Chapter 2

APPENDIXZ 10.7
PENETRATION TEST AS PER 10 CFR 71 71(C)-(10)

1. INTRODUCTION

~ The penetration test is carried out using a 6 kg (13 Ib. ) 3.2 cm (1 25in. ) diameter ba.r with hermsphencal
end dropped from 1 meter (40 in.) height onto the exposed surface of the F-294 package The analytlcal
assessment of the penetration test is presented herein.

2. ANALYSIS

Figure 2.10.7-F1 is reproduced from Figure 2 of Shich's paper Ref.[26).It shows the non-dimensional
incipient puncture energy V. = [V, /(. t*) ] and punch displacement U, = 5/t as functions of d/t for various
values of /D for both stainless steel and carbon steel plates not backed by lead. R. S. Shieh recommends
that the use of these curves in puncture-safe design of circular flat steel cask plate should be made only
after reducing the puncture energy absorbing capacity by 30% to allow a margm of safety for inaccuracy,
uncertainties etc.

Vo  =[VHGD] ceiiiiinnenn.. Equationl

U. =8t ... EquatlanZ

Ve = non-~dimensional incipient ptmcture energy pa.tameter
Ve = incipient puncture energy in.-b. -

where

Gy = ultimate strength of steel psi
t = thickness of steelplateorshell
d = punch diameter, in. .
D = diameter of the plate or shell

21  PUNCTURE ANALYSIS OF TOP FIRESHIELD

Equations 1 and 2 are applied to the top fireshield case. The parameters are
" G = ultimate strength of steel psi = 65000pS1forAISIIO208tee1

t = thickness of steel plate or shell = 0.5 in.-
d =punch diameter, in. = 125in.
D -dlameteroftheplateorshell=30m. L

di =125/05=25
dD =12530=0.0416 : '
From Figure 2.10.7-F1, at d/t = 2.5 and d/D= 0 0416 (rounded up to 0 07) Vc =55
Therefore oLl :
V. -(lOO%—SO%)*V,*o.,*t’
=0.7*5.5* 65,000 * 0.5°
=0.7* 44,687 in-b.
= 31,280 in.-Ib. o
The energy available to puncture : o
Eavaitabic = weight of the puncture bar . drop hexght
=131b.*40in.
=520in-b. : ‘
As the computed incipient puncture energy (31, 280 in. -lb ) requxred for the top ﬁreshleld plate
(0.5 in. thick) to puncture is much greater than the encrgy - available (520 in.-1b.) to puncture, the
top fireshield plate shall not be punctured. .
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2.2 CARBON STEEL 1/4 IN. THICK PLATE

Equations 1 and 2 are applied to the 1/4 in. thick carbon steel plate case. The parameters are
G, = ultimate strength of steel psi = 65,000 psi for AISI 1020 steel
thickness of steel plate = 0.25 in.
punch diameter, in. = 1.25 in.
= diameter of the plate or shell = 30 in.
di =1.25/0.25 =5.
dD =125/30=0.0416
From Figure 2.10.7-F1, at d/t = 5. and d/D= 0.0416 (rounded up to 0.07), V. =26
Therefore
\'A =(100%-30%) *V.* o * ¢
=0.7* 26 * 65,000 * 025°
=0.7 * 26,406 in.-Ib.
= 18,480 in.-Ib.
The energy available to puncture
PEeaiae = weight of the puncture bar * drop height
=131b.*40in.
= 520 in.-Ib. )
As the computed incipient puncture energy (18,480 in.-Ib.) required for the 0.25 in. thick plate to puncture
is much greater than the energy available (520 in.-Ib.) to puncture, the 0.25 in. thick plate shall not be
punctured.

t
d
D

23 0.25 IN THICK SHELL OF CYLINDRICAL FIRESHIELD
No empirical puncture data for steel shell, not backed by lead, exist today.

Therefore it is assumed that curvature of the shell shall offer as much resistance to puncture as the flat
plate as the shell is stiffer for same d/t, /D ratios.

The full-scale F-294 test packaging was subjected to five (5) puncture pin tests for the hypothetical '
accident conditions of transport tests. This is presented in Chapter 2, Appendix 2.10.12. The puncture pin .

is 6 in. diameter and 26 in. in height. The initial impact energy is 21,482 Ib. x 36 in. height = 733,352 in.-
Ib. The cylindrical fireshield was subjected to two (2) puncture tests. In the worst case, the double shell of
the cylindrical fireshield was torn and the amount of opening was 21 in’.

In the normal conditions of transport penetration test for the F-294, the initial impact energy for a bar
(13 1b. weight) dropped from a 40-inch free height onto an F-294 package is only 520 in.-Ib.

As 520 in.-Ib. impact energy (for normal conditions) is so small in comparison with the impact energy of
773,352 in.-lb. (for accident conditions), it is concluded that the 0.25 inch thick shell of the cylindrical
fireshield will not puncture when subjected to the penetration test.

3. SUMMARY

3.1 THE SUB-COMPONENTS THAT SURROUND THE F-294 CONTAINER ARE:
1. top fireshield (integral with the crush shield)
2. cylindrical fireshield
3. bottom skid

As both top and bottom carbon steel plates are 0.5 in. thick, they will resist puncture, when F-294
package is subject to the penetration test.

As the cylindrical fireshield shell is 0.25 in. thick, it will resist puncture when the F-294
package is subject to the penetration test.
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Figure 2.10.7-F1
Neon-dimensional Incipient Puncture Energy V. and Punch Displacement U.
as Function of d/t for Various Values of d/D ’
(Reproduced from Fig. 2 of Shieh's paper Ref. [26])
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Figure 2.10.7-F2
F-294 Subject to Penetration Test
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- APPENDIX2.10.8 -
COMPRESSION TEST AS PER 10 CFR 71.71 (c)-(9)

1. INTRODUCTION

As the F-294 package weight of 21,000 Ib. is greater than 5000 kg (11,000 Ib.), 10 CFR 7171 (c)H9) does
not apply to the F-294. The Regulations for the Safe Transport of Radioactive Material IAEA TS-R-1)do |
require that the F-294 package withstand a compressive load uniformly apphed to the top and bottom of the
package for & period of 24 hours, equal to the greater of:
1) five times the weight of the package; ,
5 * 21,000 Ib. = 105,000 Ib., OR .
"ii) the equivalent of 13 kllopascals (2 lb./m ) multlphed by the vextlcally projected area of the
package;
Vertically projected area =78 in. * 78 in.
= 6084 in’ '
Therefore,
Load = 2 Ib./in® * 6064 in” = 12,128 Ib.
Therefore, the apphed load shall be 105,000 1b. :
An analytical assessment is presented for demonstration of F-294's abnhty to w1thstand the compressive
load equal to 5 x the weight of the F-294 package. A

2. ANALYSIS :
2.1 COMPRESSIVE STRESS IN THE OUTER SHELL OF THE CONTAINER

The problem can be simplified by making a conservative assumption that all the compressive load is
bomme by 0.5 in. thick stainless steel outer shell of the container only, with no support credited for the
external cooling fins and the lead shielding. See Figures 2.10.8-F1 and 2.10.8-F2 respectively.

The stainless steel shell is treated as a thin-walled circular pipe, of length 24 in. and OD = 36 in., under
longitudinal compression. the formula for critical unit compressive stress o, given by Roark (Table XVI
Case 25 of Ref.[4]), for ends unrestrained, is ,

6. =03*E*tr
where
O. = unit compressive stress, psi
E =Modulus of Elasticity, psi
t = wall thickness of shell or pipe, inches
r =mean radius of pipe, inches
o. =03%28%10°%05/17.5
=024 * 10° psi

The formula is most accurate for very long tubes but is applicable if the length is several times greater
than 1.72 ¥ (rt) = 1.72 ¥ (17.5 * 0.5) = 5.1 in., which is the length of a half-wave of buckling

The compressive load capability P, is then
P. =0.*A
=024*10°*t*35%05
=13.19 * 10° Ib.
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The critical buckling load P, of 13.19 * 10° Ib. is well above the actual applied load of 105,000 Ib.
It is therefore concluded that the F-294 container will easily sustain compressive loads of 5 times
its own weight, applied on top and bottom for 24 hours at room temperature or 38°C ambient.

2.2 COMPRESSIVE STRESS IN THE EXTERNAL COOLING FINS

Material of fins = ss304L
Number of fins =36
Size of fins = (0.375 in. minimum thickness x 4 in. width
Compressive stress at top of the fins, o,
O = 5* W/Aﬁm

=5 *21,000/[36 * 0.375 * 4]

= 1,944 psi
The compressive stress is well within the yield stress 25,000 psi for ss304L.

2.3 COMPRESSIVE STRESS IN THE FLANGES OF CHANNELS OF THE SKID
Material of the channel = ASTM A-36

Channel section =35*8*78in.

compressive stress, Gc =5 * W/Agupe
=5*21,000/[4 * 78 * 3]
=112 psi

The compressive stress is well within the yield stress of 36,000 psi. of the channel material.
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Figure 2.108-F1
* F-294 Package under Compression
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Figure 2.10.8-F2
Container Shell under Compressive Load
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- Chapter 2

1. INTRODUCTION

The F-294 package can be dropped in any of the four bas1c free drop onentatlons, as per Flgure 2.10.9-F1.
The drop orientations are identified as

- Orientation#1.1  —End Drop - Top
- ‘Orientation#1.2 ~End Drop - Bottom
~ Orientation #2 — Side Drop
Orientation#3.1  ~Corner Drop - Top -
Orientation#32  — Corner Drop - Bottom -
Orientation #4 - Oblique Drop - Side Comer

To cushion the impact during a 30-ft drop test, the F-294 package has a top crush shleld The crush
shield assembly is as shown in Figure 2.10.9-F2. There are seven fins in each of four quadrant segments;
28 fins in total spaced around the circumference. Eight of the 28 fins have extension legs located on
the assembly within the container side cooling fins. This method assists in trapping the crush shield
assembly within the container assembly, thereby ensuring that the crush shxeld w111 not "ﬂy away”

upon impact.

Within the crush shield assembly is a top fireshield sub-assembly conmstmg of "KAOWOOL" insulation
sandwiched between two carbon steel plates. The fins of the crush shield are joined to a ring collar and a
donut ring. The crush shield assembly sits flush on the container top fins and is bolted at eight locations
(two fasteners per location) to the container top fins; four on the mounting pads on top of the container
and four on the side container fins adjacent to the lift lug fins. There are exght top fasteners and eight side
fasteners connecting the crush shield to the container top fins.

In addition, the external fins on the container, the fixed skid, the shipping sk1d all these serve as
energy absorbing devices during a 30-ft drop test. Depending upon the drop orientation, only some .
of the energy absorbing devices come into play. .

The analytical structural assessment of the F-294 package and, in particular, the energy absorbmg elements
of the package, subjected to 30-ft drop test for end, side, comer drop orientations are presented here. The
methodology for performing the energy absorption by the fins is based on Davis as per Ref, [18]. Table
2.10.9-T1 outlines the flowchart describing the logic behind fin energy absorption calculations.
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Table 2.10.9-T1

Flow Chart: Methodology for Fin Impact Energy Absorption Calculations

(Block Chart of Fin Analysis)

Begin

Identify type of fin; classify type #1 fin; assume x% crush

Fin geometrical parameters: width or loaded length (b), thickness (t), height (h)

From Davis Fin data/figures, for a specific fin height (h) and fin loading angle (0°, 10°), select multiplier
(na) proportional to x% crush). Select a

Calculate static plastic moment (my); m, = Gy bt¥/4, where o, = static yicld stress value of the fin material

] Energy absorbed by a fin loaded at loading angle (0°, 10° etc.) ea=na x m,

Total energy absorbed by type #1 fins: eta = number of type #1 fins x ea

If there is more than one type of fin, repeat steps 1 through 6 for each different type of fin.

Compare total aggregate energy absorbed (Zeta) by all fins of the package versus the 30-ft free drop
energy of the package (eo)

If eta > eo, then x% crush as per 1st step is incorrect (too high);
If eta < eo, then x% crush as per 1st step is incorrect (too low);
If x% > 45%, go to step 10; otherwise use a better value of x% and repeat steps 3 through 9

Check point

Now estimate the peak force resulting from fin impact

For each type of fin, and each fin loading angle, for each fin ratio [h/t], from Davis data/figures select
peak force per linear inch of fin parameter (ft.-Ib./in)

p, peak force per fin = £ x loaded length of fin (b)

Total aggregate peak force of all fins pa = Zp

Estimate G-load; G-load = pa/Wr=29, Where we.ao¢ is weight of F-294 container

'smp

End
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Figure 2.10.9-F2
F-294 Crush Shield Impact Limiter
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- Chapter 2

2. SUMMARY OF THE ANALYSIS OF DROP TEST IN END SIDE AND
CORNER ORIENTATIONS .~

Table 2.10.9-T2 summarizes the impact data of the F-294 package subject to 30-ft free drop test.

I top end drop, 7.74 x 10° in-Ib. of energy is absorbed by the crush shield and the container fins. This
represents 104% of the 30-ft drop energy. None of the energy is absorbed in the cask shell and lead

- shielding ;consequently resulting in almost minimal lead slump. We conservatively assigned a value of

0.4 in. max lead slump. The G-load =200 g s at the nnpact pomt. The crush shield drsplaees down by

about 1.8 in. '

In sxde drop # 1, 8 875 x 10° in.-Ib. of energy is absorbed This represents 110% of the 30-ft drop energy
36% of 30-ft drop energy is absorbed in the cask shell and lead resultmg in lead slump of 0.6 in. max.
'I'he G-load range is 100 g's -520 g's at the :mpact point.

In side drop #2, 9. 178 x 10° in.-Ib. ofenergy is absorbed. Thrs represents 121% of the 30—ﬁ drop energy
36% of 30-ft drop energy is absorbed in the cask shell and lead resulting in lead slump of 0 6 in. max.
The G-load range is 100 g’s -500 g's at the rmpact pomt. '

In top corner drop, 7.9 x 10° in.-Ib. of energy is absorbed. This represents 104% of the 30-ft drop energy.
41% of 30-ft drop energy is absorbed in the cask top corner; resulting in lead dxsplaeement of 1.125in.
max. The G-load range is 315 g’s -338 g's at the impact point.

In bottom comer drop, 7.8 x 10° in.-Ib. ofenergyrsabsorbed This represents 103% of the 30-ﬁ drop energy.
' The 10% of 30-ft drop energy shall be absorbed by the cask shell and lead; resulting in negligible lead
displacement. The G-load range is 104 g's-530 g's at the impact point.

In bottom end drop, 7.9 x 10 in.-1b. of energy is absorbed by the crush shield and the container fins.

This represents 104% of the 30-ft drop energy. None of the energy is absorbed in the cask shell and lead
sh:eldmg ;consequently resulting in almost minimal lead stump. We conservatively assigned & value of
0.4 in. max lead slump. The G-load =334 g's at the impact point.

The impact energy absorption elements of the F—294 package will crush about 1.8 to 5.0 in. The F-294
package will be subjected to G-loads at the impact point in the range 100 < G < 530. At locations away from
the impact point the deceleration G-loads shall be lower in magnitude compared to G-loads at the impact
point; such a measure is given in section 8. Therefore, the deceleration loads to which sub-components are
subjected are known. The estimated energy absorption range suggests that sufficient absorption capability
exists and the crush shield design is adequate. The top corner drop appears to be the “worst” drop test
orientation.

It is demonstrated that the structural integrity of the F-29400ntainerwillbemaintainedwhenﬂ1el=‘-294package
is subjected to 30-ft drop test; the outer stainless steel jacket surrounding the lead shielding shall not be breached.
In the absence of actual post-drop deformation data of F-294, Figure. 2.10.9-F3 provides a postulated
displacement at three distinct vectors (horizontal, vertical, 33° radial form vertical) around the F-294 container
which can be used for post-accident shielding evaluation in Chapter 5.

The retention of the crush shield and the cylmdncal fireshield has also been examined in section 9 and
demonstrated to be sound.

The determination of the maximum damaging drop test orientation of the F-294 transport package is
presented in Chapter 2, Appendix 2.10.11.
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Table 2.10.9-T2
Summary of Impact Data of F-294 Package Subjected to 30-Ft Free Drop

- Designated ] . D

:Orientation| Ori
1.1 1.56 1.4 102% 42 200 | 3.825in. 0.4 in.
1.2 7.56 7.9 104% 39 400 1.8 in. 0.4 in.
2.1 ]S)’g; " 7.56 8875 | 110% | 108 | 520 | 2t04in. | 06in.
22 ]S)‘;‘o‘; " 7.56 9.178 121% | 99 500 | 2¢04in. | 06in
31 Top o« 7.56 7.9 104% 7.1 338 5in. 1.125 in,

Bottom

3.2 Comer 7.56 7.8 103% | 106 530 | 2todin. 0. in.
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Chapter 2

3. TOP END DROP
3.1 MODE OF IMPACT

See Figure 2.10.9-F4
1. The top collar of the crush shield impacts the unyielding surface first.

2. The fins of the crush shield start buckling in a double hinge manner, restrained against by the

mounting pad on top container fins.

3. As the container top fins are marginally less stiff than the crush shield fins, the container top fins
will absorb part of the impact and the balance shall be absorbed by the crush shield fins until all
the potential energy Eo is fully absorbed. The container fins will start "buckling” coincidentally

with the crush shield fins.

3.2 POTENTIAL ENERGY DUE TO 30-FT DROP HEIGHT OF THE PACKAGE

The potential energy due to 30-ft drop height of the package, Eo

Eo =Wr24 * H
=21,000*30* 12
= 7,560,000 in.-Ib.
where
Wra2es = weight of F-294 package, 21,000 Ib.
H = drop test height = 30 feet

3.3 GEOMETRICAL DATA FOR IMPACT LIMITING FINS
See for geometrical data.

34 ENERGY ABSORBED BY 0.5 IN. THICK CRUSH SHIELD FINS

34.1 Fin Type #1 Parameters

o Effective height,h =9, in
o Thickness, t ' =0.51n.
s Loaded length, b =6in.
e material =CR C1020
o % ofcrush =22.5%
342 Energy Absorbed Per Fin at Zero Degree Loading Angle
EArNTYPEM® =N*Mp
=105 * oy *bt*/ 4
=10.5 * 46,000 * 6 * (0.5)*/ 4
= 181,125 in.-Ib. per fin
where
EArnTvPEH® = Energy absorbed per fin in.-Ib.
N = Empirical parameter relating [absorbed energy/plastic moment] to
[deformation/original height] for a mild steel fin.
= 10.5 from Figure 2.10.9-F6.1.
Mp - =Plastic Moment in.-Ib.
=gy * bt /4
Oy =yield stress of C1020 steel = 46000 psi.
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343

3.5
3.5.1

352

where

Energy Absorbed by 28, 0.5 in. Thick Fms of the Crush Shield (EAl)

EA - =28+%181,125 K
=5.0568 * 106Am.-,-Ib.

' ENERGY ABSORBED BY 0.375 IN. THICK CONTAINER FINS

Fin Type #2 Parameters
o Effective height, h=8.in. B
o Thickness,t = =0375in.
e Loaded length,b =8in.
e material = ss304L
e % of crush =22.5%

Energy Absorbed per fin at Zero Degrees Loading Angle -
EArnTyPER =N*Mp '
=10*oy*btt/4 ,
—10*25000*8*(0375) /4
=70,266 m.-lb per ﬁn

EArnTYRE®R —Energyabsorbedperﬁnm-lb — L
- =Empirical parameter relating [absorbed energylplasuc moment] o
[deformation/original height]for a mild steel fin,
= 10. from Figure 2.10 9-F6 l for 8 in. ﬁnhelght, 22.5% crush

- Mp = Plastic Moment m.-lb _

353

3.6
3.6.1

3.6.2

 =oy*bt’/4 ‘ o
Oy o = yleld slrcss of ss304L steel 25000 p51
Energy absorbed by 24, 0.375 in. thick ﬁns of the container fins (EA;)

EA;, : —NumberofﬁnstAmmn
o =24%70266 .
=1686*10°m.-1b

ENERGY ABSORBED BY 0. 5 IN THI CK CONTAHVER FINS

Fin Type #3 Parameters L
e Effective height, h=8.in.
e Thickness, t =0.5in.
e Loaded length, b =8im. .
e material - =5s304L .-
e % of crush oo =225%
Energy Absorbed Per Fin at Zero Degrees Loading Angle
EAmvtyeem =N*Mp
=10*oy*bt’/4
=10*25,000* 8 * (0.57/ 4

= 125,000 in.-Ib. per fin
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where
EArNTYPE# = Energy absorbed per fin in.-Ib.
N = Empirical parameter relating [absorbed energy/plastic moment)
to [deformation/original height] for a mild steel fin.
= 10 from Figure 2.10.9-F6.1, for 8 in. fin height, 22.5% crush
M = Plastic Moment in.-Ib.
=gy *bt’ /4
Oy =yield stress of ss304L steel = 25,000 psi.

3.6.3 Energy Absorbed by 8, 0.5 in. Thick Fins of the Container (EAj)

EA,; = Number of fins X EArmn1yresm
=8 * 125,000
=1.0 * 10% in-Ib.

3.7 TOTAL ENERGY ABSORBED, EAr

EAr =EA; +EA; +EA;

= (5.0568 + 1.686 + 1.0) * 10° in-Ib.

=7.7428 * 10° in.-1b.
The total energy absorbed, by the crush shield fins and the container fins, is computed to be EAr = 7.7428
* 108 in.-Ib., without taking credit of the reinforcing structural members. As the total computed energy
absorbed EAr (7.7428 * 10° in.-1b.) 2 Eo (7.56 * 10° in.-Ib.), the initial required potential energy of the
F-294 package, the F-294 in the top end drop orientation has been demonstrated to have the full capablhty
of absorbing all the required energy due to 30-ft free drop test for top end drop orientation.

The resulting total deformation (crush) = 3.825 in. In other words, the crush shield is displaced in towards
the container by distance of 3.825 in. The 3.825 in. displacement results from: ~

o deformation of the crush shield is 22.5% of 9 in. = 2.025 in. PLUS

¢ deformation of the top container fins 22.5% of 8.0 in = 1.8 in.

The estimate of resulting G-loads is given in the following section.

In the above computation, only the non-braced fins were individually considered and their energy summed
to arrive at the cumulative energy absorbed by the crush shield or the container fins. In reality, the crush
shield fins are joined by a number of structural members (i.e., donut ring, etc.). The contribution of the
braced fins is quantified by a factor, Ficomposirenon-composire) Which is estimated in section 5.4.

3.8 ESTIMATE OF PEAK FORCE AND G-LOADS
Data from Ref. [18] is used to estimate peak force; also see Figure 2.10.9-F7.1.

3.8.1 Crush Shield

[height of fin/thickness of fin] = 9.0/0.5 = 18

From Figure 2.10.9-F7.1, peak force, P; = 10,000 Ib. per in. of loaded length of fin per fin.
Total peak force, FP; = peak force * loaded length per fin * number of fins

=Py xbx28

=10,000 * 6 * 28

=1.68 * 10° Ib.
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3.82  Container top fins (0.375 in. thick)'

[height of fin/thickness of fin] = 8.0/0.375 =21.3 :

From Figure 2.10.9-F7.1, peak force, p; = 8,000 Ib. per in. ofloadedlengthofﬁnperﬁn.

Total peak force, FP» -peakforce*loadedlengthperﬁn*numberofﬁns S
=P,xbx24 - ,
=8,000%8%*24
=l.536*10°1b.‘ o

- 383 Container top fins (0.5 in. thick)

[height of fin/thickness of fin] = 8.0/0.5 =16 - : ,
From Figure 2.10.9-F7.1, Peak force = lSOOOlb per in. ofloaded length ofﬁnperﬁn o
Total peak force, FP; = peak force * loaded lengthperfin *number of ﬁns R

—P3XbX8 7

=15000*8*8

=0.96* 10°Ib.

384 Cumulative Total Peak Fofce

The cumulative sum of discrete peak forces is:
EFP —FP1+FP2+FP3
=(1 68+1536+096)*106
=4.176 * 10° Ib.

3.8.5  Estimate of G-loads

Itis possible to estimate G-loads based on peak foroes ealculated using DAVIS method Ref. [18]. 'I'he o
cumulative Peak force ZFP =4.176 * 10° Ib., exclusive of stiffening factors due to stiffening structural ~
members.

Therefore
G = ZFP/Wr.204
=4.176 * 10° b/ 21 000 Ib.
=199 g's.

Another method of estimating G-load is based on the linear mcthod as per Ref. {33] This method assumes
the package is cushioning with linear elast:clty and no bottommg out o
Gz = 2H/S )
where S
H -

drop test height = 30 feet = 360 in.
g A

total crush distance =
= crush shield + container fins
=225%*9in.+22.5% *8in.
=2025+1.8 " B
=3.825mn.

G; =2*360/3.825
=188 g's ‘

non
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3.8.5.1 Summary of G-load Range

Based on above calculations, during the hypothetical 30-ft drop test and specifically in the top end drop
orientation, the F-294 Package shall be subjected to a G-load range of 188 g's < G-load <199 g's at
the impact point. At locations away from the impact point but within the container, the G-loads are reduced.

See Transnucleaire Ref. [37] for Dupont 15 ton flask in Appendix 2.10.10.

At 120 cm. from the impact zone of 25 cm., the G-loads were 50% or lower. Based on this, the G-loads on

F-294 the cavity end plate, a distance of 80 cm. from the impact point, are in the range of 0.6 x 200 g's =
120 g's. This G-load data shall be used to evaluate stresses on the cavity end plate.

3.9 LEAD SLUMP IN THE TOP END IMPACT

An end drop of a cask in which lead is not bonded to the steel shell will cause the lead to settle, thus crating
a void in the end opposite the point of impact (see Figure 2.10.9-F8). An analysis of such an impact, based

on the energy absorbed by the lead (as a result of its deformation) and by the outer steel shell (as a result of
its circumferential strain from internal lead pressure) has been made [Ref. [25]].

The change in the lead volume in an impact may be estimated from equation:

AV=RWH/(tscs+Rop,) . . . . . . « . . Equationl

For negligible changes in the outer radius, R, and the inner radms of lead, 1, the change in the height of the
lead column, AH, is

AH=AV/[r@®*-")] . . . . . . . . . . . . . . Equation2
combining equations 1 and 2 yields

AH=RWH/[r(R*-P)(ts0s-Rom)] . . . . . . . . . . Equation3
where

AH = amount of lead slump, in.

R = outer radius of lead cylinder = 17.5 in.

r = inner radius of lead cylinder = 6.25 in.

ts = thickness of ss304 shell = 0.5 in.

H = drop test height = 30-ft = 360 in.

Wr.204 = weight of the F-294 container = 21,000 Ib.

Os = dynamic flow stress of steel = 50,000 psi

Opb = dynamic flow stress of lead = 5,000 psi

As noted earlier, equation 3 is based on an unbonded lead condition since neither the support provided by
steel shells nor the possibility of collapse of the inner shell by buckling is taken into account. For an end
impact of a cylindrical cask having non-buffered ends (without any shock absorbers), the amount of lead
slump is:

AH = RWH/[®((R? - r*)(ts05 — ROp)]

=17.5 x 21,000 x 360/[re(17.5% - 6.25%) (0.5 x 50,000 + 17.5 x 5,000)]

=17.5 x 21,000 x 360/839.5 x 112,500

=14in.
In the end impact, all (100%) of the potential energy attributed to 30-ft drop height of the package has
been shown to be absorbed by 1) the crush shield and 2) the fins on the container (see Appendix 2.10).
Consequently, there is no unabsorbed energy remaining; therefore, neither the container lead shielding nor
the container shells are called upon to absorb impact energy.
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Therefore, the estimate of lead slump AH = 1.4 in. based on the cask without shock absorbers, absorbmg
all the PE due to 30-ft as impact energy, is grossly conservative. In addition the lead shielding is normally
bonded to the steel shell, which further mitigates the lead slump

For purposes of shielding calculations in post-hypothetical accident conditions s1tuat|on, the effective
AH.qrocive = 25% of 1.4 = 0.375 in. is arbitrarily seIected the factor of 25% is an allowance for
uncertainties in the calculations. :

Flgure 2. 10 9-F4 :
F—294 in Top End Drop Onentatmn
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Figure 2.10.9-F5
Geometrical Data of the Crush Shield Fin # in the Top End Drop
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 Figure 2.10.9-F6.1 -
Parameter [Absorbed Energy/Plastic Moment] versus Parameter
[Deformation/Original Height] for Fin impacting at 0°
- (Data appended from Ref. [18])
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Figure 2.10.9-F6.2
Parameter [Absorbed Energy/Plastic Moment] versus Parameter
[Deformation/Original Height] for Fin impacting at 10°
(Data appended from Ref. [18])
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Figure 2.10.9-F6.3
Parameter [Absorbed Energy/Plastic Moment] versus Parameter
[Deformation/Original Height] for Fin impacting at 20°
(Data appended from Ref [18D)
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Figure 2.10.9-F6.4
Parameter [Absorbed Energy/Plastic Moment] versus Parameter
[Deformation/Original Height] for Fin impacting at 30°
(Data appended from Ref. [18])
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' Figure 2.10.9-F6.5
~ Parameter [Absorbed Energy/Plastic Moment] versus Parameter
[Deformation/Original Height] for Fin impacting at 40°

(Data appended from Ref. [18])
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Figure 2.10.9-F7.1

Parameter [Peak force] versus Parameter [height/thickness] for Fin Impacting at 0°
(Data appended from Ref. [18])
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) - Figure 2.10 9-F7.2
U Parameter [Peak Force] versus Parameter [height/thickness] for Fin Impactmg at 10°
(Data appended from Ref [18))
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Figure 2.10.9-F7.3
Parameter [Peak force] versus Parameter [height/thickness] for Fin Impacting at 20°
(Data appended from Ref. [18])
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Figure 2.10.9-F7.4
Parameter [Peak force] versus Parameter [height/thickness] for Fin Impacting at 30°
(Data. appended from Ref. [18])
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Figure 2.10.9-F7.5
Parameter [Peak force] versus Parameter [height/thickness] for Fin Impacting at 40°
(Data appended from Ref. [18])
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Figure 2.10.9-F8
Lead Slump in the Top End Drop
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4. SIDE DROP

There are two mutually perpendicular side drops to consider: side drop #1 (see Figure 2.10.9-F9) and side drop \_/
#2 (see Figure 2.10.9-F10). Side drop #1 is orthogonal to side drop #2. Side drop #1 analysis is presented
in section 4.1; side drop #2 analysis is presented in section 4.2.

4.1 SIDE DROP #1
4.1.1 Mode of Impact

First stage (primary) impact. See Figure 2.10.9-F11.

The entire 78-inch length of the 8 x 3 structural channel of the shipping skid and the ends of two I-beams
impact the unyielding surface first. The four gusset plates within the channel will crush and the I-beam
will deform. The bolts (connecting the shipping skid to the fixed skid) will be sheared; consequently the
shipping skid will be detached from the balance of the package assembly. The balance of the package
will rotate around the CG for the secondary impact.

Second stage (secondary) impact. See Figure 2.10.9-F11.

After the F-294 container rotates, the side of the crush shield impacts the unyielding surface at
approximately 15°. As the secondary impact progresses the top of the cylindrical fireshield impacts
the unyielding surface. As the impact progresses, the container top fins are crushed.

Third stage (tertiary) impact. See Figure 2.10.9-F11.

After the container has absorbed as much epergy as it is capable of in 1st and 2nd stages, the container

shall be subjected to secondary rebound. The height of the secondary rebound shall be proportional to

the elastic portion of the energy absorbed by the container during 2nd stage. After the secondary rebound, ‘
the remaining momentum causes the container to rotate about CG and impact on the bottom end of the -
cylindrical fireshield, followed by the fixed skid, and finally the side external fins of the container. Any

remaining unabsorbed energy shall be absorbed by the cask shell and lead until the container comes to rest.

Energy absorption, G-loads for each stage shall be carried out.

4.1.2 Potential Energy of F-294 Package

The potential energy due to 30-ft drop height of the package, Eo
Eo =Wras * H
=21,000*30* 12
= 7,560,000 in.-Ib.

413 Energy Absorption, G-Loads for 1st Stage

There are two (2) energy absorption structural elements that can be analyzed. These are
1. Four gusset plates between two channels of the shipping skid.
2. Ibeams

4.1.3.1 Energy Absorption by Four Gusset Plates of the Shipping Skid

See Figure 2.10.9-F12.
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i) Fin Parameters

o Effective height, h=19.51in. -

e Thickness, t =075in.

e Loadedlength,b =8in ,

e matenial = ASTM A-36

e % of crush =45%

e finloading angle =0°

ii) Energy absorbed by one fin at 0° loadmg angle :
Ea =N*Mp :
=9*gy*bt’/4

9*36000*8*(075)2/4

= 364,500 m.-Ib. per ﬁn
where ‘
Ern  =Energy absorbed per ﬁn in. -lb
N = Empirical parameter relating [absorbed energy/plastlc moment] to
[deformation/original height]for a mild steel fin.
= 9 from Figure 2.10.9-F6.1, for 9-in. fin height, 45% crush. Note: data for 19.5 m.he:ght
fin does not exist; so 9-in. ﬁnhexghtdatalsemapolatedand

N =9,
Mp = Plastic Moment in.-Ib.
=0y *b? /4

Oy = yield stress of ASTM A-36 steel 36000 psi.’

1ii) Energy absorbed by 4, 0.75 in. thick fins
EAgusser =4 * 364,500
=1.458 * 10° in-Ib.

4.1.3.2 Energy Absorption by Two I-beam Overhang "

This energy absorption is an approxlmatxon as the effect of cross I-beéms is dlfﬁcult to account for. |
Each I-beam overhang member is treated as a dlscrete fin - one web fin and two ﬂange fins.

A Web Fin
See Figure 2.10.9-F12.
s Effective height, h= 10 in. (actual he1ght= 17 m.)
e Thickness,t =0.25 in.
¢ Loaded length, b =4in.
e material - = ASTM A-36
¢ % of crush* =225% ‘
¢ loading angle = 0° (angle of inclination to the unyielding surface)
* This implies only bending (single hinge fmlm'e mode) of finonly. -
M =oybt’/4 .
= 36,000 x 4x (o 25)%/4
- =2,250 in.-1b.
N = 9 (Figures 2.10.9-F6.1 & 6.2 at 22.5%, 10 in. fin height)
EAwgs Fiv =NxM;p
=9x2,250
= 20,250 in.-lb.
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B Two Flange Fins
See Figure 2.10.9-F12.
Effective height, h = 10 in. (actual height = 17 in.)
Thickness, t =0.375 in.
Loaded length, b =4in.
material = ASTM A-36
% of crush* =22.5%
loading angle = 0° (angle of inclination to the unyielding surface)
* This implies only bending (single hinge failure mode) of fin only.
Mp =0y btz /4
=36,000 x 4 x (0.375)"/4
5,060 in.-Ib.
N 9 (Figures 2.10.9-F6.1 & 6.2 22.5%, 10 in. height)
EApancern =NxMp
=9x 5,060
= 45,540 in.-Ib. per flange per I-beam
As there are two flange fins per I-beam,

EApm ANGE =2 x 45,540 = 91,080 in.-1b.
Therefore, per I'beam end, the energy absorption is
EAypeam =EAmance  t+EAwesrmn
=91,080 + 20,250 in.-Ib.

= 111,330 in.-Ib. per I-beam end

As there are two I beam ends impacting at the same time,

EAigeammps = Number of I-beam ends x EA;gpam
=2x111,330
= 273,200 in.-Ib.
=0.223 x 10° in-Ib.

4.1.3.3 First Stage: Energy Absorbed by Two Structural Elements

The total energy absorbed by four gussets and two I-beam ends is

PEAT, 15 stage =ZXEAgusser + EArpeam enDs
= (1.458 + 0.223)* 10 in.-Ib.
=1.681 x 10° in.-Ib.

4.1.3.4 Ratio of First Stage Energy Absorbed/Initial Potential Energy

EAr, 15 stge/Eo =1.681 x 10%7.56 x 10°
=222%

It is estimated that 22.2% of the initial potential energy of F-294 package subjected to 30-ft free drop is
absorbed in the first stage of the drop.
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4.1.3.5 Estzmate of Peak Force and G-Ioad :

4.1.3.5.1 Gusset Plate

[Height of the fin/thickness of the fin]= 10/0.75 = 13.3
Peak force, P = 37500 Ib. per in. per fin (Fxgure 2.10.9-F7.1)
Peak force in gusset plates, FPyuse
FPgusser = unit peak force x loaded length x number of fins
=Pxbx4
=37,500x8x 4
=12x10°D.

4.13.5.2 I-beam

Web of the I-beam o
[Height of fin/thickness of web] 10025=40 .
From Fig 2.10.9-F7.1, Unit Peak force, Py= 8000 b. perm. ofloadedlengthperﬁn
Flange of the I-beam
~ [Height of fin/thickness of flange] = 10/0.375 = 26.7
From Fig 2.10.9-F7.1, unit peak force, ¢, = 8,000 Ib. perm.ofloadedlengthperﬁn
The container weight is acting over 4 in. web length and 4 in. of each flange w1dth The loaded length
ofeachl-beam=4+2x4=12in. L
Peak fOl’CC FP[.bwn

FPj.veam = unit peak force x loaded length x number of I-beam ends
=8,000x12x2 :
=0.192x 10° Ib.

4.1.3.5.3 Channel face : ‘
A channel has two flanges and one web; each ﬂange is3.5 mch hxgh x 0.5 in thick. The ﬂanges are
considered "fins" for estimating peak forces. . .~ . -
[Height of fin/thickness of fin] = 3.5/0. 5= 7
From Figure 2.10.9-F7.1, Unit Peak force, P, = 75,000 lb per mch of loaded length per fin
Effective loaded length of channel face
= [full span of channel
+ span over which contamer load acts}2
=[78 +48]/2
=63
Number of flanges per channel face lmpactmg 2
Peak force, FPaume e
FP charnet foce - —UtheakForeexloadedlengthxmnnberofﬂangesperchannelface
. impacting
=8000x63x2
FPammeite  =9.45x10°Ib.

413.6  Total Peak Force, ZFP

IFP . 7 = FPgusses + FPpeam ents  FPoetannet e
7 —12x106+0192x106+945x1061b
=10.842x 10°Ib. : '
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4.1.3.7 G-load
It is possible to estimate G-load based on peak force calculated using DAVIS method - Ref. [18].

The cumulative Peak force ZFP = 10.842 * 10° Ib., exclusive of stiffening factors due to stiffening
structural members.
Therefore,
G] = XFP/W, F-294
=10.842 * 10° 1b./21,000 Ib.
=516 g's

4.14 Energy absorption, G-loads for 2nd stage

There are three (3) energy absorption structural elements that can be analyzed. These are:
1. A top/side sector of the crush shield
2. A top/side sector of the cylindrical fireshield
3. A top/side sector of the container external cooling fins

4.1.4.1 Energy Absorption by Fins of Crush Shield

Refer to Figure 2.10.9-F13 for layout and numbering of crush shield fins.
How many fins are in the zone of impact? See Figure 2.10.9-F13. It is estimated from the graphical data,
that seven (7) fins (0.5 in. thick) come into play.
‘What is the loading angle for each fin?
6=Bxcosa

0 = fin loading angle (°) ‘

B = angle between vertical axis and fin n

o. = angle between impact pad and the longitudinal axis of the package.
Table 2.10.9-T3 lists the appropriate 9, loading angles for all the fins of the crush shield, as calculated in
the following example; e.g.,
For Fins #3 and #4 (i.e., 0.5 in. thick fin)

0=Bxcosc

0=10x cos 15°

0=95°

where

Table 2.10.9-T3
Fin Data for the Crush Shield Fins in Side Drop #1: 2nd Stage

0.5 in. #3,#5 2 9.5° 14
0.5in. #2, #6 2 19.0° 3
0.5 in. #1,#7 2 28.5° 25
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i) Fin #4,

o/ e Effectiveheighth =8in.
e Thickness, t =0.51n.
e Loadedlength b =9in
e material =C-1020
e % ofcrush =45%
e Joading angle = (° (angle of inclination to the unyleldmg surface)

Therefore, at crush of 45%, for fin height of 8 in., fin inclination angle of 0°, from Flgure 2 10 9-F6 l
the parameter [absorbed energy/plastic moment], N = 14. :
EAmsu ~ =Nxoyxbx€/4
=14 46,000 x 9 x (0.5 /4
=0362x10°in-Ib.

i)  Fins#3 and#5

¢ Effective height, h= 8 in.

e Thickness, t =05 in.

e Loadedlength b =9in

e material =C-1020

e % of crush =45% ‘ o '

¢ loading angle = 9.5° (angle of inclination to ﬂ:e lmyielding surface)

Therefore, at crush-of 45%, for fin helght of 81 m fin mclmatxon angle of 9. 5° from Fxgure 2.10.9-
\_/ F6.2, the parameter [absorbed energy/plastic moment], =14
EAmsmgs =2x14.xovxbxtd
=2x14.x46,000x9x(0.5)/4
=2x0362x10° .
=0.724x 10°in-b. -

iii) Fins #2 and #6 -
For Fins #2 and #6 (i.c., 0.5 in. thxckfm)

e =Bxcos
0 =20xcos 15°c
0 =19.°
e [Effective height, h=8in.
e Thickness, t =05in.
e Loadedlength,b =9in.
e material =C-1020
e % ofcrush =45%
- o loading angle = 19° (angle of mchnauon to the unyleldmg surface)

Therefore, at crush of 45%, for fin height of 8 in., fin inclination angle of 34° from Fi 1gure 2.10.9-
F6.3, the parameter [absorbed energy/plastic moment], N=3
EAmsmas =2xNxoyxbxt/4
- =2x3x46,000x9x(0.57° /4
. =2x77,625
N = 155,250 in.-Ib.
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iv)  Fins #1 and #7
For Fins #1 and #7 (i.e., 0.5 in. thick fin)

0 =f x cos @

0 =30x cos 15°

0 =28.5°

o Effective height, h=8 in.

e Thickness, t =0.5in.

o Loadedlength, b =9in

e material =C-1020

o % ofcrush =45%

¢ loading angle =28.5° (angle of inclination to the unyielding surface)

Therefore, at crush of 45%, for fin height of 8 in., fin inclination angle of 9.5°, from Figures 2.10.9-
F6.4, the parameter [absorbed energy/plastic moment], N =2.5

EArns w147 =2x25x0yxbxt/4
=2x2.5x 46,000 x 9 x (0.5)/4
=2 x 64,687 x 10°
=0.129 x 10° in-Ib.

Therefore, the sum of energy absorbed by all the fins is:

EAcush shictd fins = [EArmvs 14 + EArins 13, 45 + EArmvs 12, 46 + EArmvs 41, #7]
=[0.362 + 0.724+ 0.155 + 0.129] x 10° in.-Ib.
=137x10%in-Ib.

4.14.2 Energy Absorbed by Top/Side Fins of the Container
Refer to Figure 2.10.9-F13 for layout and numbering of container fins.

There are three types of fins on the top of the container 1) 1.25 in. thick 2) 0.5 in. thick 3) 0.375 in. thick.
The container lift lug fin and the 0.5 in. thick fin adjacent to the lift lug fin do not come into play as they
are just outside the zone of impact. Lift lug fin is at 45° to the shipping skid. Refer to Figure 2.10.9-F13
for depiction of effective fin parameters etc.

How many fins are in the zone of impact? See Figure 2.10.9-F13. It is estimated from the graphical data,
that six fins (3/8 in. thick) come into play.
‘What is the loading angle for each fin?
0=PBxcosa
where
0 = fin loading angle (°)
B = angle between fin 1 and finn
o. = angle between impact pad and the longitudinal axis of the package.

