: QC Model No.: 543-425-1
Deviation u.: Standard No.: 012
Accuracy: +/-0.000 10" Standard No.
Accuracy: Standard No.
Standard No.:
Gage Type: 0-2.0" DIGITAL INDICATOR (PART 2 OF 2)
Required: : 1.0 1.258 1.50 1.75 2.00
Deviation: : 0 0 +.00010" 0 0

Measured

Data Sheet
P.O.

BMSCC: 05028

Page 1

No.: 2603
Date Cal: 08/06/98
Date Due: 08/06/99
Technician: DD
Cal. Proc. No: 30
Cal.: 04/08/98 Due: 10/30/98
Cal.: Due:
Cal.: Due:
Cal.: Due:
0.500" 0.750"
0 -.0001
0.500" 0.7499%"
No.: 2603
Date Cal: 08/06/98
Date Due: 08/06/99%9
Technician: DD
Cal. Proc. No: 30
Cal.: 04/08/98 Due: 10/30/98
Cal.: Due:
Cal.: Due:
Cal.:. Due:

® o - - - - S - R - -



SENTINEL Test Report No. 79
AEA Techmology QSA, Inc. October 16, 1998

Burlington, Massachusetts Page 8 of 10
ATTACHMENT C — CALCULATION OF VOLUME RATIOS
Values are estimates of true device volume based on design drawings and engineering judgement

Model 680 Projector

Shell volume (internal):
LxWxH=13.88x 13.63 x 9.94 = 1880.5 in®

Shield volume;
Weight /Density = 292 1bs./0.683 Ibs./in® = 427.5 in®

Void volume:
Shell volume — Shield volume = 1880.5 — 427.5 = 1453 in®

Proportion
14.44in* / 1453 in® = 0.01 = 1%

Model 650 Projector

Shell volume (internal):
V =m(3.719)* (8.25 - 2(0.5)) = 315 in®

Shield volume:
Weight /Density = 42 1bs./0.683 Ibs./in’ = 61.5 in®

Void volume;
Shell volume — Shield volume =315 — 61.5 =253.5 in’

Volume Ratio

14.44in’ /253510’ =0.057=5.7%




SENTINEL Test Report No. 79
AEA Technology QSA, Inc. October 16, 1998
Burlington, Massachusetts Page 9 of 10
ATTACHMENT D - EFFECTIVE DENSITY CALCULATIONS
Table 1. Calculation Table
s e | i | e | g | i
@ ®) © (C-AyB* 28321
1 .108 258 203 104
1 2 099 258 191 10.1
: 098 258 191 102
1 109 257 224 127
2 2 109 257 227 R
3 .109 257 225 128
1 108 258 329 243
3 2 109 258 329 24.1
3 098 258 321 2.5
1 098 257 331 25.7
4 2 099 257 336 26.1
3 099 257 359 28.7
1 098 258 192 103
' 2 108 258 202 103
1 099 257 213 12.6
6 2 098 257 213 12.7
. 1 098 258 315 238
2 098 258 324 24.8
. 1 098 257 359 288
2 098 257 360 289

*28321 mL=1#



Safety Analysis Report for the Models Sentry 110, Sentry 330 and 867 Transport Packages

QSA Global, Inc. June 2015 - Revision 3

Burlington, Massachusetts Page 2-56

2.12.9 Technical Report 171 Sentry Transport Package Lifting Analysis dated 30 Jun 2010




PR QSA GLOBAL

Technical Report No. 171

QSA GLOBAL, inc.
Engineering Department
Technical Report

SENTRY Transport Package Lifting Analysis

Prepared by:  OTive Glas.l Date: 2 ¢ vr 2000
? 4 ~
Checked by: 2./~ Txeom.. / runcalt) oate: 2% Jud 2.0/0
/”p
Regulatory Approval 7 A Date: 3> [dum 20/0
Engineering Approval: JM/M Date: 7~ Ja 200