Table 2.10.9-T4 lists the appropriate 6, loading angles for all the fins of the container, as calculated in

the following example;
For Fins #5 and #6 (i.e., 0.375 inch fin)

0=Pxcosa
0=5xcos 15°
8=5°

IN/TR 9301 F294, Revision 4 - Appendix 2.10.9 Page 36 - July 2003



Chapter 2

For Fins #4 and #7 (i.e., 0.375 in. thick fin)
0=Pxcoso
0=15x cos 15°
0=14.5°
For Fins #3 and #8 (i.e., 0.375 in. thick fin)
6=Bxcosc
0=25xcos 15°
0=24.5°

‘ - Table 2.10.9-T4 -
Container Fin Data for Side Drop #1: an Stage =

~0375in. fin 5,6 2 R 17
0375 in. fin 4,7 2 .1 145 10
~ 0375in. fin 3,8 2 | w3
i Fins #5 and #6

e Effective height, h=6in.

e Thickness, t =0375i in.

e Loadedlength, b =12in.

e . material . =ss304L

o %ofcrush =35%

¢ loading angle = 5° (angle of inclination to the unyielding surface) -

Therefore, at crush of 45%, for fin height of 6 in., fin inclination angle of 5°, from Figure 2.10.9-F6.1
& F6.2, the parameter [absorbed energy/plastic mommt], N=17.
EAms#sss =2xNxoyxbxt/4
=2x 17x 25,000 x 12 x (0.375//4
=2x179,000
=358,000 in.-b.

ii)  Fins#4 and #7 =
Effective beight, h = 6in.

. _
e Thickness, t =0375in.

o Loadedlength,b =12in. =

e material =ss304L

e %ofcrush =35%

e loading angle =14.5° (angle of mchnatxon to the unyleldmg surface)

Therefore, at crush of 35%, for fin helght of 6i in,, ﬁn mclmatlon angle of 14.5°, from Figures 2.10.9-F6.2
& F6.3, the parameter [absorbed energy/plastic moment], N = 10.
EA]-‘[NS“M —2XNXO’yXbXt2/4
=2x 10x 25,000 x 12 x (0.375)/4
=2 x 105,000
= 210,000 in.-Ib.
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iiiy  Fins #3 and #8

o Effective height, h=6 in.

e Thickness,t =(0.3751n.

o Loadedlength b =12in

» material =ss304L

* % ofcrush =35%

¢ loading angle = 24.5° (angle of inclination to the unyielding surface)

Therefore, at crush of 35%, for fin height of 6 in., fin inclination angle of 24.5°, from Figures 2.10.9-F6.3
and 2.10.9-F6.4, the parameter [absorbed energy/plastic moment}, N =3.
EAF[Ns#g_#s =2XNX0’yXbXt2/4
=2x3x25,000x 12x(0.375)* /4
=2x31,000
= 62,000 in.-Ib.

Therefore the sum of energy absorbed by all the fins is
EAconuinerfis = [EAFINs #s, 46 + EArins wa, 47 + EAriNs #3, 48 ]
=[0.358 + 0.210 + 0.062] x 10° in.-Ib.
=0.63 x 10% in-Ib.

4.14.3 Estimate of Peak Force, G-loads for 2nd Stage

4.1.4.3.1 Estimate of Peak Force

Peak force is evaluated using Ref. [18]. It should be noted that, during impact, this "peak” force is only
experienced by the F-294 package for an extremely short time (in the order of less than 100 milliseconds).

a) For crush shield fins (0.5 in. thick)

1. [height of fin/ thickness of fin]= 8/0.5 = 16

2. fin loading angle = 0°,9.5°,14.5°,24.5°

3.1 For fin #4 at fin loading angle = 0°, unit peak force P, = 12,500 Ib. per in of loaded length per
fin (see Figure 2.10.9-F7.1)

3.2 For fins #3 and #5 at fin loading angle = 9.5°, unit peak force P, = 37,000 Ib. per in of loaded
length per fin (see Figure 2.10.9-F7.2). (9.5°)

3.3 For fins #2 and #6 at fin loading angle = 14.5°, Unit peak force P; = 20,000 1b. per in of
loaded length per fin (See Figure 2.10.9-F7.2 & F7.3).(24°)

3.4 For fins #1 and #7 at fin loading angle = 24.5°, Unit peak force P, = 8,000 Ib. per inch of loaded
length per fin (see Figures 2.10.9-F7.3 and 2.10.9-R7.4).(24.5%)

4. Loaded length of the fin =9 in.
5. Total peak force experienced by the package due to impact of the crush shield;

ZFPcrususamp = loaded length x X [unit peak force x number of fins ]
=9x[P1x1+P;x2+P;x2+Psx2]
=9x[12,500 x 1 + 37,000 x 2 + 20,000x 2 + 8,000x2 ]
=9 x [143,500]
=1.291x 10°b.
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b) For container fins (0.375 in. thick)

. [height of fin/thickness of fin]=6/0.375 = 16

2. Fin loading angle = 5°, 14.5°,25° ' ,

3.1 For fins #5 and #6 with fin loading angle 5° unit peak force P, =20,000 Ib. per inch of
loaded length per fin (see Figure 2.10.9-F7.3) (19°)

3.2 For fins #4 and #7 with fin loading angle = 14.5°, umtpeakforcePz-—ZOOOOIb per in of
loaded length per fin (see Figures 2.10.9-F7.2 and 2.10.9-F7.3) (28.5°)

3.3 For fins #3 and #8 with fin loading angle = =24, 5°, unit peak force P; = 8,000 b. permchof
loaded length per fin (see Figures 2.10.9-F7.2 and 2. 10 9-F7.3) (285°) ‘

4. Loaded length of the fin= 12 in.

5. Total peak force experienced by the package due to lmpact of the 0. 375-mch thick top fins

of the container; -
ZFPos s, conTaner = loaded length X Z[umt peak foree X number of ﬂns]
: ' o 7—12x[P;x2+sz2+P3x2] L
= 12x[20000x2+2x20000+2x8000]
=12 x[96,000] ,
=1152x10°h.
The total peak force, ZFP : :
ZFP = FPcrushsuiEeLp + FPo37s FIN coNTAINER
=[1.291 + 1.152x 10°Ib
=2.416x10°Ib.

41432 Estimate G-load during peak force duration

a) Based on Davis's method (Ref. {18]) of estlmatmg peak 1 forces the G-load is
G =ZFP/Wr.as4
=2.4X 10%21,000
=114g's.

In the side eomerdroponentat:on,theeonmna'ls subjechedtoaG-loadof114g's

415  Energy absorption, G-loads for 3rd stage -

There are three (3) energy absorption structural elements. These are: -

1. A bottom/side sector of the cylindrical fireshield

2. A bottom/side sector of the fixed skid ‘

3. A bottom/side sector of the container external coolmg ﬁns
Of these, 1) and 3) shall be considered herem .

4.1.5.1 Energy Absorpaon by Extemal Coohng Fins on the Contamer

See Figure 2.10.9-F14.
)] Fins #5 and #6 Parameters - -
Effective height,h =4in.

[

o Thickness,t ~  =0375in.

¢ Loaded length, b =32in.

e material =ss304L

o  %ofcrush o =30% ‘

e loading angle = 5° (angle of inclination to the uny:eldmg smface)
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Therefore, at crush of 30%, for fin height of 4 in., from Figures 2.10.9-F6.1 and 2.10.9-F6.2, the
parameter [absorbed energy/plastic moment], N = 16
EAFINS#S,G =2xNx Mp
=2x16x[oyxbxt /4]
=2 x 16 x [25,000 x 32 x (0.375)* /4]
=0.9x 10° in-Ib.

i)  Fins#4 and #7

o Effective height h =4 in.

o Thickness, t =0.375in.

o Loadedlength, b =32in

e material =ss304L

* %ofcrush =30%

® loading angle = 15° (angle of inclination to the unyielding surface)

Therefore, at crush of 30%, for fin height of 4 in., fin inclination angle of 15°, from Figures 2.10.9-F6.2 and
2.10.9-F6.3, the parameter [absorbed energy/plastic moment], N = 10
EArnsupr =2XxNxoyxbxt/4
=2x 10x 25,000 x 32 x (0.375)"/4
=2x0.281x 10°
=0.562 x 10° in.-Ib.

i)  Fins#3 and #8

o Effective height,h =4 in.

o Thickness, t =0.375 in.

o Loaded length,b =32in.

¢ material =ss304L

s %ofcrush =30%

o loading angle = 25° (angle of inclination to the unyielding surface)

Therefore, at crush of 30%, for fin height of 4 in., fin inclination angle of 25°, from Figures 2.10.9-F6.2
and 2.10.9-F6.3, the parameter [absorbed energy/plastic moment}, N =3
EAF[Ns#;'#s =2xNx O'bext2/4
=2x3x25,000x 32 x (0.375)%4
=2x0.084x 10°
=0.168 x 10° in-Ib.

Cumulative energy absorbed by external cooling fins
ZEArms =EArnsss#6 + EArnvs us + EArns 138
= (0.900+ 0.562 + 0.168) x 10° in.-Ib.
=1.63 x 10° in.-Ib.

4.1.5.2 Energy Absorbed by the Cylindrical Fireshield

In the second stage of the impact we had neglected to estimate the energy absorbed by the cylindrical
fireshield. In the third stage the cylindrical fireshield side is impacted. Second and third stage impact of the
fireshield shall be combined and analyzed here. (see Figure 2.10.9-F15).

A cylindrical fireshield is a cylindrical shell which is deformed by some amount in the side impact.
A simple model is given here:
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Step 1 ,
The radius R, decreases to R;
thestrainis€ =[Ro—RiJRo
=AR, :
Step 2
The stress, ¢ = function (€)
Step 3
The compressive stress 6. = 1.6 x ©
Step 4 ‘
The crushed area Acus =L x¢ ,
¢ =2[AQR-A)”
Therefore, Acnsh =Lxc
Acuh =Lx2[AQRRo~A)"
Step 5
Mean crushed area Amem csh = Acust/2
Step6 o |
Mean Impact force |
F.=0c X Ameancrush
Step 7
Work done
U=F:xA
Step 8
G-load = FJW F-294 LESS SKID
Plugging in the data:
A =0.1 in.
Ro =23.75n.
L =30.0in o ‘ :
c =32,000 +[23,000/20) x € (%) . -
we find -
£ =0.1/23.75 = 0.00421
(o] = 32,000 + [23,000/20] x € (%)
= 32,000 + [23,000/20] x 0.421
=32,000+484
= 32,484 psi
Cc =16x0
=1.6xpsi
= 51,974 psi
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c =2[A(2Ro-A)**
=2[0.1 (2x23.75-0.1)]**
=435 in.

L =30in

Aqsh =Lxc¢c
=30.x4.35
=130.5 in?

Apesn aqush = Aqen 12
=130.5/2
=65.35 in’

Mean Impact force

F. = Oc X Amean crush
= 51,974 psi x 65.25
=3.391x 10°Ib.

Work done

U =F.xA
=3391x10°1b.x 0.1 in.
=0.339 x 10° in-Ib.

Hence, it is estimated that for a small deformation of 0.1 in. over a length of 30 in., the energy absorbed
by the cylinder is 0.339 x 10%in.-Ib.
4.1.5.3 Peak Force and G-loads in the 3rd Stage

4.15.3.1 External Cooling Fins
[Height of the fin/thickness of the fin]=4/0.375 = 10.6

Peak force, P, = 55000 Ib. per in. per fin (Figures 2.10.9-F7.1 and 2.10.9-F7.2)

Peak force in cooling fins, FPms
Fin at 5°
FPrmvss s = unit peak force x loaded length x number of fins
=P;xbx2
=55,000x32x2
=3.52x 10°Ib.
Fin at 15°
Peak force, P, = 35,000 Ib. per in. per fin (Figures 2.10.9-F7.2 and 2.10.9-F7.3)
FPrvua = unit peak force x loaded length x number of fins
=P,xbx2
=35000x32x2
=224x10°1b.
Fin at 25°
Peak force, P; = 13,000 Ib. per in. per fin (Figures 2.10.9-F7.3 and 2.10.9-F7.4)
FPrmvua pas = unit peak force x loaded length x number of fins
= P3 xbx2
=13,000x32x2
=0.832x 10°Ib.
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4.1.5.3.2 Peat forces in the Cylindrical Fireshield
' Mean Impact force, rc = G X Amean st

= 51,974 psi x 65.25
=3391x10°1b.
4.1.5.3.3 Total Peak Force, 3FP
TFP = FPoooling fins + Foytindrical freshietd =~ -
=6.592 x 10° +3.391 x 10° Ib.

=9983x 10°Ib.

4.1.5.3.4 G-load ,
It is possible to estimate G-load based on peak force calculated usmg Davis method (Ref [18])

The cumulat:ve Peak force ZFP =9, 983 * 10‘ lb excluswc of stlffenmg factors due to stlffemng structural

members.
Therefore
Gl = ZFP/WF.294 L ‘ '
=9.983 * 10°1b./20,020 Ib.
=500 g's.

4.1.6 Energy Balance, Peak Force, G-load s0 Far
4.1.6.1 Energy Balance

1st Stage S
EArtssmge = 1.681x10°in-Ib.

2nd Stage o
FAxsthidfios = 1.37 x 10% in.-Ib. -
EAciner s~ = 0.63 x 10° in.-Ib.
EAqifreisa = Dot accounted for

3rd Stage , ) e
EAso, = .63 x 10°in.-Ib. -
EAcy fireshicta = 0.339 x 106 lb

Total energy absorbed 50 far 5.65x 10° in.-Ib.

% absorbed = 5.65x 1097.56x10° = 74.7% =

% not absorbed = 25.3%
The 25.3% of 30-ft drop energy shall be taken up be thc cask shell and lead This is presented in
section 4.1.5.

4.1.6.2 Peak Force and G-loads

1 st stage: Peak force = 10.842 x 10° Ib., G-load = 516 g's.
2 nd stage: Peak force = 2.1 x 10° Ib., G-load 100 g's.
3 rd stage: Peak force = 9.991 x10° Ib., G-load = 500 g's

-
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4.1.7 Energy Absorbed by Cask Shell and Lead. Estimate of Lead Movement or Slump

When the container without the fins is approximated to a cylindrical cask with flat end plates dropped in
side drop orientation, the container will absorb energy upon impact in three ways:

1. by deformation of end plates

2. by movement of lead

3. by deformation of cylindrical outer shell.

A relatively small amount of energy is absorbed in bending the steel shell at the point of impact and is,
therefore, neglected in this analysis. Such a model is presented in Figure 2.10.9-F16.

Shappert (Ref. [8], page 59) has provided a method of estimating the amount of lead movement for such a cask.
‘We shall apply formula as per Ref. [8], page 59, to estimate lead movement in the F-294 container. It should be
noted that 75% of the energy absorption has been accounted for in section 4.1.4; consequently only the remaining
25% of the potential energy due to 30-ft height of the package is required to be considered. However, 25% factor
shall be increased to, say, 36% of 30-ft drop height energy to provide a conservative estimate of the lead stump.

The formula is:
WH/AsRLos = [Fi(8)][R/ts(op/0s) + 2(R/L)(t/ts)] + F2 (0)

where
w = effective cask weight = 21,000 1b. — Wy, =21,000 — 980 = 20,020 Ib.
H = effective drop height = 36% of 30 feet = 129.6 in.
F1(0) =0-1/2(sin20)
F2(0) =sin6(2 —cos@) -0

R = the outer shell radius = 18 in.
ts = the outer shell thickness = 0.5 in.
L = length of the shell = 50.25 — 6.0 = 44.25 in.

Cs = the dynamic flow stress of ss304 shell, psi = 50,000 psi

Opp = the dynamic flow stress in lead = 5,000 psi

t. = thickness of ss304 end plate = 0.5 in.

0 = the angle defined in Figure 2.7.1.2-ii)-F12, degrees.
Above formula is based on assumptions that the yield point stress of the ss304 end piece is the same
as that of the ss304 shell and that the end pieces are of equal thickness. In order to use above formula,
the angle 0 and the cask geometry must be known. The angle 6 may be determined from Figure 2.10.9-F17
(reproduced from Ref. [8), Shappert, page 61), which is based on above formula. The maximum
displacement of shielding represented by the outer shell flattening, 3, may be calculated by & = R(1 - cos6)

Calculate Non-dimensional Resistance Parameter #1.
[Rits(0pr/Os) + 2(R/L)(to/15)]
[18/0.5(5,000/50,000) + 2(18/44.25)(0.5/0.5)]
[3.6 + 0.8135]

[4.4135]

Calculate Non-dimensional Energy Parameter #2.
[WH/tsRLos]

[20,020 x 129.6/(0.5 x 18 x 44.25 x 50,000)]
[0.1303]
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Use nomograph as per Figure 2.10.9-F17, with Parameter #1 =4.4135 andpatameter#Z 01303 Connectthe
line between the two parameters and read the vatue of 6 =20°, :

See Figure 2.10.9-F18.
6=R(1 —cos6)
= 18(1 = cos(20°))
5=18(1-0939)

5=1.086in.
Now & =ts + Ajcaa
where :
ts = thickness of flattened ss304 shell = 0.5
A, =amount of lead shxeldmg dlsplaced
A =08-1ts ,
=1.086-0.5
=0586in.

To summarize, in the side drop orientation, it is estimated that the amount of lead slncldmg dlsplaced in
the F-294 container is 0.586 in., which represents appronmately 1.5 half-value layers of lead shielding
for cobalt-60.

4.1.8 Summary

1. In side drop #1, the energy of 30-ft drop is absorbed as per Table 2. lO 9-T5:
2. Peak force and G-loads '
1st stage: Peak force =10.842 x 10° Ib,, G-load =516 g's.
2nd stage: Peak force = 2.1 x 10° Ib., G-load = 100 g’s.
3rd stage: Peak force =9.991 x 10° b, G-load=500g's
3. The estimated lead slump, based on the assumptlons in section 4.1 5i is 0.6 in. whlch represent

1.5 half value layer for lead shielding of cobalt-60. This amount of lead shielding dlsplaoement is
shown in Figure 2.10.9-F3 at horizontal centerline.

4, The structural integrity of stainless steel shell is examined in section 4.3.

" Table 2.10.9-T5 ,
Energy Balance in Side Drop #1

1st | shipping skid 1681 L 22%
2nd | crush shield fins 137 - 18.1%
2nd | container fins » 0.63 ‘ 8.3%
31d | cylindrical fireshield | 0339 | 44%
3rd | container fins 163 - 215%
3rd | cask shell and lead a2t | 360%
Total - | 8875 L 1105%
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4.2 SIDE DROP #2

In Side Drop #1, the entire 78-inch length of the shipping skid channel and the ends of two I-beams impact
against the unyielding surface initially. Side Drop #2 (Figure 2.10.9-F9) is orthogonal to side drop #1.

In Side Drop #2, the ends of the skid channels impact against the unyielding surface and the full length

of one I-beam impacts at the same time. Therefore, the first stage of the drop is different for side drop #1
and side drop #2; but the 2nd stage and the 3rd stage of the drop are identical for both side drop #1 and
side drop #2.

4.2.1 Mode of Impact

1st Stage
The sequence of events is as follows:
1. The ends of the four channel members impact first; the channels deform. The impact is
transmitted to the cross I-beams, gussets, fixed skid, fixed skid gussets, bolts etc.
2. Due to high deceleration loads, the bolts will shear and the shipping skid will separate from
the balance of the package.

2nd Stage
As per previous description, see section 4.1.4

3rd Stage
As per previous description, see section 4.1.5

Energy absorption, peak force, G-loads in the 1st stage shall be re-examined. For stages 2 and 3, previous
data in sections 4.1.4 and 4.1.5 apply.

4.2.2 Energy absorption, G-loads for 1st stage

There are two (2) energy absorption structural elements that can be analyzed. These are:
1. Four gusset plates between two channels of the shipping skid.
2. I-beams.

4221 Energy Absorption by Four Channel Members Overhang

This energy absorption is an approximation, as the effect of cross I-beams and gusset plates is difficult to
account for. Each channel member is treated as a discrete fin - one web fin and two flange fins.

A Web Fin
See Figure 2.10.9-F19.

Effective height, h = 10 in. (actual height = 17 in.)

Thickness, t =043 in.

Loaded length,b =8in.

material = ASTM A-36

% of crush* =22.5%

loading angle = 0° (angle of inclination to the unyielding surface)

* This implies only bending (single hinge failure mode) of fin only.
M; =oy bt’ /4
=36,000 x 8 x (0.43)/4
=13,310 in.-Ib.
N =9 (Figures 2.10.9-F6.1 and 2.10.9-F6.2 at 22.5%, 10 in. fin height)
EAwes N =NxM;
=9x 13,310
= 120,000 in.-Ib.
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B Two Flange Fins

See Figure 2.10.9-F19.

Effective height, h = 10 in. (actual helght = 17 m)

Thickness, t =05in. -

Loaded length,b =35in. =

material = ASTM A-36

% of crush* =225%

loading angle = 0° (angle of mclmatlon to the unyleldmg surface)

* This implies only bending (single hmgefalhxremode) of fin only
Mp -bet2/4
=36,000 x 3.5 x (0.5)"/4
= 17,875 in.-Ib.
N = 9 (Figures 2.10. 9-F6 1'and 2. IO 9-F6 2)225%, 10 in. height)
EApancern  =NxMp = e
- =9x72875 - o
= 70,875 in.-Ib. per fin i

As there are two flange fins per channel end,
EArLaNGE =2x70,875= 141 ‘750 in.-lb.

Therefore, per channel end, the energy absorptlon is
EAauwer  =EAmancet EAweBrn
= 141,750 + 120,000 in.-Ib.
- =261,750 in.-Ib. per channel end

As there are four channel ends impacting at the same tlme, ' ‘
EAG{ANNELBQDS number of channel ends X Fdﬁbq.mm
=4x261,750 - S
=1.047x 10‘ in-Ib.
EAqr =% EAcuanneLenps
' =(1.047)x 10°
The ratio EAr/Eo = 1.047 x 107.56 x 10° = 13, 8% .
It is estimated that 13.8% of the initial potentxal energy of F-294 package subjected to 30—ﬁ free drop test,
is absorbed in the Ist stage. e

4.2, 2 2 Energy Absotptwn by one I-beam

This energy absorptlon is an approximation. Each fiange of the I-beam member is treated as a dlscrete fin -
2 flange ﬁns T . : , S

A Two Flange Fins

See Figure 2.109F19 -
o Effective height, h=4in.
e Thickness, t =0.375 in.:
o Loadedlength,b =63 in.
¢ material - =ASTM A436 .
e % of crush* =225% .
e loading angle = 0° (angle of inclination to the unyielding surface)

* This implies only bending (single hinge failure mode) of fin only.
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Mp = Oy th /4

= 36,000 x 63 x (0.375)/4

=79,734 in.-Ib.
N = 9 (Figures 2.10.9-F6.1 and 6.2 22.5%, 10 in. height)
EApancern =N xMp

=9x79,734

= 717,609 in.-Ib. per flange per I-beam
As there are two flange fins per I-beam,

EArLance =2x 717,609 = 1.435 x10° in.-1b.
Therefore per I-beam end, the energy absorption is
EArpeam = EArLance
= 1.435 x10° in.-Ib.

4.2.3 Energy Absorbed by Two Structural Elements: 1st Stage

The total energy absorbed by four channel ends and one I-beam is
EArsstage = 2 EAchanner enps + EArseam
= (1.047 + 1.435)* 10° in.-Ib.
=2.482 x 10°in-Ib.

Ratio of 1st stage energy Absorbed/Initial Potential Energy

EArisseg/Bo = 2.482 x 10%7.56 x 10°
=32.8%

It is estimated that 32.8% of the initial potential energy of F-294 package subjected to 30-ft free drop is
absorbed in the first stage of the drop. In the 2nd and 3rd stage, the energy absorbed has been computed

as per sections 4.1.2 to 4.1.5

4.24 Summary of Energy Absorbed in Side Drop #2

In the side drop #2, the energy of 30-ft drop is absorbed as per Table 2.10.9-T6.

Table 2.10.9-T6
Energy Balance in Side Drop #2

2nd Crush shield fins 137 18.1%
2nd Container fins 0.63 8.3%

3rd | Cylindrical fireshield 0.339 4.4%

3rd container fins 1.63 21.5%
3rd | caskshell and lead 2.721 36.0%
Total 8.875 121.1%
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4.2.5 Peak Force and G-loads

4.2.5.1 Channel Ends

[Height of fin/thickness of fin] = 10/0.5 = 20 L
From Figure 2.10.9-F7.1, Unit Peak force, P; = 120001b permof loaded lengthperﬁn
Loaded length per channel end = 2 x flange length + web
=2x35+8
=15in.
Number of channel ends =4 :
Total loaded length=4x15=60in. -~ = =
Peak force, FP; = unit peak force x loaded lengthxno of fins -
=12,000 x 60
FP, =720,0001b.

4.2.5.2 I-beam . ,
[Hexght of fin/thickness of ﬁn] 4/0. 375 lO 7

From Flg 2. 10 9-F7.1, Unit Peak force, Pz = 60, 000 Ib. pcr in. of loaded length per ﬁn

The container weight is acting over 44 in. length The bottom shlppmg skid length is 78 in. It is assumed
the loaded length of the I-beam is average i.e., (48 + 78/2 63 in. approxlmately

Number of flanges on one I-beam=2 - . -
Peak force FP; '=umtpeakforcexloadedlengthxno ofﬁns
=60,000x63x2
=7.56x10°b. _
4.2.5.4 Total Peak Force, FP and' G-loads in Fzrst Stage
The cumulative peak force ZFP is: ' R S -
ZFP =FP, +FP;
: =(0.72 +7.56) x 10°
=828x10°Ib.

Therefore the G-load, based on 1st Stage drop is -
G-loadssger = EFPysge1/Wrasa
= 8.28 x 10° 1b/21,000 Ib.
=394 g's. 7 B
Therefore the shipping skid is subject to: 394 g's in the first stage of side drop #2.

Peak force and G-loads
1st stage: Peak force = 8.28 x 106 Ib., G-load =394 g's.
2nd stage: Peak force = 2.1 x 10° Ib., G-load = 100 gs.
3rd stage: Peak force = 9.991 x10° Ib., G-load = 500 g's

IN/TR 9301 F294, Revision 4 - Appendix 2.10.9 Page 49 - July 2003



Chapter 2

4.3 IMPLICATIONS OF PEAK FORCE AND G-LOAD ON THE INTEGRITY OF
CONTAINER AND INTERNALS

4.3.1 Integrity of SS304L Shell Around Lead Shielding

Let us assume that the pairs of fins, 5 and 6, 4 and 7, and 3 and 8 impact at the following times:

Fins #5 and #6 t millisecond

Fins #4 and #7t + 0.1 milliseconds

Fins #3 and #8 t + 0.2 milliseconds
There are three major issues to consider in order to examine the dynamic fracture of the stainless steel shell
under the cooling fin:

1. duration of impact

2. critical impact velocity

3. stress level

1. Duration of impact: see Figure 2.10.9-F20 extracted from Ref. [34]. Based on this data, it takes about
20 milliseconds loading period before the ss jacket is considered to be even yielded (plasticized). The
duration of the impact of fins #5 and #6 before fins #4 and #7 and fins #3 and #8 come to impact is of
the order of 0.1 millisecond.

2. Critical impact velocity: fracture of the fin is not likely as the critical impact velocities are in the range
of 200 ft/sec while the initial impact velocities are 44 ft/sec and less. See Figure 2.10.9-F21, the critical
impact velocities for metals, material appended from Refs. [41] and [43].

3. Stress level: Peak force on the cooling fins #5 and #6, based on Davis's data,

FProvuses =55,000x32x2
=3.52x10°b.

The average compressive stress on the shell due to peak force FPrmvysas.

The effective shell area A =2 x 32 x 3.142 =201 in”.

The average compressive stress Oc = FPrnwsad/A = 3,520,000/201 = 17,512 psi.

The static UTS of ss304L is 70,000 psi.

Therefore, the container stainless steel shell is not likely to fracture in the zone around the fin #5 and #6
and the shell. The safety factor = Static UTS/Applied Stress = 70,000/17,512 = 4.

Overall, based on three arguments (duration of time of impact, velocity of impact, and the resulting
compressive stress in the shell < static UTS), the fins or the ss shell will not fracture.
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 Figure 2.10.9-F9

-F-294 - Side Drop #1
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Figure 2.10.9-F10
F-294 - Side Drop #2
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Figure 2.10.9-F11

Mode of Impact - Side Drop #1
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Figure 2.10.9-F12
Impact of Shipping Skid
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Layout and Numbering of Fins - Side Drop #1: 2nd Stage

Figure 2.10.9-F13
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Figure 2.10.9-F14
Zone of Impact - Side Drop #1: 3rd Stage
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- Figure 2.10.9-F15

" Cylindrical Fireshield - Side Drop #1 -
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Figure 2.10.9-F16
Container Model for Estimating Lead Slump or Displacement in Side Drop
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| Figure 2.10.9-F17 -
' Nomograph for Determining Half Angle of Flat Developed (6) due to
Impact of a Cylindrical Cask with Axis Horizontal
(from Ref. [8], p 61)
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Figure 2.10.9-F18
End View of the Deformation in a Steel-encased Solid Lead Cylinder
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Figure 2.10.9-F19
Impact of Shipping Skid - Side Drop #2, 1st Stage
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Figure 2.10.9-F20

Stress versus Strain for Three Rapid Load Tests on Type 302 Stainless Steel
(Data appended from Ref. [34])
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Figure 2.10.9-F21
Critical Impact Velocities of Metals -
(Data appended from Refs. [41] and {43])
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5. TOP CORNER DROP

5.1 MODE OF IMPACT

See Figure 2.10.9-F22

During a top corner drop test, the following impact scenario is depicted:

1st Stage 1st phase:
The top crush shield impacts the unyielding surface. The crush shield is normally restrained by the top
container fins. The impact forces are therefore transmitted through the crush shield fins into the container
top fins. The crush shield fins will crush until they have absorbed as much energy as they are capable of
before "bottoming".

2nd phase: ,
Next, the container top fins (3/8 in., 0.5 in. thick) will crush until they have absorbed as much energy as
they are capable of before "bottoming". The container lift lug fin (1.25 in. thick) will crush until "bottomed
out” (i.e., 30% crush or less).

3rd phase:
Next, the top sector of the cylindrical fireshield will impact.

4th phase:
Next, the top corner of the cask will impact and start absorbing impact energy.

2nd Stage
The container will bounce; the beight depends upon the elastic energy stored in the 1st stage.

3rd Stage
The container will be subjected to rotation and drop again (secondary drop) and come to rest on its side.

5.2 ENERGY ABSORPTION, G-LOADS FOR IST STAGE

There are energy absorption structural elements that can be analyzed. These are
1. crush shield fins

2. container fins
3. cylindrical fireshield top sector
4. cask top corner.
The energy absorbed by 1., 2., and 4. shall be presented here.

5.2.1 Energy Absorbed by the Fins of the Crush Shield
Refer to Figure 2.10.9-F23 for layout and numbering of crush shield fins.

How many fins are in the zone of impact? See Figure 2.10.9-F23. It is estimated from the graphical data,
that 10 fins (0.5 in. thick) come into play. Refer to Figure 2.10.9-F25 for representative fin parameters.

‘What is the loading angle for each fin?
0=Pxcoso
where
0 = fin loading angle (°)
B = angle between fin 1 and finn
o= angle between impact pad and the longitudinal axis of the package = 57°
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Table 2. 10 9-T7 lists the appropriate 6, loadmg angles for all the fins of the crush shield, as calculated in
the following example; e.g.,

For Fins #1 and #28 (i.e., 0.5 in. thick ﬁn)
0=Bxcoso
0=15xcos 57°
0=28.2°

For Fins #2 and #27 (i.e., 0.5 in. thick fin)
0=Pxcosa
0=25xcos 57°
0=13.6°

For Fins #3 and #26 (i.e., 0.5 in. thick fin)

0=Pxcoso
0=35xcos57°
0=19°

For Fins #4 and #25 (i.e., OSm.thxckﬁn) _

0=PBxcosc
0=45x cos 57°
6=24.5°

For Fins #5 and #24 (i, 0.5 in. th1ckﬁn)

6=fxcoso
0=55xcos57° -
0=130°

Table 2.10.9-T7

Fin Data for the Crush Shield Fms in Top Cdrner Drop Onentatlon

05 1,28 2 - 82° 18 - 18R20=09
0.5in. 2,27 2 | 136 14 14720 =07
0.5 in. 3,26 2 19.0° 45 4.5/20=0.225
0Sin. | 4,25 2 24.5° 35 3.520=0.175
0.5in. 524 2 30.0° 3.0 3./20=0.15

Fins #1 and #28

e Effective height, h=6 in.

e Thickness, t =0.5in.

¢ Loadedlength,b =11in.

¢ material = ASTM A-36

e %ofcrush - = =45%

¢ loading angle = 8.2° (angle of mc]mauon to the unyleldmg surface)

Therefore, at crush of 45%, for fin height of 5 in., fin inclination angle of 8.2° from Flgure 2.10.9-F6.2,
the parameter [absorbed energy/plastic moment], N = 18.
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Note: for 0° fin loading angle, at 45% crush, § in. fin, from Figure 2.10.9-F6.1, the parameter [absorbed
energy/plastic moment], No = 20.
EArms #1,128 =2xNxoyxbxt/4
=2x 18x 46,000 x 11 x (0.5)* /4
=2x0.569 x 10°
=1.138 x 10° in-Ib.

if) Fins #2 and #27

o Effective height, h=6in.

e Thickness,t =(.51n.

o Loaded length, b =11in.

* material = ASTM A-36

*  %ofcrush =45%

o loading angle = 13.6° (angle of inclination to the unyielding surface)

Therefore, at crush of 45%, for fin height of 6 in., fin inclination angle of 13.6°, from Figures 2.10.9-
F6.2 and 2.10.9-F6.3, the parameter [absorbed energy/plastic moment], N = 14.0
EArs 2,027 =2x14.xoyxbxt*/4
=2x 14.x 46,000 x 11 x (0.5)* /4
=2x0443 x 10°
=(.886 x 10° in.-Ib.

iii) Fins #3 and #26

o Effective height, h=6 in.

o Thickness, t =(.5 in.

o Loaded length,b =111in.

e material = ASTM A-36

e % of crush =45%

¢ loading angle = 19° (angle of inclination to the unyielding surface)

Therefore, at crush of 45%, for fin height of 6 in., fin inclination angle of 19°, from Figure 2.10.9-
F6.3, the parameter [absorbed energy/plastic moment], N = 4.5
EApmsgg,#zs =2XNXO'bext2/4
=2x4.5x46,000x 11 x (0.5%4
=2x0.142x 10°
=0.284x 10° in-Ib.

iv)  Fins #4 and #25

o Effective heightt h =6in.

o Thickness, t =0.51n.

o Loadedlength b =11in

e material = ASTM A-36

* % of crush =45%

o loading angle = 24.5° (angle of inclination to the unyielding surface)
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Therefore, at crush of 45%, for fin height of 6 in., fin inclination angle of 24. 5° from Fxgmm 2.109-
F6.3 and 2.10.9-F6.4, the parameter [absorbed energy/plastic moment], N=35
EAmsmms =2xNxoyxbxt/d .
=2x3.5%46000x 11 x (0.5 /4
=2x0.110x 10°
=0.220 x 10° in-Ib.

v) Fins #5 and #24

e Effective height, h=61n.

e Thickness, t =05in.

e Loadedlength,b =11in

e material = ASTM A-36

¢ % ofcrush =45%

e loading angle = 30° (angle of inclination to the unyleldmg surface)

Therefore, at crush of 45%, for fin height of 6 in., fin inclination angle of 30°, from Fi lgure :2.10.9-
F6.4, the parameter [absorbed energy/plastic moment] N=3.
FAmsesme =2xNxoyxbx©£/4
=2x3.x46,000 x 11x(05)’/4
=2x0.0948x 10°
=0.189 x 10° in-Ib.

Therefore the sum of energy absorbed by all the fins is
EAcqunsicds = [EArns#mns + EArns mpnr + EArns 06
+ EArssums + EApnsasina | '
=[1.138 +0.886 +0.284 + 0.220 + 0.189] x 10° in-Ib.
- =2717x 10° in-b. ,

52.2  Energy Absorbed by Top Fins of the Container
Refer to Figure 2.10.9-F24 for layout and numbering of container ﬁns 7 '

Therearethreetypwofﬁnsonthetopofthecontamer
125in. thick ;
0.5 in. thick
'0.375 in. thick. o

Refer to Figure 2.10.9-F25 for depiction of representatlve fin parameters etc.

How many fins are in the zone of impact? See Figure 2.10.9-F24. It is estimated from the graphical data,
that only one lift lug fin (1.25 in. thick) and two fins (172 in. thick) and 10 fins (3/8 in. thick) come into
play. Lift lug fin (1.25 in. thick) is designated fin #1; two 0.5 in. thick fins adjaoent to the lift lug fin are
desxgnated fin #2 and fin #36. - o

Whatlsﬂ)eloadmgangleformchﬁn?
0=Pfxcosa

0 = fin loading angle (°) -
B = angle between fin 1 and finn
o = angle between impact pad and the longitudinal axis of the package.

- where

" IN/IR 9301 F294, Revision 4 : - Appendix 2.109 Page 67- T July 2003



Chapter 2

Table 2.10.9-T8 lists the appropriate 0, loading angles for all the fins of the container, as calculated in the
following example;
For Fin #1 (i.e., 1.25 in. thick lift lug fin)
0=PBxcosa
0=0xcos 57°
0=0°
For Fins #2 and #36 (i.e., 0.5 in. thick fin)
0=PBxcosa
0=10x cos 57°
0=54°
For Fins #3 and #35 (i.e., 0.375 in. thick fin)
0=Bxcosc
0=20x cos 57°
0=10.9°
For Fins #4 and #34 (i.e., 0.375 in. thick fin)
0=PBxcosa
0=30xcos57°
0=164°
For Fins #5 and #33 (i.e., 0.375 in. thick fin)
0=PBxcosa
0=40x cos 57°
0=21.7°
and so on.

_ Table 2.10.9-T8
Container Fin Data for Top Corner Drop Orientation

1.25 in. Lift Lug fin 1 1 0° 16.

0.5 in. fin 2,36 2 5° 19.5
0.375in. fin 3,35 2 10.9° 18.0
0.375 in. fin 4,34 2 16.4° 10.0
0.375 in. fin 5,33 2 21.7° 4.0
0.375 in. fin 6,32 2 27.2° 3.25
0.375 in. fin 7,31 2 32.7° 3.
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i) 1.25 in. thick fin parameters

o Effective original height,h =4 in.

¢  Thickness, t =125in

e Loaded length, b =5in

e material - =ss304L

e % of crush* =30% R

¢ loadingangle = 0° (angle of inclination to the unyleldmg surface)

Therefore, at crush of 30%, for fin height of 4 in., from Flgure 2.10.9-F6.1, the parameter [absorbed

energy/plastic moment], N = 16
EAmun =NxM;
-Nx[oyxbxtzl4] o :
=l6x[25000x5x(125)2/4]
=0.781 x 10° in.-Ib.

ii) Fins #2 and #36

e Effective height,h =5in.

e Thickness, t =0.51n.

e Loaded length,b =10in.

e material = ss304L

e %ofcrush =45%

¢ loading angle = 5.4° (angle of inclination to the unyleldmg surfaoe)

Therefore, at crush of 45%, for fin height of 5 in., fin inclination angle of 5.4° rounded up to 10°,
from Figure 2.10.9-F6.2, the parameter [absorbed energy/plastlc moment] N=195 . .
EArms n46 —2xNx0'yxbxt2/4
=2x19.5x25,000x 10x (0.5 /4
=2x 0304 x 10°
= 0.608 x 10° in-b.

iii) Fins #3 and #35

e Effective height h =5mn.

e Thickness, t =0.375in.

e Loadedlength b =10in

¢ material = §s304L

e % ofcrush =45%

e loading angle = 10 .9° (angle of mchnahon to the unyleldmg suxfaoe)

Therefore, at crush of 45%, for fin height of 5 in., fin inclination angle of 10.9° rounded down to 10°,

from Figure 2.10.9-F6.2, the parameter [absorbed energy/plastic moment], N=18.
EAFINS#:;JBS —2xNxcyxbxt2/4 ' i
=2x 18 x 25,000 x 10x(0375)2/4
=2x0.158 x 10° .
=0.316 x 10° in.-Ib.
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iv)  Fins #4 and #34

o Effective height h =5 in.

e Thickness, t =0.375 in.

o Loadedlength,b =10in.

e material = ss304L

s % of crush =45%

o loading angle = 16.4° (angle of inclination to the unyielding surface)

Therefore, at crush of 45%, for fin height of 5 in., fin inclination angle of 16.4°, from Figures 2.10.9-
F6.2 and 2.10.9-F6.3, the parameter [absorbed energy/plastic moment], N = 10.
EArms#4m4 =2xNxoyxbxt£/4
=2x 10x 25,000 x 10 x (0.375) /4
=2x0.088 x 10°
=0.176 x 10° in-Ib.

v) Fins #5 and #33

o Effective heightt h =5in.

o Thickness,t =0.375in.

o Loadedlength,b =10in.

e material = ss304L

o % of crush =45%

¢ loading angle = 21.7° (angle of inclination to the unyielding surface)

Therefore, at crush of 45%, for fin height of 5 in., fin inclination angle of 21.7°, from Figures 2.10.9-
F6.3 and 2.10.9-F6.4, the parameter [absorbed energy/plastic moment], N=4.
EAmnsssss =2XNxoyxbxt /4
=2x4x 25,000 x 10x (0.375)%/4
=2x 0.0351 x 10°
=0.0703 x 10° in.-b.

vi)  Fins #6 and #32

o Effectiveheight h =5in

o Thickness, t =0.375in.

o Loadedlength, b =10in

* material = ss304L

e %ofcrush =45%

* loading angle = 27.2° (angle of inclination to the unyielding surface)

Therefore, at crush of 45%, for fin height of 5 in., fin inclination angle of 27.2° rounded up to 30°,
from Figure 2.10.9-F6.4, the parameter [absorbed energy/plastic moment], N = 3.25
EAFINS%}BZ =ZXNXGbeXt2/4
=2x3.25x 25,000 x 10 x (0.375)* /4
=2x0.028 x 10°
=0.056 x 10° in.-b.
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vii)  Fins #7 and #31

o Effective height, h=5 in.
‘e Thickness,t @ =0375in. -
o Loadedlength, b =10in.
¢ material =8s304L
e % of crush =45%
e loading angle =32.7° (angle of mclmauon to the unyleldmg surface)

Therefore, at crush of 45%, for fin helght of 5i in., fin inclination angle of 32.7° rounded down to 30°,
from Figures 2.10.9-F6.4 and 2.10.9-F6.5, the parameter [absorbed energy/plastlc moment], N=3.
EAsnes 7,31 =2xNxOyxbxf /4 |
=2x3.x25,000x 10x(0375)2/4
=2x0.0264 x 10°
=0.0528 x 10° in-Ib.

Therefore the sum of energy absorbed by all the fins is

EAcutinerfis = [EArns#1 + EArnsin, 136 + EArmes 13,435 + EArns s34
+ EArms #s,13 + EArms #s,432 + EArns w1 ) N
—[0781+0608+0316+0176+0070+0056+00528]x106n-b.
=206x 10° m.-lb

53 TOTAL ENERGY ABSORBED, EXCLUSIVE OF EFFECTS OF REINFORC’ING
STRUCTURAL MEMBERS

Table 2.10.9-T9 lists the total energy absorbed.

: Table 2.10 9-T9 .
~ Breakdown of the Energy Absorbed in the Top Corner Drop Orientation

1 Conlmnertopcoohngfms(O.Sm. | 1279x10°
and 0.375 in.) N .
2 - |Continerlifilugfin - . . .0781x10°
3 | Cushshield - S 2MTx 108
£1,2,3 S . XEA=4777x10°

Without taking credit of the reinforcing structural members and other energy-gbsorbing elements (top
corner of the cylindrical fireshield, top fireshield, extensions of the crush shield fins), the total energy
absorption capability, assuming 45% crush of all fins except 30% crush for the lift lug fin, is 4.777 x 10°

in.-Ib. In summary, it is computed that 63% (4.777 x 10%/7.56 x 10°) of the 30-ft drop energy will be
absorbed by the encrgy-absorbing elements in the impact in the top corner orientation. The total crush
distance is estimated to be 5 in. (i.e., 045x6+045x5) : .
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5.4 EFFECT OF REINFORCING MEMBERS ON THE IMPACT RESISTANCE

Calculations are presented here to arrive at a “modification factor” to account for the stiffness of a
composite section vis-3-vis the stiffness of a non-composite section of the crush shield structural members.
It is assumed that the stiffness of a structural member is proportional to its 2nd moment of area.

54.1 Load Spreading Structural Members

See Figure 2.10.9-F26. The structural members are:

Top load spreader plate (Area A1) (sometimes designated upper donut ring)
Ring collar (Area A2)

Top fireshield (Areas A3, A4, AS)

Donut ring (Area A6) (sometimes designated lower donut ring)

As far as the crush shield is concerned, all of the above provide additional stiffness. However to simplify
the problem, only the top load spreader plate (Area Al) is considered to provide the additional stiffness.

54.2 2nd Moment of Area of Fin Area A0 About XX

See Figure 2.10.9-F27.
Ix = [0.5 x 6*/12] =9 in*

2nd moment of area of load spreader plate of area A1 about xx
L= Al x P=[0.5x3x (3.25)% = 15.8 in*

The fin area A0 is defined as the NON-COMPOSITE section of the unit cell of the crush shield. The fin
area AO plus Al together is defined as the COMPOSITE section of the unit cell of the crush shield.

K1, Ratio of [Icomposire section/Inon-composiTe section]
K1=[(9+15.8)/9]=2.75

This ratio, K1 is designated as the stiffening factor for one composite fin at 0° loading angle. As there are
10 nominal fins in the zone of impact, and as they are impacting at various loading angles, it is computed
that out of 10 fins, only 4.3 fins (see Table 2.10.9-T7 last column: [0.9 + 0.7 + 0.225 + 0.175 + 0.150] x .
2) are considered as the fins effectively impacting at 0° loading angle. Consequently, the stiffening factor
K1, as applied to a group of fins, is modified as follows

KG=K1x4.3/10=2.75x4.3/10=1.182
where

KG = stiffening factor for a group of fins

K1 = stiffening factor for one composite fin.

The impact absorption of the "NON-COMPOSITE" crush shield fin can be modified to the impact
absorption of "COMPOSITE" crush shield fin by use of stiffening factor KG (= 1.182). The stiffening
factor KG is an estimate of the contribution to the energy absorbing capability, due to these extra load-
spreading, reinforcing structural elements.

5.5 TOTAL ENERGY ABSORBED, INCLUSIVE OF LOAD SPREADING EFFECTS

Table 2.10.9-T10 is developed from a modification of Table 2.10.9-T9 to take into account the
contribution, in terms of energy absorption, made by the structural members other than the crush shield
fins. Taking credit of the load spreading structural member of the crush shield, the combined total energy
absorption capability is 5.27 x 10° in.-Ib. In summary, it is estimated that 69.7% (5.27 x 10%7.56 x 10°) of
the initial potential energy, in a 30-ft free drop, is absorbed by the crush shield and other impact absorbing
elements.
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Table 2.10.9-T10

Energy Absorbed in the Top Corner Drop Orientation, Inclusive of Effects of

Stiffening Structural Members of the Crush Shield

Container top fins 1219 IR

1 1279
2 | Crush shield fins a1 CLI82 3211
3 | Liftgfin 0781 1. 0.781
T 5271

5.6 ESTIMATE OF PEAK FORCES AND EFFECT OF PEAK FORCE ON IHE

CONTAINER SHELL
5.6.1 Estimate of Peak Force

Peak forces are evaluated using Ref. [18]. It should be noted during unpact, thxs "peak"” force is only
experienced by the F-294 package for an exh'emely short time (in order of less than 100 milliseconds).

a) For crush shield fins (0.5 in. thlck)

1.
2.
3.1
3.2
33
34

3.5

[height of fin/thickness of ﬁn] 6/0 5=12
fin loading angle = 8.2°, 13.6°, 19°, 24.5°, 30°

Unit peak force P, = 52,000 Ib. per in of loaded length per ﬁn‘

(See Figure 2.10.9-F7.2). (10°)

Unit peak force P, = 41,000 Ib. per in of loaded length per ﬁn
(See Figures 2.10.9-F7.2 and 2.10.9-F7.3).(13.6°) ,

Unit peak force P; = 20,000 Ib. per in of loaded length per ﬁn "

(See Flgures 2.10. 9-F7 2 and 2.10. 9-F7 3). (l9°)

Unit peak force P4 =1 ,000 Ib. per in of loaded length per fin
(Ses Figures 2.10.9-F7.3 and 2.10.9-F7.4).(24.5°)

Unit peak force Ps = 4,000 Ib. per in of loaded length per fin
(See Figure 2.10.9-F7.4).(30°)

Loaded length of the fin= 11 in.

Total peak force experienced by the package due to impact of the crush shield;
SFPcrush suep = loaded length x E[unit peak force x number of fins ]

=11x[Pyx2+P,x2+P;x2+P(x2+Psx2] -

=11 x 2 [52,000 + 41,000 + 20,000 + 11,000 + 4,000 ]

=22x[128,000]
=2.816x 10°m.
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b)  For container fins (0.375 in. thick) J
1. [height of fin/thickness of fin]= 5/0.375 = 13.3
2. Fin loading angle = 10.9°, 16.4°, 21.7°, 27.2°, 32.7°
3.1  Unit peak force P, = 49,000 Ib. per in of loaded length per fin
(see Figure 2.10.9-F7.2). (10°)

3.2  Unit peak force P, = 27,000 Ib. per in of loaded length per fin
(See Figures 2.10.9-F7.2 and 2.10.9-F7.3).(16.4°)

3.3  Unit peak force P; = 12,000 Ib. per in of loaded length per fin
(See Figures 2.10.9-F7.2 and 2.10.9-F7.3).(21.7°)

3.4  Unit peak force P, = 7,000 Ib. per in of loaded length per fin
(See Figures 2.10.9-F7.3 and 2.10.9-F7.4).(27.2°)

3.5  Unit peak force Ps = 3,000 Ib. per in of loaded length per fin
(See Figures 2.10.9-F7.4 and 2.10.9-F7.5).(32.7°)
4, Loaded length of the fin =10 in.
5. Total peak force experienced by the package due to impact of the 0.375 in. thick
top fins of the container ;
ZFPy.375 Fins, conTamer = loaded length x Z[unit peak force x number of fins ]
= 10x[P,x2+P2x2+P3x2P4x2+P5x2]
=10 x 2 [49,000 + 27,000 + 12,000 + 7,000 + 3,000 ]
=20x [98,000 "
=1.9¢5:[:1o6 Ib.] - ~

c) For container fins (0.5 in. thick)

1. [height of fin/ thickness of fin]= 5/0.5 = 10.

2 fin loading angle = 5°

3.1  Unit peak force P; = 66,000 Ib. per in of loaded length per fin
(see Figures 2.10.9-F7.1 and 2.10.9-F7.2) (5°)

ZFPo.s FINS, CONTAINER = Joaded length x [unit peak force x number of fins]
=10x [P, x2]
=10x 2 [66,000]
=20 x [66,000]
=1.32x10° .

d) For lift lug fin (1.25 in. thick)
1. [height of fin/thickness of fin]= 5/1.25 =4
2, fin loading angle = 0°
3.1  Unit peak force P, = 200,000 Ib. per in of loaded length per fin
(See Figure 2.10.9-F7.1) (0°)
ZFPuirr Lua Fin conTAINeR = loaded length x [unit peak force x number of fins]
=5x [P] x1 ]
=5x[200,000] }
=5 x[200,000 ]
=1.00x 10° Ib.
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The total peak force, ZFP

IFP "FPcmmsxm.n+FPommmAmm+FPosmmm+FPmmmoomm '
=[2816+1.96+1 32+1000]x 10° Ib.
=7.096x 10° bb. ~

5.6.2 - Estimate G-Load During Peak Force Duration

Based on Davis's method (Ref. [18]) of estlmatmg peak force, the G-load is |
G = YFP/W, F-204

=7.096 X 10%21,000
=338 g's. ‘
Estimate of G-load (Ref. [33])byhnwmethod,assxmngno"bothommg
: - G .=2xH/s
where
H =droptestheight=30feet=360in. ,
s = total crush distance =5.0in. -
G - =2x360/5
- =144 g5.

| In the top comner drop onentatxon, the F-294 package is sub;ected toa G-load range of 144 < G-load <

338 g's at the impact zone.

5.6.3 . Effect of Peak Force on the SS Shell Dxrectly Under the Foot of the Lift Lug Fin
For the lift lug fin/container shell, see Figure 2.10.9-F28.

The 0.5 in. thick ss shell is reinforced with a pad approximately 0.5 in. thick x 105 in. wide x 11 in. long.
The compmslve (bearing) load on the container shell wall at the foot of the hﬁ lug ﬁn is

Oc  =Peak force/area under compression

= [FPos rin contamer + FPLrru6 Fv comaner VA
=[(1.32+1.0)x 10°/(10.5x 11)

=[2.32x 10‘]/115 a
- =20,051 psi.
The shear stress across 1.0 in. thick wall:
T = peak force/area under shear

= [FPos v conTANER +FPm-'rwochormmBJ/Asrm
, -[(1 32+1.0)x 107 [(1.0x {(11+ 1052)x2}]
=[232x 10°y43
= 53,488 psx

The principal stress across the wall of the contamer in the hft lug footpnnt zone is:
o =002+\[(oc 2 +7]

=20,051/2 + V[(20,051/2)* + 53 488" ]

= 10,026 + 54,420

= 64,446 psi
Since the maximum stress 6, = 64,446 psi in the container wall is less than the statlc ultimate compressive
stress of the conical dished head (material ss304L UTS = 70,000 psi), the container reinforced wall will not
fracture (dynamic). Also, the dynamic compressive strength of ss304L data as per Ref. {12) is usedto
arrive at the estimated strain. The container wall at the foot of the lift lug fin, will be deformed plastically
by about 0.150 to 0.20 in. It must be noted that the estimated stress and the deformation of the container
wall are based on instantaneous “peak force” and therefore they are fairly conservative.
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5.7 SUMMARY OF RESULTS SO FAR

1.  63% of the 30-ft drop energy is absorbed by basically three energy absorbing elements (the container
top fins, crush shield fins, lift lug fin). The estimated deformation is 5.0 in.

2. 69.7% of the 30-ft drop energy is absorbed, inclusive of reinforcing member effects of the top ring of
the crush shield.

3. The estimated peak force is 7.1 x 10° Ib. at the impact zone.

4. The estimated peak G-load is 338 g's at the impact zone.

5. The reinforcing pad under the foot of lift lug fin serves to prevent shear of the container wall, thereby
maintaining the structural integrity of the ss outer shell around the lead shield.

6. The energy absorption by top fire shield, cylindrical fireshield (top zone), the container body, the plug
and the crack shield is not taken into account.

5.8 ENERGY ABSORBED BY THE CASK

So far we have shown that 63% of the 30-ft drop energy is absorbed by two impact limiting devices

(crush shield and the container fins) on the basis of excluding the effect of reinforcing members of the crush
shield. If we include the effects of the reinforcing members of the crush shield the energy absorbed moves
from 63% to 69.7% of the 30-ft drop energy. Essentially, it has yet to be shown how the remaining 31% to
37% of the 30-ft drop energy is absorbed. Discounting energy absorption contribution from the cylindrical
fireshield, additional crushing of fins etc., it will be shown here that the cask in the top corner sector
absorbs up to 37% of the 30-ft drop energy.

5.8.1 Impact Areas and Volumes

See Figure 2.10.9-F29 for the layout of the F-294 cask showing the impact front progression in the top
comer drop orientation. There are a number of sub-components that come into play as the impact front

progresses.
e At section 00, the crack shield (solid stainless steel) is the first component to impact.

e At section 22, the plug flange (ss), plug bolts, container female flange come into play.
» At section 33, the conical shell (ss) comes into play
» Between sections 55 and 66, the lead shielding and the conical shell etc. (ss) come into play.

Using this Figure 2.10.9-F29 we can estimate the impact area and the volume of stainless steel and lead,
for every increment (y = 0.25 in.) of the impact front. The areas are calculated and depicted on the drawing
using AUTOTROL Series 5000 release 8.2 Program and recaptured in Figure 2.10.9-F29. Figure 2.10.9-
F30 shows the areas and the volumes as a function of y, impact progression.

The volume of the prism, pyramid or frustum of a pyramid is found by using the prismoidal formula.
A, = area at one end of the body;
A, = area of the middle section between the two end surfaces;
Ay = area at other end of the body;
Ay  =[ym2—yaJ= height of the body
then, the volume of the body is
A = Ay/6 [An+ 4Apn + Apea]
(Ref. to Machinery Handbook, 18th edition, Pg. 164).
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Table 2.10 9-T11
Cask in Top Corner Drop: Estimate of Stainless Steel Area and Volume Crushed

22 0.50 ol 2334 4.12
33 0.75 79.52 15.22
44 100 | 15607 S 45.57
55 125 19798 = | 90.39
66 150 24139 144.56 -

5.8.2 Dynamic Properties of Material
(Ref. Shappert: Cask Designers Handbook)

Lead:
Fy = dynamic compressive strength - 10000ps:max 5,000 psi min.
E,,  =specific energy - 5,000 m.-lb./in .

Stainless Steel:

Fq = dynamic strength = 39, 000 psi at 200°F
E,  =specific energy = 3,840 ft.-Ib./in’
= 46,080 in.-Ib./in’®
583  Energy Absorbed by Cask Top Plug/Cohtainer Corner
See Table 2.10.9-T11 for tabulation of areas, volumes as a functiop ofy, impaci progression.

At Section 44 (y = 1.0 in.): We are in the stainless steel material zone only.

Energy absorbed by ss:
Eosx =EspssXVssu
= 46,080 x 45.57

=2.1x 10° in.-Ib. (27.7% of 30-ft drop)
At Section 55 (y=1.25in.): we are in the stainless steel material zone only.

Energy absorbed by ss:
Eos =EspssX Vgsss
= 46,080 x 90.39
=4.165 x 10° in.-Ib. (55% of 30-ft drop) - -
By mtexpolatxon between sections 44 and 55, aty = l 125 in., the crush area = 170 m and the crush

volume 68 in’.
At mid Section 55 and 44 (y = l 125 in.): We are in the stamless steel material zone only.

Energy absorbed by ss:
E.e« =Egssx VsS{mslrz
= 46,080 x 68

=3.13x 1o6 in.-Ib. (41.4% of 30-ft drop)
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Therefore 3.13 x 10° in.-1b. of energy is absorbed, by crushing of stainless steel cask material only between

sections 44 and 55 at displacement = 1.125 in. deformation of stainless steel. As the stainless steel is . \)‘
deformed 1.125 in., the maximum amount of lead displaced is 1.125 in. in a radial direction (radial 33°

from the F-294 original C of G).

5.84 Footprint G-Loads
The G-loads at section 44 are estimated as follows:

Impact load, P:
P = [O' xA ]ss
= [39,000 psi x 156.07 in ]
=6.086 x 10° Ib.
G-load sections = Impact load, P/Wg.294
=6.086 X 10%21,000
=290 g's.
The G-loads at section 55 are estimated as follows:
Impact load, P:
P =[6xAlss
= [39,000 psi x 197.98 in® ]
=772x10°Ib.
G-load SECTION-55 = Impact load, P/w, F-294
=7.72 X 10° /21,000
=368 g's.
The G-loads at mid section between section 44 and 55 are estimated as follows: L
Impact load, P: N
P = [0' XA ]ss
=[39,000 psi x 170 in’ ]
=6.63x10%Ib.
G-load mp-secTion OF [44+55]= Impact load, P/ WE.204
=6.63 X 10° /21,000
=315g'’s.
Conclude:

When the 2.8 x 10° in.-Ib. of remaining energy is absorbed by the cask in the top corner, the resulting G-
load is 315 g's and the displacement of lead is 1.125 in. along the vector 33° from CG from vertical axis.

5.9 SUMMARY OF ENERGY BREAKDOWN, PEAK FORCE, G-LOADS AT EACH
STAGE

5.9.1 Energy Balance
Energy balance (with no credit of stiffening of crush shield due to reinforcements):
1st Stage 1st phase:

EA crush shietd fins =2.717 x 10 in.-Ib. (35.9% of 30-ft drop)

2nd phase:
EA coutsiner fins q=2.06 x 106 in.-Ib. (27.2% of 30-ft drop)

4th phase: i
| S =3.13 x 10° in.-Ib. (41.4% of 30-ft drop) ~—
Erora =7.907 x 10° in.-Ib. (104.5% of 30-t drop)
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5.9.2 Peak Force and G-loads

1st Stage 1st and 2nd phéses:

FP crush shield fins =2.82 x 10°Ib.
FP contsines fios =4.28x10°Ib.

Afier the crush shield fins and the container fins bottom out, the G-load=338g's
4th phase:

FPoe =6.63 X 10°Ib. G-load = 315 gs
The G-load on the cask at the impact point is 315 g’s

At locations away from the impact point but within the contamer, the G-loads are reduced (see section 8)
The magnitude of the reduction in G-load is justified as per Ref. [37] Transnucleaire: to Dupont 15 ton
flask. See Appendix 2.10.10. At 120 cm. from the impact zone of 25 cm., the G-loads were 50% or lower.
Based on this, the G-loads on F-294 the cavity end plate, a distance of 80 cm. from the impact point, are in
the range of 0.66 x 338 g's = 223 g's. This G-Ioad data shall be used to evaluate stresses on the cavity end
plate. : .

5.9.3 Displacements
Crush shield deforms by approxlmately 45% of 6-1nch helght of fin= 2 7 in.
Container fins deform by appmnmately 45% of 5-inch height of fin = 2 25 in.

Top corner of cask (stainless steel) is d1sclosed approxmlately‘ 1125 in.

As the stainless steel is deformed 1.125 in., the mammum amount of lead displaced is 1.125in. ina radml :
direction (radial 33° from the F-294 original C of G). This is depicted in Figure 2.10.9-F3. This amount of
lead displacement is used for the basis of shielding calculation for post-accident conditions.
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Figure 2.10.9-F22 :
F-294 in Top Corner Drop Orientation N~/
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\_/ Figure 2.10.9-F23
~ Crush Shield Fins in Top Corner Drop. Zone of Impact and Identification of Fins
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Figure 2.10.9-F24
Container Fins in Top Corner Drop Orientation: Zone of Impact and Identification of Fins
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‘Figure 2.10.9-F25
F-294 in Top Corner Drop Orientation: Geometrical Data of the Impact Absorbing Fins
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Figure 2.10.9-F26
Crush Shield Impact Absorbing Fin
Geometrical Data with respect to Stiffness Factor Calculation
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Figure 2.10.9-F27 .
Definition of Unit Cell - Crush Shield
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Figure 2.10.9-F28
Container Lift Lug Fin/Shell Area
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Figure 2.10.9-F29
Top Corner Drop Orientation: Impact Progression in the Top Corner of the Cask
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Figure 2.10.9-F30
Top Corner of the Cask, Area and Volume as a Function of Impact Progression, y
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6. BOTTOM CORNER DROP

6.1 MODE OF IMPACT

See Figure 2.10.9-F31 v ,

During a bottom corner drop test, the following impact scenario is depicted:

1st Stage 1st phase:

The channel of the shipping skid impacts the unyxeldmg surface. The impact forces are therefore
transmitted through the shipping skid into the container fixed skid. The channel of the shipping skid and
the container fixed skid and some container bottom fins will crush unt11 they have absorbed as much energy
as they are capable before "bottoming”. : .

2nd Stage 1st phase:

Next, the fasteners connecting the shipping skid to the container fixed skid will snap. Also the conmncr
and the shipping skid shall be subject to secondary bounce. Afier the secondary bounce, the container shall
rotate one S1dc and the slnppmg sk:ld rotate the opposite sxde

3rd Stage 1st phase:
Next, the top sector of the container (the crush shield, the container ﬁns & the cylmdncal fireshield) wﬂl
impact the unyielding surface.

2nd phase:
Next, the bottom comer of the cask will nnpact ‘and start absorbmg impact energy until it comes to rest on
its side. : :

6.2 ENERGY ABSORPTION, G-LOADS FOR 1ST STAGE

There are three energy absorption structural elements that can be analyzed. 'I'hese are:

1. shipping skid channel, gusset :
2. fixed skid channel, gusset, sandwiched plate -

3. cylindrical bottom fins L
The energy absorbed by 1, 2, and 3 shall be presented here.

6.2.1 Energy Absorption Contribution by one Channel of the Shipping Skid
6.2.1.1 Fin: Web of the Shipping Skid Chatmel ,

Fin parameters.

See Figure 2.10.9-F32.

o Effective original height, h= 8 in.(8 in. web ofthe 8x3 channel)

e Thickness, t =043 in.

e Loaded length, b =78in.

e material = ASTM A-36

e % ofcrush =30%

¢ loading angle =48.5° (angle of mclmahon t the unyleldmg surface)
Energy Absorbed EA at 40° Fin loading angle

EA =NxM;
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where
N = [(Absorbed Energy)/(Plastic Moment)]

= 1.5 (Figure 2.10.9-F6.5, at 8 in., 30%)
Mp  =plastic moment

=gy *bt? /4
=36,000 x 78 x (0.43)* /4
= 129,800 in.-Ib.
where
oy  =yield stress of A-36 = 36,000 psi
b = loaded length of the fin
t = fin thickness
Therefore

EA =1.5x129,300 in.-Ib.
= 194,700 in.-Ib. per fin.

As there is one channel out of four impacting, therefore there is one 0.43 m thick fin to consider. Therefore
energy absorbed by 1, 0.43 in. thick fin is
EAWEB,CHANNB.. = 194,700 in.-Ib.

=0.195 x 10° in.-b.

6.2.1.2 Fin: Flange of the Shipping Skid Channel

Fin parameters.

See Figure 2.10.9-F32.

o Effective original height, h = 3.5 in.(3.5 in. web of the 8x3.5 channel)

o Thickness, t =0.5in.

o Loaded length, b =78 in.

e material = ASTM A-36

e % of crush =30%

o loading angle = 41.5° (angle of inclination to the unyielding surface)
Energy Absorbed EA at 40° Fin loading angle

EA =Nx Mp

where

N = [(Absorbed Energy)/(Plastic Moment)]

=2 (Figure 2.10.9-F6.5, at 4 in., 30%)
Mp  =plastic moment

=coy* bt /4
= 36,000 x 78 x (0.5)*/4
= 177,500 in.-Ib.
where
Oy =yield stress of A-36 = 36,000 psi
b = loaded length of the fin
t = fin thickness
Therefore

EA  =2x 175,500 in.-Ib.
= 351,000 in.-Ib. per fin.

As there is one channel impacting, therefore there is one 0.5 in. thick fin. Therefore, energy absorbed
by 1, 0.5 in. thick fin is
EArLANGE, CHANNEL = 351,000 in.-Ib.

=0.351 x 10° in.-Ib.
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6.2.1.3 Energy Absorption by Four Gusset Plates of tké Shipping Skid |

See Figure 2.10.9-F32.

i) Representative Fin Parameters

e Effective height, h=4 in.

e - Thickness, t =0.75in.

e Loadedlength,b =4in

e material = ASTM A-36 -

e % ofcrush =30%

o finloadingangle =0°

ii) Energy absorbed by one fin at 0° loading angle.

E. =N*M; '
=N*oy*b?/4
=16%* 36 000*4* (0 75)’/4

= 324,000 in.-Ib. per fin
where

Ex  =Energy absorbed per fin in.-Ib.

N = Empirical parameter relating [absorbed energy/plastic moment] to

[deformation/original height]for a mild steel fin.

= From Figure 2.10.9-F6.1, for 4-inch fin height, 30% crush, N = 16,

M  =Plastic Moment in.-Ib.
=cy*bt?/4
Gy  =Yield stress of ASTM A-36 steel 36000 psi.

ii) Energy absorbed by 4, 0.75 in. thick gusset ﬁns B

EAgusser =4 * 324,000
= 1.296 x10° in.-Ib.

6.2.14  Energy Absorbed by Shipping Skid

Total energy absorbed by the shipping skidis: . = - .-

EAsureinG skm "EAWEB.CHANNEL+EAFIANGE.CIuNNﬂ.+EAGUSSEr
=0.195 x 10° +0.351 x 10° + 1.296 x 10°
=1.842 x 10° in.-b.

6.2.2 Peak Forces in the Shipping Skid
Peak forces in the shipping skid are evaluated usmg Ref { 18].
a) For channel web (0.43 in. thick)
L [height of fin/thickness of fin]= 8/0.43 = 18. 6
2, Fin loading angle = 48.5% approxlmate to 40°
3. Unit peak force Py = 2,000 Ib. per in of loaded length per fin
(see Figure 2.10.9-F7.5) (40°)
4, FP;= loaded length x unit peak force
=bxP 1
=78 in. x 2,000 Ib/in.
= 156,000 Ib.

Chapter 2
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b) For channel flange (0.5 in. thick)

1. [height of fin/thickness of fin]= 3.5/0.5 =7
2. Fin loading angle = 48.5°; approximate to 40°
3. Unit peak force P; = 8,000 Ib. per in of loaded length per fin
(see Figure 2.10.9-F7.5) (40°)
4, FP, = loaded length x unit peak force
=bx Pl
=78 in. x 8,000 Ib./in.
= 624,000 Ib.

c) For channel gusset (0.75 in. thick)

1. [height of fin/thickness of fin]= 4/0.75 = 5.3

2. Fin loading angle = 0°

3. Unit peak force P; = 100,000 Ib. per in of loaded length per fin
(see Figure 2.10.9-F7.1) (0°)

4. FP; = loaded length x unit peak force
= b X P3
=4 in. x 100,000 Ib./in.
= 400,000 Ib.
5. FPGUSSETS =4x FP3
=4 x 400,000
=1.6x10°Ib.

Peak force in the shipping skid

FPsurpmvG sk =FP, + FP; + FPgussers
=[0.156 + 0.624 + 1.6] x 10° Ib.
=2.38x10°Ib.

6.2.3 Energy Absorption Contribution by One Channel of the Fixed Skid
6.2.3.1 Fin: Web of the Shipping Skid Channel

Representative Fin parameters.
See Figure 2.10.9-F32.
» Effective original height, h = 8 in. (8-inch web of the 8 x 3 channel)
o Thickness, t =043 in.
o Loaded length, b =44 in.
e material = ASTM A-36
o % of crush =30%
¢ loading angle = 48.5° (angle of inclination to the unyielding surface)
. = 40° approximation
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Energy Absorbed EA at 40° Fin loading angle =

EA

where

N

Mp

where

Oy
b

t

Therefore
EA

_=NxMP

= [(Absorbed Energy)/(Plastic Moment)]
= 1.5 (Figure 2.10.9-F6.1, at § in., 30%)

= plastic moment ‘
=gy * b’ /4

= 36,000 x 44 x (0.43)* /4

= 73,220 in.-Ib.

= yield stress of A-36 = 36,000 psi
= loaded length of the fin '
= ﬁn thickness

= 1.5x 73,220 in-Ib.
= 109,800 in.-1b. per fin.

As there is one channel impacting, thereforethcre:sone043mhckﬁnThexefore,energyabsorbedbyone,
0.43 in. thick fin is : U _

EAWEB,W = 109,800 m.-lb.

=0.109x 10°in-Ib. -
6.2.3.2 Fin: Flange of the Fixed Skid Channel
Representative Fin parameters. '
See Figure 2.10.9-F32.
e Effective original height, h=3.5 in.(3. 5 in. ch of the 8x3.5 channel)
e Thickness, t ' =05in. . ,
e Loaded length, b =44 in.
¢ material = ASTM A-36
e % ofcrush , =30% '
e Jloadingangle .o =41, 5°(angleofmchna:uontothetmy|eldmgsmﬁce)
Energy Absorbed EA at 40° Fin loading angle )
EA =NxM;
where ' : ‘
N = [(Absorbed Energy)/(Plastic Moment)]
= 2 (Figure 2.10.9-F6.1, at 4 in., 30%)
My  =plastic moment
=oy*bt’ /4
=36,000 x 44 x (0.5)* /4
= 99,000 in.-Ib.
where .
Oy = yield stress of A-36 =36,000 psi
b = Joaded length of the fin
t = fin thickness
Therefore ' g
EA =2x 99,000 in.-Ib.

= 198,000 in.-Ib. per fin.
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As there is one channel impacting, therefore there is one 0.5 in. thick fin. Therefore, energy absorbed by one,
0.5 in. thick fin is
EAFLANGE,CHANNEL = 198,000 n.-1b.
=0.198 x 10° in-Ib.

6.2.3.3 Energy Absorption by Gussets

Gusset fins
Representative gusset fin parameters
o Effective height,t h=4in.
e Thickness, t =0.5in.
o Loadedlength, b =3in
e material = ASTM A-36
® % of crush* =30%
¢ loading angle = (° (angle of inclination to the unyielding surface)
* This implies only bending (single hinge failure mode) of fin only.
N = 16 (Figures 2.10.9-F6.1 at 30%, 4 in. fin height)
EAgusser =NxM;
=Nxoybt/4
=16 x 36,000 x 3 x (0.5)/4
=16x 6,750
= 108,000 in.-Ib.
Number of gussets =5
EAgussers =5 x EAgusser
‘ =5x 108,000
= 540,000 in.-Ib.

6.2.3.4 Energy Absorbed by the Flexure of the Sandwiched Plate

Not accounted for.

6.2.3.5 Total Energy Absorbed by the Fixed Skid
EApepsio = EAwes, cnanver + EArLance, canver + EAgussers
= 109,000 + 198,000 + 540,000
= 847,000 in.-Ib.
=0.847 x 10° in.-Ib.
Sandwiched plates have been ignored.

6.2.4 Peak Forces in the Fixed Skid

6.2.4.1 Peak Forces in the Fixed Skid
Peak forces in the fixed skid are evaluated using Ref. [18].
a) For channel web (0.43 in. thick)
1. [height of fin/thickness of fin}= 8/0.43 = 18.6
2. Fin loading angle = 48.5°; approximate to 40°
3. Unit peak force Py = 2,000 Ib. per in of loaded length per fin
(See Figure 2.10.9-F7.5). (40°)
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4. FP, =loaded length x unit peak force
=bx P]
=44in.x 2,000 Ib/fin.
= 88,000 Ib.
b) For channel flange (0.5 in. thick) R
1. [height of fin/thickness of ﬁn]- 3. 5/0 5=7
2. Fin loading angle = 48.5°; approximate to 40° -
3. Unit peak force P, = 8,000 Ib. per in of loaded lenglh per ﬁn

(see Figure 2.10.9-F7.5) (40°)
4, FP,  =loaded length x unit peak force
=bx P| :
=44 in. x 8,000 Ib./in.
= 352,000 Ib.

c) For channel gusset (0.75 in. thick)
1. [height of fin/thickness of fin}= 3/0.5 = 6
2. Fin loading angle =
3.  Unit peak force P3 100,000 1b. per in of loaded length per fin
(see Figure 2.10.9-F7.1) (0°)
4. ‘FP;  =loaded length x unit peak force .
=bhx P3
=3 in. x 100,000 Ib/in.
= 300,000 Ib.
5. FPGUSS!:TS =5xFP;
= 5 x 300,000
=1.5x 10°b.
6.2.4.2 Peak Force in the Shipping Skid

FPsurrnoskip - = FPy + FP2 + FPoussers
‘[0088+0352+15]x10‘
—-194x1061b

6.2.5 Energy Absorbed G-loads for the Container Bottom Flns

6.2.5.1 Energy Absorbed by Bottom Fms of the Contamer
Refer to Figure 2.10.9-F32 for layout and numbering of container fins.

There is only one type of cooling fin at the bottom of the container l) 0.375 in. thlck Refer to Figure
2.10.9-F32 for depiction of effective fin parameters etc.

How many fins are in the zone of impact? See Flgure 2.10. 9-F32 It is est:mated ﬁrom the graphical data,
that 12 fins (3/8 in. ttuck) come into play :
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What is the loading angle for each fin?
0=Bxcosa
where
0 = fin loading angle (°)
B = angle between fin 1 and finn
o = angle between impact pad and the longitudinal axis of the package = 48.5°

Table 2.10.9-T12 lists the appropriate 6, loading angles for all the fins of the container, as calculated in the
following example; '

For Fin #5 and #6 (i.., 0.375 in. thick fin)
0=PBxcosc
0 =15 xcos 48.5°
0=34°

For Fin #4 and #7 (i.e., 0.375 in. thick fin)
0=Pxcosa
0=15xcos 48.5°
0=10.1°

For Fin #3 and #8 (i.e., 0.375 in. thick fin)
0=PBxcosa
0=25 x cos 48.5°
0=16.38°

For Fin #2 and #9 (i.e., 0.375 in. thick fin)
6=Pxcosa
0 =35 x cos 48.5°
0=235°

For Fin #1 and #10 (i.e., 0.375 in. thick fin)
0=Bxcosa
0 =45 x cos 48.5°
0=30°

For Fin #36 and #11 (i.e., 0.375 in. thick fin)
0=pBxcoso
0 =155 x cos 48.5°
0=136.9°

Table 2.10.9-T12
Container Fin Data for Bottom Corner Drop Orientation

 Type of fins |. FinNumber | No. of
0.375 in. fin 56 2 14
0.375 in. fin 4,7 2 4
0.375 in. fin 38 2 !
0.375 in. fin 2,9 2 25
0375 in. fin 1,10 2 2
0375 in. fin 36,11 2 15
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i)  Fins#S and #6

e Effective original height, h=6 in.
e Thickness, t =0375in.
¢ Loaded length, b =9in.
e material =s§s304L
e % of crush* =30%
loading angle = 3.4° (angle of mchmnon to the unyielding surface)

Therefore, at crush of 30%, for fin height of 6 in., from Figure 2 10 9-F6.1, the parameter :
[absorbed energy/plastic moment], N = 14 :
EArmus, v =NxMp .~
-—Nx[oyxbxt2/4] _
=14 x [25,000 x 9 x (.375)* /4]
=0.110x 10% in.-Ib.

i)  Fins#4 and #7

e [Effective height, h=6in.

e Thickness, t =0375in.

e Loadedlength, b =9in

e material =ss304L

o % of crush =30% : o

e Joading angle =10.1° (angle of inclination to the unyxeldmg anfaoe)

Therefore, at crush of 30%, for fin height of 10 in,, fin mclmatlon angle of 10° Figure 2.10.9-F6. 2
the parameter [absorbed energy/plastic moment], N _ ,
FAmswm  =2xNxoyxbxt/4
=2x14x25000x9x(0.375° /4
=2x0.110x 10°
=0.220 x 10° in-Ib.

i) Fins #3 and #8

e Effective height, h=6in.

e Thickness, t =0.3751n.
¢ Loadedlength,b =9in

e material =ss304L
e % ofcrush =30%

- o loading angle = 16.8° (angle of mclmatlon to the unyleldmg surface)
Therefore, at crush of 30%, for fin height of 6 in., fin inclination angle of 20° from Figures 2.10.9-
F6.2 and 2.10.9-F6.3, the parameter [absorbed energylplashc moment], N 7..
EAmsmms  =2xNxoyxbxt?/4 : .
=2x7x25 000x9x(0375)2/4
=0.110x 10° in-Ib.
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iv) Fins #2 and #9
Effective height, h=6 in.

o Thickness, t =0.375 in.

o Loadedlength,b =9in

e material =ss304L

s % of crush =30%

o loading angle = 23.5° (angle of inclination to the unyielding surface)

Therefore, at crush of 30%, for fin height of 6 in., fin inclination angle of 23.5°, from Figures 2.10.9-
F6.3 and 2.10.9-F6.4, the parameter [absorbed energy/plastic moment), N =2
EApnsmao =2xNxoyxbxt/4
=2x2x25,000x 9x (0.375)* /4
=0.031 x 10% in-Ib.

v) Fins #1 and #10

o Effective height, h=6in.

e Thickness, t =0.375 in.

o Loadedlength,b =9in

e material =ss304L

o % ofcrush =30%

» loading angle = 30° (angle of inclination to the unyielding surface)

Therefore, at crush of 30%, for fin height of 6 in., fin inclination angle of 30°, from Figure 2.10.9-
F6.4, the parameter [absorbed energy/plastic moment], N = 1.5
EAF[NS#I,#IO =2XNXOyXbxtz/4
=2x 1.5x 25,000 x 9 x (0.375)* /4
=0.023 x 10° in.-Ib.

vi) Fins #36 and #11

o Effective height, h=6 in.

o Thickness, t =0375in.

o Loadedlength,b =9in.

* material = ss304L

o % of crush =30%

o loading angle = 37° (angle of inclination to the unyielding surface)

Therefore, at crush of 30%, for fin height of 6 in., fin inclination angle of 23.5°, from Figure 2.10.9-
F6.4, the parameter [absorbed energy/plastic moment], N = 1
EApms#_v,s,#u =2XNXGyXbxt2/4
=2x1x25,000x9x(0.375)° /4
=0.015 x 10° in.-Ib.
Therefore, the sum of energy absorbed by all the fins is
EAcotsiner s~ = [EArNs #556 + EArvs s + EArmns 318 + EArns 20
+ EArns 1.0 + EArns 36511 ]
=[0.110 + 0.220 + 0.110 + 0.031 + 0.023 + 0.015] x 10° in.-Ib.
=0.509 x 10° in.-Ib.
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6.2.6 PEAK FORCES IN THE BOTTOM CONTAINER FINS
8)  Forcontainer fins (0375 in. thick) , ”
1. [height of fin/thickness of fin] = 6/0.375 = 16
2. fin loading angle = 3.4°, 10.1°, 16.8°, 23.5°, 30°, 37°
3.1 unit peak force P, = 25,000 Ib. per in of loaded length per ﬁn
(see Figures 2.10.9-F7.1 and 2.10. 9—F7.2) 3 4°)

3.2 Unit peak force P, = 37,500 Ib. per in of loaded length per ﬁn
(see Figure 2.10.9-F7. 2) (10.1°) B

3.3  Unit peak force P; = 25,000 b. perin ofloaded length perfin .
(see Figures 2.10.9-F7.2 and 2.10.9-F7.3) (16.8°) .

3.4 - Unit peak force P4 = 7,000 Ib. permofloadedlengthperﬁn
(see Figures 2.10.9-F7.3 and 2.10.9-F7.4) (23.5°) ,

3.5  Unit peak force Ps = 2,000 Ib. per in of loaded length per fin
(see Figure 2.10.9-F7.4) (30°)

3.6  Unit peak force Ps = 2,000 Ib. per in of loaded length per ﬁn
' (see Figure 2.10.9-F7.5).(37°) '

4. Loaded length of the fin=9in. -

5. Total peak force expenenced by the package due to nnpact of the 0 375 in. thlck top ﬁns

of the container;

ZFPo375 FINs, CONTANER ’loadedlengtth[mntpeakforcexmnnberofﬁns]
—9x[P|x2+P2x2+P3x2+P4x2+P5x2+P5x2]
-9x2[25000+37500+25000+7000+2000+2000]
=18 x[98,500]
=1.773x 10° Ib.

6.3 ENERGY, PEAK FORCES, G-LOADS SUMMARY AT END OF IST STAGE

Energy summary at the end of first stage:

EAsumreng sk =1842x10° =
BAnxn) SKID . =0.847x 106 in-lb.
sandwiched plates = not available
EA cutainer fizs =0.509 x 10° in.-Ib.
Total - =3.198 x 10° in.-Ib. (42.3% of 30-ft drop)
‘Peak forces summary at the end of first stage:
FPsimremnG s 238x10°b.
FProxep skm =1.94x10°b.
FPconramer Borromrns = 1.77 X 10% Ib.
Total FProra =6.09 x 10°Ib.
G-load at end of 1st stage:
G-load = FPMAI/W F-294
=6.09 x 10° 1b./21,000 Ib.
=290 g's.

" IN/IR 9301 F294, Revision 4 © 7 -Appendix 2.109 Page99-

 July 2003



Chapter 2

6.4 2ND STAGE: SECONDARY BOUNCE

The amount of secondary bounce will be proportional to the amount of elastic energy absorbed in the
1* phase.

6.5 3RD STAGE: TOP SIDE CORNER OF CONTAINER IMPACT

There are three (3) energy absorption structural elements that can be analyzed. These are
1. A top/side sector of the crush shield
2. A top/side sector of the cylindrical fireshield
3. A top/side sector of the container external cooling fins

6.5.1 Energy Absorption by Fins of Crush Shield
Refer to Figure 2.10.9-F33 for layout and numbering of crush shield fins.

How many fins are in the zone of impact? See Figure 2.10.9-F33. It is estimated from the graphical data,
that 7 fins (0.5 in. thick) come into play.

What is the loading angle for each fin?
0=Pxcosa
where
0 = fin loading angle (°)
P = angle between vertical axis and finn
o. = angle between impact pad and the longitudinal axis of the package = 7°
Table 2.10.9-T13 lists the appropriate 0, loading angles for all the fins of the crush shield, as calculated in
the following example:
For Fin #4 (i.e., 0.5 in. thick fin)
0=Bxcosa
0=0xcos 7°
0=0°
For Fins #3 and #5 (i.e., 0.5 in. thick fin)
0=Bxcosa :
0=10xcos 7°
0=10°

For Fins #2 and #6 (i.e., 0.5 in. thick fin)

0=Bxcosa
0=20xcos 7°
0=20°

For Fins #1 & #7 (i.e., 0.5 in. thick fin)

0=Pxcosa
0=30xcos 7°
0=30°
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Fin Data for the Crush Shield Fins in Bottom Corner Drop: 3rd Stage

Table 2.10.9-T13

0.5in. | #3,#5 2 10° 12
0.5in. #2,#6 2 - 20° -3
05im. | #,47 2 30° 17
1) Fin #4

e Effective height, h=8 in.

e Thickness,t =0.5m.

¢ Loadedlength,b =9in

e material =C-1020

e %ofcrush =30%

e Joading angle - = 0° (angle of inclination to the uny1eldmg surfaoe)

Therefore, at crush of 30%, for fin height of 8 in., fin inclination angle of 0°, from F:gure 2. 10 9-
F6.1, the parameter [absorbed energy/plastic moment], N = 12.
EArns —Nx0yXbxt2/4
=12 x 46,000 x 9 x (0.5)* /4
=0.3105 x 10° in.-Ib.

ii) Fins #3 and #5 _
For Fin #3 and #5 (i.e., 0.5 in. thick fin) -

0=Pxcoso
0=10xcos 7°
0=10°
¢ Effective height, h=8 in.
e Thickness, t =05in.
e Loadedlength,b =9in
¢ material =C-1020
e %ofcrush =30% . c '
o loading angle = 10° (angle of inclination to the unyleldmg smface)

Therefore, at crush of 30%, for fin height of 8 in., fin inclination angle of 10°, from Figure 2.10.9-
F6.2, the parameter [absorbed energy/plastic moment], N =12
EArns 145 =2xNxoyxbx¢/4
=2x12.x46,000x 9 x (0.5)* /4
=2x0.3105 x 10°
=0.621 x 10° in.-Ib.
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iii)  Fins#2, #6
For Fin #2 and #6 (i.e., 0.5 in. thick fin)

6=PBxcoso
0=20xcos 7°
0=20°
o Effective height, h=8 in.
e Thickness, t =0.5in.
o Loaded length,b =9in.
e material =C-1020
* % of crush =30%
e loading angle = 20° (angle of inclination to the unyielding surface)

Therefore, at crush of 30%, for fin height of 8 in., fin inclination angle of 34°, from Figure 2.10.9-
F6.3, the parameter [absorbed energy/plastic moment], N =3
EApns 26 =2xNxoyxbxt/4
=2x3x46,000x9x (0.5 /4
=2x 77,625
=0.155 x 10° in.-Ib.

iv)  Fins#1, #7
For Fin #1 and #7 (i.e., 0.5 in. thick fin)

0=Pxcoso

0=30xcos7°

0=30°

o Effective height, h =8in.

o Thickness, t ' =0.51n.

o Loaded length, b =9in

o material =C-1020

s % of crush =30%

e loading angle = 30° (angle of inclination to the unyielding surface)

Therefore, at crush of 30%, for fin height of 8 in., fin inclination angle of 30°, from Figures 2.10.9-
F6.4, the parameter [absorbed energy/plastic moment], N =1.7
EArms .47 =2xNxoyxbxt/4
=2x 1.7x 46,000 x 9 x (0.5 /4
=2 x 44,000 x 10°
=0.088 x 10° in.-Ib.
Therefore the sum of energy absorbed by all the fins is
EAcuashicdatm = [EArs i + EArns a5 + EArvs 06 + EArvs 1.47]
=[0.310+0.621 +0.155 + 0.088] x 10% in.-Ib.
=1.174x 10 in.-Ib.