1.0 Purpose:
WmmmmmmmeSEwmwwﬁ\eMﬁm
requirements of 10 CFR Part 71.45 (a).

2.0 SENTRY Transport Package Lifting Provisions:
ms&mvmwnmwmmbmmmmrm mutti-
WWWWWNMMM Half of each lifting
pmvbbnblwmmeumumrﬁonofﬂncyimwmmbodybymmmh
smngthbob,monﬁnbpﬂatwrfmandonemmwmdmwmmmebody.Theo'mr
Wdunpmbbnhmchodbmbodyinmcmenmn«.butwithtwobollsattachedtome
bottom and one attached to the side of the body. See Figure 1.

mmmdmmmmmwwammmmmmwa
wmmemdmmmmbmwmmmmuﬁmmwm
m.ummmmmwmumm,mmmdmmmm
nndnommmingmquirommtoﬁOCFRpaﬂTMﬁ(a).Themmendodmmwis
bmmwwmmammaMSMWWmanm
through the large hole in the upper lifting provision.

The bottom end also includes a very large hex nut and boit for added strength in emergency
situations. The large hex nut and bolt will recruit the lower half of the provisicn if a rapid, high loading
{snatch) condition occurs.

mssmmmehmwmhamamommmfamma
properly rated hoist ring for lifting. See Figure 10 & 11.

Page1of19
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Technical Report No. 171

The center of gravity (CG) of the 780 pound (maximum) package is located approximately at its
geometric center.

Figure 1 SENTRY Lifting Provision (1 of 4)
Standard Configuration

| Table 1 Lifting/Tie-Down Provision Materiais List i
Nine Material Condition Spec
Rib Plate 1 thru 8 174 PH STN STL H1025 ABS3 145,000
Link Plate 17-4 PH STN STL H900 AB93 170,000
Bolts 1 thru 8 17-4PHSTNSTL AH F5393 105,000
LoadPin1&2 17-4 PH STN STL H900 ABS3 170,000
Rivnuts 1 thru 8 316 STN STL cw A276 93,694

3.0 Transport Lifting Requirement:
10 CFR Part 71.45 (a): Any lifting attachment that is a structural pertofapackagemustbedosigned
with a minimum safety factor of three against yielding when used to ift the package in the
intended manner, and it must be designed so that failure of any lifting device under excessive load
would not impair the ability of the package to meet other requirements of this subpart. Any
other structural panofmepackaoethatcouldbeusedmliﬁthepackagomuﬁbeupwhofboim
rendered inoperable fer liting the package during transport, or must be designed with strength
equivalent to that required for lifting attachments.

4.0 Assumptions:
1. Temperature range equal to -40 to +130 F.
2. No comrosion exists on the rib assembly and fastener components.
3. Only one lifting provision carries the load in the lifting analysis.

Page 2 0f 19




Technical Report No. 171

5.0 Analysis - Rib Assembly Lifting:
The SENTRY lifting provision or rib assembly is a structural part of the package. However, it is
designed to be intentionally removed without affecting the ability of the package to meet other
requirements of 10 CFR Part 71.

mmwmwmmmmmmmmmmm
| case for lifting the package. The maximum tensile load applied to the single lifting provision is equal
| to the maximum weight of the package or 780 Ibs. See figure 2 through 4.

Page3of 19




Technical Report No. 171

The rib assembly consists of two vertical parallel plates weided to a flat horizontal plate with two
mounting holes and one perpendicular plate with one mounting hole. The vertical plates are
separated by a gap to aliow three hex bolits to be inserted between them. The bolts pass through the
mmwmmmmmmmmmmmmwmm
the transport package.
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6.0 Results - Rib Assembly Lifting:
Table 2 is @ summary comparing caiculated factor of safeties against the required factor of safety, 3,
when lifting the package by only one rib assembly as shown in Figure 4. See Appendix A for the
detailed calculations. Table 2 reveals “Bolt B1 Tensile or Shear” is the worst case loading condition
mmmmdwmbamnmzmumwam

of 3.