IN/TR 9301 F294, Revision 4 - Appendix 2.10.9 Page 102 - July 2003



- Chapter 2

652  Peak Force for Crush Shield

Peak forces are evaluated using Ref. [18]. It should be noted that, during impact, thls peak force is only
experienced by the F-294 package for an extremely short time (in the order of less than 100 milliseconds).

a) For crush shield fins (0.5 in. thick)
1. [height of fin/ thickness of fin]= 8/0.5 = 16
2. Finloading angle = 0°,10°,20°,30°
3.1  Unit peak force P; = 12,500 Ib. per in of loaded length per fin
(See Figure 2.10.9-F7.1). (0°)

3.2  Unit peak force P, = 37,500 Ib. per in of loaded length per fin
(See Figures 2.10.9-F7.2 and 2.10.9-F7.3). (10°) '

3.3 Unit peak force P; = 12,000 Ib. per in of loaded length per f ﬁn
(See Figures 2.10.9-F7.2 and 2.10.9-F7.3).(20°)

3.4  Unit peak force P, = 3,000 Ib. per in of loaded length per fin
(See Figures 2.10.9-F7.3 and 2.10.9-F7 4) (30°)

4. Loaded length of the fin = 9in. . .. -
5.  Total peak force experienced by the package due to nnpact of the crush shield;

SFPcrusasump = loaded lenglh_x Z[unit peak force x number of fins]
o =9x[Pix1+P,x2+P;x2+P4x2]
—9x[12500xl+37500x2+12000x2+3000x2]
=9x[117,500) L
,—1057x10°lb ‘

6.5.3 Energy Absorbed by Top/Sxde Fins of the Container ,

Refer to Figure 2.10.9-F33 for layout and numbenng of contamer fins.
There are three types of fins on the top of the container:

e 1.25in. thick

e 0.5 in thick

e 0.375 in. thick
The container lift lug fin and the 0.5 in. thick fin adjaoent to the lift lug fin do not come into play as they
are just outside the zone of impact. Lift lug fin is at 45° to the shxppmg skid. Refer to Figure 2.10.9-F33
for depiction of effective fin parameters etc. :

How many fins are in the zone of impact? See Fxgure 2.10. 9-F33 Iti is estimated ﬂom the graphical data,
that 6 fins (3/8 in. thick) come into play. : _ ,

What is the loading angle for each fin?
6=Pfxcosa
where
6 = fin loading angle (°)
B = angle between fin 1 and fin n
o = angle between impact pad and the longitudinal axis of the package =
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Table 2.10.9-T14 list the appropriate 8, loading angles for all the fins of the container, as calculated in
the following example;
For Fins #5 and #6 (i.e., 0.375 inch fin)
6=Bxcoso
0=5xcos7°
0=>5°

For Fins #4 and #7 (i.e., 0.375 in. thick fin)

0=PBxcosa
0=15xcos 7°
0=15°
- For Fins #3 and #8 (i.e., 0.375 in. thick fin)
0=PBxcosa

0=25xcos7°
0=25°

Table 2.10.9-T14
Bottom Corner Drop, 3rd Stage: Container Fin Data

0.375in. fin 2 5° 16.

0.375 in. fin 2 | 15° 8.5

0.375in. fin 2 25° 25
1) Fins #5 and #6

o Effective height, h=6in.

e Thickness, t =0375in.

o Loadedlength b =13.8in.

e material =ss304L

o % ofcrush =30%

o loading angle = 5° (angle of inclination to the unyielding surface)

Therefore, at crush of 30%, for fin height of 6 in., fin inclination angle of 5°, from Figures 2.10.9-F6.1
and 2.10.9-F6.2, the parameter [absorbed energy/plastic moment], N = 16.
EAmsusss =2xNxoyxbxt/4
=2x16x 25,000 x 13.8 x (0.375)* /4
=2 x 194,000
=0.388 x10° in.-Ib.
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i)  Fins#4 and#7 o
Effective height, h=6 in.

[ ]

e Thickness, t -=0.375in.

e Loadedlength,b =138in.

¢ material . =ss304L

e % ofcrush =30%

e Joading angle =15° (angle of mclmauon to the unyielding sm'ﬁace)

Therefore, at crush of 30%, for fin height of 6 in., fin mclmanon angle of 15°, from Flgmes 2.10.9-
F6.2 and 2.10.9-F6.3, the parameter [absorbed energylplast:c moment], N=8S5.

EAnNsﬂﬂ —2XNXWXbXt2/4

=2x8.5x25,000x 13 8x(0.375) 4
=2x 103,000
=0.206 x 10° in-b.

iii) Fins#3and#8
Effective height, h=61in. .

[

e Thickness,t =0.3751n.

e Loadedlength,b =138in.

e material =ss304L

¢ % of crush =30% ,

e loading angle = 25° (angle of mcllmuon to the unyielding surface)

Therefore, at crush of 30%, for fin height of 6 in., fin mclmatlon angle of 25°, from Fxg\mes 2.109-
F6.3 and 2.10.9-F6.4, ﬂ:cparameter[absorbedenergy/plasucmoment],N =25
EAmsmsm =2xNxoyxbxt /4
—2x25x25000x138x(0375) 14
=2x30,000" .
-ooeoxlo‘m-lb _
Thereforethesumofenergyabsorbedbyalltheﬁnsxs ,
EAcominertis = [EArvs#s6 + EArvs sy + EAmvsms ]
—[0388+0.206+0060]x10°m.—1b -
=0.654x 10°in

6.54 Peak forces for Top Container Fins

a) For container fins (0.375 in. thick) '
1. [height of fin/thickness of fin]= 6/0.375 = 16
2. Fin loading angle = 5°,15°,25°
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3.1 For fins 5,6 with Fin loading angle = 5°, Unit peak force P; = 25,000 1b. per
in of loaded length per fin (see Figure 2.10.9-F7.3). (5°)
3.2 For fins 4,7 with Fin loading angle = 15°, Unit peak force P, = 25,000 Ib. per
in of loaded length per fin (see Figures 2.10.9-F7.2 and 2.10.9-F7.3).(15°)
33 For fins 3,8 with Fin loading angle = 25°, Unit peak force P; = 8,000 1b. per
in of loaded length per fin (see Figures 2.10.9-F7.2 and 2.10.9-F7.3).(25°)
. Loaded length of the fin = 13.8 in.
5. Total peak force experienced by the package due to 1mpact of the 0.375 in. thick

top fins of the container;
YFPo37s s, contamer = loaded length x Zunit peak force x number of fins]
= 13.8x[2xP1 +2XP2+ZXP3]
=13.8 x [2 x 25,000 + 2 x 25,000 + 2 x 8,000]
=13.8x[116,000]
=1.6x10°Ib.
6.5.5 Summarize 3rd Stage
Energy absorbed:
EA crush shicid fins =1.174x 10° in-Ib.
EA soutziner fins =0.654 x 10° in.-Ib.
EAsdsioge =1.828 x 10° in.-Ib.
Peak forces:
SFP crusH SHIELD =1.057 x 10° Ib.
2FP:375 FINS, CONTAINER =16x 10% Ib.
ZFP3giage =2.657x 10°b.

6.6 ENERGY ABSORPTION, G-LOADS FOR 4TH STAGE
There are two (2) energy absorption structural elements. These are:

1. A bottomy/side sector of the cylindrical fireshield
2. A bottom/side sector of the container external cooling fins.

Both shall be consic}ered herein.

6.6.1 Energy Absorption by External Cooling Fins on the Container
See Figure 2.10.9-F34.

i) Fins #5 and #6 Parameters
o Effective height, h=4in.
o Thickness, t =0.375 in.
o Loadedlength b =32in.
e material =5s304L
o %ofcrush =30%
o loading angle = 5° (angle of inclination to the unyielding surface)

Therefore, at crush of 30%, for fin height of 4 in., from Figures 2.10.9-F6.1 and 2.10.9-F6.2, the
parameter [absorbed energy/plastic moment], N = 16
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EAmssss ~ =2xNxMp
-2x16x[oyxbxt2/4] :
=2x 16 x [25, 000x32x(0375)2/4]
=0.9x 10°in-Ib. '

i)  Fins#4and #7 -

o Effective height, h=4in.

e Thickness,t - =0375in."

o Loadedlength, b =32in.

e material = §s304L

¢ %ofcrush =30% .

¢ loading angle = 15° (angle of mclmatlon to the unyxeldmg surfaoe)

Therefore, at crush of 30%, for fin height of4i m fin mchnatlon angle of 15°, from Flgures 2. lO 9-
F6.2 and 2.10.9-F6.3, the parameter [absorbed energy/plastlc moment), N =10 o ,
EApmsm’;n —ZXNXO'bethm» . .
=2x10x25 000x32x(0 375)2/4
=2x0.281x 10°
=0.562 x 10° in.-Ib.

i)  Fins#3 and #8 |
Effective height, h=4 in.

[ ]

e Thickness, t =0375in.

o Loadedlength, b =32in.

e material =ss304L

e %ofcrush =30%

o loading angle =25° (angle of mchnatlon to the unyleldmg surface) -

. Therefore, at crush of 30%, for fin height of 4 in., fin inclination angle of 25°, from Figures 2.10.9-
F6.2 and 2.10.9-F6.3, the parameter {absorbed energy/plastic moment], N=3.5
EAmspse =2xNxoyxbx?/4
=2x3.5x25,000x32x (0.375)* /4
=2x0.098x10°
=0.196 x 10° in-Ib.

Cumulative energy absorbed by extemnal cooling fins

TEAms = EApnswsss + EArnvs s + EApns s gs
= (0.900+ 0.562 + 0.196) x 10° in.-Ib.
=1.658 x 10° in.-Ib. :

6.6.2 Peak forces for Side Container Fins
a) For container fins (0.375 in. thick)
1. [height of fin/thickness of fin]= 4/0.375 = 10.7
2. Fin loading angle = 5°, 15°, 25° _ _ o
3.1  For fins 5,6 with Fin loading angle = 5°, Unit peak force P; = 60,000 Ib. per
in of loaded length per fin (see Figures 2.10.9-F7.1 and 2.10.9-F7.2) (5°)

3.2 For fins 4,7 with Fin loading angle = 15°, Unit péak force P, = 40,000 1b. per
in of loaded length per fin (see Figures 2.10.9-F7.2 and 2.10.9-F7.3) (15°)
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33 For fins 3,8 with Fin loading angle = 24.5°, Unit peak force P; = 13,000 Ib.
per inch of loaded length per fin (see Figures 2.10.9-F7.2 and 2.10.9-F7.3) (25°)
4, Loaded length of the fin = 32 in.
5. Total peak force experienced by the package due to impact of the 0.375 in. thick
top fins of the container.
XFPossrns, contamer = loaded length x Y[unit peak force x number of fins)
=32X[ZXP|+2XP2+2XP3]
=32 x [2 x 60,000 + 2 x 40,000 + 2 x 13,000]
=32 x [226,000]
=7232x10°b.

6.6.3 Energy Absorbed by the Cylindrical Fireshield

In the third stage of the impact we had neglected to estimate the energy absorbed by the cylindrical
fireshield. In the fourth stage, the cylindrical fireshield side is impacted. 3rd and 4th stage impacts of
the fireshield shall be combined and analyzed here (see Figure 2.10.9-F35). A cylindrical fireshield is a
cylindrical shell which is deformed by some amount in the side impact. A simple model is given here:

Step 1
The radius R, decreases to R;.
the strain is €= [Ro — Ri J/Ro
=AR,
Step 2

The stress, ¢ = function (g)

Step 3
The compressive stress 6. = 1.6 x ¢

Step 4
The crushed area Acnn =L X c
c=2[A(Ro—-A)**
Therefore
Aca=Lxc
A =Lx2[A(2Ro - A)]"

Step S
Mean crushed area Amean cush = Acrush /2

Step 6
Mean Impact force, Fe = Gc X Amean crush

Step 7
Work done, U=F.x A
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Step 8
G-load =F,/ W.294 LEss skip
Plugging in the data:
A =0.1in
Ro =23.75in.
L =30.0in. ,
c = 32,000 + [23,000/20] x &(%)
we find
£ =0.1/23.75 = 0.00421
c = 32,000 + [23,000/20] x £(%)
=32 ooo+[23000/20]xo421
=32,000 +484
= 32,484 psi
Oc =16x0
=1.6xpsi’
= 51,974 psi
c =2[A 2Ro-A)" A
=2[0.1(2x23.75- 01)]°~’ S
- =435in. :
L =30in. -
Am_q, ) ,-':—'LXC }
- . =30.x435
. =1305in®
Amnanmxsh "Aaushlz
- =13052
- =6535in’
Mean Impact force
. F. =0, X Apencnsr R
= 51,974 psi x 65.25
=3391x10°h.
Work done o
U=F.xA
=3.391 x 10°1b.x 0.1 in.
=0.339 x 10° in.-Ib.

Hence, it is estimated that for a small defonnatnon of 0 1in. overa length of 30 in., the energy absorbed
by the cylinder is 0.339 x 10°in.-Ib. : _

IN/TR 9301 F294, Revision 4 - Appendix 2.10.9 Page 109- ' July 2003



Chapter 2

6.6.4 Summarize 4th Stage

Energy absorbed:
EAcnsinersidefis = 1.658 x 10° in.-Ib.
EAcytintricatfresiod = 0.339 x 10° in.-Ib.

EAut sage =1.997 x 10° in-Ib.
Peak forces:

FPetinrsiteins = 7.232x 10°Ib.

SFPeyindrical reshics. = 3.391 x 10° Ib.

ZFP o stage =10.623 x 10° Ib.

6.7 ENERGY ABSORBED BY CASK SHELL AND LEAD ESTIMATE OF LEAD
MOVEMENT OR SLUMP

‘When the container without the fins is approximated to a cylindrical cask with flat end plates dropped in
side drop orientation, the container will absorb energy upon impact in three ways:

1. by deformation of end plates

2. by movement of lead

3. by deformation of cylindrical outer shell.

A relatively small amount of energy is absorbed in bending the steel shell at the point of impact and is
therefore neglected in this analysis. Such a model is presented in Figure 2.10.9-F16.

Shappert [Ref. [8], page 59] has provided a method of estimating the amount of lead movement for such
a cask. We shall apply formula as per Ref. [8], page 59 to estimate lead movement in the F-294 container.
It should be noted that 92.8% of the energy absorption has been accounted for (see section 6.10);
consequently, it is required to consider only the remaining 7.2% of the potential energy due to 30-ft height
of the package. However, for 7.2% factor shall be increased to say 10% of 30-ft drop height energy to
provide a conservative estimate of the lead slump.

The formula is:
) WH/tsRLos = [Fi(0)][R/ts(cr/0s) + 2(R/L)1/ts)] +F2 (6)
where
w = effective cask weight = 21,000 Ib. — W4 =21,000 — 980 = 20,020 Ib.
H = effective drop height = 10% of 30 feet = 36 in.
Fi(0) =0 — 1/2(sin20)
F2(0) =sin®(2 —cos6) — 0
R = the outer shell radius = 18 in.
ts = the outer shell thickness = 0.5 in.
L = length of the shell = 50.25 — 6.0 = 44.25 in.
Cs = the dynamic flow stress of ss304 shell, psi = 50,000 psi
O = the dynamic flow stress in lead = 5000 psi
t. = thickness of ss304 end plate = 0.5 in.
0 = the angle defined in Figure 2.7.1.2-ii)-F12, degrees

The above formula is based on assumptions that the yield point stress of the ss304 end piece is the same as
that of the ss304 shell and that the end pieces are of equal thickness. In order to use the above formula, the
angle 0 and the cask geometry must be known. The angle 8 may be determined from Figure 2.10.9-F17
(reproduced from Ref. [8], Shappert, Page 61), which is based on the above formula. The maximum
displacement of shielding represented by the outer shell flattening, 8, may be calculated by 8 = R(1 — cos6)
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Calculate Non-dimensional Resistance Parameter #1.
[RAs(or/0s) + 2(R/L)(to/ts)]
[18/0.5(5,000/5,0000) + 2(18/44. 25)(0 5/0.5)]
[3.6+0. 8135]

[4. 4135 ]

Calculate Non-dimensional Energy Pa:ameter #2.
[WHASRLGs]
[20020 x 36/(0.5 x 18 x 4425 x 50000)]
[0.0362]

Use nomograph as per Figure 2.10.9-F17, with pamneter #1 =4.4135 and parameter# 2=10.0362. Connect the
line between the two parametexs and read the value of 6 = 13°

See Figure 2.10.9-F18.
6 =R(1-cosB)
0= 18(1-cos(13°)
0=18(1-0.974)
5=461 in.
Now § = ts + Ajad
where T o
ts = thickness of flattened ss304 shell=0.5
Ay = amount of lead shielding dlsplaoed
A =0-15
=0.461-0.5
=~0.039 in.

To summanze, in the ‘bottom corner drop onentatxon, it 1s csnmated that the amov.mt of lead shxeldmg
dnsplaced in thc F—294 container is zero in. }

6.8  SUMMARY OF ENERGY BALANCE AND PEAK FORCES IN BOTT OM ‘

- CORNER DROP
Energy balance.
1st Stage ,
EAmsaee =3.198x 10°in.-Ib. =423%
3rd Stage
EA crush shieid ins =1.174 x 10° in.-Ib. = 15.5%
EA contines ins =0.654 x 10°in.-Ib. = 8.6%

EA 1 firesties= Dot accounted for

4th Stage

EA contsiner fis= 1.658 x 10° in.~Ib. =21.9%
EAcp firesien= 0.339 x 10% in.Ib. = 4.4%
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Total energy absorbed so far = 7.02 x 10° in.-Ib. = 92.8%
% absorbed = 7.02x 10°® /7.56x10° = 92.8%
% not absorbed = 7.2%

The 7.2% of 30-ft drop energy shall be taken up be the cask shell and lead. 10% of 30-ft drop energy is
shown to be absorbed by the cask shell and lead. This is presented in section 6.9.

Peak forces and G-loads
1st stage: Peak force = 6.09 x 10° Ib., G-load =290 g's.
3rd stage: Peak force =2.08 x 10° Ib., G-load =104 g's.
4th stage: Peak force = 10.623 x10° Ib., G-load = 530 g's

Displacements

In the 4th stage, the cask absorbs some energy ; however there is no lead slump as most of the energy
appears to be absorbed in the cask stainless steel shell.

Figure 2.10.9-F31
Bottom Corner Drop: Mode of Impact
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\_ ‘Figure 2:10.9-F32
Bottom Corner Drop: Representative Fin Parameters
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' Figure 2.10.9-F34
Bottom Corner Drop: 4th Stage Impact: Container Side Fins -
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Bottom Corner Drop: 4th Stage Impact: Cylindrical Fireshield Impact

Figure 2.10.9-F35
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7. BOTTOM END DROP

7.1 MODE OF IMPACT

See Figure 2.10.9-F36 .
The shipping skid will impact the unyleldmg surface first. The fom' 8x3 channels wﬂl crush. The shipping
skid will also deform like a dlsh. ‘ , A

7.2 ENERGY ABSORPTION CONT RIBUTION BY FOUR CHANNELS OF THE
SHIPPING SKID

7.2.1 Energy Absorbed by the Webs of the Channels
Fin Parameters (sce Figure 2.10.9-F37). '

o Effective original height, h= 8 in. (8-inch web of the 8 x 3 channel)
e Thickness, t =043 in. : '
e Loadedlength, b =78 in.
e  material = ASTM A-36
e % ofcrush =225%
e loading angle = 0° (angle of mclmauon to the unyxcldmg surface)
EA =Nx Mp
where
N = [(Absorbed Energy)/(Plastic Moment)]
=11 (Figure 2.10.9-F6.1, at 8 in., 22.5%)
Mp  =plastic moment '
=oy*bt’ /4 ,
= 36,000 x 78 x (0.43)/4
= 129,800 in.-Ib.
 where
Oy =yield stress ofA-36 36000p31
b = Joaded length of the fin
t = fin thickness :
Therefore
EA —llx129800m.-lb

= 1.427 x 10° inb. perﬁn.

As there are four channels, therefore there are 4, 0.43 in. thick fins. Therefore, energy absorbed by
4,043 in. thick fins is

EAunnes =4x 1427 in.-Ib.

' - =57x10°in-b.
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7.3 ENERGY ABSORPTION CONTRIBUTION BY EIGHT GUSSETS OF THE
SHIPPING SKID

7.3.1 Energy Absorbed by the Gussets of the Shipping Skid
Fin Parameters (see Figure 2.10.9-F37).

o Effective original height, h= 8 in.(8 in. web of the 8 x 3 channel)
o Thickness,t =0.75in.
» Loaded length, b =3 +3 =6 in. per gusset
* material = ASTM A-36
e % ofcrush =10%
¢ loading angle = (° (angle of inclination to the unyielding surface)
EA =NxMp
where
N = [(Absorbed Energy)/(Plastic Moment)]

=9 (Figure 2.10.9-F6.1, at 8 in., 10%)
My  =plastic moment

=cy*bt? /4
=36,000 x 6 x (0.75)* /4
= 30,375 in.-Ib.
where
Gy = yield stress of A-36 = 36,000 psi
b = loaded length of the fin
t = fin thickness
Therefore

EA =9x30375in-b.
=273 x 10 in.-Ib. per gusset fin.

As there are eight gussets, therefore, there are 8, 0.75 in. thick fins. Therefore, energy absorbed by eight,
0.75 in. thick fins is '
EAges= 8 x 0.273 x 10° in.-Ib.

=2.187 x 10° in-Ib.

7.4 ENERGY ABSORBED BY THE SHIPPING SKID ALONE

EA samets =5.7x 10° in.-Ib.
EAges =2.187x 10° in.-Ib.
EAgippingsia = 7.887x 10° in.-Ib.
Hence, the shipping skid, by itself, is capable of absorbing 7.887 x 10°in.-1b./7.56 x 10° in.-Ib. = 104% of

the 30-ft drop energy in the bottom end drop orientation. The skid channels, 8 x 3 will crush by a distance
0f22.5%x8in.= 18 in.
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7.5 ESTIMATE OF PEAK FORCES AND G-LOADS
Peak forces evaluated using DAVIS method (Ref (18D

a) for shipping skid fins (channe] web) (0.5 in. thick)
1.  [beight of finthickness of fin}= 8/0.5 = 16 :
2. Unit peak force P; = 12,500 Ib. per in of loaded length per fin

(see Figure 2.10. 9-F7 1). ,
3. FPy =Unit peak force x loadcd Iength per fin x number of fins loaded at 0°
=12,500x78x 4 :
=39x 1706 Ib.

b)  forshipping skid fins (gusset) 075 n. thick) ~
‘1. [height of fin/thickness of fin]= 8/0. 75 10.6
2. Unit peak force Py = - 75,000 Ib. per in of loaded length per fin

(seeFlgure2109-F7 1) G
-3 FP, -Umtpeakfomexloadedlengthpcrﬁnxnumberofﬁnsloadedat0°
=75,000x6x 8
7‘36x1061b
Total Peak force o
FP:hxppmgdnd FPI+FP2 :
' —39x106+36xw‘1b
7 /—7.5x1061b. SR
Estimated Gload © =
G-load  =FPuippingskia /Wr.204
- =7.5x10°/21,000
=357g's

Therefore in the bottom end drop, the G-load is 357 g's.

7.6  SUMMARY FOR BOTTOM END DROP

1. Hence the shipping skid, by itself, is capable of absorbing 7.887 x 10°in.-1b./7.56 x 10% in

104% of the 30-ft drop energy in the bottom end drop orientation. .
The skid channels, 8 x 3 will crush by a distance of 22.5% x 8 in. = 1.8 in.
In the bottom end drop, the G-load 357 g's at the impact point.

badli 3

~lb. =
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Figure 2.10.9-F36
F-294: Bottom End Drop Orientation
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‘ - Figure 2.10.9-F37 " ‘
Bottom End Drop Orientation: Geometrical Data for. Fins
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8. TRANSNUCLEAIRE DATA FROM REF. [37] WITH REFERENCE TO
15-TON DUPONT CASK DROP DATA

8.1 MEASUREMENTS MADE ON A 15-TON PACKAGING

The packaging used was a 15-ton Dupont de Nemours packaging which has been the subject of a large
number of drop tests. Table 15 is reproduced from a Table contained in Ref. [39] summarizing the
measurements of deceleration at various points in the packaging, for various drop heights.

These results clearly show that, during an impact, deceleration varies accordmg to the height of the point
considered in the packaging.

They also show that the deceleration varies roughly linearly as a function of the height of the drop.

8.2 APPLICATION OF THIS TEST DATA TO F-294

Based on this data, the following two inferences are drawn.
1. The G-loads at locations away from the impact face are considerably reduced.
2. For the same weight of the package, the G-load resulting from a free drop is a function of
drop height. For example the G-load at 1 m. is 10%-12.5% of G-load at 9.1m.

For application of this drop test data to the F-294 package.
1. Atdistances 100 cm. from the impact face, a reduction factor of 0.66 x G-loads at the impact
face shall be used for F-294 package.
2. For free dl‘Op at 3-foot dl'Op, the G—load;m DROP = 20%x G-103d3o.ﬁ DROP-

The factor of 20% is far more conservative than the test data factor of 10% - 12.5%.

Table 2.10.9-T15
Drop Test Data for 15-Ton Dupont Packaging from Transnucleaire Ref. [37]

Drop height 2.30m 4.50m 9.10m
Impact surface bottom bottom bottom
Deceleration on bottom 320 g's 750 g's 1200 g’s - 1500 g's
(25 cm from impact face)

Deceleration at upper part 140 g's 250¢'s ?

(120 cm from the impact face)

9. SPECIAL ISSUES
9.1 CRUSH SHIELD RETENTION DURING 30-FT DROP

Step 1
The crush shield is fastened to the container as follows:
1. Quantity =8, fasteners at top, connecting crush shield to the container top fins bracket.
The size of the fasteners is: 1 in. dia. x 2.5 in. long, SAE Gr. 8.
2. Quantity = 8, fasteners at side, connecting crush shield fins to the container side fins.
The size of the fasteners is: 1 in. dia. x 2.5 in. long, SAE Gr. 8.
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"\ Step 2
The weight of the crush shield is Werysy sueLp = 730 lb

Step 3
Static load-carrying capability of the fasteners.

Step 3.1

For top end, top corner, bottom end dr0p onentatlons, out of 16 fasteners, 8 are in tension and
the remammg 8 are in shear.

#1. 8 bolts in tension: ,

- P,  =No. of bolts x UTS x Stress Area
= 8 x 150,000 psi x 0.551 in®
= 661,200 Ib.

#2. 8 bolts in shear:
P, =No. ofbollstTSmshearxSh‘essArea
-8x06x150000p61x0551m
=396,720 Ib.

Total load capability static based, Psraticsasen
=P +P,; '
=661,200+396,7201b. -
=_ 1,057,920 Ib.
Step 3.2
For side drop #1, side drop #2 bottom corner drop onentatlons, out of 16 fasteners, all 16 are
in shear. S . i
#2. 16, bolts in shear:
P;  =No. of bolts x UTS in shear x StressArea
=16x0.6x 150000p31x0551 i
=3967201b. e
= 793,440 Ib.

Total load capabxhty statlc based PSTATIC-BASED
=P, -
=793,4400b. -
Step 4
G-load carrying capablhty based on static UTS consxderat:on
Step 4.1

For top end, top comer, bottom end drop onentanons,
G-loadsranceasep = Psrancsasen/Werus s p
=1,057,920/730
=1,449 g's
Step 4.2
\_/ For side drop #1, side drop #2, bottom corner drop orientations,

G-loadstanceasep Psraniceaser/WerusH siELp
793,440/730
1,086 ¢'s
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Step 5
What G-loads are estimated for various drop test orientations?
At the impact point,

top end drop G-load =200 g’s

side drop #1 G-load =520 g's

side drop #2 G-load =500 g's

top corner drop G-load=338g’s

bottom cormerdrop  G-load =530 g’s
bottom end drop G-load=334 g's

Step 6
Compare the G-load capability of fasteners, on static basis to the G-loads calculated at the impact point for
various drop test orientations.

Step 6.1

For top end, top corner, and bottom end drop orientations,

G-loadstanc.pasep = 1,449 g's
The maximum G-load sustained in above drop test orientations is 338 g's.

Safety factor: G-load capability/G-load sustained = 1,449/338 =4.28
Therefore, all of the fasteners connecting the crush shield to the container shall not fail.

Step 6.2

For side drop #1, side drop #2, bottom corner drop orientations,

G-loadsrancpasen = 1,086 g's
The maximum G-load sustained in above drop test orientations is 530 g's.

Safety factor: G-load capability/G-load sustained = 1,086/530 = 2.04
Therefore, all of the fasteners connecting the crush shield to the container shall not fail.

Step 7

As the dynamic UTS is 1.5 to 2 times the static UTS, there is additional factor of safety due to this
consideration. Therefore it is concluded that the crush shield fasteners shall have the capability to retain
the crushshield during the 30-ft drop in any orientation.

9.2 CYLINDRICAL FIRESHIELD RETENTION DURING 30-FT DROP TEST
See Figure 2.10.9.F38 illustrating how the cylindrical fireshield is fastened.

Step 1
The cylindrical fireshield is fastened to the container base plate as follows:
1. Quantity = 8, fasteners at bottom, connecting cylindrical fireshield bracket to the container skid
top plate bracket. The size of the fasteners is: 1 in. dia. x 2.5 in. long, SAE Gr. 8.

Step 2
The weight of the fireshield is Wcyrinpricar Firesuerd = 1,125 Ib.
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Step 3
Static Load carrying capability of the fasteners.
Step 3.1 ' :
For top end, top corner, bottom end drop onentatlons all eight fasteners are in tensxon
#1. 8, bolts in tension:
P, = No. ofboltstTSxStmssArea
= 8x 150,000 psi x 0.551 i m
: = 661,200 b. o
Total load capability static based Pgrmc.m -
- P | . .
=661,200 Ib. ,
Step 3.2 ' o .
For side drop #1, side drop #2 bottom comer drop onentatlons all 8 fastcners are in shea.r
#2. 8, bolts in shear; ,
P, =No. ofboltstTSmsh&rxStr&sArea '

=8x06x 150000psxx0.551 in?
= 396,720 Ib. 3
Total load capabxhty static based, Psrariceasep
= P 1
= 396,720 lb.
Step 4 ' o
G-load carrying capability based on statlc UTS oonsxderatxon
Step 4.1

For top end, top corncr, bottom end drop onentatlons
G-loadstanceasep = Pstancaasen/W. cmsnsrmn

- =661,200 lb./l 125 L
=587¢gs
Step 4.2
For side drop #1, side drop #2, bottom corner drop orientations,
'G-loadstaniceasep = Pstaniceasen/Werusu siterp S L
’ o o =396,720/1,125 : -
=352 g's
StepS : : o
What G-loads are estlmated for various drop test onentatlons?
At the impact point, o

top end drop G-load =200 g’s

side drop #1 G-load =520 g's

side drop #2 G-load =500 g's

top corner drop G-load =338 g’s
bottom comer drop G-load =530 g’s
bottomn end drop G-load =334 g's |
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Step 6
Compare the G-load capability of fasteners, on static basis to the G-loads calculated at the impact point
for various drop test orientations.

Step 6.1
For top end, top corner, bottom end drop orientations,
G-loadgmnc.m = 586 g'S

The maximum G-load sustained in above drop test orientations is 338 g's.

Safety factor: G-load capability/G-load sustained = 586/338 = 1.73
Therefore, all of the fasteners connecting the cylindrical fireshield to the container shall not fail.

Step 6.2
For side drop #1, side drop #2, bottom comner drop orientations,
G-loadstatic.BaseD = 330g's

The maximum G-load sustained in above drop test orientations is 530 g's.
Safety factor: G-load capability/ G-load sustained = 352/530 = 0.664

Therefore, some of the fasteners connecting the cylindrical fireshield to the container may appear to fail on
static considerations alone.

The integrity of fasteners and cylindrical fireshield retention is further examined:

In the bottom corner drop, the fireshield shall be retained in position by any one of the four brackets on
which the fireshield is mounted to the bottom fixed skid (see Figure 2.9.10-F38)

In the side drop, the fasteners may fail but the fireshield by virtue of its cylindrical shape is restrained in
top (by the crush shield); in the bottom (by the fixed skid brackets) and around the circumference (by the
container fins). Consequently the fireshield is trapped.

In addition, the fasteners share the impact load with the welds of the bracket. Consequently the impact load
on the fasteners is marginally reduced. Also, out of four brackets, only two brackets are in the zone of
impact, the remaining two brackets are outside the zone of impact.

Step 7

As the dynamic UTS is 1.5 to 2 times the static UTS, there is an additional factor of safety due to this
consideration. Therefore, it is concluded that the fireshield fasteners shall have the capability to retain the
fireshield during the 30-ft drop in top, top comer and bottom drop orientations. In the side drop # 1, side
drop #2 and bottom corner drop orientations, some or all of the fireshield fasteners may fail; despite that,
the cylindrical fireshield shall be retained due to the fact that it is trapped and redundancy (four separate
connecting brackets).
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Figure 2.10.9-F38 ,
Fastening of the Cylindrical Fireshield to the Container Base
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Allay/ nder-heact angle for . 180.000 96.000 ex0°r } ~ hest treated plating magnetic
Stainfess mex Y Hushoess and k altoy steet omional 1] o : 18" MS24657
. D | Eoomm T \ ——er R | RN R S| T
o ‘ o iti cellent tic 1 : 7
recuces mamng of meterial $8.,000 . ,5.000 800°F ;::‘!‘:;lc excefien | no 10° il
Button Hexd ' __nieet s
Cap Screws /\A E dy_::-— i3 stremrafine 160,000 % . . o . nebe reated olating m:émtlf: {
* gn, use in materials . .000 ‘ A ’ : ]
g&cx'l.“ . .ﬁmtnmmmumw = :; ‘::,n m'c'::mmsink: ‘ ' S50 r alloy steet optionat - ne u : - 1716~
N } ; % r non-critic 10ad- " ‘ " Fito 0 1o 0 - -
ing renuiring heat wreated ‘ austenitic - t e
xrews « 56.000 45,000 800°F J stantess 1 non-magnetic '!
teel .
Snkn Fasten cotl N ) . . P ‘ L .
Set Screens Uﬂ?‘mmempnmm g;::: ::t:hs on 's':‘!ﬂ!. hardness heat treated plating magnetic’ =0 1127 'C;I'B" 0 m]x aal 1:;5“ :‘,5555:3333‘35 ANSE5
Afloy Steet oval, cun and seff-locking cumy paints standsrd Re 45.53 _ S0oF ‘ dlloy stee! opnonal _ T g " & | mssrasiaz
s“k“ . ) T e,
. Screws Use stainiess for corrosive, cryogenic or ' austenine ceitent non-magnetc | =3 1 2 he~ Mo FHT me~ | MS51021,-23.-24
“intess elevated temperature environments. Pisin : s o ‘ 10 MS51031.:38
A g sandand. Other styles on speciat - g00%F . v e : & . & . | Mssi0as.47
TRz 0 v XTIy e - ‘
*’-77}’11‘-"::’ guince.d i ered wad foba LTS T S (TR T P
= a HIOMMENCA0D sny nof-akoin] z Qigitoopty a1 acolicabla, Permcmbe o oo Sy ~ ' st UNRRAKTIM s BN . i O IR ST O M 7o
——— o S40piiant 10 these stenderde B a3 - : [ TR, S N v b gt (LT R R
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Accurate esntral of socket deoth gives

more wrench engagement than grher

. screws, permuts full tightening without - -

cracking or reamung the socke, yet pro.
wides ampie metal in the crucial lillet
area lor maximurn head sirength

Data Pages appended from UNBRAKO
Ca.talogue .

_-Deep, accurate sacket for high torque wrenching.

Double knurls for easier handling, quick identification.

Head vmh increase;'l‘bearing area for greater load.
carrying capacity. An UNBRAKQO sockes screw

"original". o

Preczston forged for symmemal grain flow, maximum

'mnqm

Elliptic:l fillet doubles fatigue life at critical head-

- shank juncture. An UNERAKO socket seraw development.

“3-R” (ndimd-fc;ot runcurt) increases fatigue life as much
as 300% in this cnncal area. An UNBRAKO socket screw
"ongmai" L L

- CONVENTIONAL THREAD
RUNQUT - Note sharp angte
8t roct wnere high stress con-

- UNBRAKO =3-R~ IRADIUSED-
ROOT RUNQUT) THREAD ~
Controtied ragius of runout root

* CENtTation $O0N deveicps Cr3ck prowdes 3 Imoath ferm (hat dise

which penetrates into tocy of

- tMBUtes stress and ncreases fatigue

screw. 7 lite of tasenes as much as J00% in
. - . -cermam uzes. :

Fuily formé:t radiused thread increases fatigue life 100% over
other thread forms. An UNBRAKO socket screw gevelopment.

Controlled heat treatment produces maximum strength without

brittieness or decarburization.

A "fy"‘-"’"
~'-f'/:-37?}.-!"£ o
AL

- Ccnm:lled hud !nrginq torms uniferm

gran {low with unbroken How lines:

" maxes haads ttronger: prevents (Siure in
vieat fillet area; agas te lanque mengm

ot "N screw.

-

-
et e

Croa-u:nan of radiused fully formea

thresds, Contour-(alicwing Haow lines

provide extra stiear strength in threads,

resist strioping and provide high fatigue

resistance. Nate the large root Fadius,
s**"3AKO socket scraw develon-

t aoubles 1atugue life of the
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SOCKET HEAD CAP SCREWS...Why socket screws? why UNBRAKQ?

if you use fasteners, you know their
importance in today’s technology.
Higher preswures, higher stresses and
higher speeds demand stronger, more
reliable joints, and stronger, more
reliable fastzners to hold them together.

For part must stay together, A
singla failure can destroy a sateilite or
stog an assembly line. Relizbility must
te total.

That's wiy industry is using more
and mors socket head cap screws, the
strongest threaded fasteners you can
buy “off-the-sheif”. They have tha
extra strength and f3tigua resistance
required for towl refiability in high
strength fastening,

tansile and fatigue strength
UNBRAKQ socket haad czp screws
have the highest leveis of strength and
fatique resistance in the industry, They
exceed both government and industry
standards by 23 much as 20%. Instead
of the usual cange of 160,000 osi,
minimum strength levels of UNBRAKO
screws are comsistentdy 180,000 or
190,000 csi, depending on size. At the
same time ductility and fatique resist.
ance are not sacrificed.

When you buy tension fasteners
(which is what socket head cap screws
basicaily are) you're buying clamping
force = the ability t0 hold things
together. The 20% additional strength
offered by UNBRAKOQ screws can
save dollars, if you use the screws
correctly.

That extra 20% lets you usa (a)
fewer fasteners of the same size, or
{bl the ame number of smaller screws
t0 achieve the ame clamping force.
With fewer fasteners you save on
dnlling and oping, have fewer screws
10 buy and install. If you go the other
way, smailer screws cost less and per-
mit reduced assembly size, saving
space, material and weight,

And il you have dynamie stress or
varywng lcad conditions, the phenom-
enal fatigue cesistance of UNBRAKQ
screws gives you an additional bonus
of built-in protection against fatigus
failure,

design

One of three major factors in the
sugeriority of UNBRAXO socket head
screws i1s design, For example, socket

depth is carefully controiled. The
socket is deep enough for full tight.
ening without reaming or cracking,
but not deep enough 10 weaken the
head area and causa failure,

Another design sxciusive, inspired
by SPS research in aerospacs fasteners,
is the radiused roat thread form of
UNBRAKO socket scraws. Fatigus life
is increased by 3s much as 100% (de-
pending-on siza) over screws with other
threads. A scientifically designed radius
at the thread root is responsibia, adding
both fatigua resistanca and strength in
the area of the screw most prone o
faiturs. It 3dds metal whers it is needed
to provids maximum strength.

A recent further refinement of this

- thread profils is the “3-R* thread run-

out (“Radiused-Roct-Runout”}. The
root of the runcut is also radiused to
eliminate the usual sharp “V* - a
major point of weakness in gther
threads. Fatigue life in this critical area
is increased as much as 300% in czrtain
sizes.

Class 3A talerancas are standard, the
closast without selective assembly. They
combine maximum cross-section with
smooth assembly, and assura better
mating of parts.

Thae elliptical fillet at the juncture ot
head and shank is another sercspace-
inspired SPS development, This com-
pound curve more than doubles fatigue
life in the head area without reduction
of critical bearing area. Discontinuity
is minimized and stress concantrations
are reduced, providing an added margin
of safety. Heads are correctiy propor-
tioned to screw size, assuring full clamp-
ing force without indentation and loss
of prelcad,

properties

Second major factor in UNBRAKO
socket screw superiority is their
physical properties. These are no acci-
dent, Consistantly higher stress levels
are 3 direct resuilt of customized heat
treatment. Despite the most sxacting
material selection, variations in steel
from lot to lot require that each’heat”
ot UNBRAKO socket screws be heat
treated in accordance with its specific
chemistry. Carbon content of furnace
atmospheres is closely controlled, since
carburization (too much carbon) makes
screws brittie, while decarburization

[too little cartion) resuits in sote sue.
faca with poor strength and resistance
to wear, Every lat of steel is therefore
pre-tested and its treatment tailored to
procduce a uniform product.

manufacturing control

Closely controtied manufacturing is the
third factor. Rigid control of svery
operation of'a sockat screw is necessary
in order to guarantee performance.
Heads of standard UNBRAXO socket
screws are forged, not machined. Ma-
chining cuts metal fibers, breaks flow
lines, creatss planes of weakness at
stress points, Forging, on the other hand,
forms metal, produces uniform grain
flow, makes heads stronger by compress-
ing the metal. Head bearing area is
strictly perpendicuiar to screw body to
avoid strains and misalignment, Fillet
areas are precisely controlled, with fillets
mads glass smooth to eliminate surface-
irreguiarities where cracks can start.

Radiused thresds of standard UN-
BRAKD szews are rolied, not ground
or cut. Rolled threads are more uniform
and closer tolerances can be maintlined
because SPS thresd roll dies and rolling
techniques producs smoother surfaces
and more accurate size control. High
points and planes of weakness are avoic

plating

Plating becomes mors critical as the de-
mand for plated screws increases. UN-
BRAKO socket screws that are to be
plated are accurately controlled to be
within tolerance after plating. Precision
plating thickness brings screws to correct
dimensions, while rigid control of the
plating process guards against screw fail-
ure from hydrogen embrittiement. This
is 3 brittle condition caused by hydrogen
diffusing into the bass material during
cleaning and electroplating. It can GQuse
screw failure long sfter the screw is
tightened, but can be avoided hy the
extreme care in processing given every
plated UNBRAKQ socket screw.

UNBRAKO sockat screws pay off
in savings

You get extra safaty and reliability in
UNBRAKQO socket screws, plus significant
economies, both in the cost of the fasten-
ers and the cost of their installation, Fur-
thermore, they protect the reputation of
your product, which can well depend on
the fasteners that hoid it together,

These are considerations too important to
overioak as producnion costs continue to
nise and reliability requirements become

more exacting, _

A
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\_/ SOCKET HEAD CAP SCREWS 1960 Series Dirmensrions/met‘:»ha_n‘igal properties

oo T~ THALAD LINGTH o]

APPROX. 88% =4

: LENGTH
. 37 THRU 1 CIAMETIRS IDENTIFIED

WITH CLAMOND KNURL

.