§l§r§l§|s,=# ool SN
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7.0 Analysis - Link Plate Lifting:
The link plate is not recommended to be used as a lifting provision. However, if the package is lifted
by the link plate, then it shall aiso meet the lifting requirements of 10 CFR Part 71.45(a).

Figures 7 through 9 show the transport package lifted by the link plate.
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8.0 Results - Link Plate Lifting:
Table 3 is a summary comparing caiculated factor of safeties against the required factor of safety. 3,
when lifting the package by only one link plate as shown in Figure 9. See Appendix B for the detailed
calculations. Table 3 reveals “Bolt B1 or B4 Tensile Failure” is the worst case loading conditicn
resulting in a calculated factor of safety equal to 38. This is over 12 times the required factor of
safety of 3. The calculation for this loading condition is conservative since it did not take into
consideration the load sharing provided by bolts B2, B3, B5 & B6 in the load direction.

B

r&ﬁﬂw§dﬁﬂﬂﬂﬂi

Page 7 of 19



Technical Report No. 171

9.0 Analysis - Rivnut Lifting:
The Rivnut can be used for lifting the package in the basic configuration. Lifting the package by one
Rivnut is the worst case lifting condition for this configuration. See Figures 10 & 11.

10.0 Results - Rivnut Lifting:
Table 4 is a summary comparing calculated factor of safeties against the required factor of safety, 3,
when liting the package by only one link plate as shown in Figures 10 & 11. See Appendix C for the
detailed calculations. Table 4 reveals "Rivnut 1 Shear Failure” is the worst case loading condition
resulting in a caiculated factor of safety equal to 7. This is over 2 times the required factor of safety
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11.0 Final Assessment:
The SENTRY transport package in the Standard Configuration lifted by either the rib assembly or the
link plate and the package in Basic configuration lifted by one Rivnut meets the lifting requirements
of 10 CFR Part 71.45 (a). No failure mode was found to be less than 3 against yielding when lifting
the package by a rib assembly, link plate or Rivnut.

If the lifting provision were to fail due to excessive loading, the package is designed so that the failed
provision would not impair the ability of the package to meet the other requirements of 10 CFR Part
71.
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- Lifting by Rib Assembly Calculations
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Res= 830 psi = Tensile Stress= Fn/i2°L™y)

F= 780 bf =MaxPackage Welght (Std Config) F= 780 Lbf =MaxPackage Weight (Std Config)
Fn= 380 Lbf =locadsharedbyplates3&4=F/2 Fd= 447 Ibf =Lload Normalte Rib Plate 2

t= 025 in =Platethickness t= 025 in =Flatethickness

L= 084 in =Distance from holetc plate edge L= 025 in =Distance from hoieto Rib1edge
Ysr= 145000 psi = Allowable Yield Strength Ysr= 145000 psi =Allowabie Yield Strength

Sst= 72500 psi = Allowabie Shear Strength = Ysr/2 Ssr= 72500 psi = Allowable Shear Strength = Ysr/2
Fs= 87 = Facter of Safety = Ssr/Rtfs fss 20 = Factor of Safety = Ssr/Rsts

» psi = Tensile Stress = Fd/({w-d)*t)
F= 780 Lbf =MaxPackage Weight (Std Config) F= 780 Lbf =MaxPackage Weight (Std Config)
Fd= 447 Lbf =loead Normelto Rib Plate 2 Fd= 447 Lbf =Lload NormaltoRibPlate 2
t= 025 in wPlate thickness t= 02% in =Platethickness
d= 042 in =Boltminordiameter d= 053 In =Holediameter
w= 225 in =Platewidth
Ysr= 145000 psi = Allowable Yield Strength Ysr= 145000 psi =Allowable Yield Strength
Fs= 34 = Factor of Safety = Ysr/Rbfs Fs= 1398 = Factor of Safety = Ysr/Rtfs
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534 psi a1 g
F= 780 Lbf =WMaxPackage Weight (Std Config) F= 780 Lbf =MaxPackage Weight (Std Config)
Fa= 260 Lbf =Loadshared by3Rivnuts=F/3 Fd= 639 Ibf =Lload NormaltoRibPlatel
ts 025 in =Platethickness
dn= 050 In =Nutrootdiameter
L= 341 in =Distancefrom hole toRib 2 edge
Pi= 314 in =Constant
h= 062 in =Nutengegement
Ysns 90435 psi =Aliowable Yield Strength Ysr= 145000 psi = Allowable Yield Strength
Ssn= 45217 psi = Allowable Shear Strength = Ysn/2 Ssr= 72500 psi = Allowatle Shear Strength = Ysr/2
Fs= 85 =Facter of Safety = Ssn/Nts

6057 psi psi

F= 780 Lbf =MaxPackage Weight (Std Config) F= 780 Llbf =MaxPackage Weight (Std Config)
Fd= 639 Ibf =LoadNormaltoRibPlatel fd= 635 (bf =load NormaltoRibPlatel

t= 025 in =Platethickness t= 025 in =Platethickness

d= 042 in =8oltminordiameter d= 053 in =Holedismeter

w= 225 in =Plate width
Ysr= 145000 psi =Allowabie Yield Strength Ysr= 145000 psi = Allowable Yield Strength
Fs= 24 = Factor of Safety = Ysr/Rbfs Fs= 98 = Factor of Safety = Ysr/Rtfs
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= Blst/(Sart((81st/2)" + Bas’))
12690 psi  =Calc Tensile Stress = Fp/A
Lef =Load Norma!te Rib Piate 1
fps= Lbf = Moment Load on Boit 1= M®Lx
A= 014 in® =BotStressAres
M= in-Lt= Moment = Fd*Llm
m= in =MomentArm

0.52 in =Beit Distance to pivet point (A)

Ysb= 105000 psi = Allowable Yigld Strength

= Factor of Safety = Ysb/Blms

smmmmx
Im“'mf OM

Bss= 1501 psi =CalcTensile Stress = Fn/A
Fé= 639 Lbf =load Norma!to RibPlate 1

Fn= 213 Lbf =load shered by 3 balts=F/3
A= 0.4 in' =BoitStressArea

Yso= 105000 psi = Allowabie Yield Strength

Ssb= 52500 psi = Allowable Shear Strength = Ysb/2
fs= 8§ = Factor of Safety = Ssh/Blss

i =Thread SBearing Stress
= Fd/ ((P1/4)*{d"dr")*(h/p))

Fd= 638 Lbf =Lload applied in Rib Plate 2 direction

in =Balt root diameter

d=s 050 in =Boltouterdiameter

Pi= 3.14 in =Constant

p= 008 in =Threadpitch=1/13

Ysb= 105000 psi = Aliowable Yield Strength

Ysr=

Ssr=

3.4

0.62

105000 psi

52500 psi

psi = Cale Shear Stress = Fd/(Pi*dr*(h/2}} .

Lbf =load applied in Rib Plate 2 direction

in = Bolt root diameter

in  =Nutengagement

= Allowable Yield Strength
= Allowable Shear Strength = Ysb/2

= Factor of Safaty = Ssb/Bts




psi mmmmz

-mmu&z

= B2st/(Sqrt( (B2st/2)" + Bss’)) = Sqrt ((B2st/2)" + Bss’)
B2st= 500 psi = Calc Tensile Stress = Fp/A 8ss= 1050 psi = CaicTensile Stress = Fn/A
Fd= 447 Lbf =Load Normalto Rib Plate 2 Fd= 447 Lbf =losd Normalto Rib Plate 2
fp= 71 Lbf =ProporticnofloadonBoit2sM*L2/SIx| | Fn= 248 Lbf =loadshared by3boits=F/3
A= 038 in® =BoitStress Ares A= 014 in’ =BokStressAres
M=z 558 in-lt= Moment=F*"lm
lm= 125 in =MomentArm
Six= 5018 in’ =Boit Distances Sumed (L2}+{13%)
Ysb= 105000 psi = Aliowable Yield Strength Ysb= 105000 psi = Allowable Yield Strength