S L 57

DIMENSIONS
' ) A 8 e | -« H w R T
tireachs
. per inch head dismater body diamaeter
beric
nom. | screw .
- mze ]dismeter] UNRC| UNRF | max. min. max. | mia. ! min. | min, max. min. |  som. max. | min. | basic
\__ # 060 | - 096 | 091 060 | os68| 020 | 025 | 060 | 057 | 050 | 007 | 003 | s00
# 073 ] 64 2 ) 8| a2 073 | 0655 025 4 oM 073 | 070 ] 0625 ..007 | 003 . .625
#2 | oss] s¢ 84 440 | 134 086 | o822! 029 1 -038 | oss | 033 ] o781 | 008 | 008 | €25
=3 099 i 48 '8 361 ] 184 099 | 0949} 034 ; o0es | 093 | 095 | 0781} 008 | 004 i 525
e 12| &« a8 a83| aze 412§ q075) 038 | 081 | 12 | 08 | 0937 | Dos | oos- i .70
*5 125 40 42 205 |- 198 125 | 12027 043 . 057 125 a2 £0937) 010 ) o006 | 150
#5 A3 | 12 -40 26| 218 | 138 ] 1329] 047 § 064 { 438 | .34} 1093 010 | 006 ¢ .rS0
# .184 z 38 270 | a2e2 164 | asest 058 | 077 | 164 | 15971 1406 | 012 } 007 |. 875
0} a0 | 24 Ev) 312 | .303 190| 18«0] 065 ) og0 ! eo | .aas | se2| o014 | 005 | 875
1/4 250 | 20 23 JI78 .J65 250 | 2435{ .09% 420 | 250 | 244 JB7S | 014 i 008 | 1.000
sne | 312 18 24 | asm]| 457 S1zsf 053] a9 | oasi 132 | 306 | 2s00 | 017 [To12 | razs
s 5] 16 | 1 562 | S50 375 ) 368l 143 | 82 | 5| aes | s | o020 | o5 ] 1250
me | .43z 14 20 656 | .842 AJ7S| 4294) -.166 | 213 | 437 ' 40 | 3750 023 | 018 | 1.37S
12 S00 | 13 p.o) J501 73S | 800 | 4919 190 ! 245 | S00 | 492 | .A750| 026 | 020 1500
916 | S62| 12 18 | 843| ‘8277 | .sezs| ss33] 214 | 2es | se2) ssa| aas| o028 | o2, 162
(Y] 625 "o 18| 8;| sn £25 ) S163) 238 | 307 | €25 | 616 | 5000| 032 | 024 | 1.7S0
34 Js0 | 10 16-| 1125 | 1.107 | .750 | 2406 285 | .370 | .750 , 740 | .6250 .0391 0% | 2000
1”8 - 875 9 14 | 1312} 1293 275 |-8647} 333 | .432.| 875 | 864 | 7500 | oas | 034 | 2250
1 1.000 8 | .12 | 1500} 1.479 | 1000 | 9886| 380 | 495 | 1000 | 988 | :7500 | 0S0 | .040 | 2.500
118 1125 7 12 ]-1.687 | 1,685 | 1.125:j1.1086) 428 | S57 1125 {1111 ] 8150 | 0S5 | 045 | 2812
114 1250 | 7 12 | 1875 | 1852 | 1250 {1.2238| 475 | 620 {1250 | 1236 | 8750 060 | 050 | 3925
138 1375 6 12 | 2062) 2038 | 1375 |1.3568] 523 | .682 | +.375 | 1.350 { 10000 | 065 | 055 | 3.437
112 1500 6 12 | 2250 | 2224 | 1500 [1.4818] 570 | 745 ) 18500 { 1.485 | 1.0000 | 070 | 060 | 3.750
134 | 1.7%0 5 12 | 2.625 | 2597 | 1350 {1.7295|. 685 | 270 | 1.750 | 1.73¢ | 12500 | 030 | 070 | 4.375
2 2000 | 4112 12 ] 2000 }:2.970 -] 2.000 {1.8780] .760 | 995 | 2.000 | 1983 | 1.5000 | 050 } 075 | 5.000
214§ 2250 | 42 12 | 3375 | 3.344 | 2.250 [2.2280 -8S5 |1.120 | 2250 | 22327 1.7500 | .100 ; 085 | 5.625
212 | 2500 4 12 2750 | 2717 | 2500 {2.4762) 950 | 1.245 | 2500 | 2.481 | 1.7s00 | .t10 i 095 | 6250
A ] 234 | 2.7%0 4 12 | 4.125 | 4090 | 2.750 |2.7262]| 1045 | 1.370 | 2.750 | 2.730 | 20000 | .120 | .105 | 6.875
13 3000 | « 12 | 4500 | 4464 | 3000 |2.9762] 1.140 |1.485 | 3000 | 2979 | 22500 | 30 | .15 | 700
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NQTES

Matarisi: “UNBRAKO™ high grada alloy stesl or austenitic stainiess steel.
Hast Trastments Alloy steel - Rc 2845,

Concentricity: Body to head Q.D.~within 2% of body dismetsr T.1.R.
or 008 T.J.R. whichever 13 greater, Body 0 hex sockar—{sizes up o
1TV —within 3% of bacty diameter T.1.R. or .008 T.I.R. whichever is
greater; (sizes over 12" 1—within §% of body diameter.
The glane of the besring surfacs shall be perpendiculsr o the axis of
e sorew within a mpomum deviation of 19,
For body and grio lengths see Dages 10 and 11,
Ses page 14 for sainless st2ed mechanical properties and seating

torques.

Theesd class: 70 through 1* dis.—3A; over 1* dia.~2A

Nots: Periormance data listed are for standarg
Production items only. Non-stock itams may

vary dus 1o variabies in methods of manufaciure.
It is suggested thar tha user verify performancs on
any nan-stancard garts toe critical agphcations,

[N

Y
Y

MECHANICAL PROPERTIES APPLICATION DATA
recommended sasting torque® ind'-aull hote dimensiomns
tersile J tngsile yield d:.\li' e o
{pounds) | UNRC UNREF @ drilf sizet body )

nom., pei ol af body cadmium cadmiul drill bore
size UNRC | UNRP min., min. . min, plain | pisted | pisin | platsd | UNRC | UNRF size size
) - 342 150.000{ 170.000 540 - - 2 1 - 364 =51 118
# 99 190,000 170.000 350 . 3 j 3| 15mm | 753 718 140
2 702 749 190.000{ 170.000 1.320 § 4 S| ¥50 550 R 172
=3 978 994} 190.000( 170.000 1,750 10 7 1 3| =7 =5 =36 .194
s 1,150 1260} 130.000{ 170.000 2,240 18 1M 1 12| =43 =7 3 219
=5 1510 1.580) 190.000| 170.000 2.300 20 15 21 161 =38 =33 9/64 250
=5 1730 1330} 190.000( 170,000 3.400 28 3 :n' 23| =8 =3 3 an
=3 .580 2.800( 150,000} 170,000 4,300 49 35 50 3| =29 =29 15 318§
=10 330 1.8001 190.000} 170.000 8.450 64 50 7 57! == =21 ] 1=a
174 6.050 §910{ 190,000| 170,000} 11,200 150 112 170 128] = = 17/68 | 4
SNne 93601 11.000] 150.000} 170,000 17.500 08 220 kv ] 245) B 1 21/64 515
8 14700 | 18.700) 190.000] 170,000{ 23.200 54% 410 570 430 sns Q 25/64 509
me 20200| 22.500)190.000( 179.000 34,200 840 530 900 0| v -25/64 29/64 703
12 7000| 30.400{ 190.000] 170.000 44,700 1.300 970 1,370 1.030] 27/8¢ | 29164 33/64 ,797
aneg 34.600{ 22.500) 190.000| 170,000 S5.500] 13600 1,400] 1970 1.480)-31/84 | 13mm | 37/84 .390
s/8 42900| 48.500} 190.000] 170.000 69500| 2530} 13500} 2.680] 2.000] 35/64 | 14.Smm]| a1/5a- 1.000
3/ 60200 52.100}180.000] 155,000 95.400) a400] 3300] egoof 3dso0| 21732 | 1116 49/64 1.187
7/8 83.100| 91.700) 180.000} 155.000! 129300 7000] s300) 7.500l s700! <9/8¢ | 205 mm| s7/84 1.37%
1 103.000| 119.000§ 180,000 155.000| 169.500} 10.408) 7.30c0] 11000} 8.20] 773 59/64 11/84 1.562
.18 137.000] 154.000) 180.000| 155.000] 214.000| 14500] 11.200{ 18.500| 12500| 2Senm | 1 B4 1572 1.750
1178 175.000| 133.000) 180,000 155.000| 265.000} 21.000{ 15500| 72.500{ 17.000| 17/64 | 111/64 | 1t /22 1.969
138 208000{ 237.000)180,000) 155,000 3J20,000| 27.300| 20.800| 29.300{ 22.000| 17/32 |119/68 | 113/32] 2.158
112 253000 2850001 180.000{ 155,000| 38t.000] 38500{ z7.500( :9.200] 29500 3amwm | 36mm 117132 2344
1 /4 342,000| 234.000) 180.000| 155,000 $19.000] s9.400| 4e300f s9.400| S1.500| 135/8a | 121732 | 1285532 ] 27%0
? 450,000 | 521.000) 180,000f 155,000| 678.000| 89.900| §7,400| 103.000{ 78.000 | 125/32| «8%mm | 21/32 | 3125
174 585000 684.000f 180.000| 155,000 | 858.000} 131,000f 98.200{ 150.000{ 112,000 | 21/12 | s5.0mm | 29/72 | 3.500
2172 720000 | 528.000) 180.000} 155,000 | 1.060.000 | 164.000] 135.000| 164.000} 155.000| 2174 |2t3/32 | 217/32) 233870
234 £88.000 | 1.006.000) 180.000| 155,000 | 1,282,000 | 228,000{ 133,000 228.000{ 208,000 | 2172 |22/32 | 225432 4250
° 3 1,074,000 | 1.204.000| 180.000{ 155,000 | 1,525,000 | 322,000 242,000) 361,000{271,000 | 23/4 |22932 | 31432 | 4625

“Torgues catcutated 19 snduce 100,000 nt tansie stress in the scrawe threads

*€i e 200 Rewnt A amewnvimate 70% thrend hesoht.
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SOCKET HEAD CAP SCREWS 1960 Series (continued) / body and grip lengths

r-—igd- B .
e | LENGTH TOLERANCES
; uﬂmi"‘w 1 tof over 2%
‘: diamater | incl. | 2% inc:. [ta 67 inct] aver 8~
= 70 wry 378 =03 | =04 | ~06 | -12
7116 to 3/4 -03 | -06 ) —~£8 |} 12
= . LENGTH B to V472 =08 =10 ~14 | <20
- : : 1“‘2 - - -
BODY and GRIP LENGTHS S - 812 ) -
#w ]+ #2. R B R~ S R T R R B T 174
e | g | te o | la| e te e fte [to |t ftafte |||t | | ]w |t
4 |2s0f.a87] A ' 1
18 |.250|.187[.250).172| 250 .161| 250 .145]_ , )
1 500 | .432] 250|.172| 250! .161| 250] .146] 250| .125) 2s0) 125
T1/4 | 750 687].625|547| .625] 536| 625 521| 250] .125) 20| .125) 500| 44| 375] 18| 375] .167 Lo
12 - | &75| 797 A7) 786) A7S| 71| .7SOf 625 750| .£35{ S00f Je4) 37| 218) 375) a€7| s00) %0
134 1.125}1.036{1.125 10211 .750( .£25] .750! £25i1.000| S«s| 87| 719l 75| 657! s00) 2m0i
-2 13751271 )1.250{1.525 {1 25011125 1000 B44| £75| 71| 875| .667|1.000} .750|
121 1258|1.125{1.500|1.3441.375{1.219{1.375|1.16711.000| .750
212 - 1175011 825 11.50011.34411.375|1.21911.375 1116711 500 11.250
234 " 71 laoos|isaatra75)1.719)1.875 |1.667 |1 500 |1.250
- ~ : 1875(1.719]1.875]1.667)2.000{1.750
I 2.375(2.21912.37512.16712.000)1.750
2 1 - 12.375|2.167]2.50012.250
|3 . 2.8752.667)2.500 |2.250
4 ! ' !3.000j2.750
<1 5 : i . 13.000;2.750}
€12 I H T .{3s00}3.250!
44 E . 1 H H -13.50013.250:
s | R 1. i . ) . l‘, B : : " i4.000i3.750.
S1/ ! i i ! H i ] :4.000:3.750
S I & P i [ i t
1 Sua; i- i : i ! | t ‘- ; I N
P B A P % .
AN R (R
€12, ” ; i R _ 1 i R l : :
s S S I S i i :
? 1 ; ) § - Ty E 4
1!l | i j- ; f |
L | .
g8 - ] 1o - S i
siz! | : L
g i | P
92112 ! i - - .
he [ | RN T
1" - o : 1 :
pis i I I
13 | ' : ]
14 v : : v
15 N R v v ‘
16 . R ’)L l ' ,
17 ) J ) : 1 .
18 i ; .
19 P
» i
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NOTES N4
Lg is the maximum gig length and is the distance from the Desning including impertect theeads shall be basic theead length otus live 4
surtface to the first compiets thread. pnd'sta’ Langths tog short 10 200l farmula shall be thresdeq 1o
. ; ; head, Comotsts threads snall extend within twa pitches of the
the wmum body length and is the | f the unthresded
:ﬁ" et of the shank. " ength o head for 1engths 200ve the heavy line on 112e8 ug 10 and INctucing
indncal portian S/B dismeter. Larger diamsters shail be thresded as closs 1S the
Thesad length for sizes D t0 and including 17 diamster shail be hesd 21 practicabie.
trolled by the gri nd body 1 as snown in the adle.
on Y th8 i lengh 2 . v lengeh Screws of longer lengths than those tapulated shall have 3 threaa
For sizes larger than 1™ the minimurn comolets thresd length shall length cantormning to the {armuts for nzes larger than 1™,
be equal 0 the basic thread tength, and the ot thread length
sns k7 | ms 12 s 573 =77 7 1
o lts |l o s [ ts | |te] |||t | |ts |t |ta
528 | 47| sS00) .187
~525 ) 347] s00) .187] 8285 | 268
1.125 | 347 |1000| .5837| 525 | 268| .750 | 363 3
1128 | 847 11.000) 5871125 | 768} .780 ) 368| 878] 458) 750 1 298
1.525 |1.187 {1500 |1.337 1,128 | 768 780 | 368| 475 4583| .750 | 238 |
1.628 {1347 [t500 }v.137 {1.52% {1268 ]1500 |1.118]| 378 | 458 .750 | 235|1.000 00 | .
2.125 |1.347 |2.000 [ 1.537 |1.52% {1268 {1.500 |1.115] 1.525 {1208 | 1.500 {1.045] t1.000 500 ) 1.000 | .44 !
2.125 |1.347 |2.000 {1.687 {2128 (1.768 [1.500 |1.115} 1.525 {1209 | 1.500 |1.045{ 1.000 500! 1.000] 444 |1.000]| J78%°
2525 |2.347 {2,500 | 2.187 {2.12S {1.763 |2.250 |1.365 | 1.525 {1208 ] 1.500 [1.045( 1.000 500 | 1.000| 441000 J78 }
2.528 12,347 {2500 12187 {2.625 |2.268 {2.250 {1365 ) 2.37% 1958 | 2250 |1.795)2.000 | 1.500 | 1.000 | .444 {1000 ! .J7S i
1125 }2.847 }3.000 }2.587 | 2.525 |2.263 )2.250 [1.868 | 2.375 |13958 | 2250 |1.795 | 2.000 !.500| moo!:.w 1.000 .37'\\-)
2128 | 2347 |3000 | 2587 |3.128 |2.768 |3.000 |2.518 | 2.375 {1958 | 2.250 {1.795[2.000 | 1.500 | 2.000 | 1.444 | 2,000 | 1.T%
3575 13347 13500 [2.187 13125 12.763 {3.000 |2.81% | 3.12% |2.708 | 3.000 1254812.000 | 1500 | 2.000 }1.444 1 2.000 ! 1.J79
2.52% 11347 13500 | 2187 [3.625 |3.263 [3.000 |2.815 | 3.128 |2.708 | 3.000 |2.54% ) 3.000 | 2500 2mo!1.m 2.000 ; 1375
4.175 13347 |4.000 | 2,637 |3.52% [3.268 |3.750 (3.365 | 3.125 |{2.708 | 3.000 {2.545|3.000 ! 2.500 : 1.000 ! 2.444 : 2.000 ; 1.37%
4.125 13847 |4.000 | 3587 |4.128 |3.768 |3.750 |3.368 | 2.37% |1.458 | 3.750 |3.235) J.000 ; 2.500 : 3.000 | 2.444 3.000 | 2373
|4.625 |4347 [4500 | 4.187 4.125 | 3.768 | 2.750 | 3.365 | 3875 |3.458 | 3.750 }2.298 ] 3.000 | 2.500 | 3.000 | 2.¢44.] 3000 } 2.375
i4.as 4347 iasoo 4.137 |4.62% 4268 |4500 |4.115 | 2375 {2458 | 2.750 |3.295 ] 4.000 | 3500 § 3.000} 2.4s4 | 3.000 | 2.375
15.125 14347 [5.000 | 4.687 |4.525 |4.263 | 4500 |4.115 | 4.528 |4.208 | 4.500 |4.048 | 4.000 ; 3500 { 4.000 i J.444 : 3.000 2.378
! 15.000 ) 4.587 {S.175 |4.768 14500 14.115 | 4.825 4208 | 4.500 |4.045)4.000 | 3500 ! 4.000 | J.434 | 4000 ; 3375
, . {5500 15.187 [S5.125 |4.763 [S250 |4.863 | 4.625 4208 | 4.500 14.045| 4.000 | 4500 | 4.000 | 3.444 | 4000 | 3.075
i : |5.000 |5.187 |5.628 [$.263 |5.250 |4.865 | 5.37S |4.958 | 5250 |4.795{5.000 | 4.500 | 4.000 | 3.444 4.000 | 3.37%
i ! 6.000 |5.537 |S.62% |5.253 |5.250 |4.865 | 5.375 |4.958 | 5.250 |4.795|S.000 | 4500 | 5.000 | 4.444 | 4.000 | 4.375
I 6.125 |5.763 |8.000 |5.515 | 5.37% |4.958 | 5.250 |4.795|5.000 | 4.500 | 5.000 | 4.444 | 5.000 | «.375
' 6.175 |s.768 |8.000 |5.618 | 8.125 |5.708 | 6.000 |5.545 | 5.000 | 4.500 | 5.000 | 4.444 } 5000 | 4.373
6.62% |6.268 |6.000 |5.515 | 6.125 |5.708 | 6.000 |5.545 | 6.000 | S5.500 | 5.000 | 4.444 | $.000 | 4.375
' 7.125 |6.768 | 7.000 |8.515 | 8.37 |6.458 | 6.750 |5295| 6.000 | $.500 | 6.000 ! 5.444 | 6.000 | 5.375
! | 7.625 |7.253 |7.000 |8.518 | 5.875 |8.458 | 6.750 |5295) 7.000 | 6500 | 6.000 ) S.444 | 6.000 | 5.378
t i 8.000 |7.615] 7.625 |7.208 | 7.750 }7.295 | 7.000 | €.500 | 7.000 | 6.444 } 7.000 | 6.375
8.000 [7.518 | 7.52% |7.208 | 7.750 |7:295]7.500 | 7.500 | 7.000 | 5.444 | 7.000 | 6.375
9.125 |9.708 | 9.250 18.795 ] 9.000 | 3500 | 8,000 { 7.444 | 8.000 | 7.378
h0.125 |9.708 ha.250 [9.795 j0.000 | 9.000 | 9.000 | 8.444 | 9.000 | 8.375
11.000 ]10.500 |10.000 | 9.444 [10.000 | 3.375
h2.000 }11.500 |11.000 |10.424 i11.000 |10.375
h3.000 |12.500 |12.000 j11.444 [12.000 [11.375
. }13.000 h2.444 J12.000 [12.378
14.000 [13.444 14,000 |13.375
15,000 {te.444 j15.000 j14.37 ;
he.coo }15.375 -\ __/
J17.000 [18.37¢
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SOCKET HEAD CAP SCREWS 1960 Series (Continued)

Cross-Driiled Type

Any UNBRAKQ sccket head cp screw (alloy, -
stainiess steel or other marerial) may be orcered
with standare cross-drilling of the head for

safety wiring. Such screws are consigered specials
and price and deiivery for eacn order will be '
quoted individuaily. Standard types of cross-
drilling are shown an this page.

APPLICABLE STANDARDS — MS 24673 thru
24678: NAS 1351, 1352; Fed. Spec. FF—S—g6.
'ASTM AS74, ANSI B18.3—1963

PART NUMBERING — 1960 SERIES — Socket Head Cag Screws

The part number of 3 sockst Mead 080 screw cansists of: (1) a
B3sIC oart numMoer asscnbing iteny ana material andg faliowed
by suifix lerters noting ogtional festures {i.e. LOC.WEL sail-
focxing): (2) a dasn number for the diamater, with one sutfix

- gasn numoer for tengtn lin 16eh1), totiowed by 3 sutfix letter.for

DETAILS

A g P

s;:.w Crou.Orill chu‘ot{‘ Male Diametar | alignmeng
Nowm. Max, Min, ‘ Max. l Min, ;l:;q |
2 035 028 032 026 0210

# 035 0715 ax 026 | 0210

24 040 026 03 | .033 0780 i
73 045 030 0 0331 | 0280 N
F 0s0 035 039 033 | 0280

23 060 040 050 0as | g2300

0| 06 045 050 O0ad | 0390

174 085 06 | oS0 044 | 0340

snel .104 084 050 044 | paag

s 123 .103 067 o6t | oS0 ; i
me| aé a2 067 | o081 | osig ¢ !
172 160 140 067 061 ! 0810 b
N6l 179 | 158 | o&7 | o061 | 0810 | |
s/8 198 a7 .| o087 061 o0s10 1
4 235 215 b 087 091 o810 i
778 273 | 1S3 097 091 0810

1 a0 | 200 | o0s7 | get | o810
1178 48 | 328 a7 119 1040
114 .285 388 127 119 | .1040
138 423 403 127 119 | L1040
1172 460 | 440 A27 119 1040
15/8 || .498 478 127 119 | .1040
1 e 535 515 1327 119 1040
118 3 £33 an 418 1040

2 610 550 127 118 1040

tetter 10 narcate type of thresd (UNRC or UNRF}; {3) a second

tyoae of tinsn. The giagram deiow snows 3 typical gart Anumaer
and (NTerprats $aCh COMoOnent NuMoer and letter.

FINISH

8 = Chermiczl Slacx Oxiae
C = Caarmum Plate = P1 U = Clear Zinc Plate = PS

0 = Caamym Plate - P4 Z - ZincPlate - P8

No lettar indicstat 1xanaard Diacx Nnun {Thermar Qxide) tar s1oy
Stews anc caruvetian for stainiess steei.

See page 77 tor planng soecifications.

LENGTH m 16t

S « Silver Plate - P23

. Orilled .
Alloy |Masd (J) and Cadmuum
Steal LOCWEL| = 7 UNRC 1 Uz . Plats
[ 200s7) H3L |8 | ¢ |26 | C |
r 3 4 3 )

THREAD TYPE C-couarse, F-line

CIAMETER

Y 20l o 192 |@) [0d125) 06i 08| #10) Vol Mol ol ot V2 | %

BlA.
} 901 901921931941 951961981 ) 1e {3 & 17 18 1% |

QASX NG.

[IIN 1uo&lmuu~n_'_hlmuwnuazlzv.lzwnun]
BASA W0, 110 112 114 116118 120 122 J24 128 132} 36 ) 40 ) ¢4 142 }

OPTIONAL FEATURES

Sett-Locxing:

€ = Loc-Wei 10 Mil.F.18240
K = Nyiok 10 Mil-F.18240
L - Loc-Wet (Commercial}
N « Nylok (Commerciall
TF = Tru-Flea

Cross Drilled Meads:
Hl = 1 HMate Thre
M2 = T Hales Thry
H3 = 3 Hotes Thru

BASIC PART NUMBER

20097 = sockat beac cap crew-dlioy 1teel
20098 ~ tocket head c3D ICTEW-COrrOIION FENLIINT Steel




Chapter 2

2. “NEOPRENE” GASKET
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CHROMASSURE...COLOR ASSURANCE O-RINGS THE CHROMASSURE SYSTEM

Error resuiting from a mixup in basic polymer 1s potentially TY';:CA_L .

on B e ience. o= PARKER crpe :
the greatest quality problem a seal user can experience POLYMER  COLOR COMPOUND SPECIFICATION
Basic polymer differenices can result in a seal swelling to g

i ik - idi .. _Ethytene Propylene  Pumie - E£33-80  AANSABIFTILM

fock up 8 undt, shrinking away provndfmg 3 leak path or Fluorocaroon Brown - ¥884.757VE9s-90 Mil-R-33248 CL.1 L2
complete degradanon resulting from fluid and/or tempera- Fluorosilicone Biue L1120.70 Kil-A-25905 CLL GR.70 -
ture incompatability. With tocay's proaug: liability claims on . Wesarene r:e 94270 A:HS fzz:’zsau éﬁﬂs

N ' . Ritrite 1= N57e-T0 3CHT0A
the nse, a seal user can't afford to iake unnecessary Silicone Rust  $504.70 ANS 2304
chances.

Parker Sea’ CHROMASSURE materials offer you high-
periormance color sezls comparable lo or exceeding their
black rubber counterparts. Parker CHROMASSURE O-rings
* are availaple in the most commonly required elastomers and
compounds meeting the most popular specifications.

_ THE CHROMASSURE SYSTEM
The CHROMASSURS plan is simple. A single color repre-
sents each of the different major polymer families. CHRO-
MASSURE color identification is integral, throughout the
entire seal, not just a superficial coating that will wear away.
CHAOMASSURE color remains for the life of the seal.

CHROMASSURE seals offer you supericr performance in the

most demanding sersce and in addition have four specific

benefits not available with traditiona! “Basic Black" poiy-
mers. These imporiant benefits help you:

« ELIMINATE ASSEMBLY ERRORS OF
INCORRECT ELASTOMER. .
CHROMASSURE will vividly identify the proper elastomer
on your assembly line and virtually assure that correct seal
material is used.

« UPGRADE PRODUCT QUALITY AND REZIABILITY
Instaltation of the proper elastomer means improved re-
liability of your produc; consequently fewer quality head-
aches. :

* MINIMIZE WARRANTY AND LIABILITY PROBLEMS

" CHROMASSURE offers an aoded margin of safety oy
strengthening intemai quality controls. It non-black seals
are installed in your producl, customer repair with un-
authorized replacement seals will be more evident . . . giv-

- ing you added warranty protection.

« PROTECT AND INSURE YOUR AFTERMARKET ) "
Where “non-black™ seals are utilized, the end user is more C944-70 . £893-80
likety to come dack 1o you for his “'special” colored re-
placement seal needs.

For additional information, contac: your Parker Seal Dlsmb-

utor, Temitory Manager or Parker Seal direct at (606) . -

263-2351. .

Ethylene

Neaprene Propylene

A2
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basic elastomers

Following is a review of the various elastomers available for
use in seals. Typical trade names are listed. Hawever, it is
not intended as a compiete list of elastomer manufacturers.
it any of the rubber terms used in the descriptions are con-
fusing, tum to the “Glossary of Seal and Rubber Terms”
at the end of Section Al for explanation. Service recom-
mendations mentioned in this section are necessarily ab-

brevialed. For more comprehensive information on this -

important subject se° the ﬂutd compatlblmy table, (T: able
B85.)

'BUTADIENE RUBBER (ER)
Tyoical Traoce Names:

Ameripol €8 c..iceviieninnna... teraea B.F. Goodrich
Budene ........ eesmn seeee Goodyear Tire & Rubber Co.
DieNe cierirniennns Firestone Synthetic Rubber Latex Co.
TransdorCisd ..................Philips Chemical Co.

Polybutadiene is an 2lastomer with properties very similar
to natural rubber. ls physical properties are not quite up
to natura! rubber, However, in some czses its low tempera-
ture characterish¢s are better. Eutadnene is pnman!y a tire
polymer.

BUTYL RUBBER" (IIF:)
Typical Trade Names:

Bucar Butyl «.... et Columbian‘ Chemicals Co.
Exxon Butyl ............ .+...Exxon Chemical Co. USA
Polysar Butyl ....coiiiivnnenniiniisnnenn. Polysar, Lid.

Butyl rubber is an all petroleum product made by co-poly-

merizing isobutylene and just enough isoprene 1o ottain

the desired degres of unsaturation necess ary for vuicaniza- .

tion. Brominated an¢ chiorinated butyl rubber are aiso

available and are prepared by seiect replacernem of hydro-

gen with bromine or chlorine.

Until the introduction of ethylene propylene rubber butyl

was the only elastomer which was satisfactory for Skydrol

300 service over a temperature range of —65 to +225°F

(—54 10 +107°C).

In ‘addition, butyl has ex'-e!lent resnstance 1o gas perrnea-

tion which makes it panicularly useiul for vacuum appiica-

tions, and accounts for its wide use in the manufacture of

inner tubes and the msxde layer of tubeless tires.

Butyl is recommended for

Phosphate ester type hydraulic fluids (Skydrol, Fyrquel,
Pydraul). ’ ’ B

Ketones (MEX, Acetone)

Silicone fluids and greases.

Buty! Is not recommended for:

Petroleum gils.

Di-ester base lubricants.

CHLORINATED POLYETHYLENE (CM)

" Trade Name:

CPE.......... e e Dow Chemical Co.
Chicrinated polyethylene is made from a high density poly-

- ethylene. lts saturated backbcne ‘and its chlorine content

give it limited resistance to petroleum oils and good resis-
tance to oxidation. Unlike negorene, the chicrination of CPE

“is random and can be varied. As the chlorine content is
“increased, resistance to petroleum oils improves but low

temperature flexibifity becomes poorer. CPE cambeblended

- with other polymers to improve their flame and impact re-

sistance. In fac, it is seldom used alone, the bulk of the
product being used for blenging purposes.

) CHLOROSULFONATED POLYETHYLENE (CSM)

Trade Name: )
Hypalon ............ caneenas E l. duPont de Nemours
The ethylene monomer with some of the hydrogen replaced

by chiorine and suiphur groups is the main constituent of .

this elastomer.

it is useful over a temperatute range of —€5 to +250‘F
{—54 to +121°C) but its mechanical properties, compres-
sion and permanent set characteristics are less than is de-
sired for both dynamic and static sealing applications.
Chlorosulfonatea Polyethylene has good acid resistance.

EPICHLOROHYDRIN RUBBER (0, ECO)
Typical Trade Names:
Herclor ......coviveerviianainaan.a... Hercules ine,

THYAOM et eanas ..B. F. Goodrich Ce.

Epichlorohydrin is a recent addmon to the oil resistant poly-
mer class. Compoundis of this type are aliphatic polyethers
with chiorotunctional side chains, Two basic classes, homo-
polymers (CO)} and copolymers (ECO) are available. Both
have excellent resistance to hydrocarbon oils, fuels, and
ozone. High temperature resistance is good, but compres-
‘'sion set at 300°F is only fair. This property, plus the corro-
‘'sive nature of epuchlorohydrm. are limiting factors in. some
applications, -

Copoiymers give very good low temperature properties, pro-
viding a temperature range of —€5°F o +275°F (—54°C
o +135°C) where corrosion in not fikely to be encountered
and where compression set is not @ problem. The homo-
polymers are useful thru 2 temperature range of approxi-
mately -—~40°F to +275°F { —40'C to 4+-135°C) under the
same conditions.

ETHYLENE ACRYLIC

Trade Name: _ v
VAMAC . ciiivvinrnresnnanenne E. I. duPont qe Nemours

Ethylene acrylic compounds are considered “medium per-
formance elastomers,” having a useful temperature range
exfending from approximately —30 to +350°F. Resistance
to weathering, ozone, and air aging is very good, and they
have sufficient resistance to petroleum oils and automatic
transmission fluids o make them look attractive for auto-
motive applications.

’Elv’astomers
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ETHYLENE PROPYLENE RUBBER (EPM, EPDM)

Typical Trade Names:

Nordel.....cooveecvnes ....E. L. duPont de Nemours Co.
Royalene .......... Cereeeiteseaaeras caanee Uniroyal
Vistalon. . ...cvocvencccvanne Exxon Chemical Co. USA
Epsyn ............ Copolymer Rubber & Chemical Corp.
Epcar...........- beeevanaanea .... 8. F. Goodrich Co.

Ethylene propyiene rubber is an elastomer prepared from
ethylene and propylnne monomzars (etnylene prooylene £o-
polymer) and at times with a small amount of a third mcn-
omer (ethylene propylene terpolymers). ik was introouced
to the rubber industry in 1851 and quickly won broad ac-
ceptance in th.. sealing world because of its excelient resis-
"tance to Skydro! and other phcsphate ester type hydrauiic
fluids.
Ethylene propyiene has a temperature range o° —8&5 w0
+3200°F (—54 to —149°C) for mos: acolications.
. EP is recommended for:
Phosphate ester base fydraulic fluids {Skydrol, Svrauel.
Pydraul).
Steam (12 400°F) (204°C).
Water,
Silicone oils and greasss.
Dilute acids.
Dilute afkalies.
Ketones (MEK, acetone).
Alcohols.
Automotive brake fluids.
=D is not recommended for:
Petroleum oils.
Di-ester base lubricants.
FLUOROCARBON RUBBER (FiXM)

Typical Trade Names:

L e £ S M
Kalrez (hign temp) . .. ...E.l. duPont de Nemours Company
KelF ..o iieee i ca e 3M (formerly Kellogg)
Viton .................E5 £.1. duPont de Nemours Comgpany

Fluorocarton elastomers were first introduced in the mid
1950's. Since then thev have grown 10 major impaortance in
the seal industry. Due to its wide spectrum chemical com-
patibiiity and lemperature range anc its low compression
set, fluorocarbon rubber is the most s:gnificant single elas-
1cmer development in recent history.

s working lemneratyre range is considerad to pe -15 to
+400°F (-29 to +204°C), but it will take temperatures up 10
600°F (316°C) for shorl periods of time, and Du Pont's
Kalrez iz nommally secommended up 1o 50G°F (250°C). On
the low iemperature end, Parker's comoound V835-75 will
seal dzwn 10 -40°F (-4C-C) in a static seal. Though the
standard compounds have been known ic s32al at —65°F
(-354*C) in some special static applications. the normal low
temperature limit is ~15°F {- 26°C).

Special formulalions having exira chemical resistance are
also available, and new types are being developed
constantly. -
Flucrocarbon O-rings should be considered for seal use in
aircraft, automobile and other mecnanical devices requiring
maximum resistance 10 elevated temperature and to many
functional fluids.

‘T_UORCSILICONE (FSi)

FKM is recommended for:

Petroleum oils:o¢ - 1y

Di-ester base lubricants (MIL-L-7808, MIL-L-6085).

Silicate ester base lubricants (MLO 8200, MLO 85-
0S-43.)

Silicone iluids and greases.

Haiogenated hyam.amons (caroon tetracntorice, trichlor
ethvlene].

Selected pnosphate ester fluids.

Acids.

FKM is not recommendecd for:

Ketones (MZK, azstone).

Skygrol iluics.

Amines (UDMH.. anhvdrous ammonia.

Low moiecular weighi esters and sthers. -

Ha: hvdrofluaric or cruorosulfonic azies.

Typica! Trace Name.

Silasuz LS. ...l Dow Cormiag So
Fiuorasilicone combines the gcod nigh- and low-ismpe:
ture propa-uer of silicone with tasic fuei and oil resistant
The primary us2z of fluorosilicones are in fuel systems
12mperatures up to 350°F (177 'C), anc ir apolicauc
where the dry-heat resistance of silicone 1s require, but t
seal may 2e exposed to petroiev'm ails and ‘or hyere-zarb
iuels. In soms 1uels and oils, howerrer, the high temperatl
limit is more zonservalive because temp<ratures approac
ing 350" F mav degrade the fiuid, prosucing acice whi
attack flugrgsilicone elastomers. .
On the other end of the temperature scale, fluorasificon
typically seal at temperatures as low as —100°F (—73%(
High strength type fluorosilicones are available. Certain
these exhibit much improved resistance (o compression s

ISOPRENE RUBBER-SYNTHETIC (IR)
Typical Trade Names: . .
NatsSyn . ..c.oovveinneencnns Gcoayear Tire & Rubber

Borvisoprene has tne distinclion oi oeing a synthetic ele
tomar wnich has the same chemical compesition as natuc
rubber. For & guide 1o its chemical and onysical procemc
refar to Naturai Rubber below.

NATURAL RUBBER —NATURAL POLYISOPRENE '(NR'
Crude natural rubper is found in the juices of many plan
including the shrub guavule, Russian dandelion, goldenrc
and dozens of sther shrubs, vines anc irees. The pﬁnc:;
source is the tree Hevea Brasiliensis which is native
Brazil. Fetroleum oils are the greatest enemy oi natural n.
ber compouncs. The synthetics have all but compietely '
placed natural rubber for seal use. '

NR is recommended for:

Automotive brake fluid.

NR is not recommended for:

Petroleum products.

N
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.NEOPRENE RUBBER (CHLOROPRENE, CR) T2+ -

q

*rrade Name: : - TonE .
*-Neoprene (formerty E. 1. duPont de Nemours Company)
BUACIOr cvuiiiiiniienrnneanaasns cereaaas ... Distugil
Denks ...... hervennanaes .........'DenkaChem .Co.

Neoprenes are homopolymers of chloroprene (chiorobuta-
diene) and were among the earliest of the synthebc rub-
bers available to the seal manufacturers.

Neoprene can be compounded for service at temperatures

of —65 to +300°F (— 54 to +149°C). Most elastomers are
either resistant to deterioration from.exposure to petroleum
lubricants or oxygen. Neoprene is unusua! in having limited
resistance 1o both. This, combined with broad temperature
range and moderate cosi accounts for its desxrablhty in
many seal apphcauon.

Chloroprene is recommended for'

Refrigerants (Freons, ammonia).

High aniline point petroleum oils.

Mild acid resistance. -

Silicate ester lubricants.

Chicroprene is not recommended for:

Phosphate ester fluids.

Ketones (MEK, acetone).

NITRILE OR BUNA N (NBR) _
Typical Trade Names:

Chemigum ............... Goodyear 'ﬁre & Rubber Co.
Paracrit ............ eneeens e . .Uniroyat
JHyear oo . .Gooonzn Chemlcal Co.
Kryrac ..ooveennnn. e eeeereeaas Ceeenna. . Polysar, Ltd.
NySva .............. Copolymef P.Vubrber & Chem. Corp.

Nitrile, chemically, is 2 copolymer of butadiene and acry-

lonitrile. Acrylonitrile content is véried in commercial prod-
ucte from 18% Ic 48%. As the nilrile content increases.
resistance 10 petroleum pase oils and ‘hydrocarbon fuels
increases, tut low temperature flexibility decreases.

Due ic its excellen: resisiance {0 petroleum products. and

its apility to be comoounaed for service over a tempera-

ture range of —¢5 tc — 275°F (—54 to +125"C), nitrile is
the mos: widely usec elastomer in the seal industry today.

Most militany: rubber speciiications for fuel and oil resist- -

ant MS and AN O-rings recuire nitrile base compounds. it

should be mentioned. however, that to obtain good resist- -

ance 16 low temnperature with nitrile compounding, it is al-

mos: aiways necessary i sacrifice some high temperature - -

tuel and oil resistance.

Nitrile compounds are supericr o most elastomers with
regard to compression set or cold flow, tear and abrasion
resistance. Inherently, they do not possess good fresistance
to ozone, sunlight or weather but this can be substantially

improved through compvundmg However, since ozone and
weather resistance are not always built in, seals from nitrile

nases should not be stored near electric motors or other ~
equipment which may generate ozone, or in direct sunlight. =

Nitrile is recommended for:
General purpose sealing.
Petroleum oiis and fluigs.
Cold Water. "

Silicone greases and oils.

Di-ester base lubricants’ (MIL-L-7808)
Ethylene glycol base fluids (Hydrolubes).

- -Nitrile is not recommended for:
: Halogenated hydrocamons (camon !etrachlonde trichior-

ethylene). -
Nitro hydrocarbons (nitrobenzene, aniline).

Phosphate ester hydraulic fluids (Skydrol Fyrquel Pydlaul)
" Ketones (MEK, acetone).

Strong acids.

- Ozone.
- Automotive' brake fluid.

. .

~

N POLYPHOSPHAZ:NE "LUOROELASTOMER (F")

" Trade Name:
_EYPEL-F ........ [

Ethyl Corp.
EYPEL-F elastomer should effectively solve many difficult
sealing problems due t0.its combination of physical prop-
erties, fluid resistance ana temperature range.

The base poiymer was developed for the U.&. Army by
Firestone Tire and Rubber Company, and it has much the.
‘same temperature range {-85 to +325/350°F) and fluid
resistance {especially petroleum products) as fluorosili-
cone elastcmers but physical properties are definitely
better — enough so that polyphosphazene compounds

-have performed adequatelv in dynamic and extrusion tests.

Major disadvantage is l!s resxsxance to water whlch is cnly

~ fair 10 poor.

POLYACRYLATE RUBBER {AcM)
. Typical Trade Names:
" Cyanacryl ......oute i evaananan .American Cyanomld Co.
Hycar ...... e . .B F. Goodrich Chemical Co.

This material has outstanding resistance to petroleurn fuel
and oil. In addition. it possesses complete resistance to
oxldauon ozone, and sunlight, combined with an ability
1o resist flex cracking. Compounds’ from this base polymer
have been developed which are adaptable for continuous
service in hot oii over the temperature range 0°*to +350‘F
{—18"to +177°C). Resistance to hot air is slightly superior
10 nitrile polymers, but strength, compression set and water
resistance are inferior to many of the other polytners.

There are several polyacrylate types available commer-

cially, but all are polymerization products of acrylic acid

‘esters.
Greatest usage of polyacrylate is by the automotive indus-
try in automatic transmissions and power steermg gears

“using Type A fluid.
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Chapter 2

PQLYSULFIDE RUBBER(T) - -- - iy " 7+ SBRis not recominended for:

Typical Trade Names:
Poivsulfide Rubber .............Thiokol Chemi:a! Corp.

Poiysulfide Ruoper was one o' ‘ne szriiesi commercia: syn-
theiic polymers an2 is presarac from dicnionass ang sc-
dium poivsulfide. & nas a remarraoie compinaton of soi-
vent resistancs. iow temperature flexibility, ilex-srask re-
sisiance, and oxyQer ant 0IonE rasisizncs. mowsaver, nea:
rasistance, mezhanizai SIrensin 2ns SOMpressior se &re
n2: outstanding. Otner sea’ sompounds ars Mors versglihe
“from the pe-formance s:andcaint. nense Solvsuliiae ushar
ic recommenaz2 by Parker oniy for sossific assitcztions
which cannot pe sdtisiied oy 2m othe: :izsioma: Tempera-
- ture range 1€ —23010 ~227°F fee S2i5 =107 T Dzzts of
powvsulfids are recommenzac i2- s2nace Invsiving sontact
with, solutions 5° patroleu™ soiveniz, kelones 3nc etner.

POLYURSTHANE RUB3ER (AU. EV)
Trede Names:

Texin ... .. ...nvcoaEy Shemicl. 3c.
Adiprene ... .. . ....Z.. LuFow oz Nemours Somoany
Cyanaprene ......... e .. JAmenizar Tvanamid 2o,
Pelletrans .. ........... .. ........... .. .uonr Ja.

Roylar .. .......... e e ... ....miroyal
Polyurethanee exhibit autsiunding mochonmizal ane =nvn..
cal properugs ir comparisur with othe- elemiomaers Owe

as

a temperature range 0 — 58 to 207 T resiziznce 1c petrs- o~

teum gils, hvarocarbor iuels. oxypir. 325ne ant weatner-
in¢ is gouc. However, poivurethaner guicki  ueisriorate
wnen 2xposel. 10 acide xstones ang cnlorinae . nysrocar-
bons. Cenair types of oolvursthane are aisc zansilive i
waie: anc humidity.