= 52500 psi =Allowable Shear Strangth =VYsb/2

Fsz 79 = Factor of Safety = Ysb/B2ms Fg= 49 = Factor of Safety = SsbfB2ss

= P/ {(PY/8)*[¢"dr")*(h/p))

Ed= 447 b =load applied in Rib Plate 1 directian Fd= a7 Lbf =load applied in Aib Plate 1 direction
Fa= 1498 ibf =loadshared by3bolts=Fd/3 Fn= 148 Lbf =load sharec by 3 bolts=Fd/3
dr= 042 in =Boitroot diameter dr= 042 in =Boltrootdiameter

d= 050 in =Boitouterdiameter

Piz= 314 in =Constanmt Piz 3,14 in =Constant

h= 0.62 in =Nutengagement he 0.62 in =Nutengagement

p=2 008 in =Threadpitch=1/13
Ysb= 105000 psi = Allowsble Yield Strength Yso= 105000 psi = Aliowable Yield Strength

Ssb= 52500 psi = Aliowable Shear Strength = Ysb/2

Fs= 320 = Factor of Safety = Ysb/Bths Fs= 145 = Factor of Safety = Ssb/Bes
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ws

Twz

o8 = Tensile Stress = F/{Lw*Tw)
639  Lbf = Asplied Load
Lbf

320 = Loac shared oy 2 weld lengths = F/2 Fn=
025 in =WeidSize hs=
7.62 in =Total Weid Length ~ 639 Lbs Direction w=
.18 in =Weid Throst Dimensien =.,7071%hs Tw=

Technical Report No. 171

§
£E & ¥

&

175

3

0.8 in

= Tensile Strass = Fn/{Lw*Tw)
= Applied Load

= Load shared by 2 weld lengths = F/2
= Weld Size

=Total Weld Length - 447 Lbs Direction

= Weld Throst Dimension = .7071%hs

Ysr= 145000 psi =Allowable Yield Strength Ysr= 345000 psi =Allowable Yield Strength
Ssr= 72500 psi = Allowable Shear Strength = Ysr/2 Ssr= 72500 psi = Aliowabie Shear Strangth = Vsrf2
Fs= 306 = Factor of Safety = Sst/Rws Fs= 100 = Factor of Safaty = Ser/Rws

Page 14 of 19




Us= 1128 ow =CeleTenslestess=F/A ists= 1006 psi Fnfi2tw)
F= 780 Lbf =MaxPackage Weight (Std Config) F= 780 1bf =MaxPackage Weight (Std Config)
Fn= 390 Lbf =loadshared by2ends=F/2
Xs 182 in =MinLinklength
t= 038 In =LlinkPlate thickness t= 038 in =LlinkPlate thickness
A= 069 In° =MinPiste Stress Area =Xt w= 051 in =Distancefrom hole to edge
Ysi= 170000 psi =Allowable Yield Strength Ysi= 170000 psi =Allowable Yield Strength
Ss!= 85000 psi =Allowable Shear Strength = Ysi/2
Bs= 182 = Factor of Safety = Ysi/Lts Bs= 84 = Factor of Safety = Ssi/Lsts

Technical Report No. 171

3l

-mmm:m o®

psl Lts= 426 psi
F= 780 Lbf =MaxPackage Weight (Std Config) F= 780 Ibf =MaxPackage Weight {Std Config)
Fnz 350 (Lbf sloadshesredby2ends=F/2 Fn= 350 Lbf =loadsharedby2ends=F/2
dp= 058 in =Pindiameter d= 063 in =Holediameter
t= 038 in =LlinkPlatethickness t= 038 in =LlnkPlate thickness
w= 304 in =LlinkPlate wicth
Ysi= 170000 psi = Allowable Yield Strength Ysi= 170000 psi =Allowable Yield Strength
Fs= 6 = Factor of Safety = Ysi/Lbfs Fs= 389 = Factor of Safety = Ysi/Lifs

-Twllo‘ : :M .
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= Cal Tensile Stress = Fn/(A*2)