The inheren: Iou'gnness Unc zorasidr resisiancs o° nolvurs-
thane seals it oanicuiany Qemicanis 0 nvgraulic svsteme
wngre hign Dressures. snoci iSe2i. wide meta: 1orerances.
OF abrasive comtaminauor is anticipates.

SSR RUBSER (BURL & OR 3BS Typica Trage Nemes:
Toc numerous to list.

S87 rugber 15 orooadiy oL RV unos” nr Mg Jesionz-
tion Buna S 20 GRE (Sovernmen: Ruboer Sivrens. WISk
refers 1o the rubber originzln mzae sunng Wans Weo

In Unitzc States Governmeni-owns: nizr's ar & sunshitis
for naturai ruooer.

—owaver, wher. the manuizr.ors 5 this elzsiome: was
wrned over ¢ orivate INSUST™ 2 02siaNZUSE wn ahanged
tc ingizale’ e cnemica SOMI Isidn: strtene @t bHutas.-
ane 1uSoer Tires accoun: for mos: of its usEgs.

Togstner S3F zn nawra! ruzhe- zacount 1o znoro:: -
mately 80% of 1atai wornic ruobe: 2ansumoiion. <2n littie
of these two materials is usec I© saaie,
SBR i¢ recommenges tor:

Automative braxe Huic.

Alcohols (low molezuiar weign;.

Wate:.

A3

Jzone,
Beatroleum Qils.
Suniight.

SILICORE RUSEEF (8l

Tvaizal Trade Nzmas: *

Anesiz ..l cies o . ... .FmONE
SHRSBS Lol .. Low . Jomme:
NC 1m23¢ name ....... .. C e " .Gsnera,
N: rage vame ... .. .. . ...Swevher Toomical ©

Th: siiicones zr
ron silicone, ox
tne silicones have

S mrmaiym rOmysra s
SOTEROT rgliancs

I giEsiominIe matens!
£ zht carbor., As

~"engt‘r..zeér rasista
22ia. SCMOCUACE hieve Dee

ot 1€27 Enc ToMoression se
anzs Hhgr SUTRNCH. SoMosURST Nave 2z e o
LUl strengit €G3l 10t STTMISErE W Sonvenilcha
Siicrnss pegsess surdient s SE.0 1Emoere

2 Siexipit:  0e v — iTE°F .~ * 3.2 hes pe
SRIUEIRS ans Tarks tas Sompounasc silicone o
wmch will resis; tem:perawures 10 TOUE ETT0)
0271925, The maximum. 12mperature a: which sihse
szommendss ‘Or Sanunutus sercne - Qrv air i

WIRIST NEve axcedurn

ran

232 C.. Sizznes reteninn ¢ srouemier al the
i2moearaures is supenc- i atner alutus material-.:.
Silicone compounz: are ra oMLl 19S0MMEn
swnami: s2aling 2poncatic: S ¢ iativelv low
eng mgr. caefficient ¢ fricuor..

Many siliccne compouncs have & mughs- than norm
snnnkage that results ir finishec oanz veing =
wher. proguces ir siangarc moics Zonsuli chapie
more informatior. abow: tne effeciz 27 moic shrim
S3a. SOMOOUNGE. :

Siiicones are recommended for:
o' heat.

—HEr--301iNe SN it
Shidringiad di-pnanvie
Siiizones are no! recommendec tom
M3 1eum fivian, :
Ketones (iviSK, ecaione.

Wzter 2ag stearr.
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Chapter 2 S - .

‘physical and chemical cha.ractensucs

in acdition to the siastomer descriptions, it is necessary -

tc oresent morz aeiails about the important ghysical and
chemicai oroparties 5 camoounds. These are needec to
proviae & clearer picture of how tney fit together and enter
into selection of a seal comoaund.

FESISVANCE 7C FLUID As usec tnroug'nou'. this manual.

tne term “luid™ genotes the sucstance retained by the seal. .
liquic, & gas. or & mixwre of both, We intend that

1 may be 2
iz snall even incluoe powaere or soiias as well, if such should

" ente-the seal oicture. Tne term “medium® — plura! “media”

— 15 Sher use: wilh ‘i same meaning.) , .

‘The znerucsi glie: of the fiuig on the seal is 5i prirne im-
20nRa%SE. The fivis mus: Ao aner tne operational characte. -

-siite or reduct e life expesiancy of the seal significantly,
That ic, axcecauve deteriorauion of the seal mus: D¢ avoiged.
i1 1€ 22asy, nowevzr, 10 be misiec on this poini. A s.gnificant
amount of volum: shrinkage -usualy results :» premature
lgarage of 2ny -ring sea!, wnether static or aynamic On
e omer nung, & compuund that swells excacsiven ik a
Huic, or d-vs-.::::: & lurge mZreass or aecrsase in nardness.
lenstle str: . ©: #ongs..on, will citer; ¢ continue tc serve
wall o g wwng nr-ne o 3 2ane seai-in spite-of such un-
ausrable e renuite,

HASDNEES Threuphout i seal industry, the Type A du-
-anisr, mandiasivres ov v Shors \nstrument Somp :n\'

e,

" In dynamic applications, the hardness

“of friction than g

PRy

. ._..! ﬂ

of the O-ring’ is
doubly imporant because it also affects triction. Although 2
harder comoound will. in genera!, haus a lower goefficien:
softer material, the actual running anc
breaxou: friction values ars- nigiier because the .load re-
quirec I saueeze the raraer materiai 1o a given O-nng

"cavity is 50 muzn grea.er .

-mis

For mest appiications.,

compeounds havnc a Type A du-
rometer harcness of 7C 1080 is the mes: suitabie comore-
<. This is oamcularly true of dynzmic aoglications where
.80 curamete- czmzounde or haraer ohien allow a few draps

ST HUIC IX pass wir gzon cysle, anc 'sor. stocks tend to

gorade, ‘wear, anc exruae.

Normally duromete: narcness is rarorred te m mcremﬂnts
of five or ten. as 60 durometer, 75 aurometer ‘etc.—not as
€2 durometer, 66 durometer or 73 agurometer. This practice
is tased on (1), the fact that duromerer is generally callec

. ouz in specifications with e 1olerance oi =5 (i.e., 652

70=2, 80=35), (2}, the inheren: varianze from batcn 1 baten

1 & giver: rubber compound gue to siignt difierences in raw
martenals anc orccessing techmigues gnc (3), the vanance.
encounters< 1n re2srg durometers. Sn a 70 durometer

... stozk, ior example. one oerson migh: read 65 anc another

5. - standare nsirument uses ¢ measure the hareness of -

mUToruuner somosunss. (The Tvas O duromets
.22 wheor i .71'3\3 & reacing 12 over 90.)

T suremse nas @ 2rE12C SThing waoich lcr:es ar. in-
Semor soim
ths tuzue: The

=re i€ 2r ndicziing scaie on Wthﬂ the nard-

;15 recom-

3 {ne 126t SoesimEn agans: the resisiancs of

n2s: o orfel Jwresitv 1 s calibreiac 2 read 100 if there is -
B SANRNZNC. as on 2 hi2l ziass or stesl sutiace.. (For

snesimans ing are Lo thin or provide toc small an arez 107
riiz SorsrisiE. faaclncs ths \‘.'alla e Micrc Hardness
1= res=—mange

7 3¢ vith 1awer hare 1e" rna-mcs
wil LoV mors -asiiv s i musrafine grooves of the mzaung
Tals n pamsuiamy :moaenan: ir, low prescure seals
necause Ins. gre 0. zouvalel ov fluid prassure. Con-
verser | the ngras matenaic ofier greater resistance to
flow. heternis cack KK e Q-ning sea: diagram, figure A1-5,
i fanbe se4r Al g navaer nng wil: nave greater resisiance
exXIrusion mic i nzrow Qap Hevend the groove.
Thers are arphuauar i whish: ine compressive loac avail-
aowe 12- 2ssPmol 2 umiad. In these siluations, figures
A4-17 tnrougr. A<-:I o nelpiut. providing compressior
1sas -eawrement:s io; 2-nngs of saveral Jegrees of hard-
1ess 10 each of 1ne hive standard Crase sectionz.

N orrer g

AT

71. Tois smell difierence ic tc be expected anc ie con-
siderez to be within experimential error. A
TOUGHNEES e not & measurec propeny 9~ parameter dut

g gensial term. fracuentiy used to sumna...e tne combina-
uen ¢ rasistanse i Snvsica: forces rame; inan cnam::a
g=ton. s used 27 ¢ reiauve term in priciize. The A2 si
ierms are mascr inaications o!. 2nd contriguie to tne “tougr-
ness” piciure of 2 Ssmpounc.

“VENSILE STRENGTH Msasures i ogi (pomcs Der Sguers
iasnt raguirss o ruoture = soecimer of a rub2er maten

tengua strength is a fair prozucuon =sntroi measuremeq:
u.;e: o nsure uniformim of ..::r sund. anc alsc useiu 23
ar-inz:csucs 9 @8I2TorENAN O Ing samodung aher it nas
been in coriac: with 2 figid for ioag »e0cs If such contast
sesulz i a small raausiion in 12nsie Strengtr. life may 02
reiauvery long. if g iarge r2auction of tensile sirengtt, SCTUE.
life mav bs ~2:atveiy shor Sxseplions 1 inie rule So CIur.

mncnﬂ strength 15 not & orager indicaticn of resisizncs 10
extrusion. ac: is i orcnarily used in design salcutausne.

Hawever. Ir Svnamis goolications £ rnimum o° 100C 23 ie
normally necessary & 2ssiire ooc srrength charactensuss
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Chapter 2

. e

1 of the precedmg portions of this handbook have aealt

selecting the best rubber compound for a given 220k-
3. Here will be found backgraunc iniormausn to neis
‘nderstanding ostter tne factors invoived in tne process

provide some guiganze wher recommendec iimns

1 be excesn2¢, or wnen unlisteg fluids are encountered.
Apound szresiion may be classified in two categorie: ~

sioneering 1ype and the nan-pioneering typs. If ne pio- - -
“Ing were ever encounterec it would be possible to skip
ae other sections of this handbook and select ine proper -
. JInZe non- -

_1pounc for an adoiicetion from the iaples
1eenng aooiizziuons wili incluas the greaer pan ot all
1gn work normally encounterec. this category wul' be
'Ussed firs:. . .
N-PIONZERING D=SIuh The term "|'zc'm-¢:|or1e¢=n..~
sign” raigrz ¢ reapplicauss ¢° aroven aesign, Three
n cases csms to ming immediateiy: '

“hen using tne same flnd, giand design pracuces. anc -

\rahng conomons. the same comcsunds as utilized in
it design mav be frustec 12 Jive suscessiul resuits.

“When miliizn semvice ¢- cihe cusiomer recuires the use
some spezific comogunc oy siting & formuialior, chm-

ind designizlion, ¢~ spesification, Ine designer Mus: .o« -

" 2 the comzound tha: meets such criteriz and no option
5!s as to comoouns snotse. By use 0; such specificaticns,
_ orablerm desome: “non-pioneenng” in that known sus-
sl soienons are reliec on. FOR SU
JONE, T:3.27 B2, 23.anc B- lq‘ THE MOST VEET
ECIFICETIONE _f.NL INDICATE aPPLICASLE =’A=1K:.'.
IMPOUNC'S. '
" “nere is & tnirc S2se o “'nor-micneenng design”’ = whicr
designer car- use pasi sucsezse: of otners 27 ¢ Dasis
a design forian to his own exoenence. Tnadiers A2
2 AE provide giand desion galz Sasec or “average’ oc-
ling condiuone, esiablisnes by wids-spreac il2lc Son-
i Gevelgpes Irom vears of expeniente witn {-nngz ir
diar f2snicn. manv S0k SOMOOUNST Dave DravEr 1o e
v satisiacion it cenamn fluas wner usec i ~:a-.:: L8
‘mal gesigr: Srovizec goeraung condiuons AcE wilnir
2cified limie, prane gecsigr Sresanis aotmung nsy. 20l
problems saouic 2nge. TAZ SLJID TOMPATIZILTY
"...L:. TAZLE B8, -R"VICZ: SPITISIZ SEAL IIM-
'UN SZCOMMENDATIONS FOF SZRVICE WiT= £ VA-
ZTY OF FLJI2S Zacn foregoing category iz sEsec h
suessfur Srastice uncer siTilar service 22 ndivons . Trie
the hear: 3’ tne RIr-n10Neenny £29roash

SNESRING DESIGN Thie impirez inat there 1€ 5:me-

Ag new anc thereicre unxnowr' oral lﬂae, wnsoived
qut the J2sIg”.
this arez which ws e!ect to cal! * mmcr p:oneerm\. -5l
sajor pioneering.” -

‘nor Pioneering a:piles when bnh g sligni dnpa sure

Ly prewoue pracuce is mvolves. If new operaung Sondi- N

ns apoly OF SOMe change in glanc gesign is made ou
ither is radically ditferent frar. the oast design conditions,

2 previous desion data wili senainly apply as & sinng

inl. I 3 fiuic 1£ new 12 the user. out is listed in the fivic

CH DESIGN 20K-

- mn\- AL SA . %
Im view of the ever insreasing number of cozrating oils and | 3
se2ing matenals. il is Sasirade tha! 2 maznz be estzbiisned |

¢ 2nasis interasi2g panies 10
o' dil ang
'nnme’: :an 12818 In 232" crmomnaiion.

Gt I gniin
" tueg 2 wmics a Qiven 2mount oi tresh aniline mixes with an
ecual om0l the samcutar oil. Dils with the same aniline Fx
soimr usialh hiave simuz gfies on rudoer. The lower the 23
eninns oo, ine more severs 15 the swelling action. Tne
ASTN. r21erence oils 20v
- lubnzziun: o
. There are a..least we -'é==§’l--a.A= suels. . 12472, ent causes siignt swelling or shnnkage, Ol No. 2F¢
‘?.:,s meziam 2niling pomt (200°F;/82°C) and causes ime!- _ﬁ
nizliate svseliing, wnile Oil Ne, 2 ras a low amhna aocm ]
{187*F/72°C) and causes high o
ccmoounas. Any otner commerc:al oil wnh the same or T?‘
simitzr aniiing poin: san be expected 1o have & similas effect |-
one :amcu|ar sealmc materiai 2s the corresoondmg AS"M

-competibility table, influence of the fluid retains “minor pio-
nsering” staws. (it the new fluic is toreign to thz user's
exparience 2nc noi listes mn the tzhle, the oroblem nas suc-

2cCme “majo: pionesering.”} Zach gesigne: makes

his own cnoice of now 1o 12s: a new gesign and his aecision
should be based
knawn successiul usage. .

Nizjor Pioneering agplies when tner: 1€ racica! geoarure

- from grevious practice, The most likely axample I1s the use

of ¢ new fluid, forewar. 10 anyone’s past experience. If the &
¢ cnemical nature car. be related to anatner fivid of

known efi22. on a comoounc, tnis. may reduse

to “munor p1aneering.”

For examoie. i the fluid is a silicate ester, it can oe sur-
. musec ihat its efiect on tne sea! will pe similar to MLO-820C.
2F1E. ar OF 43 type Il and IV, since these elso have
iiczie ester oase. Ir the case of petroleum base fiuics.

compozrison of the aniline poin: of the fluic with that oi

st@ancarc tes: fluids glvcs & {air esnmate of the fluic's effec:
an g seai. :

I .is thnunate inai man

onlv g very small perceniage o! the towat work, for they do _

no: normelly ofier a direct and immediate answer However, §

oy uzing table 21 or BS it should pe relatively simple to

seies: one or two comooungs for trial. The most likely com-
_ pounc shauid then be pu: on simuiated service test. If per-

formance ic sausizstory. the answer is at hand —if not, a

mare accurate analys:s ar

_may 2¢ mute basec on tes: results. ,
* Insummen selesting an 2dolicable compound is 2 matter F

o imaing

_age ..ua-\ of such &

RADC METHCODS FOR PREDICTING THE

an how iar the aoplizatian do'nates from

the probie

engineering problems consritme

anZ a oefter compdund selection J

& “reasonaoie” starting point and proving the
se:zcuon by functional testing.

IFATABILTY OF ELASTOMERS WITH
SEC OIS

> employ suitzoie combinations r-
ruzoe: withoui the need for- carrving out Iengthv

unover r30id metncs

} {97 materigi selection is based E,—_‘_-;,
% poin ot the ¢ ot

i, wnich is the lowest tempera-

er & range of aniline ooints founc ing:
ite. Qii No. 1 nas a high aniline paini 25'=/

iy




Chapter 2

VOLUME CHANGE -COMPOUND “X” IN MINERAL OlL

aniline point can differ significanily in their swelling power
because they contain different sorts and amounts of
additives. ' '
A new, rapid, and more accurate method for predicting the
compatibility of commercial rubbers in mineral based oils
involves the use of a representative reference compound
called standard NBR 1. The action of mineral ‘cils can be
evaluated against this standard rubber in terms of the elasto-
mer compatibility index or EC!1. Previous work has shown
that there is an approximate linear relationship between the
equilibrium percentage volume changes of NBR 1 in a range
of mineral ails and those of any commercial nitrile in the
same oils. In other words if equilibrium percentage changes
in volume of different commercial nitrile rubbers in different
mineral oils are ploited against those of standard elastomer
NBR 1, a straight line can be obtained tor each nitrile com-
pound. This enables interested parties to predict the volume
change of a particular rubber material in any mineral oil if
the compatibility index of this qit (i.e. the percentage volume
change of NBR 1) is known. .
The straight line graph for a particular compound is called
the-swelling behavior, or SB of the compound. Figure A3-4
gives an example of such a graph.
Funther details on elastomer compatibility index and swelling
behavior can be provided on request.

FIGURE A3

+20 SWELLING BEMAVIOR (SB) FOR COMPQUNQO **X"
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ELASTCMER COMPATIBILITY INDEX (EZ3) FOR MINERAL OILS —
BASED ON STANDARD ELASTOMER NBA NO. 1 —

PERCENT VOLUME CHANGE

Example: To find the valume change of Compound “X" in a
mineral oil having an EC! of 4-10 for volume, follow the 10%
vertical EC! line until it intersects the slanted line. Follow the
horizontal line from that point to the vertical axis. Compound
*X" will have a volume swell of approximately 2% in that oil.
OPERATING CONDITIONS The practical selection of a
specific Parker compound number depends on adequate
definition of the operating conditions for the seal. In ap-
proximate order of application, these are:

FLUID The first thing to be considered when selecting a
compound is ils resistance to the fluids with which it-will

came in contact. This means all Hluids, including the oil to be

i

sealed,. outside air, any lubricant, or an occasional clean- M.

ing or purging agent to be used in the system. For example. .
in pipe lines, it is common practice to pump a variety of -

fluids in sequence through a line with a pig (floating piug)
separating each charge. In a crankcase, raw gasoline,
diesel fuel, gaseous products of combustior, acids formed
in service, and water from condensation, can be expected
to contaminate the engine oil. In both these cases, the seal
compound must be resistant to all fluids invalved including
any lybricant to be used on the seal. Therefore, whenever
possible, it is a gooc practice to use the fluid being sealed
as the lubricant, eliminating one variable.

Thus far only the effects of fluids on seal compounds have
been discussed. Consideration must also be given to tha
effect of the compound on system fluids. For exampte:

(1) There are some ingredients used in compounds which
cause chemical deterioration of Freon refrigerants. When
choosing a compound for use with Frecn, it should not con-
tain any of the ingredients which cause this breakdown.
{2) Compounds containing large amounts of free sulfur for
vulcanization should not be used in contact with certain
metals or {luids, because the sulfur will promote corrosion
of the metal or cause chemical change of the fluid. (3) Com-
pounds for {ood and breathing applications should contain
only non-toxic ingredients. (4) Seals used in meters or
other devices which must be read through glass. a liquid. or
plastic, must not discolor these malterials and hinder wision.
Saund judgment, then, dictates that ali fluids involved in an
application be considered. Once this is done, it is a simple
matter to check the tables to find a compgund suitable tar
use with all the media. .
TEMPERATURE Temperature ranges are often uver speci-
fied. For example, a tarch ar burner might reach temgpera-
tures of 759to 1.000°F. However, the tanks of gas being
sealed may be located a good distance from this heat source
and the actual amoient temperature at the seal might be
as low as 250°10 300°F {121 10 149°C). Or, a specitication
for aircraft landing gear beanng seais might call out ~63
to +400°F (-54°to 205°C). Yet :he bearing grease to be
sealed becomes so viscous at —65°F (—54°C) it cannct
possibly leak aut. At the high end, there is a time-iempera-
ture relationship in the landing roll-out which aliows rapid
heat dissipanon through the magnesium wheel housing on
which the sezls are mounted. This, combinec with low
thermal conguctivity of the seal, limits heat input o the seal
so that temperalure may never exceed 160°F (71°C). As a
result, a more realistic temperature range would be—30"1l0
+180°F (=34 10 —82°C). This can be handlied by a good,
industrial type nitnle compound as N674-70. Parker has ap-
plied a realistic temperature range with a margin of safety
when setting the general operating temperature range for
seal comoounds. The maximum temperature recomenda-
tion for a compound is based cn long term functional ser-
vice. If it is subjected to this temperature continuously, it
should perform reliably for 1000 hours. Time at less than
maximum temperature will extend life. Similarly, higher
lemperature will reduce it.

AJ-J4
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The high temperature mits assigned to compounds in this
handbook are conservative estimates of the maximum tem-
perature for 1000 hours of continuous service in the media
the compounds are most often called on 1o seal. Since the
top limit for any compound varies with the medium, the high
temperature limit for many compounds is shown as a range
rather than a single figure. This range may be reduced or
extended in unusual thuids.

Since some fluids decompose at a temperature lower than
the maximum temperature limit of the elastomer, the tem-
perature limits of both the seal and the fluid must be con-
sidered in determining limits for a system.

Low lemperature service ratings in the past have been
based on values obtained by ASTM test methods 0736 and
0746. The present ASTM D2000,/SAE 200 specificaticn still
cails for the ASTM D746 low temperature test (ASTM D736
is obsolete). For O-rings and other compression seals, how-
ever, the TR-10 value per ASTM D1414 provides a better
means of approximating the low temperature capability of
an elastamer compression seal, the low temperature seal-
ing limit being generaily about 15°F below the TR-10 value.
This is the formula that has been used, with a few excep-
tions, to establish the recommended low temperature limits
for Parker Seal Group compounds in tables A3-13, BS,

and B10.
This is the lowest temperature normally recommended __Ior

o——

static.sesls..|n dynamic use, or static applications with puls-
ing pressure, sealing may not be accomplished below the
TR10 temperature, or 15°F higher than the low limit recom-
mendation in the Handbook.

These recommendations are based on Parker tests. Some
manufacturers use-a less conservative method to arrive at

low temperature recommendations, but similar compounds .

with the same TR10 temperature woulc be expected to have
the same actual low temperature limit regardless of catalog
recommendations.

A few degrees may sometimes be gained by increasing the
squeeze on the O-ring section,, while insufficient squeeze
may cause O-ring leakage before the recommended low
temperature limit is reached.

The low temperature limit on an O-ring seal may be com-
promised if the seal is previously exposed to extra high
temperature or a fluid that causes it to take a set, or io a fluid
that causes the seal compound to shrink. Conversely, the
limit may be lowered significantly if the fluid swells the
compound..

With decreasing temperature, elastomers shrink approxi-
mately ten limes as much as surrounding metal parts. In ¢
rod type assembly, whether static or dynamic, this efiec
causes the sealing element to hug the rod mere firmly a:
the temperature goes down. Therefore, an O-ring may sez
below the recommendea low temperature limit when use:
—2s a rod type seal.

o
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‘When excessive s:de loads are encountered on maxrmum

tolerance rods or glands, and the pressure is in the low

" range, leakage may occur at temperatures 10 or 15°F (S or .
§°C) above the TR-10 value. It may be necessary, therefore,
‘to add as much as +40°F (+22°C) to the low lemperature

shown in the tables for this type of service.

TIME The three obvious “dimensions” in sealing are fluid,
temperature, and pressure. The fourth dimension, equaliy
important, but easily averlooked, is time. ’

Heretatore temperature limits, both high and Jow have

been published at conventional short term test lempera- .

lures. These have litle bearing on actual long term service

" of the seal in either stafic or dynamic applications. A com-

parison of the temperature limits of individual compounds
in this handbook with previous literature will reveal that for
comparable materials the upper temperature limit is more

.conservatively expressed. The narmower temperature range

does not imply that the compounds discuosed are inferior.
o others. Rather, that high temperature values based on
continuous seal reliabifity for 1,000 hours are being recom-
mended. As illustrated by graph (Fig. A3-€), short term or

. intermittent service at higher temperatures can be handled

by these materials.

-For example, an industrial nitrile (bura N) compound
 N674-70, is reoommenoed lo only 250°F, yet it is known to
~ seal satistactorily Inr five minutes at 1000°F (538°C) and

at 300°F (149°C) for 300 hours. Therefore, wnen the acpli-
cation requires a temperature nigher than that recom-
mended in the compound and fluid tables, check he

temperature curve lo determine it the total accumulated

time at high temperature is within the maximum allowable
limit. The sealing abilty of a compound deteriorates with
total accumulated time at temgerature. The curves show the
safe, cumulative time at a given temparature for specific
elastomers used as static seals, For dynamic seal applica-

tions, temperatures as much as 25°F (14°C) below those

indicated may be more realistic.

MECHANICAL REQUIREMENTS An urnpor'ant consxdera-
tion in selecting the proper seal material should be the
nature of ils mechanical operaticn, i.e. reciprocating, ascil-
lating, rotating, or static. How the seal functions will influ-
ence the limitations on each of the paramelers mulds.
temperature, pressure, and time) previously discussed.
Static applications require little additional compcund con-

sideration. The prime requisite of a static seal compound- ’

is good compression set resistance.

Dynamic applications, due lo movement. are mare involved.

. All properties must approach the optimum in a dynamic
- seal compound, resilience to assure that the seal will re-

main In contact with the sealing surtace, low temperature

. flexibility, to compensare for thermal contraction of the seal,

extrusion resistance to compensate for wider gaps which
are encountered in dynamic glands, and abrasion resist-
ance, to hold to a minimum the wearing away or eroding
of the seal due to rubbing.

COMPOUND PREFERENCE If a choice of more than one
compound exists after following all specified steps the de-
ciding factor will probably be cost or availability. Use table
A3-12 as a guide, or contac? your Parker representative for
this information,

TABLE A3-12 ORDER OF POLYMER PREFERENCE

@
.
¢
£
O
wid
@
S
(L4

PREFERENCE compcuns |, OROCR OF COMPOUND
1 Nitrile (N) 7 SER (G)
2 . EP(E} ] Polyacrylate (A)
3 Flucrocarbon (V) 9 Fluorosilicone (L)
4 " Neoprene (C) 10 :-Butyl (B) ..
5 Silicone (S) 1 Epichlidrohydrin (Y) 28
6 Polyurethane {F) 12 Folysuifide {T)

SELECTING A COMPOUND Having discussed the major

‘aspects of seal design that affect ccmpound selection,

here is a summary of the necessary steps to follow. always
keeping in mind that standard cdmpounds shouid be used

" wherever possible for availability and minimum cost.
- 1. If military fluid or rubber specifications apply. select the

campound from tabie 81 or B2.

2. For all other applications, locate ail fluids that will come
in contact with the seal in the fluid compatibility table,
table BS.

3. Select a compound suitable for service in all flu:ds con-
sidering the mechanical (pressure, dynamic, static) and
temperature-time requirements of the application.

4. If a compound of different durometer from that listad in
the fluid compatibility tables must be used, find a harder
or softer compound in the same base polymer in table
A3-13°.

*NOTE: The Parker Seal compound designations have a

definite purpose. In addition to'being catalog numbers, they

" denote the base polymer by prefix letter and the durometer
" hardness by suffix number. However, there is one excep-

tion, compound 47-071, which was shown on military QPL
lists before Parker Seal initiated their latest numbering sys-

tem. Once approved by the Military, a compound destgna- =

tion cannot be changed 7
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TABLE A3-13 COMPOUND SlMILARlTY : ..‘

General purpose O-ring compounds are listed by polymer and type A durorneter hardness for ease of selection. Ncte that ihe Iasr.

two dligits of Parker O-ring compound numbers indicate this type A hardness. For example, compound £540-30 is an 80 dUthneter
material. The one exception is compound 47-071. which is a 70 durometer compound. .
Butadiene, chlorosulfonated polyethylene, isoprene. natural rubber. and a few other elastomers do not generally perform as weif 'as
the listed potymers in seal applications. and Parker does not offer O-rings in these maternals. See the fluid compatibiity table for
anternates in the desired fluid medium.

TEMPERATURE RANGE(1)
POLYMER COMPQUND OEGREES FAHRENHET DEGREES CELSIUS
Polvacrviate A1107-70 —5 10 350 {=201t0 177
Butvi 861270 =75 10 250 {—60 10 120/
Neoprene C356-45 —70 to 250/300 (—60 to 120:15Q)
C267-50 —£0 to 250/300 (=50 ta 120/150)
C518-€0 —60 1o 250/300 (--S0 10 1207150)
CSs57-70 —45 to 250/300 (—43 to 1207150)
C873-70 —4$ to 250/300 {—43 10 120/150)
C944.7Q —45 19 250/300 (—43 to 120/150)
C147-70 -S535 to 250/300 {—8 to 120/150)
Ethyiene E529-60 —75 to 250/400 {60 to 120/205)
Propylene £603-70 =70 to 2504400 (—57 to 120/205)
E692-75 —70 to 250/400 (—57 to 120/205)
E540-80 —70 to0 2507400 (—57 to 120/205)
E£893-80 ~-70 to 250/4CQ {—57 1o 120/205)
£1080-80 —70 to 2501400 (=57 lo 120/205)
E652-2G —60 1o 2507400 =50 to 120/205)
Potyphosphazene £953-70 —35 10 350 (—6510177)
SBR (Buna S) G244.70 —70 to 225 (=57 to 107
Fluaresilicone L999-40 —100 to 350 (=73 17D
L449-65 -—100 to 350/400 ‘=73 o 177/205)
L1120-70 —100 lo 350 (=730 177
Nitnie N545-40 —45 tg 225/250 {—43 to 107/120)
N29e-50 —55 to 225/250 {—48 10 107/120)
N406-60 —40 to 225/250 {—aQ to 107/120)
NS525-50 —25 to 250 (—32110 120)
NS06-65 --70 ta 1807225 {(—S7 to 821107
N673-70 -30 to 250 {(—=35to 120)
N497-70 —3510212 (—37 to 100)
N163-70 —45 to 250 (=43 10 120)
47071 (2) —60 1o 1807228 {(—S5110 82/107)
N103-70 ° -5510 225 (—<8to 107)
N602-70 —70 to 180/22% (~57 to 82/107)
N741-7S —20 ta 250/300 {—29 10 120/150)
N304-75 —B65 to 225/250 (=55 to 1071120)
N755-75 —a35 1o 2501275 {—55 o 120/135)
N255-85 —1510 212 (—2S 1o 100)
NS52-80 -30 to 250 (=350 120)
N507-20 —6S to 1807250 (—55 to 827120
Polvutethane  P§42.70 —d0Q to 1807225 (—40 to 82/10N
Sificane $469-40 —75 to 400/450 (—60 10 205/232)
$595-50 —70 to 400/450 (—S57 10 205/232)
S613-60 —60 1o 450 (—50 10 232)
S604-70 —65 to 450 (—5510232)
$S455-70 —65 1o 450/500 (=S5 to 232/260)
$614-80 —60 to 400 {—50 to 2085)
Fluorocarbon V74775 —15 19 400/500 {—25 10 205/260)
Vv835.-75 —-40 to 400 {~40 10 205)
V884-75 -15 to 400 (=25 10 205,
Vv709-90 -15 1o 400 {—25 10 205)

' The iow temperaiure wnits shown here are 15°F beiow the TP 10 values. Actual limits in use will vary with the flud measm. See Figure AJ-6 lor etlect of tme at

vated lemperature

™ 47-071 is a 70 durometer nitrile compound,

N4
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An elastomer is seldom under the same confinement con-
ditions when laboratary physical property tests are made
as when installed as a seal. The usual compression, lack
of tension, and limited room for expansion as installed, all
*result in a ditferent physical response fram that measured
on an identical but unconfined part, |

Example: A silicone compound tested in hydrocarbon fuel

. in the free state may exhibit 150% swell. Yet, seals of such

a compound confined in & gland having volume only 10%

-larger than the seal, will likely perform satisfactorily. Com- '

plete immersion may be much more severe than an actual
application where fluid contact with the seal is limited
through design. Or, the service might involve only occa-.

_ sional splash or fume contact with the fluid being sealed.

Difterent parts made from the same batch of compound un-
der identical conditions will give varying results when tested
in exactly the same way because of their difference in

. shape, thickness, and surface to volume relationship (see

figure A3-7). Humidity alone has been fcund to affect the '

tensile strength of some compounds.

-
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Correlation between test data and service conditions is not

- a simple problem, it is an industry-wide problen. Until

improvement can be made, manufacturers and users must
use the available data to the best of their ability. In essence,
it is the misapplication of data, not the measurements, that
causes difficulty. However, with data in some other form,
such misapplication might well be reduced greatly,

ASTM Designation D471 (Standard Method of Test for
‘Change in Propertles of Elastomeric Vulcanizates Resulting
from Immersion in Liquids) states: “In view of the wide vari-
ations often present in service conditions, this accelerated
test may not give any direct correlétion with service per-
formance. However, the method yields comparative daia on
which to base judgment as to expected service quality and
is especially usetul in research and development work.”
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This report covers -the studies we have carried out and the results obtained,
in accordance with the tasks attributed to our Company as part of the Study

Contract cited in reference.

By this contract, the EUROPEAN ATOMIC ENERGY COMMUNITY encmsied a group of

five organizations and societies, acting jointly and severally (BELGONUCLEAIRE -
Belgium, COMMISSARIAT A L'zmiciz ATOMIQUE - 'Eré.nce, NUKEM - Federal Republic
of Germany, PEILIPS DUPHAR - Holland, TRANSNUCLEAIRE - France) with an overall
ser of studies the o!:;je'ct of which ui'ay"b'e bfiéfly sumnarized : the cechnical

requirements relating to packagings for tad.ioact:l.ve naterials.

The technical requirements in question were drawn up by the Intermacionmal
Atomic Energy Agency in its "Regulations for the Safe Transport of Radiocaccive
Materials, 1964 Revised Edition” (amended in 1966 and taking into account the
approved results of the work of a VGtoup of Experts in February, ’1966), which
we shall hereafter refer to in this report as : the Regulatioms.

Wichin the overall set of studies, the specific tasks alloted to our Company

are summarized in the title of this report :

"REPORT ON THE IMPLICATIONS OF THE TESTS REQUIREMENTS FOR
TYPE B PACKAGINGS AND A STUDY OF PRACTICAL SOLUTIONS

The tests in question are primarily those described in A.nnex Iv,1.4 of the
Regulations, representing conveutional accident couditions. These tests
comprise, cumulatively, a mechanical test (a 9 weter drop onto a rigid flac

surface, 2 1.20 meter drop onto a steel bar), and a thermal test.

--rs



Chapter 2

TEAFT -
SUIRELL ANT LICEL CAMACE
o - L MZTTER IRCE
o2 - 8 METTR TECE
Z = Overall damage -
2 - Local damage -
ELNZY NI -
—escrigticrn cf the cne-ton model packaging
CEASTIR V -
SATY CF TZ= TDMIMSICNING °F T CLCSURE TEVIZZ
I - CALCULATTION IN TEE ZTASTIC RANGE -
1 - Calculation method using certain simple assumptions
2 - Extension of the calculation method to the gemeral case
1T - FRACTURE CALCULATIONS -
IIX - SEEARTNG -
T4 - TCEERIMENTAL STUTY - v
V - SIMIIARITY -
CEAPTER VI -

STUDY CF SHECCK- ARSCRBING CCVERS

IJNCLUSION

(o}

~BLIOGRAPEHEY




Chapter 2

a type 3 packaging aust meet the folioﬁingrrequiremen:s after these tescs

retain sufficient of its radiation shielding, prevent loss or dispersal 27

the radioactive contents (with certain tolerances in the case of large

sources).

How should packagings be studied, .dESlgnéd,’planned ang fabricaced co meer
chese requiremen's and 1ow should ic be deciaec and pravea thac cne requ*-
rements are met ? Anybouy who has been conce*ned with cnese aroolems has

been aware of the dlfficul:ies and the econozic consequences.

The diffjculties arise mainly from the fact that the problezs arising are
in general outside the scope of the conventional work of a constructor's
design office and that, for a nucber of these problems, the physical,
mathematical or experimental basis for solving them are poorly defined or

possibly even. non-existent.

It is therefore most often appropriate, as the Regulations say, to carry out
drop and thermal tests on models or prototyres of the packaging in quescion.

However, in 2 number of cases this leads to a very considerable expenditure
because, while a large number of tests have to be carried out in order cé
be certzin of producing the maximum amount of damage, several pfocotypes
have sonetimes to be fabricated and tested before evidence is abtained that
the packaging meets the Regulations. !loreocver, such tests become virtually’

iapossible to perform for very large packag:zgs.

dowever, for some years, a number of studies have been undertaken in this
field by various countries (nocably the United States, England'and France)
pure theoretical studies, cheoretical and experimental studies oun scale

models, and systematic experimental studies.

Substantial results have been obtained. They now make it possible to dispense
. with a number of tests, and it is even possible to show directly that some
packagings conform by calculative methods or other appropriate evidence, a3

contained in the Regulatious.
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Because of the obvious value of such results, not only from the economic stand-
point but alse from the technical standpoint (since they can lead to methods
of proving which are of wider scope than isolated tests), we were requested

to proceed with the work undertaken.
The guidelines laid down were as follows :

- To establish practical calculative methods, with aumerical examples, for

the largest possible number of the problems to be solved.

Fhen calculation is not possiﬁle, to establish test methods on scale
models_ or partial assemblies. Where applicable, to justify methods by

comparison.

- Starting from the general results of calculations and tests carried out
during the study, and from the whole set of results (tasts and calcula-
tions) published in the literature, to formulate general recommendations

for the design and construction of packagings.

- To give a few examples of practical ways of meeting the requirements of

the Regulations.

We were also asked to go beyond general recommendations and to try to esta-
blish technical specifications. This, we were unable to do, partially
because of the great variety of cases to be dealt with, and also because we

could make no claim to provide definitive solutions.

This report summarizes the basic features of the studies which we have carried

out within the general framework explained above.

Although most of the exacples cihosen and the related tests concern lead-steel
packagings, che methods explained and recommendations made are gererally

applicable to a very large number of types of packaging .
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For the sake of claritv in this report, we have dealt first with the cherma.
test and then with the mechanical’ test. -In ‘fact, the cumulacive order of zescs
laid down in che Regulations is the reverse order. We have caken this izco

account wherever necessary.’

We should like to stress the important contribution made by the Sociécd
Lyonnaise de Plomberle Indus:rielle, to which we ‘sub-contracted part of the

's:udy and on whose premises most of :he tests were carried out.

We should also like to thank Acaaeneroi AB—(Sweden) and the Commissariac 3
1l'Energie A:omique (France) for cHe assistance they gave us in some parcts

of the study.

e’ m’ -
mtmltmliamlemlelewlel«
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5 - LEAD-STEEL JUNCTION -

a) No bond -

b)

When fabrication is made without trying to obtain bonding between lead
and outer shell, shrinkage occurs during cooling after casting due to

the difference of dilatation coefficients of lead and steel.

The importance of shrinkage depends on casting methods and outer shell

dimensions and materials.

Wicth 2 stainless steel outer sﬁell and adequate casting method, shrin-
kage is on the order of 4°/00, i.e. for instance 2 um at the radius for

a packaging of 1 m diameter.

‘With a mild steel outer shell, whose dilatation coefficient is lower

than for stainless steel, shrinkage may be greater.

Lez2 bonded -

3onding can be cbtained by various processes, which we will not explair

here.

Let us say oniy'chat bonding can be easily achieve on an open steel wall
it is much more difficult inside a steel vessel practically closed. It is

also more difficult with stainless steel than with mild sgéel.

If bonding is perfect, which can.be checked by ultra-sonic inspection,

thermal bond should also be perfect.

This 1is actually obtained for instance with a plane steel wall and a

certain thickness of lead bonded, the outer surface of the lead being

bare.

On the other hand, our experience shows us that in the case of packa-
gings and in spite of a perfect bonding to the outer shell, ultra-somnic
checked, there is always some discrepancy between thermal test and cal-
culations for the heat transmission through the inner shell/lead/outer
shell assembly.
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Compared with calculations based on a perfectthermal bonding, tests
show that in fact there is a certain extra resistance to the passage

of heat.

Thus, on a series of six identic31 ¢j1inﬁrica1 20 ton packag;ngs
(constructed by the Société Lyonnaise de Plomberie Indﬁs:;ielle), an
extra resistance to the passage of heat comp;fed with ¢alculations is
found equivalent to an air gapd 2= varying slightly around this
value according to.:he~packéging. ﬁl:raSopic.inSpec:ion, however,
showed perfect outer shellflead bondingf ‘ ' ‘

There are a number of possib1e ex§1zpacions s

-~ The calculation cannot be very accurate particularly wﬁehf:here is
a great difference betrween the cuter shell surface area and the inner
. cavify surface area. This was the case for the six packagings mention-

.ned above.

1f the heat flux introduced in the calculation is the flux on the
-inner cavity, there is then good agreement berween tests and cal-

culation.

- Bonéing to the outer shell has a’teﬁdency to work &gaiust hooping on -
the inner shell. o oy

- Lack of homogeneity in :he'lead mass which is being drawﬁ both towards -

the outer shell and towards the inner shell.

- Traces of oxide over a varying surface area at the outside shell/lead
interface (which does not shown up with ultra-sonic controls).

We have no knowledge of :he'resgitqubtained by other conmstructors.

¢) Behavior in the thermzl test -

In the case of not Sondednleéd, aﬁ,éir'gap of say,‘2 mn, ccrrespouds
to a temperature drop of several hundred degrees, for the initial
heat fluxes involved in the thermal test.
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The temperature of the outer shell will thus rise very quickly, en-
larging still furcher the air gap because of the differential ex-
pansion compared with the relatively cold lead.

The shell will then transmit heat to the lead by radiation.

In reality, the pfocess will ofteﬁ'be'Leséracéentuated,.beééuse the
air gap'ié not uniformly distribu:ed‘and its overall effect will be

substantially reduced.

In the case of bonded lead, there will be little or no':emperature
drop (perfect thermal bonding) between the outer shell and the lead.

The French Commissariat 3 1'Energie Atomique has carried out a number
of very interesting ces:s in':his field.

Models of the sort shown schematically in figure A 2 have been producea

and tested either in a2 furmace or in an open air fire.

In figure A 2, we give the ccmparative results for two similar mode.
one with bonded lead and the other with 2 uniformly distributed air gap.

In spite of the very considerable difference between the curve showing
the temperature rise in the outside layer of lead, there is only a dif-
ference of 2 to 3 minutes fcr the beginning of melting and the same

temperature ceiling is reached in the molten lead.

For this reascn, we feel that when calculations are carried out, it is

necessary to make the assumption of perfect thermal contact between the,

outer shell and the lead, whether or not the lead is boaded.

These tests show that the :emperé:uré;ﬁeilingr1s,at7;bou: 375°C. This
would appear anomalous although explanations for it can be found

(see chapter V, paragraph 4).
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2.2.1 -~ Measurements mede on a 15 ton packaging

The packaging used was a 15 ton Dupont de Nemours packa-

ging which has been the subject of a large number of drop

tests. Shown below is an extract from the table contained

in reference 1l, summirizing the measurements of decelera-

tion at various points in the packaging, for various drop

height :

frest n° 1 2 3

Drop height 2,30 m 4D w 9.10 m
Icpact surface bottbm bottom bottom
Deceleration on .=

bocton (25cm from 320 g 730 g 1200 to 1500 g
Jche impact face)

Deceleration at 140 g 250 g ?

upper part (1l.20 m
from the impact
face)

These results clearly show that during an impact, declera-

tion varies according to cthe height of the point considered

in the packaging.