738 psi
F= 780 Lbf =MaxPackege Weight (Std Config)
Fn= 390 Lbf =loadsharedby2pins=F/2 fn= 390 Lbf =Loadshared by2 plates=F/2

d= 058 in =Pindiameter

A= 0264 in® =PinArea=Pi*d’/a t= 025 in =RibPlate thickness
Pi= 3142 In =Constant w= 311 in =Distance from hole to edge
Ysp= 170000 psi = Alicwable Yield Strength Ysr= 145000 psi = Allowable Yieid Strangth

Ssr= 72500 psi = Aliowable Shear Strangth = Ysr/2

fs= 230 = Factor of Safety = Ysp/Pdss Fs= 289 = Factor of Safaty = Sst/Rsts

Stnuc :TM:

907 Fafiiw-dl*t]
F= 780 Lbf =MaxPackage Weight (Std Config) f= 780 Lof =MaxPackage Weight {Std Config
Fn= 380 Lbf =loadsharedby2plates=F/2 fn= 2380 Lbf =loadsharedby2plates=F/2
do= 042 in =Bolt minordiameter d= 053 in =Holadiameter
t= 02% in =Rib Plate thickness t= 025 in =RibPlatethickness
w= 225 in =RibPlatewidth
Ysr= 145000 psi = Allowable Yield Strength Ysr= 145000 psi = Allowable Yiald Strength
Fs= 39 = Factor of Safety = Ysr/Rbfs fs= 160 = Factor of Safety = Ysr/Rtfs
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=Max Tensile Strass on Bolt 2 = F/A Rets=

Technical Report No. 171

= Calc Shear Stress = Fnf{2°L%¢)

Bims= 2748 osi 424 psi
F= 780 Lbf =MaxPackage Weight(Std Config) F= 780 Lbf =MaxPackage Weight (Std Config)
Fn= 390 Lbf =loadsharedby2Bolts=F/2 Fn= 195 Lbf =Loadshared by4 pletes=F/4
tz 025 in =RibPiate thickness
A= 014 in® =BoltStressAres
L= 082 in =Distance from noleto edge
Ysb= 105000 psi =Aliowable Yield Strength Ysr= 145000 psi =Allowable Yield Strength
Ssr= 72500 psi = Allowable Shear Strength = Ysr/2
Fs= 38 = Factor of Safety = Ysb/82ms Fs= 171 = Factor of Safety = SsrfRsts

% -Tmm

J . ”
F= 780 Lbf =MexPackage Weight {Std Config) F= 780 Lbf =MaxPackage Weight (Std Config)
Fn= 185 Lbf =loadshared by4plates=F/4 Fn= 195 Lbf =Lloadshared by4 plates=F/4
dp= 0CS58 in =Pindiameter d= 0625 in =Holediameter
t= 025 In =RibPlate thickness t= 025 in =RibPiatethickness
w= 248 in =RibPlate wicth
Ysr= 145000 ps! =Aliowsble Yield Strength Ysr= 145000 psi = Allowable Yield Strength
Fs= 108 = Factor of Safety = Ysr/Rifs Fs= 345 = Factor of Safety = Ysr/Rtfs

Page 17 of 19



j| QSA GLOBAL |

|Determine Rib Plate Weld Shear Failure - Lift Direction

Rws= 145 psi = Tensile Stress = Ff{Lw*Tw)
F= 780 (bf =MaxPackage Weight (Std Config)
hs= (025 in =WeldSize
lw= 3048 in =Total Weld Length - Lift Direction
Tw= 018 in =Weld Throat Dimension=.7071"hs
Ysr= 145000 psi =Allowable Yield Strength
Ssrm 72500 psi = Allowable Shear Strength = Ysr/f2
Fs= 501 = Factor of Safety = Ssr/Rws
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Ysn =

Fs=

in =Nutrootdiameter

in =Nut Outer Diameter

93694 psi = Allowabie Yieid Strength
48847 psl = Allowabie Shear Strength = Ysn/2

7 = Factor of Safety = Ssn/Nss

dr=

050 in =Nutroctdiameter

|
;
:
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