They confirm chat in real cases decelerations are lower

" at low levels and higher at high levels than in the theo-

retical.picture obtained above.

They also show that deceleration varies roughly linearly

as a function of the height of drop.
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|| MDS NORDION METALLURGICAL REPORT NUMBER 9724___|

1....INTRODUCTION

Type 316L Stainless Steel. commonly used for radioisotope encapsulation.
has been tested for formation of chromium carbide precipitation. The
precipitation. referred to as sensitization. is of primary concern when formed
in the grain bounderies. The grain boundary carbide is an indication that the
stainless steel has lost some of its resistance to corrosion. The low carbon
grade of stainless steel (316L) is selected for use largely because of its lower
probability of sensitization. This brief study is focused on the amount of grain
boundary sensitization. The tests performed in this study included selected
temperature soaks (900. 1000 and 1200"F) for various lengths of time.

2...SUMMARY

Exposure times of up to 1000 hours at 900°F have resulted in no formation of
sensitized material. There is, however, some sensitized material after 10
hours exposure at 1000°F. There is sensitized material formed after 1 hour at
1200°F. Chart 1 relates the extent of sensitization of the test samples. Figures
1 to 5 illustrate the effect on the microstructure from some exposures.

3....CHART 1.

Relative Amount of Carbide Formation
( % of lmear transformatlon of aram envelope) _‘

1 0

3 0 0 30-40

] 0 0 40-50

10 0 2-4 50-60
30 0 4-8 60-65

80 0 20-30 85
100 0 50-60 95
300 0 70-80 | 100
1000 0 Not req’d Not req’d

(V8]
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The 316L stainless steel used for this testing was in the form of tubing. The
tubing was inserted into the furnace m an air environment, which is most
representative of the conditions encountered during the lifetime of finished
capsules. The percentage of carbide precipitation within the grain boundaries.
as presented in chart 1. is a linear measure of the formation of the precipitate
as a ratio of the overall linear grain boundary total. The results of this test
program illustrate the advantage of using the low Carbon grade type 316
stainless steel. While sensitization can occur within the temperature range of
800°F and 1500°F it appears as though the low carbon grade will resist
sensitization at 900°F for an indefinite time and above 900°F for shorter
times. Even the low carbon grade, however, will suffer sensitization quite
rapidly at 1200"F.

- s
( Lesdezms

/ /1 Culbertson
!__7 File Ref# 9724rept
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5....PHOTOGRAPHS

Figure 4 " Austenitic grain structure of control sample. Material with no
elevated temperature exposure. Note: No sensitization
97240 200X

Figure 5 Austenitic grain structure of sample material exposed for 1000 brs
at 900°F | Note: no sensitization
9724E 200X
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1. INTRODUCTION

* . MDS-Nordion is committed to providing a capabnhty for our USA customiers for domestic shxpmcm of
C-188 cobalt-60. The F-294 transport package is designed to be used for this purpose. In December- 1993,
* MDS Nordion submitted a Safety Analysis Report (SAR) Rev. A (MDS Nordion Report: TR-9301-F294
Rev. A)[1] in support of Certificate of Compliance for the F-294 transport package. A first response was
- received from the USNRC on Dec. 8 1994 [2]. Subsequently MDS-Nordion responded to USNRC ‘s
-concerns and revised the SAR and submitted SAR Rev. B (Nordion report: TR-9301-F294 Rev. B)[3] to
USNRC: A second response was received from USNRC on March 18 1997 [4]. A further meeting was
held between USNRC and MDS-Nordion in Sprmg of 1997. At this stage of the licensing process, it
appears that the resolution of the USNRC’s concemns can best be addressed by tests on F-294 rather than
analysis. Consequently, MDS-Nordion has decided to proceed with the prescribed regulatory tests to be
conducted on a full scale F-294 test specimen to address structural concerns. To address the thermal
concerns, MDS-Nordion is proposing to de-rate the contents from the original flask license limit of 450
kilocuries of cobalt-60 to 360 kilocuries of cobalt -60 and carry out the appropriate thermal analysis. This
report outlines the overall test plan and provides details to conduct appropriate regulatory tests on the full
scale F-294 test specimen to meet 10CFR 71 {5] requirements. Where applicable, a description of tests and
detailed test procedures are mcluded herem '

2, QUALITY ASSURANCE REQUIREMENTS
The F-294 regulatory tests shall be managed as per this document and the quality plan documcnt [6]

2.1 Testing by MDS Nordion International -

Where testing is performed by MDS Nordion Inc it will be thoroughly documented by the person
using sketches, photographs, videotapes and appropnate dam sheets. All test results shall be
reviewed by a Quality Control representative. - -

2.2 Independent festing

Where tests are performed by an organization independent from MDS-Nordion, this organization
shall follow an MDS Nordion approved test plan. As a minimum, the organization shall have written
procedures, check sheets, etc. to verify that the tests were conducted as specified in a test plan. The
test results shall be documented by this organization in a form of an approved test report.

2.3 Measuring equipment

Calibrated instruments shall be used for measurements. The type of i instrument the serial number,
when the instrument was last calibrated should be recorded on the test data sheet. :

Calibration data provided by 2 manufacturer (or a supplier) for thermocoupl&, accelerometers
(transducers) is considered acceptable, provided the calibration interval has not lapsed.

Where calibrated instruments are not used to measure the test data, it should be duly noted and the
deviation explained, and approved by Quality Assurance.
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3. DESCRIPTION OF THE DROP TEST FACILITY )

Chalk River Laboratory of AECL-Research Co have been contracted by MDS-Nordion to carry out the
drop tests on the F-294 test specimen. The drop tests shall be carried out at the drop test facility located at
AECL-Research Co., Chalk River, Ontario, Canada. The drop test facility consists of an impact pad and a
hoisting tower (Ref. CRL Drawing E -4511-2001). The base pad is fabricated from reinforced concrete
(of size approximately 10 ft. x 10 ft. x 10 f&.) resting on a solid bedrock. The upper surface of the pad is
covered with a 4-inch thick alloy steel plate (Specification ASTM A-203 Grade E; YS = 56.7 ksi) secured
to the reinforced concrete (CRL drawing E-4511-2002). The top steel plate has a provision for mounting a
target pin for puncture tests.

4. F-294 TEST SPECIMEN

The F-294 test packaging has been fabricated as per Dwg. F029401-001 Issue C and Technical
Specification DS 0757 F294 Issue A. This F-294 packaging is designated the full scale F-294 test
specimen. The F-294 test specimen has been demonstrated to meet the quality standard specified in the
technical specification DS 0757 F294 Issue A.

The full scale F-294 test specimen consists of the assembly of the following components:
1) A container (flask) assembly.

2) The cylindrical fireshield. ~r’
3) The top integral crushshield and fireshield

4) The removable shipping skid.

5) F-313 source cage, inclusive of 8 dummy C-188’s.
6) Dummy weights (up to 1000 Ib.) evenly distributed.

7) Accelerometer instrumentation.

5. OVERALL TEST PLAN.

The details of the overall test plan are given in Table 1. Figure 1 outlines the test flowsheet. There are 3
phases of the test plan: 1) Phase 1 addresses the tests to be done prior to the drop tests. 2) Phase 2
addresses the actual drop tests. 3) Phase 3 addresses the post~drop tests.

5.1 Phase 1: Tests done prior to drop tests.

Note: Appropriate photographs shall be taken to provide visual record of the test.

5.1.1 Inspect F-294 Test specimen for fit test.

As fabricated F-294 packaging shall be inspected for fit test to ensure that the components fit
Where the components do not fit, the deviations should be noted on the inspection/fit-test
report. Subsequently appropriate repairs can be carried out based on this report.
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5.12 chgh F-294 test specimen.

Each component and the assemblv of thc F-294 test specxmcn shall be wexghed The following
ltems are to be wexghed separately ’ -

' l) : Dummy weights
2) Source carrier (cage)

' a) Dummv C-188’s shall be welghed

Dimensional measurement of F-294 test specimen. |

W
" s
(V3)

“The F-294 container assembly shall be measured for dimensions to provide a baseline of the
 status of the shape of F-294 prior to the drop tests.

The dimensional measurement requxrements sball be specxﬁed by the project engineer.

5.1.4 " Air pressure test of the F-294 cavuy

The cavity of the F-294 shall be air pressure leak tcsted as pcr procedure outlined in
- Appendix 1 of IN/OP 0019 Z000. The torque for the plug closure bolts, drainline plug and
' thc ventline plug shall be specxﬁcd by the pro;ect engineer.

Hehum Leak test of the F-294 cavxty

The cavity of the F—294 shall be helmm leak tested as per procedure outlined in IN/OP 0598
F294. The torque for the plug closure bolts, drainline plug and the ventline plug shall be
specified by the project engineer.

n
p—
i

5.1.6 Inspectand dimensional measurements of Dummy C-}88’s

The dummy C-188’s shall be inspccted as per guidelines of standard capsule inspection
procedure CO-QC/IT-0001. The dimensional measurements of the dummy C-188’s shall be
‘carried out. The dJmensxonal measurement reqmrements shall be specified by the project
engineer,

5.1.7 Helium Lmktestofdummyc 188 s. . _ .
The dummy C-188’s shall be helium leak tested as per gmdclmes of procedure
CO-C5/1T-0002 or appropnatc instructions as per manuﬁcturer s leak testing equipment.

5.1.8 Inspection of F-313 sourceamer 7

The dimensional measurements and the inspection of the F-3 13 shall be carried out. The
dimensional measurement requu-cments and appropnate instructions shall be specified by the
. project engmeer
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5.1.9 Radiation Survey

In cell #6, the F-294 test specimen shall be loaded with active C-188 sources in F-313 carrier
with approx. 360 kCi of cobalt-60. Source loading diagrams are to be reviewed by the project
engineer prior to actual source loading. Prior to source loading, appropriate consideration
shall be given to temperature instrumentation, on the C-188’s and the cavity wall of F-294,

Radiation survey of the flask and the package shall be carried out separately as per procedure
CO-QC/TP-0001. In the radiation survey report, it shall be duly noted that the procedure
CO-QC/TP-0001 supersedes DS 0726 200, which has been specified in the F-294 technical
specification DS 0757 F294.

The cavity of the F-294 shall be purged with Argon.

The torque for the plug closure bolts shall be specified by the project engineer. The ventline
and drainline piugs shall be sealed to allow for retention of argon gas in the F-294 caviry but

permit the thermocouples wires to pass.

5.1.10 Normal thermal test.

The F-294 temperature data requirements shall be provided by the project engineer. Prior to

C-188 source loading, the F-294 shall be instrumented with thermo-couples in the F-294

cavity and provisions shall be made to measure temperatures of C-188’s sources. The balance \)
of the thermocouples shall be mounted either prior to source loading or after source loading at

the discretion of Manager, Cobalt Source Production.

5.1.10.1 Case l: F-294 Without extra Insuiation.

The normal thermal test shall be carried out as per procedure IN/OP 0597 F294
and other written instructions from project engineer.

5.1.10.2 Case 2: F-294 With extra Insulation.

Extra thermal insulation, as specified by the project engineer, shall be temporarily
installed on the F-294 test specimen.

The normal thermal test shall be carried out as per procedure IN/OP 0597 F294
and other written instructions from project engineer.

Note: After Radiation survey and normal thermal tests have been carried out, the
F-294 shall be unloaded in Cell #6.

5.1.11 Mounting Dummy weights to F-294 test specimen.

F-294 test specimen shall be modified by welders qualified to CSA W47.1 to provide

brackets etc. for mounting dummy weights. Dummy weights shall be weighed and identified.

A check shall be conducted to ensure that the dummy weights fit on the F-294. Location of ~
the dummy weights for all test orientations will be documented and justified by the project

engineer and reviewed by Quality Assurance.
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5.1.12 Modxﬁcatlons to F-294 test specxmcn

The plug bottom and the cavity bottom of the F-294 shall be modified to provide mounting
for the accelerometers. The F-294 test specimen shall be modified to provide attachment -
points for hoisting the slings for the drop test. Any other appropriate modification shall be
carried out to ensure that the F-294 components ﬁt Modifications shall be recorded on the
engineering drawings (markups, photographs and or sketches are acceptable) and initialed by
the project engineer and reviewed by Quality Assurance.

5.1.13 Ship F-294 test specimen to CRL, AECL%Research Co.

The F-294 test specimen inclusive of the dummy C-188’s, . F-313 carrier and the dummy
weights shall be shipped to CRL, AECL Research Co. '

5.2 Phase 2: Drop tests at CRL AECL-Research Co.

5.2.1 Ordcrofthetcsts

Normal free drop test shall be done first followed by the Hypothetical Accident drop tests.
30-foot free drop test shall be done second; the puncture tests shall be done third. (i.e. 40 in.
pin drop test). This will be in compliance with Para 71.73 (a) of Ref. [5].

5.2.2 Mounting accelerometers.

CRL shall mount up to 4 accelerometers on thc F-294 test specimen. The location of the
accelerometers are as follows.

Gl: pr of the plug.

Gz Bottom of the plug Gie. container cavity‘ side).
G3: Bottom of the container cavity. '
G4: Bottom of the container skid (fixed skid).

Note: Prior to the drop tests, the status of the container shall be recorded by CRL. The
torques on the fasteners shall be recorded and verified. .

5.2.3 Test #1: Normal Free Drop test, top end drop orientation
Note: Where required, repairs may be complcted in the ficld to ensure F-294 configuration of
21, 500 lbs test wexght is mmntamcd

5.2.4 Test #2: 30-foot free drop test, side oblique drop orientation (15° to horizontal)

~ 5.2.5 Test #3A or Test #3B : Puncture test, d:op orientation to detach crush shield

Aﬁer Test#2, the conta.mcr will be evaluated The project engineer, in conjuctlon with Quality
Assurance (QA), will decide the drop test orientation. 7
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5.2.6 Test #4: Puncture test, impact cylindrical fireshield

5.2.7 Test #5: Puncture test, impact on fixed skid lower plate

5.2.8 Test #6: 30-foot free drop test, top end drop orientation.

5.2.9 Test #7: Puncture test, impact on the crush shield upper plate

5.2.10 Ship the tested F-294 specimen to MDS-Nordion, Kanata.

Phase 3: Post -drop tasks and tests on tested F-294 specimen

5.3.1 Receipt of tested F-294 specimen.

W
[9%)
(8]

534

535

e

Photograph appropriately under the direction of the project engineer. Remove dummy
weights.

Damage Assessment #1 of tested F-294 specimen

Photograph appropriately under the direction of the project enéineer. Repeat dimensional ’
measurements as per 5.1.3 and complete additional measurements as instructed by the project
engineer. Do not un-torque the plug closure bolts. Assess damage. "

Air pressure test of the F-294 cavity.

The cavity of the F-294 shall be air pressure leak tested as per procedure outlined in
Appendix 1 of IN/OP 0019 Z000. Do not use water in the cavity. Do not un-torque the plug
closure bolts. Push the accelerometer cables as far as possible in the drainline and the
ventline. Torque the drainline plug and the ventline plug to the same values that were present
following the final drop test.

Helium Leak test of the F-294 cavity.

The cavity of the F-294 shall be helium leak tested as per procedure outlined in IN/OP 0598
F294 . Do not un-torque the plug closure bolts. Push the accelerometer cables as far as
possible in the drainline and the ventline. Torque the drainline plug and the ventline plug to
the same values that were present following the final drop test.

Damage Assessment #2: of the tested F-294 specimen.
Photograph around the plug closure area, lift lug area. Assess damage.
Attempt to un-torque the plug closure bolts. Record the opening torque.

Attempt the plug removal from the container in Cobalt Operations Facility. If the plug cannot 1
be removed easily, then consider transferring it to an outside contractor for removal of the ~—
plug. Monitor this task. Measure deformations of the container - plug closure, upper cavity,

L'Iowcr cavity and any other zone.
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53.6 Inspect and dimensional measurements of Dummy C-188 5

The dummy C-188’s shall be inspected as per gmdelmes of standard capsule inspection

" procedure CO-QC/T-0001. The dimensional measurements of the dummy C-188’s shall be
carried out. Repeat dimensional measurements as per 5.1.6 and complete addmonal
measurements as instructed by the pro;ect engmeer

5.3.7 Helium Leak test of dummy C-188’s

The dummy C-188’s shall be helium leak tested as per guidelines of procedure
CO-C5/IT-0002 or appropriate instructions as per manufacturer’s leak testing equipment.
Repeat measurements as per 5.1.7 and complete addmonal measurements as instructed by the

- project engineer. -

5.3.8 Inspection of F-313 source camer o

The dimensional measurements of the F-3 13 sha]l be carried out. Repeat dimensional
‘measurements as per 5.1.8 and complete additional measurements as instructed by the project

- engineer.

5.3.9 Radiation Survey

In cell #6, the F-294 test specimen shall be loaded with active C-188 sources in F-313 carrier
with approx. 360 kCi of cobalt -60. Source loading diagrams are to be reviewed by project
engineer prior to actual source loading. Appropriate consideration shall be given to
temperature instrumentation; on the C-188"s and the cavity wall of F-294, prior to source
loadmg (See Item 5.1.9).

Radxanon survey of the ﬂask and the packagc shall be carned out scparatcly as per procedure

- CO-QC/TP-0001. In the radiation survey report, it shall be duly noted that the procedure
CO-QC/TP-0001 supersedes DS 0726 ZOO which has been spccxﬁed in the F-294 technical
specification DS 0757 F294.

. The cavxty of the F-294 shall be purged with Argon

The torque for the plug closure bolts shall be the same values measured in 5.3.5. The ventline
and drainline plugs shall be sealed to allow for retention of argon gas in the F-294 cavity but
- permit the thcrmocouplcs wires to. pass

53.10 Nomlalthermaltest

The F-294 temperature data requxremcnts shall be provnded by the pl‘OjCCt engineer. Prior to
C-188 source loadmg the F-294 shall be instrumented with thermo-couples in the F-294
cavity and provisions shall be made to measure temperatures of C-188’s sources. The balance
of the thermocouples shall mounted either prior to source loading or after source loading at

the discretion of Manager, Cobalt source production.
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5.3.10.1 Case 1: F-294 Without extra Insulation.

The normal thermal test shall be carried out as per procedure IN/OP 0597 F294
and other written instructions.

5.3.10.2 Case 2: F-294 With extra Insulation.

Extra thermal insulation, as specified by the project engineer, shall be temporarily
installed on the F-294 test specimen. The normal thermal test shall be carried out
as per procedure IN/OP 0597 F294 and other written instructions.

Note: After radiation surveys and the normal thermal tests have been carried out, the F-294
shall be unloaded in Cell #6.

6. DOCUMENTATION REQUIREMENTS:

Each test specified in section 5 shall be documented by the person conducting the test and verified by
Quality Control at the time of the test. The documentation shall be compiled and consist of sketches, charts,
data sheets, procedures, written instructions etc. Each test shall clearly identify: pre-drop test, drop test or
post -drop test status.

A comprehensive test report shall be prepared by the project engineer. This comprehensive test report shall
be compilation of the tests outlined in Section 5.

7. OVERALL TEST PROGRAM ACCEPTANCE CRITERIA
1. The test packaging shall be radiation surveyed prior to drop tests and after the drop tests.

The Design Acceptance Criteria (DAC) shall be 80 % of the regulatory allowable 1000 mrem/ h
radiation at 1.0 m. from the surface of the drop tested packaging, based on maximum radioactive
contents in the package (Para 71.51 (a) (2) of Ref. [5]).

2. After the drop tests, there shall be no weld fractures or fractures in the primary stainless steel shell that
- envelopes the lead shielding in the plug and in the container assembly. Fractures in the fillet weld
between the fin and container shell or fractures in the fin shall not be a cause of rejection.

3. After the drop tests, there shall be no loss of thermal protection (i.e. no through puncture holes in the
fireshields such that the container wall is directly exposed to the flame of fire in the hypothetical
thermal test or loss of crush shield). The damage and displacement of the thermal protection is to be
less than 10 % of the total insulated area (9260 in?). '

4. After the drop tests, the dummy C-188’s to meet leaktightness of 1 x 107 std. cc}sec. of air.

8. SCHEDULE

It is planned to conduct drop tests at Chalk River Laboratory (CRL), Chalk River, Ontario, Canada during .~
February 1998. The actual day of test cannot be proposed at the time of writing but shall be communicated
to USNRC and others as soon as arrangements are finalized.
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Table 1: F-294 OVERALL TEST PROGRAM

ITEM TASK DESCRIPTION GROUP RESPONSIBLE

1.0 CONDUCT PRE-DROP TESTS AT MDS-NORDICN

1.9 INSPECT F-294 TEST SPECIMEN CSP.QC.PE*

12 WEIGH F-294 TEST SPECIMEN CSP.QC

13 DiM. MEASUREMENT OF F-294 TEST SPECIMEN CSPQC

1.4 AIR PRESSURE TEST OF F-294 CAVITY CSP.QC

15 HELIUM LEAK TEST OF F-294 CAVITY CSP,QC

1.5 PHOTOGRAPHS AS APPROPRIATE CSP.QC.PE

1.6 FABRICATE DUMMY C-188'S (QTY = 8) CSP

1.6.1 INSPECT DUMMY C-188'S QcC

1.6.2 HELIUM LEAK TEST DUMMY C-188'S. PE, QC

1.8 STEADY STATE NORMAL THERMAL TESTS & 360 CSP,QC,PE
kCi.
2 cases: with and without additional insulation

19 RADIATION SURVEYS @ 360 kCl. csP.Qc

2.0 PREPARE F-294 TEST SPECIMEN CSP.PE

2.1 ADD DUMMY WEIGHT CSP, PE

22 MOUNTING FOR ACCELEROMETERS CRL

3.0 DROP TESTS AT CRL, CHALK RIVER. ONTARIO. CRL

3.1 1.2 m NORMAL FREE DROP TEST CRL, PE. QC

32 30-FOOT FREE DROP TEST SIDE OBLIQUE CRL,PE, QC
ORIENTATION

33 PUNCTURE TESTS (40 in. height, PIN DROP TEST) AS CRL,PE, QC
APPROPRIATE

34 30-FOOT FREE DROP TEST END DROP CRL,PE, QC
ORIENTATION

35 PUNCTURE TESTS (40 in. height, PIN DROP TEST) AS CRL,PE, QC
APPROPRIATE

4.0 POST-DROP TESTS PE

4.1 DAMAGE ASSESSMENT OF F-294 CONTAINER CSP,QC.PE

42 AIR PRESSURE TEST OF CAVITY CSP, QC

4.3 HELIUM LEAK TEST OF CAVITY CSP, QC

4.4 RADIATION SURVEYS CSP.QC.PE

45 NORMAL THERMAL TEST - DEFORMED PACKAGING CSP,QC,PE
2 cases: with and without added insulation.

46 HELIUM LEAK TEST OF DUMMY C-188'S PE. QC

47 DAMAGE ASSESSMENT OF DUMMY C-188'S/ F-313 PE, QC
CARRIER

5.0 TEST REPORT PE, QA

*CSP = Cobalt Source Production
QC = Quality Control (Industrial)
PE = Package Engineering
CRL = Chalk River Laboratory.

Q.A .= Quality Assurance

v/’
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Qualﬁy Plan for F-294 Regulatory Tests

1. INTRODUCTION

The purpose of the quality plan for the F-294 Regulatory tests is to establish that the F-294 test specimen,
the tests that were conducted on the F-294 test specxmen and the test data meet the prescribed quality
requlrements specified herein.

2. TEST PROGRAM

2.1 Test Plan [1]

Reference [1] identifies the tests that are planned to be conducted on the F-294 test specimen.

2.2 Test Specimen:

" A qualified test specimen shall be used for conducting the regulatory tests. An Inspection Data File
(IDF) or a history file shall be available for purpose of demonstrating that the F-294 test specimen
has been manufactured to a quality standard or deemed to. meet 2 quality standard as specified in the
Technical Specification for F-294 flask [2).

2.3 Order of tests:

Where the order of tests is a regulatory requirement [3], it should be demonstrated that such an order
of conducting the tests was met.

3. QUALITY PROCESS |
The following quality process 1s specified. .

3.1 Inspection and Test Plan:
The overall Test Plan [1] should be approved by Quality Assurance (QA). All test activities required
to verify conformance with test plan are to be organized in advance. A typical test plan, where
appropriate and where applicable, shall have th_e'fqllqwmg elements:
1. test methods - |
2. test schedule and tune requxrements
3. eqmpment requu'emcnts o
4. responsibilities
5. calibration
6. record keeping methods ( checklist or lab book )

" 7. pre-approved criteria for pass or fail
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3.2 Test Report:

3.2.1 Test Record for each test.

Each test shall be conducted as per written procedure or written instructions or referenced to
a document. The test procedure document shall be appended in the overall Test Plan [1]. The
test instructions shall be approved by Quality Assurance (QA). A typical test record shall
have the following elements:

1) purpose and time of the test
2) method of testing
3) acceptance or rejection criteria, where applicable.

4) measuring instruments, including serial numbers and evidence of calibration where
applicable

5) direction for inclusion and format of test results
6) direction for evaluation of test results, if applicable

7) conclusions; state regulatory paragraphs ,where applicable.

3.2.2 Review of test records.

Each test record ( i.e. check sheet, test report, or lab book record ) shall be reviewed by
personnel from Quality Control (QC). A test record shall, as a minimum have 2 independent
signatures. The persons who conduct the test or jointly conduct the test shall be one of the
signatories under “prepared by™: The second signatory shall be a person from QC under
“reviewed by™

3.2.3 Review of test report

All test records will be compiled into a test report that will be reviewed by Quality Assurance
and approved by the Technical Authority.

3.3 Tests performed by Organization other than MDS-Nordion

Where tests are performed by an organization independent from MDS-Noérdion, this
organization shail follow an MDS Nordion approved test plan. As a minimum, the
organization shall have written procedures, check sheets, etc. to verify-that the tests were
conducted as specified in a test plan. The test results shall be documented by this organization
in a form of an approved test report.

3.4 Retention of Records:
The records must be maintained for the life of F-294 as per procedure IN/QA 0224 Z000 [5].



IN/QP 1369 F294 (1)
Page No; S50of 5

Quality Plan for F-294 Regulatory Tests

4. DEVIATIONS
Deviations will be documented and approved in accordance with procedure QAP AP-14 [4].

5. REFERENCES
[1] IN/QA 1368 F294: Test Plan for F-294 Regulatory Tests.

[2] Technical specification of F-294 Flask : DS-0757 F294
(3] CFR Part 71: USNRC Regulations : Packaging and Transportation of Radioactive Material.
[4] QAP AP-14: Quality Assurance Procedure, Internal Non conformance Disposition.

[5] IN/QA 0224 Z000: Radicactive Material Transport Package Quality Plan.
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DECELERATION MEASUREMENT DURING DROP TESTS OF A
I-294 TEST PACKAGING

1. lN'l‘RODUC’l’l()N

Impact lcsts were conducted on an F-294 test p.u.k.wm«' ThL Vibration and Tnhuluuy Unit was
asked to gather data during the impact of this package to address structural concerns. Al drops
were performed as requested onto an unyielding surfuce using various orientations (see Figures 1,

2. and 3).

2. INSTRUMENTATION

The package was instrumented with low impedance accelerometers, capable of measuring 2500 g
and withstanding a shock load of 5000 g. The accelerometers were checked out (See Section 3
Calibration) prior to mounting them in the package to verify their operation, since the majority of
them would not be accessible for replacement once the package was closed. After the package
was closed, the accelerometers were again tested for signal integrity before the drop test. -
Deceleration signals were stored on a multi-channel tape recorder for later analysis. Figure 4
shows the location of the acceleromcters Fxgure 5 shows thelr onentanon with respect to the

drain plug. h

’

3. CALIBRATION .
Calibration certificates for all acce)erométers are included in Appéndig A.

All accelerometers were tested to verify calibration both before and after the drops. A hand-held
shaker was used as an excitation source. This shaker vibrates at 159.2 Hz and produces an
“-acceleration level of 1.0 g. Each accelerometer was mounted on the shaker and with the
amplifier adjusted for the correct sensitivity, the resulting output was documented as shown on

page 15, Appendix A.

4.  TEST RESULTS

The signals stored on tape contain both the decclcrauon frequency and all natural frequencies of
all parts of the package and contents excited on impact. Natural frequencnes are usually higher
frequencies having higher amplitudes and should therefore bc ﬁltered out to rcvcal the true

deceleration frequency.

A strip chart recorder was used 1o display deceleration trace. Figures 6 to 1 show the sngnals
after being filtered so that anything above 640 Hz is eliminated. Tdble 1 is a summary of the

deceleration data from Figures 6 to 1 1.
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5. COMMENTS

The sensing clement of the aceelerometer is oriented along is fongnudinal axis. Thus. when the
accelerometer is oricnted in the transverse dircction Lo the direction of drop. no valid
mcasurcments can be made. This is shown in Table | as N/A for cach applicable accelerometer.

5.1 Drop Test #1

Drop orientation is shown as per Figure #1 (Drop #1). Prior to the drop, all acceleromclters were
functional. However, at the end of the drop, the crush shield moved cnough Lo cause scvere
damage to the leads of three accelerometers at G-2 resulting in a loss of signal.

Table #1 lists the acceleration test data.
Table #2 lists the elapse impact time data.

5.1.1 Discussion

The acceleration amp}it'udes listed in Table #1 are derived from the strip chart traces of Figure
#6. The Y-axis of the chart represents acceleration amplitude in volts when played back from the
tape-recorder. THe vertical bars to the left of the traces show the voltage setting of the strip chart

recorder for each channel displayed.

Using accelerometer #2525 (channel #1) as an example, the maximum change in voltage
measured from the chart is a trace having a negative sense and an amplitude (A) of two divisions.
This is multiplied by the voltage sensitivity (V) of 50 mV/division. The accelerometer signals
were recorded on tape using a 0-10 volt range, but could only be played back at 0-5 volt range.
Therefore, a gain factor (gf) of two needs to be applied to the trace amplitude. The sensitivity (s)
of accelerometer #2525 is 1.72 mV/g as per the calibration sheet.

Thus, the maximum acceleration (in g's) = A*V*gf/s

where

A is amplitude (in divisions)

\Y is channel voltage sensitivity (in mV)
gf is tape-recorder gain factor

S is accelerometer sensitivity (in mV/g)

The horizontal scale of the chart represents time. The chart speed (c) is set at 50 ms/division as
scen at the top of the strip chart. The duration (d) of the impact signal (using accelerometer
#2525) showed a peak lasting 2.6 divisions. The signal was recorded at a tape speed of 76 cm/s,
but the playback speed was reduced by a lactor (I) of 16.

)
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Theretore. the clapse mpact ime (i ms) = c7d/!

where
¢ is chart speed (in ms/division)
d . is duration of impact w'nal (m dwmnns)

I i$ tape speed lactor

The plate on which the accelerometers at G-4 arc mounted, is very thin and only supported”
around the perimeter of the skid. On |mpacl this platc vibrates at a measured 115 Hz dommaunv
the impact frequency ot about 140 I-Iz that we are trymL o measurc o

5.2 Drop Test #2

Drop orientation is shown as per Figure #1 (Drop #2). Prior to the drop, only 9 of the 12
accelerometers were functional. The leads of the three accelerometers at G-2 were not repaired
due to in-accessibility and lack of time. . For the duration of the tests, signals from these three
accelerometers were unavailable. At the end of this drop, 9 accelerometers were still functional.

Table #1 lists the acceleration test data. '

Table #2 lists the elapse impact time data.

5.2.1 Discussion

The acceleration amplitudes are derived from the strip chart traces of Figure #7 using the
calculations shown in Section S.1.1. Each of the three charts shown have a common
accelerometer trace (#2525). It was used to trigger data acquisition and show the time

relationship of all 9 accelerometer signals. This panticular signal shows a large positive spike, an
indication that the lead was momentarily shorted The honzontal scale of the chart represents |

SO ms/division.

5.3  Drop Test #3

Drop orientation is shown as per Figure #1 (Drop #3). Prior to the drop, 9 of the 12
accelerometers were functional. Al the end of the drop, 6 accelerometers were functional. The
leads from accelerometers at G-1 were crushed in impact resulting in loss of data.

Table #1 lists the acceleration test data.

Table #2 lists the elapsc impact time data;
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S.3.1 Discussion

The acceleraton amplitudes are derved trom the sirp chart traces ot Frgure #8 using the
calculations shawn in Scction 5.1 1. The duration ol impactas less detined tor this diop Ater
initial impact. lasting about Y milhscconds. the lask rotates about the pomnt ol impact until the

skid makes contact with the concrete pad. This extends the deceleration signal w about 40 ms.

The horizontal scale ol the chart represents 100 ms/division.

5.4 Drop Test #4

Drop orientation is shown as per Figure #2 (Drop #4). Because the leads of the accelcrometers at
G-1 were accessible, they were repaired by splicing the leads. Thus 9 of the 12 accelerometers
were tunctional. At the end of the drop, all 9 accelerometers were still functional.

Table #1 lists the acceleration test data.
Table #2 lists the elapse impact time data.

5.4.1 Discussion

The acceleration amphludes are derived [rom the strip chart traces of Figure #9 using the
calculations shown in Section 5.1.1. The signal from accelerometer #2527 shows a large spike,
an indication that the lead was momentarily shorted. The duration of impact is less defined for
this drop as well. "After initial impact lasting about 5 milliseconds, the flask rotates about the
point of impact until the skid makes contact with the concrete pad. This extends the deceleration
signal to about 45 ms. The horizontal scale of the chart represents 100 ms/division.

5.5 Drop Test #5

Drop orientation is shown as per Figure #2 (Drop #5). The three accelerometers normally
mounted at location G-4 on the middle of the base plate were moved off to the side so that they
would not be damaged on impact. The orientation was kept the same as all previous drops.
Before and after the drop, all 9 accelerometers were functional.

Table #1 lists the acceleration test data.
Table #2 lists the elapse impact time data.

5.5.1 Discussion

The acceleration amplitudes arc derived {rom the top strip chart traces of Figure #10 using the
calculations shown in Section 5.5.1. Accelecrometer #4713 mounted on the plate at G-4 was
moved of! center for this and all subsequent drops. The signal for all subsequent drops shows a
frequency of about 500 Hz, making it impossible 1o obtain meaningful deccleration signals. The
horizontal scalc of the chart represents 100 ms/division.

N
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Instrumentation used in the 1--294 Transport Package drop tesis:

Item Description QA#

1-12 Accelerometers Model #305A05 (calibration sheets attached)
13 Multi-channel power unit for accelerometers above Model #483A
14 Magnetic taperecorder TEAC XR7000 456-268
I5 Analog Filter Krohn-Hite Model #3342 456-296
16 Analog Filter Krohn-Hite Model #3342 456-302
17 Strip Chart recorder HI0K 1 8830

(Calibration was verified using a sinisoidal signal from a
krohn-hite Oscillator #4023 last calibrated 97/11/24. A 100 Hz
signal with an amplitude of 100 mV (RMS) was used.)

Verification of accelerometer calibration:

Accelerometer Sensitivity Date of Measured Acceleration (g’s)
(Serial #) (mV/g) Calibration Before Drops After Drops
2500 1.50 93/04/29 0.96 0.97
7228 2.22 92/01/14 0.96 0.96
1308 1.67 93/04/29 0.96 0.96
2526 1.67 92/01/14 0.98 0.98
2503 1.69 93/04/29 0.98 0.97
1301 1.50 93/04/29 0.95 0.95
2525 1.72 93/04/29 0.93 0.93
1303 1.70 90/05/07 1.00 1.00
2527 1.74 92/04/14 0.95 0.95
2501 1.70 93/04/29 0.93 0.93
4713 2.02 86/04/21 0.97 0.97
9745 1.55 91/12/18 0.96 0.95
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> Caﬂnﬂ»m{tu@m Certificate ==

Model No. _305AB3
Serlal No. 1308

PO No ‘ Customer

. PerISA-RP37.2

1ICP® ACCELEROMETER

with built-in electronics

Calibration traceable to NIST thru Project No.

Calibration procedure Is in compliance with

§22/2511081-93. - MIL-STD-45662A and traceable 1o NIST

CAL!BRATION,, DATA .

KEY SPECIFICATIONS

Voltage Sensitivity 1.67 mV/g gggoku ) Range 2508 tg
. , METRIC CONVERSIONS
Transverse Sensitivity 2.3 % Resolution .05 ms?=0102¢
Resonant Frequency 45 kHz Temp. Range -100/4258 °F °C = 5/9 x (°F -32) .
Time Constant 2.0 s ‘
- Output Bias Level 9.8 v
X Relerence Freq. . _
Frequency  Hz) 19 | 15 30 50 | 109 | 300 | 500 | 1000 |3000 |S00Q ‘
Amplitude Deviation % | -3,7.| -2,8 | ~1.7 |-1.3 | 0.0 | 1.2 | 1.7 | 2.6 1.4 4.4

FREQUENCY RESPONSE "

+3dB
Amplitude e
Deviation —

-3d8

10 100 FrequencyinHeriz - 1000 10 000
’ pae __4/29/93
| Piezotronics, Inc. 3425 Walden Avenue Depew, NY 14043-2495 USA .~ .. -
716-684-0001

Cahbraled by jz—n 8&«/

N svtal v
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Model No. _385ABS5
Serlal No. 9ys

PO No. Customer

ibratiom Certificate ee»

Per ISA-RP37.2

ICP®* ACCELEROMETER

with built-in electronics

Calibration procedure is in compliance with

Callbration traceable to NIST thru Project No.

CALIBRATION DATA

Voltage Sensitivity 1.55
Transverse Sensitivity 2.2
Resonant Frequency 45

Time Constant 2.0
Output Bias Level 10.8

?7327245191-90 . MIL-STD-45662A and lraceable lo NIST
KEY SPECIFICATIONS
mV/g ggggku'.) Range 2500 tg
° . 85 METRIC CONVERSIONS
Yo Resolution . g ms = 0102
kHz Temp. Range -108/+258 °f °C = 5/0 x (°F -32)
S
\
Relecence Freq.

Frequency Hz| 10 15 30 20 190 | 300 | 500 | 1000 |3008 |5800

Amplitude Deviation %| -1.8 | -1.3 | -.5 | =-.9 0.0 | 9.0 W9 .8 1.3 | 2.6
FREQUENCY RESPONSE
+3dB :
Amplitude
Deviation
-3d8

10

716-684-0001

P[B Piezotronics, Inc. 3425 Walden Avenue Depew, NY 14043-2495 USA

100 Frequency in Herlz 1000 10 000

Date 12718791

Calibraled by

C

(S S

I NL-YNtul oy




=== Calibratiom Certificate ==

Per ISA-RP37.2
Model No. _385AAS

Serlal No. __1301 o - | ICP® ACCELEROMETER

with buili-in elecironics

PO No. ' Cuskldme'r' - Calibration procedure is in compliance with
Calibration traceable to NIST thru Project No. 822,251191-~93 - - MiL-STD-45662A and lraceable to NIST
CALIBRAT!ON DATA KEY SPECIFICATIONS
Voltage Sensitivity 1.50 mV/g gﬁggkg ) Range 2500 tg
o . ) o5 - METRIC CONVERSIONS
- Transverse Sgnsmvny 2.3 % - Resolution . ms? = 0102g
Resonant Frequency ~ 45 kHz .~ Temp.Range -100/4258 °F - °C =50 x(°F-32)
Time Constant - 2.8 s | | | -
Output Bias Level 9.8 \

Relerence Freg.

Frequency  Hz| 1@  ‘15 .38 | 50 | 100 | 3@ | s500.| 1000 |3000 |S000

Amplitude Deviation % | =1,1 | -.6| -.1{-1.0 | 0.0 | 0.0 | .4| .8 | 2.3] 2.3

FREQUENCY RESPONSE
+3d8B SRR
Ampliude  f—— — ]
Deviation —
-3dB .
10 / .- 100 . - Frequency in Henz 1 000 R 10 000
] | | o o o Date ___4/29/83
‘ Pnezotronlcs, Inc. 3425 Walden Avenue Depew NY 14043-2495 USA 7 T
716-684-0001 / Calibraled by T 8«/’.0. ______

y ‘ ’ R F I T
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o> (Calibratiom Certificate ==

ModeiMo. _JQSABS

Serlal No.

PO No.

2500

Customer

Calibratlon traceable to NIST thru Project No.

Per ISA-RP37.2

CALIBRATION DATA

822/251101-93

-

ICP® ACCELEROMETER

with built-in @lecleonics

Calibralion procedure is in compliance wilh :
MIL-STD-45662A and traceable to NIST i

KEY SPECIFICATIONS

Voltage Sensitivity 1.50 mV/g §§§2u°‘°) Range 2500 tg :
S ) METRIC CONVERSIONS .
Transverse Sensitivity 4.4 % Resolution .05 g ms?=0102g f
Resonant Frequency 45 kHz Temp. Range =100/4258 °F °C = 5/9 x (°F -32)
Time Constant 2.0 s .?
Output Bias Level 10.3 '
i
Relerence Fraq. |
Frequency Hz| 10 15 30 514 100 | 300 900 | 100D | 3000 |5000 '
Amplilude Deviation % | -3,1 | -2,3 | ~-1.1 |~-1.0 0.0 s 1.4 1.8 3.3 1 4.1
FREQUENCY RESPONSE
+3dB
Amplitude
Deviation
-3d8
10 100 Frequency in Herlz 1000 10 000
l' ' Date 4/29/93
Piezotronics, Inc. 3425 Walden Avenue Depew, NY 14043-2495 'ISA - 7
Q 716-684-0001 g Calibrated by

-C

"N sstu] v




| «=> Calibration Certificate ==
Modet No. _385ABS _ PerISARPaT2

SerlalNo. 25081 S - ICP® ACCELEROMETER
T _ C : with built-in electronics
PO No. “ _ ~Customer ‘ T - Calibration procedure is in compliance vath
Calibration traceable to NIST thru Project No. 822/251101~93 . .. . MIL-5TD-45662A and lraceable lo NIST
CALIBRATION DATA KEY SPECIFICATIONS
Voltage Sensitivity = 1.78 mV/g SEEE,(B") Range 2500 tg
| B 39 . _ - , ~ METRIC CONVERSIONS
| ‘Trgnls.yerqse Sgnsmvnyv 3. % ‘ Resolution .85 | 9 msta01029
Resonant Frequency 45 kHz Temp. Hange ~108/4258  °F °C = 5/9 x (°F +32)
Time Constant 2.0 s | '
Output Bias Level 9.8 v
) : Refersnca Freq. )
Frequency . . Hz| 1P 15 | 3@ | 50 | 100 | 300 | 500 | 1000 |3000 |5000
Ampitude Deviation % | 1,4 | -1,1 | -.8 [-1.1 [ @8 | .1 | .4 18| 2.9(2.8
" FREQUENCY RESPONSE
+3dB
Amplitude :
Deviation - - . : ‘ =
-3dB 4 .
10 ‘ ' © 100 - ‘Frequency in Henz 1000 10 000

T - oaste . 4729/93
Piezotronics, Inc. 3425 walden Avenue Depew, NY 14043-2495 USA : &I T
716-684-0001 : Calibrated by T Le.

[ 2]
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ez Calibration Certificate ==

Model No. _3ASAAS
Serial No. _ 2503
PO Ne.

Customer

Per ISA-RP37.2

ICP® ACCELEROMETER

with built-in electronics

Callbration traceable to NIST thru Project No.

Calipration procedurae Is In compliance wilh

822/251101-93 MIL-STD-45662A and traceable 1o NIST

CALIBRATION DATA

Voltage Sensitivity 1.69
Transverse Sensitivily 1.4

Resonant Frequency 45
Time Constant 2.0
Output Bias Level 10.8

KEY SPECIFICATIONS
mV/g (g,gggka'-) Range 2500 tq

) METRIC CONVERSIONS
% Resolution .85 g ms ? <0102
kHz Temp. Range -100/+258 °F °C = 5/9 x (°F -32)

s

\

Relerancs Freq.

Frequency  Hz| 1g | 15 | 30 | 50 | 100 | 300 | 500

1000 | 3008 |5000

Amplitude Deviation %

“l.4 | =72 | =5 0.0 .3 2| L 2.3 2.7

FREQUENCY RESPONSE
+3d8

Amplitude

Deviation

-3dB

10

P[ Piezotronics, Inc. 3425 Walden Avenue Depew, NY 14043-2495 1ISA

716-684-0001

100 Frequency in Herlz 1000 10 000

Dale 4/29/93

Calibrated by ___Zon E«J_/c_

I ———— T
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Model No. aﬂﬁﬂﬂﬁ -
Serlal No. _ 2525
PO No. Customer

Calibration traceable to NIST thru Project No.

822/,2511@1-93 .

CALIBRATION DATA

KEY SPECIFICATIONS

=== Calibration Certificate ===

. PeriSA-RP37.2

ICP®* ACCELEROMETER
with built-in elgcironics

Calibration pfocedufe is in compliance with
MIL-STD-45662A and traceable to NIST.

Voltage Sensitivity 1.72 mV/g %E,?Ekﬂ") Range . - 2500 tq
. S ¥ ‘ _ . METRIC CONVERSIONS
- Transverse Sensitivity 2.6 % Resolution .85 g  ms?.01029
Resonant Frequency 45  kHz ~ Temp.Range -100/4258 °F - C = 519 x (°F -32)
" Time Constant . 2.8 s ‘ ' | |
~ Qutput Bias Level 9.5 \
Relerence Freq. o
Frequency  Hz| 19 15 | 39 | 50 | 100 | 300 | 500 | 1000 |3000 |5000
Ampltude Oeviation %| -1,9 | ~1,6 | =1.1 | -. 2.0 ] .4 | 9] 1.4 2.9| 3.2
o FREQUENCY RESPONSE
+3dB
Ampliludé o
Deviation
-3d8B
~ FrequencyinHenz _ 1000 10 000

10 100

P[B Piezotronics, Inc. 3425 Walden Avenue Depew, NY 14043-2495 USA
716-684-0001

pate 4728793
7
Calibratedby _~_ Rony  Quate

PN osNtu) v




ee» (Calibratiom Certificate ==

Model No. 305AB5
Serlal No. _ 2527
PO No.

Customer

Per ISA-RP37.2

ICP® ACCELEROMETER

with built-in elactronics

Calibratlon traceable to NIST thru Project No.

CALIBRATION DATA

1.74
Transverse Sensitivity 3.6

Voltage Sensitivity

Calibralion procedure is in compliance with

8227/249179-92 MIL-STD-45662A and lraceable 1o NIST.

~

KEY SPECIFICATIONS
mV/g %fﬁu“") Range 2500 tg

. . METRIC CONVERSIONS
% Resolution .05 g

ms? =0102g

Resonant Frequency 49 kHz Temp. Range -108/4258 ©°F °C = 5/9 x (°F -32)
Time Constant 2.0 s
Output Bias Level 10.8 v
Relerence Freq.
Frequency Hz| 1@ 15 30 50 100 | 308 500 | 1008 |3008 |S000
Amplitude Deviation %| 8.0 | -.7 |[-1.2 |~1.0 2.0 o .9 1.8 1.6 | 2.9
FREQUENCY RESPONSE
+3dB
Amplitude
Deviation
-3dB
10 100 Frequency in Hertz 1000 10 000
Date ts14782

l][“ Piezotronics, Inc. 3425 Walden Avenue Depew, NY 14043-2495 USA

716-684-0001

alibrated b onZ.M[

PN estul v
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=== Calibratiom C

Model No. _383A83
Serlal No. _2528
PO No. : Customer

Callbratlon traceable to NIST thru Project No,

CALIBRATION DATA

822/249179-92

KEY SPECIFICATIONS

ertificate ==

Per ISA-RP37.2

ICP® ACCELEROMETER

with built-in electronics

Ca\ibraﬂon procedure is in compliance with
MIL-STD-45662A and traceable to NIST.

Voltage Sensitivity 1.67 mV/g %ﬁ?ﬂu"") Range 2500 tq
) : METRIC CONVERSIONS
Transverse Sensitivity ‘1-3 % N Resolution ‘85‘ , 9 ms? =0.102 g
Resonant Frequency 49 kHz .~ Temp. Range -1BB/+258 COF °C = 5/ x (°F -32) .
Time Constant’ 2.8 s | - | |
Output Bias Level 9.5 Vv
Relerence Freq.
Frequency Hz| 1@ | IS5 39 o0 100 | 300 | 520 | 1000 |3000 |5A0Q
Ampliide Deviation %| 2.4 | ,3 |-1.1 |-1.2 | 8.0 | .72 | 1.t | 1.6 | 2.5 3.6
e Fnsouéncv RESPONSE
+3dB
Amplitude bﬁ._‘ ‘
Devialion 1
-3d8B
10 100 - ‘Frequency in Henz 1000 10 000

P[“ . Piezotronics, Inc. 3425 Walden Avenue Depew, NY 14043-2495 USA

716-684-0001

Jé;me 114,92
Calibrated by 4 QA..,[ e

.(‘:.

I"N.L:SNru v



e« Calibratiom Certificate ==

Model No. 385985
Serlal No. _7228

PO No. Customer

Per ISA-RP37.2

ICP® ACCELEROMETER

with buill-in electronics

Callibration traceable to NIST thru Project No.,

CALIBRATION DATA

Calibration procedure is in compliance vath

§227249 179-92' MIL-STD-45662A and traceable lo NIST

KEY SPECIFICATIONS

Vollage Sensitivity 2.22 mVig (zsgggkg'-) Range 2508 tg
" ) METRIC CONVERSIONS
Transverse Sensitivity 2.9 % : Resolution .85 g ms? =0.102¢
Resonant Frequency 43 kHz Temp. Range —100/4250 of °C = 5/9 x (°F -32)
Time Constant 2.0 S
Output Bias Level 9.2 v
Relerence Freq.
Frequency Hz| 10 15 30 50 100 | 308 | 500 | 1000 |30080 |S5000
Amplitude Deviation % -1,8 | -.5 | -.9 | -.8 8.0 o/ .9 {.1 1.9 | 2.3
FREQUENCY RESPONSE
+3d8
Amplitude
Deviation a'_—}'q
-3d8
10 100 Frequency in Hertz 1 000 10 000

pr Piezotronics, Inc. 3425 Walden Avenue Depew, NY 14043-2495 1JSA

716-684-0001

Dale 1/14/92

Calibratled by j QOLJ

-

PN sNmop v
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Serlal No. _13A3

ez» (Calibratiom Certificate «=»
Model No. 385835

PO No.

Customer

Per ISA-RP37.2

ICP™ ACCELEROMETER

with built-in elactronics

Calibration procedure is in compliance with

Calibratlon traceable to NIST (NBS) thru Project No. _232/243254-89

MIL-STD-45662 and traceable to NIST. (NBS)

CALIBRATION DATA

-

KEY SPECIFICATIONS

Voltage Sensitivity 1,78 mV/g Range 2509 tg
. , : METRIC CONVERSIONS:
Transverse Sensitivity 2.2 % Resolution - .83 9  ms?=0102¢
Resonant Frequency 45 kHz Temp. Range ~1080/4258 °F . °C = 509 x (°F -32)
Time Constant 2.0 s A | o
Output Blas Level .. 10,2 v
RolmndFuq. | ; : '
Frequency ~ Hz| 1 15| 38 | 50 | te@ | 380 | 500 | 1000 | 3000 | 5000
Ampiiude Deviaton %| g.pf 2| 1.3| 1.3 | 8.8 .5 | 1.8 1.6 | 3.3| 4.5
FREQUENCY RESPONSE
+3dB
Amplitude
Deviation —
-3dB 1 . |
100 Frequency in Hertz 1000 ; 10 000

P[“ Plezotronics, Inc. 3425 Walden Avenue Depew, NY 14043-2495 USA

T16-684-0001

e 5/2/90
Calibrated by ‘@Lx“ﬁ‘_‘

oo e = o

A
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R L
2= A TSNS PN |

Model No.
Customer CALIBRATIC. JATA ~-S0S 42T
tor Serial No. _$#7/3
1.C.P. ACCELEROMETER | pynge _
{per 1S A $37.2) = .f-w 9
PIEZOTRONICS i . Max input _.$ 200 o
Order No. The Calibration procedures of PCB Piezotronics are
in compliance with MIL-STD-45662 Max Temp _2 (O of
. VOLTAGE SENSITIVITY ... ... 202 mig | @100 Hz, 20004's P SHOCK
. MAXIMUM TRANSVERSE SENSITIVITY é 2 percent

. RESONANT FREQUENCY ......... _ L km

. DISCHARGE TIME CONSTANT ..... 2.0 seconds
. OUTPUT BIASLEVEL ........... MY vons

. FREQUENCY RESPONSE:

Freq. Hz

10 30 50 100 300 500 1000 3000 5000

Deviation %

27118 | 07| o |2 ¥|+)8 | 228|234 | 7SS0

Calibration tracesble to NBS through project no. ___ 7 I:z'// R34 ER ~

PCB PIEZOTRONICS. INC.

3425 WALDEN AVENUE —
DEPEW. NEW YORK 14043 A

date f‘ "2/ —fé




Chapter 2

O/ 8. MDS NORDION F-294 TRANSPORT PACKAGING TESTING
(REFERENCE [56])

IN/TR 9301 F294, Revision 4 - Appendix 2.10.10 Page 17 - July 2003
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1.  Introduction

Vertical drop tests and puncturc tests were performced on the F-"94 transport p.u.kagnm. prototype (;n
February 25, 1998, at the AECL drop test facility at Chalk River. Ontario, Canada.

These tests were wunessed by represenlnuves from MDS Nordion, AECB and USNRC

Seven drop tests were performed, ina vancly of onenmuons. aspera prcdeﬁned test pl.m
- (IN/QA 1368 F294). An unplanned eighth drop test was also performed :

Tri-axial accelerometer biocks were installed on the packagmg. in four locations lo rccord chclcr'umn
data.

Visual records were made with a video camera and still photography.

Observations were recorded after each drop test. |

2. References

AECL document: \ ,
1. A-16485-TN-1, “Deceleration Measurements During Drop Tests of the F-294 Transport Packaging”.

MDS Nordion documents: ‘.
2. Test Plan for F-294 Regulatory Tests, IN/QA 1368 F294
3. Quality Plan for F-294 Regulatory Tests, IN/QP 1369 F294

MDS Nordion drawings:

Drawing # - { Title

F629401-002 DROP TEST MODS

F629401-003 PUNCTURE PIN 6 DIA X 16 HIGH
F629401-004 PUNCTURE PIN 6° DIA X 26 HIGH
F629401-005 NORMAL FREE DROP TEST
F629401-006 30 FT FREE DROP TEST
F629401-007 PUNCTURE TEST NO. 1A

F629401-008 PUNCTURE TEST NO. 18
F629401-009 PUNCTURE TEST NO. 2
F629401-010 PUNCTURE TEST NO. 3
F629401-011 30 FT FREE DROP TEST #2
F629401-012 - PUNCTURE TEST #4
F629401-013 WEIGHT ASSY

F629401-014 TUBE
F629401-015 END PLATE

F629401-017 MOUNTING PLATE
F629401-018 MOUNTING PLATE LOWER
F629401-019 F294 TEST SPECIMEN
F629401-020 FLOW DIAGRAM
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3. Facilities

AECL (Atomic Energy of Canada Limited) maintains a drop test facility ae Chalk River Laboratorics
(CRL), located at Chalk River, Ontario. The drop lest lower is 65 {1 high: the maximum drop hetght is
50 ft. The impact target has a surface area of 48 t".

The impact target consists of a steel plate mounted on a concrete pad with a total mass of approximately
80 ton. The entire target is embedded in granite bedrock to provide an essentially infinitc mass. The
steel-reinforced concrete pad is 10 ft by 10 ft by 10 ft deep with a compressive strength of S000 psi. The
steel plate is 8 ftby 6 ft by 4 inches thick, ASTM A203 Grade E. Tapped holes arc pravided in the top
plate for the installation of a high strength plate and puncture bar for impact testing.

(Refl: AECL Dwg. E-4511-2002)

-
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4.  Preparation of F-294 prototype

The F-294 packaging prototype was received at Chalk River Laboratories on February 17, 1998, The
five-day lead time allowed {or the installation of the four tri-axial accelerometer blocks Iuv..uums Gl G

G3 and G4 (Rel: MDS Nordion Dwg. F62940I-0|9)

Photographic record:

9802-23287-1 Accelerometer location G1

9802-23287-2 Accelerometer locairorr CZ

9802-23287-3 Accelerometer location G3

9802-2328774 ~ View of location G3, under the F-313 carrier (F-313 handle Iater
removed and shock buffers added)

“The mounting hole for G4 was relocated | ft from the cenlerlme. to avoid destruction of the accelerometer
. during Drop No. 5. This location was used foralldroptests. - - - - - - -~ -

A “shock buffer” was installed between the top of the F-313 carrier and the underside of the F-294 closure
plug. Also the handle was removed from the F-313 carrier. This was done to prevent damage to the
accelerometer installation at G2, during the inverted drops S

Additional work was required to install four safety hoist rings (Welch Part No. 23202) on the shlppmg skid,
to allow for safe inverted lifts on the day of testing. The four 2-inch diameter holes provided
(Ref: MDS Nordlon Dwg. F629401-002) had to be patched and redrilled to 1- l/‘2 inch dlameter

The torque wrench used to disassemble and reassemble the F-294 was callbrated Some oxrdauon was
observed on the closure plug bolts. Due to bending of the crush shield fins, it was not possible to reach the
specified 50 ft-1b closing torques for the crush shield to container srde-retammg bolts. See Appendix 1 for
the recorded torque values and record of torque wrench calibration.
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5. Testing

5.1. Test No. 1
Step 5.2.3 - MDS Nordion Test Plan INJQA 1363 F-294 (1)

Normal Conditions of Transport
Free Drop Test
(Ref: MDS Nordion Dwg. F629401-005)

Conditions:

Drop height = 36 inch

Orientation: Top end drop

Temperature: 6.7 °C

Time of drop: 10:10 a.m.

Photographic record:

9802-23308-1 Accelerometer location G4

9802-23308-2 to F-294, pre-drop
9802-23308-4

9802.23308-5. Verification of 36 inch drop height, using measured steel rod

9802-23308-6 F-294, pre-drop

9802-23308-7 to F-294, post-drop
9802-23308-14

Observations:

Slight “ripple” on load spreader plate of crush shield.

Mesh slightly bent inwards between two fins on crush shield.

Up to 0.5 inches of deformation on the crush shield.

No other visible change.

Setup: Release hook did not release first time.

Setup: 36 inch drop height verified visually with bar prior (o each two attempts.
Additional damage as per photographic records.

N wa W~
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5.2. TestNo.2
Step 5.2.4 - MDS Nordion Test Plan INIQA 1368 F—294 (1)
Hypothehcal Accident Condmon
30 Feet Free Drop
{Ref: MDS Nordion Dwg. F629401-006)

Conditions:

Drop height = 30 feel

Orientation: Side oblique (36%4" from horizontal). lmpact point centered around lhl. Im lug lin #4,
on the top corner zone of the comamer ' . :

Temperature: 10.2 °C

Time of drop: 1:22 p.m.

Photographic record:

9802-23308-15 Verification of 36'4° angle from horizontal ..

9802-23308-16to | F-294, pre-drop
9802-23308-20

9802-23308-21 to F-294, post-drop
9802-23308-50

i .
Observatxom

1. Dummy weight transferred, so both dummy welghts are on same sxde of the ﬁreshleld

2. Measured angle = 36%2° from horizontal. Could not amun 40° drop angle, due to C.0.G. of F-294
packaging. : _ . , .

3. Crush shield deformed on impact facc

4. Shipping skid deformed on impact face. . :

5. Fixed skid mostly intact; horizontal crack (on skxd) Iocated bclow namcplatc Honzontal crack
(on skid) also at location at lead weights. -

6. Nine broken welds on inner fin attachment of the crush shxc!d

7. Three side crush shield to contal_ner fasteners are loose. . .

8. Some welds intact on shipping skid. ‘

9. Fireshicld deformed on impact faée,, :

10. Balance of fireshield intact. o

11. Upper fireshield intact. No damage : S -

12. Shipping skid landed just outside the steel pad but on remforced concrete pad

13. Side/top of the container (Lift lug fin #4) zone impacted on the steel pad. -

14, Setup: 30 foot drop height verified with plumb line prior to first attempt. Subsequenl attempts
used visual mark/reference point to platform on drop tower.

I5. Setup: First two attempts, release hook did not function (limit of release hook is slightly
exceeded). )

16. Setup: Third attempt (1:22 p.m.) successful.

17. Setup: Manual release for release hook used for this and all subsequetit tests.

18. Additional damage as per photographic records.
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5.3. Test No.3
Step 5.2.5 - MDS Nordion Test Plan IN/QA 1368 F-294 (1)
{Step 5.2.5 of Test Plan identified Test #3A and Test #38. Neither of these were performed. It was
decided that this test (Test No.3) would be more damaging and would be referred to as Test #3C.)
Hypothetical Accident Condition
Puncture Test
(Ref: MDS Nordion Dwg. F629401-007, F629401-008)

Conditions:

Drop height = 40 inches from top of 26 inch high puncture pin (67 inches from plate)

Orientation: Side oblique (36%" from horizontal). Center-of-gravity on target pin. .

Temperature: 9.9 °C
Time of drop: 2:15 p.m.

Photographic record:
9802-23308-51 to F-294, post-drop
9802-23303-60
Observations:
1. Severe local deformation of crush shield.
2. Crack on fireshield on impact point. u
3. Upper fireshield intact.
4. All bolting intact.
S. One (strip) piece of metal broke free (approx. ¥z inch wide by 8 inch long).
6. Lift lug severely deformed.
7. Puncture pin damaged (to be switched for next test)
8. 26 inch high puncture pin used.
9. The puncture pin fastening to the steel pad was checked before and after the test. The puncture

pin did not move during the test.
10. The puncture pin top face was damaged during the test.
I1. Setup: Rigging on one point only.
12. Setup: 40 inch over puncture pin drop height, verified visually with measured bar.

13. Setup: Crush shield was not partially detached prior to test, as had been shown in
MDS Nordion Dwg. F629401-007 and F629401-003.

14. Instrumentation: One accelerometer missing at location G2(top of cavity).
15. Additional damage as per photographic records.
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5.4. TestNo.4
. Step 5.2.6 - MDS Nordion Test Plan INIQA 1368 F-294 (1)
Hypothetical Accident Condition'
Puncture Test
(Ref: MDS Nordion Dwg. F629401-009)

Conditions:

‘Drop height = 40 inches from top of 26 inch high puncturc pin (67 inches from platc)

Orientation: Side drop

| Impact target: Cylindrical fireshield

Temperature: 9.2 °C

Time of drop: 3:10 p.m.

Photographic record:

9802-23308-61 to | Verification of 40 inch drop height, using measured steel rod
9802-23308-62 o : SR A :

9802-23308-63 to F-294, post-drop
9802-23308-65 '

9802-23308-66 to | Further photos of damage from Test No. 3
9802-23308-68

Observations:

Severe local deformation and shearing in circular pattern,

Both layers (walls) of fireshield penetrated. '

Dished head through puncture. Area cut is ¥ of cnrcumfercnce of puncture pin.
Approx. 2 inch displacement of entire shcll (deformed zone) ‘

6 inch diameter puncture. : ’

Approx. 10% to 11 inch diameter dcformed zone.

The shipping skid did not bottom out first.” -

26 inch high puncture pin (second pin) was used.

The puncture pin fastening to the steel pad was checked before and after the test. The puncture
pin did not move during the test.

10. The pin face was not damaged after the test.

11. Setup: Orientation rotated 45° from that as shown on MDS Nordion Dwg. F629401-009.

12. Setup: Through-holes on puncture pin mouniing plate (backup puncture pin) enlarged to
13/, inches to accommodate bolts.

13. Setup: 40 inches over puncture pin drop height. verified visually with measured bar.
14. Instrumentation: Accelerometer G2 is non-functional (inside top of plug).
15. Additional damage as per photographic records.

P NGO M AW N~



5.5. TestNo.5

A-16485-TN-2

Step 5.2.7 - MDS Nordion Test Plan IN/QA 1368 F-294 (1)
Hypothetical Accident Condition

Puncture Test

(Ref: MDS Nordion Dwg. F629401-010)

Conditions:

Rev, 0
Page 8

Drop height = 40 inches from top of 26 inch high puncture pin (67 inches from platc)

Orientation: Bottom drop

Impact target: Bottom of container fixed skid

Temperature: 9.5 °C

Time of drop: 3:48 p.m.

Photographic record:
9802-23308-69 Verification of 40 inch drop height, using measured steel rod
9802-23308-70 to F-294, post-drop
9802-23308-76

Observations:

wh W -

Local defdrmation, no penetration.

Deformation indentation zone similar to pin diameter.
Deformation zone 10 inches diameter.

26 inch high puncture pin (second pin) used.

The puncture pin fastening to the steel pad was checked before and after the test. The puncture

pin did not move during the test.
The pin face was not damaged after the test
. Setup: 40 inches over puncture pin drop height, verified visually with bar.
8. Additional damage as per photographic records.




A-16485.TN-2
Rev. )
Page Y

5.6. TestNo.6
Step 5.2.8 — MDS Nordion Test Plan IN/QA 1368 F-294 (1)

Hypothetical Accident Cond:tlon

3

0 Feet Free Drop

(Ref: MDS Nordion Dwg. F629401-011) =~

Conditions:

| Drop height = 30 teel

Orientation: Inverted (top end drop) Puncture pin is removed from drop test pad.

Temperature: 9.4 °C

Time of drop: 4:40 p.m. e

Photographic record: ,
9802-23308-77 F-294, pre-drop
9302-23308-78 to | F-294, post-drop -
9802-23308-84 e

Observations: -

1.
2.

©® N LW

Crush shield as per photographs

Crush shield top retaining bolts still i in place Crush shleld retained Qammcd) on top of the
container. : T -

Part of crush shield top ring mlssmg

Most severe deformation on half of circumference. : : : 7
Most crush shield fins attached. Somie crush shield fins with broken pieces. Some fins flattened.
Fireshield intact. - Slight outward bowing along top circumference. :

Setup: Puncture pin removed.

Setup: 30 foot drop height verified with plumb line.

Additional damage as per photograplnc records.



A-164X5.TN.2

Rev. 0
Page 10 N
5.7. TestNo.7
Step 5.2.9 - MDS Nordion Test Plan IN/QA 1368 F-294 (1)
Hypothetical Accident Condition
Puncture Test
(Ref: MDS Nordion Dwg. F629401-012)
Conditions: _ .
Drop height = 40 inches from top of 26 inch high puncture pin (67 inches from plate)
Orientation:‘Inverted (top end drop). 26 inch puncture pin is reinstalled on drop test pad.
Impact target: Top of crush shield )
Temperature: 8.9 °C
Time of drop: 5:00 p.m.
Photographic record: )
9802-23308-85 Verification of 40 inch drop height, using measured steel rod
9802-23308-86 to F-294, post-drop
9802-23308-89
Observations:
1. 6 inch diameter main deformation, 16 inch diameter gradual deformation. S
2. No penetration. However foot print of the pin on the upper plate of the crush shield.
3. Appror. 2 inches vertical deformation.
4. 26 inch high puncture pin (second pin) was used.
5. The puncture pin fastening to the steel pad was checked before and after the test. The puncture

pin did not move during the test.
The puncture pin face was not damaged after the test.
. Setup: 40% inches over puncture pin height, verified visuaily with bar.
8. Additional damage as per photographic records.



5.8. TestNo. 8

~ shell)

Hypothetical Accident Condition

Puncture Test

- {Similar to Ref: MDS NOI’dIOI"I Dwg F629401-009)

Conditions:

A-1OI8STN-D.
Rev. 0
Page )1t

(Additional test not listed in the Test Plan lo assess effect of reinforced area ot the outer lireshield

Drop height = 40 inches from top of 26 inch high puncture pin (67 inches from plate)

Orientation: Side puncture on nameplate (Centre-of-gravity on fireshield).

Temperature: 7.2 °C

Time of drop: 5:28 p.m.

Photographic record:

9802-23308-90

Target area, showing removal of nameplate

9802-23308-91

F-294, pre-drop

9802-23308-92 to
9802-23308-94

F-294, post-drop

ObservatlonS'

N

Shnppmg skxd cleared the steel pad (impact plate).

Packaging remained balanced on pin (pin penetrated fireshield).
1 foot diameter deformation by 1% inch deep.

zl, circumference (of 6 inch diameter indent) pcneti'atgd.

26 inch high puncture pin (second pin) used. )

The puncture pin fastening to the steel pad was checked before and after the test. The puncture

pin did not move during the test.

Fallie

The puncture pin top face was not damaged after the drop test.
The shipping skid landed on the reinforced concrete pad just outside the steel pad. The shipping

skid did not bottom out first.

9. Setup: 40 inches over puncture pin drop height, verified visually with bar.

10. Setup: Nordion Identification, Radioactive Caution, and Heat Emitter plates were removed from
the impact target zone on the container.

11. Additional damage as per photographic records.
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6. Accelerometer Data

Reference:
A-16485-TN-1, “Deceleration Measurements During Drop Tests of the F-294 Transport Packaging™

« Dcccleration data is summarized on Table 1 of A-16485-TN-1, page 7.

« Where two values are given for a particular accelerometer block for a drop test, the maximum
acceleration M, is calculated as: .

M =Ja® +b?

where a, b are the acceleration values.

o Where three values are given for a particular accelerometer block for a drop test, the maximum
acceleration M, is calculated as:

M=VJat*+b*+¢?

where a, b, ¢ are the acceleration valiues.

-
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This is used o provide the following tabie:

Table 1: Maximum Absolute Decelerations for F-294 Transport Packaging

[g's]

1 2 3 4 5 6 7. 8.
Gl | 116 13° LOs 20 46 132° 60 22

G2 | 113 Los Los  LOS  LOS  LOS . LOS . LOS

G3| 130 66 5 26 58 118 32 14
G4 [277' 713 23 35 0 0 50 15

Legend: LOS = Loss Of Signal (cable cut) »

| | .

éi 1—'{ 5}-— i ;; n ;I‘\Y\ —T

BOTTOM PL ATE/
o .)N"'.‘\'NER

Figure 1 — Locations of Accelerometers
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Notes:

1.

The very high G4 value, for Test No. 1, is not valid. G4 is mounted on the boitom of container
fixed skid, a thin plate supported around the perimeter of the skid. acting as a diaphragm. As
per Figure 6 of A-16485-TN-1, page 9, the maximum level attained by G4 doces not oceur
until after the initial impact. .

The crush shield does not significantly deform during this test. The rigidity of the F-294
package in this orientation & drop speed is a possible cause for the high deceleration value

observed.

Test No. 2 is the first 30 foot drop. G1 is very near the impact point for Test No. 2. Itis
observed to measure the highest deceleration value. G3 and G4 are located further away from
the impact point. The crush shield fins on the impact target are greatly deformed. helping to
reduce the maximum deceleration value.

Test No. 6 is the second 30 foot drop. The maximum value attained by G1, for Test No.6, is
similar to that maximum attained for the first 30 foot drop, Test No. 2. Again, the crush shield
fins on the impact target are greatly deformed, helping to reduce the maximum deceleration
value.

?
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Appendix 1
Recorded Opening and Closmg Torques for F-294 Packagmg

The torque wrench used, Snap-On modcl QC3R75() ‘scrial number D897600912, range €-250 I1- Ih was
calibrated by AECL using a TWA-1000 Torque Analyzar on February 24, 1998, ’

{calibration record attached)

The TWA-1000 Torque Analyzer, serial number 21900, was calibrated by McCann Equipment on
05/07/1997. :

(calibration record attached)

Opening and closing torques were recorded.. Opening torques are not accurate as there was an
oxidation build-up, causing a “snap aétion" when opening the bolts. : )

Measured closing torques are exactly the specified value (preset on the torque wrench) wuhxn the
torque wrench tolerance. Torques were conﬁrmed by a second person.

Closing lorqucs were measured on Februa.ry 24,1998. -

Closing torque values (specified and measured):

Main closure plug to container inner shell assembly: 100 ft-Ib

Crush shield to container top retaining bolts: 200 ft-lb

Crush shield to container side retaining bolts: S0 ft-Ib

Cylindrical fireshield to fixed skid: 200 ft-1b

Vent-line caps and drain-line cap were removed to permit accelerometer cables to pass through.

(other fasteners were not disturbed, torque valnes as-delivered by MDS Nordionj =



Main closure plug to
container inner shell

Crush shield to
container top retaining

assembly bolts
Torque = 100 fi-Ib Torque = 200 ft-1b
OPEN  CLOSE OPEN CLOSE
7L 0O
11 /50 17220
'? ;‘.;
2|9 I 2| Fir2
e Al
L 3 )fg <
A2 47 4%
5{ / 5
6] 6
712 7
gl - .‘4;‘; 8
o| 2 ")
Cylindrical fireshield to
1002 /9 fixed skid
1|7 7 Torque = 200 ft-ib
120/ 75 OPEN CLOSE
13 =:' :‘)-J 1 g P r
v 22 73
14 2 21049 O
- 2o
151 /.7 ) 3 w2
16] /2 2 240

Form Revision 0

e N [ (o |5

Torque Record - Nowuion F-294 Packaging

Crush shield to
container side retaining
bolts

Torque = 50 ft-ib

OPEN

CLOSE

L Y
- %4

20

-,

@ |N o

Ventline blind cap

Torque = 20 ft-lb

Fixed skid to shipping
skid (removable skid)

Torque = 200 ft-ib

OPEN .

i
H

s | N l-t

fen

o

}
<

|

Drainline blind cap

Torque = 20 ft-Ib

CLOSE

OPEN _ CLOSE __OPEN_ CLOSE
i
1 . 1
2
~
[
I
X [
Milwright: __ S Atl, L v v ctcel =
P
Second: /)')7 ﬁ W
) ( Du"ﬂ l'd\o(vu\f.‘ 24 \$ 78

“AdY

C-NlL-¢8%91-V
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TORQUE WRENCH CALIBRATION RECORD

'

A A-16485-T
, Make Modc! Ranpe Serial No. HR% NG
Saed -on 19Cc3r 250 | o-250 (A ly|ova7eocnje| Pase 17

I} Procedure: Q\» o< *\—m}%g_ Qm&&fékf ‘N\tn\m&

owner: Celinn GaRiox

Accuracy: ClocKuiae
) T4 c%'l 2,02, u(’({._[(

accfe e Cull xeolc
ﬂ Test Equipment Used
l Inst. No. ‘Description Use
456 -7242 | Toront an,\@u\g’_&_'&: THA-100C | S{aadath  yad .
- : ’ (semiAc NvmBERS 21900) L
" Applied Torque(display) Dial indication(wrench) (PN_ wdC - el _
UnisfkMs.  Units8Mb TR )
" No.1 No.2 No3 { Nol No.2rr | No3 Accuracy
. : ' o . %FS
{avg of 3)
495 495 |Sao |Sm soe | S8 lrza.09
loar2 Jlo/i-o Ioc\-ﬁ_' lao Joo /20 —o - 49
s I. o 1495 | /507 JAYS | _ /So 150 |—o-1s
M9 1 199-R 1200/ 200 - | D&o 200 |—o'2/
90 |249F 19562 |250 | 950 250 -2
u 1 ~
|

Comments: Mo 4<9 QA Ausnlet Wos on Win Wrenck -

Name:

C-o.ADE

Date: .

Rev: Jan 95

Q3 Vv 24
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Nom/Name: Atomic Enerqgy of Canada Ltd.
Cert No.: 101624

CERTIFICAT D’ETALONNAGE
CERTIFICATE OF CALIBRATION

EQUIPEMENT McCANN

9501 CHte de Liesse
Dorval, Québec
Canada, H9P 2N9

Tel: (514) 636-6344 Fax: (514) 636-0365
Référence: Numéro de Série:

Model No.: TWA-1000 40315 Serial No.: 21900

Capacité Maximale: Precision: .25% of Reading
Maximum Capacity: 1000 N/M Accuracy: +/- 1 Digit
Technicien: Température ambiante:
Technician: Stephen Lawson Ambiant Temperature: 20.8 C.
Nominales Reeles Nominales Reeles
Nominal Actual Nominal Actual
100.00 99.99 600.00 600.20
200.00 200.02 700.00 700.27
300.00 300.08 800.00 800.31
400.00 400.10 900.00 900.39
500.00 500.13 1000.00 1000.47

Les limites indiquées et 1’équipement de vérification utilisé pour cet
étalonnage spnt approuvés par le Conseil national de recherches - Canada ou
par le National Institute of Standards and Technology des E.-U. (ou les

deux).
The limits shown and the test equipment used for this calibration comply
with the requirements of the National Research Council, Canada and/or the

National Institute of Standards and Technology,U.S.A.

Tolérance de mesure de l’équipement de vérification utilisé:
Uncertainty of measurement of the test equipment used is: 0.025% F.S.D.

ETALONS UTILISES/TRANSFER STANDARDS

Pouterelle D’etalonnage No. de Serie/

Test Beam Serial Number: 15066

Donnees de Retraceabilite/Traceability Data: B13274,B13090,B13064
B03489,B03485

Poids/Weights: 771,774,775,776,777,778,779,780,1022,1031

Donnees de Retraceabilite/Traceability Data: NIST #VT93-402

Xultimetre/Multimeter: Fluke 8840A s/n: 5061012
Donnees de Retraceabilite/Traceability Data: Report #0581388

Date D’etalonnage/Calibration Date: 05/07/1997
Date de Recertification/Recertification Due: 05/07/1998

Superviseur D‘assurance Qualite:
Q.A. Supervisor: John Greig
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Eqmpement 9501 Cdte de Liesse 2395 Drew Rd, #4 : 1489 Dublin Ave. #7-7533-1 35m Street
Dorval, Qué. HOP 2N9 Mississauga, Ont, L5S 172 Winnipeg, Man. R3E 3G8 Surrey, 8.C. vaw oNs
cc ANN Tél.: (514) 636-6344 Tel.: {905) 677-3336 - Tel.:{204) 774-2277 Tel.: (604) S96-4077
Fax: (514) 636-0365 Fax: (905) 677-4333 . Fax:{204) 774-2358 © - - Fax:{604) 596-6479
‘quipment Liden, : tpi Servicing The Aircran, Construction, Ingustnal,
- b T R T o & g s
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Marine et Industries minidras

NORBAR . CHICAGO PNEUMATIC . COLUMBUS McKINNON . RAYMOND . ENERPAC . RECOULES
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Atomic Energy of Canada Ltd. CERT# 101624
DESCRIPTION: TWA-1000

MODEL NUMBER: 40315

SERIAL NUMBER: 21900

TESTER: ! Fluke 8840A Digital Multimeter

S/N: 5061012

We certify that all the goods detailed above have been inspected and tested and unless otherwise
stated above, conform with the drawings, spcciﬁcations and orders of the customer and with
all appropriate official standards which are in force. The equipment used for the purpose of
calibration is directly traceable to the National Research Council of Canada and/or the National
Institute of Standards and Technology,U.S.A.

DATE OF CALIBRATION: 05/07/1997

RECERTIFICATION DATE: 05/97/1998

Stephen Lawson
Technician
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- Chapter 2

\_/ 1. INTRODUCTION

The F-294 package can be dropped in any of the six deSIgnated free drop test orientations shown in
Figure 2.10.11-F1. The drop orientations are identified as: .

Orientation #1.1end drop — top
Orientation #1.2end drop — bottom
Orientation#2  side drop
Orientation #3. 1 comner drop — top
* Orientation #3.2comer drop — bottom
* Orientation #4.1oblique drop sxde

Out of six combinations of drop test orientations hsted above, from the viewpoint of the mtegnty of
shielding and the containment system, it is concluded that the end drop ~ top (#1.1), corner drop — top
(#3.1) and oblique drop — side (#4.1) orientations are more critical drop orientations than the end drop —
bottom {(#1.2), s1de drop (#2) and corner - ~ bottom (#3 2) drop onentatlons The main Jusnﬁcatxon for
this is: '
1. The top, top comer and the side oblique drop orientations affect the’ containment system
and could potentially result in the loss of the top closure plug or the crush shield.
2. The F-294 components such as the crush shield and the closure plug are bolted and are
therefore weaker than the welded fin connections at the bottom of the F-294.
In order to determine the maximum damaging drop test orientation, two methods are used: 1) quantitative
and 2) qualitative. Three drop test orientations are considered 1) end drop ~ top, 2) corner drop —top,
and 3) oblique drop — side. Also, the fallure criteria, as per section 2, is used to evaluate each drop test
\_/ orientation : : ,

2. FAILURE CRITERIA

1) Loss of closure plug is unacceptable as the containment system will fail and the shielding mtegnty
will not be met,;

2) Failure of primary shell or primary shell welds (other than fin welds) is unacceptable as the
subsequent fire test to follow will expose the lead shielding directly to hot gases or flames.

3) Loss of thermal protection is unacceptable as the radiative heat uptake of the container will be
increased in the fire test and therefore lead melt safety margin will be eroded. :

3. END DROP - TOP ORIENTATION
3.1  ORIENTATION

The angle between the line between centre of grawty (COG) and the 1mpact point (or plane) and the
horizontal test pad is 90°. See Flgure 2.10.11-F2. So, the weight of the package, centre of gravity directly
over impact point, is centric. Therefore, upon primary 1mpact potential energy (PE) due to 30-ft drop is
translated to kinetic energy. In other words, dunng the primary nnpact, there is no rotation of the package
and no rotational energy component.

IN/TR 9301 F294, Revision 4 - Appendix 2.10.11 Page3 -  July 2003
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3.2

1)

2

3)

4)
3)

3.3

ENERGY ABSORPTION

The impact is characterized as hard impact. Entire top face of the container is impacted. Meaning
high G’s and short deformation (distance between centre of gravity and impact point or plane =
36.25 in.).

All 28 fins of the crush shield come into play; The fins impact is characterized as impact on
straight-edge. 66.8 % of PE is absorbed by crush shield fins. The deformation of the fins is
expected to be 2.0 in.

There are 36 container fins: 4 lift lug fins (1.25 in. thick). 8, 1/2-inch thick and 24, 3/8-inch thick.
8, 1/2-inch thick and 24, 3/8-inch thick container fins come into play and between them absorb
33.2% of PE. The deformation is expected to be 1.8 in.

So, between the crush shield and the container fins, 100% PE is absorbed.

The total deformation is expected to be of the order of 3.8 in. (i.e,, 2.0+ 1.8 in). As the lift lug fin is
recessed from the initial impact point (at time = 0) by at least 6 in., the lift lug fins of the container
do not come into play as the impact front is arrested at 3.8 in. from the initial impact point.
Consequently, the peak loads are transferred to the container top conical region via twenty-four
3/8-inch thick and eight 1/2-inch thick fins.

G-LOADS

Based on Davis Methodology G-load estimates are low (200 g’s). Based on comparison to similar packages
G-loads are estimated to be 800 g’s. Its expected that the G-loads of the order of 800 g’s; however it may
exceed 800 g’s as the impact is characterized as hard.

What is the impact of high g-loads on the top zone component integrity? Or what is the G-load capability
of the components? See Table 2.10.11-T1

Table 2.10.11-T1
- G-load Capability: End Drop - Top Orientation

-\ Component Comuients (Section
Closure Plug Note #1 (see Fig. 2.10.11-F3)
Bolts 1,186
Threaded Hole 670
Container
Weld Group 1,194 Note #2 (see Fig. 2.10.11-F3)
Top Flange 1,744
Lift Lug Base Zone | 344 Note #3 (see Fig. 2.10.11-F4)
Cavity End Cap 1938 Note #4 (see Fig. 2.10.11-F5)
Crush shield Note #5
Bolts (16) 50
Other Features Trapped
Cylindrical fireshield Note #6
Bolts (8) 551
Other Features Trapped
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34 COMMENTS
34.1  Note#l

The closure plug has 16 fasteners (UNBRAKO Socket Head Screws) The size of fasteners is 1 in. Dia. -
UNC. In the top end drop, the closure plug bolts are loaded in tension as the closure plug is pulling away
from the rest of the container (sec Flg 2.10.11-F3). Calculations for G-loads are presented in Appendlx :
2.10.14. , ,

342 Note#2
Due to lead slump, the weld group WCC1, WCC2, WCC7, WCC3 and WF1 is impacted.

See Fig. 2.10.11-F3. Calculations for G-loads are presented in appendix 2.10.14 of SAR. Assumingthe |
weld group is loaded collectively. WF1 are the external fin/shell fillet welds. The fins convert the shell from
non-stiffened plain shell to stiffened composite shell. As the lead slumps, the welds ere stressed collectively
but not necessarily equally. After lead slump, the deformed shape of the conical shell will approximate

orange peel configuration.

343 Note #3

There are four lift lugs ﬁns one in each quadrant of the comcal shell. At the base of lift lug fins, the
primary shell is reinforced. Upon impact, the impact front (crush front) advances as a function of time, it
appears that the crush front is arrested 3.8 in. from initialization. As the lift lug fins are at least 6 in. from
the initial plane, the lift lugs will not be impacted. If the four lift lugs are affected in any way, then the
primary shell may suffer shear fracture at approximately 344 g’s [Pure shear failure. (Shear area 172 i in’ x
70,000 UTS psi x 0.6/weight of 21,000 1b. = 344 g s) The factor 0.6 is for converting UTS to U shear -
stress (USS))]. :

In the current desxgn of F-294 the base of the lift lug has been re-de51gned (double shell etc. beefed up)
Consequently, this failure path has very low possiblhty

34.4 Note #4

In the top end drop, the bottom plate of the cavity is loaded with deceleration loads due to the lead weight
distributed (slump) over the plate. Its estimated that, based on 0.5 in. thick Hastelloy plate, the plate is
capable of withstand 198 g’s. As the plate bends, the curvature will enable to withstand lots more G’s..

As the bottom of cavity is 46.25 in. from the impact point or plane, the G-loads at the bottom of the cavity
will be substantially reduced compared to G-loads at the closure plug bolt area. The end cap is more likely
to bend (become dished rather than fracture). If the lead slumps, the dxsplaoement of lead shleldmg isnota
major concern as the F-294 is over-shxelded

345 Note #5

There are 16 fasteners (1 inch dia. SAE Gr. 8) joining the crush shield to the container at the top zone. In
the top end drop eight fasteners are loaded in compression, while the remaxmng  eight are loaded in shear.
The G-load capability of the crush shield fasteners is estimated to be 50 g’s.

The crush shield is unpacted first. As the nnpact progresses, it is crushed between the rest of the container
and the drop test pad. Consequently, the crush shield is trapped between the top of the contamer mcluswe
of the cylindrical fireshield and the drop test pad '

Also after the top end drop we may find the crush shxeld ﬁ1ctlon welded to the top of the contamer
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3.4.6 Note #6

There are eight fasteners (1 inch Dia. SAE Gr. 8) joining the cylindrical fireshield to the container at the
bottom fixed skid zone. Two fasteners at each of the comers (4) of the fixed skid. In the top end drop,
eight fasteners are loaded in tension. The g-load capability has been calculated in Appendix 2.10.14 of
SAR Revision 3.

The crush shield is impacted first. As the impact progresses, the cylindrical fireshield is decelerated.
The cylindrical fireshield is trapped between the deformed crush shield and the fixed skid.

3.5 SUMMARY

1) Despite the fact that all the potential energy (PE) is estimated to be absorbed between crushshield
fin impact limiters and the container fins, the impact is characterized as hard. Consequently,
high G-loads, low deformation and short duration is to be expected. Therefore the lmpulswe
(instantaneous force x time) loads will be of significant magnitude.

2) Closure between the container and the plug shall be maintained for up to 1200 g’s. 1200 g’s is
based on static UTS.

3) Despite the fact that crush shield fasteners have all sheared, the crush shield shall be retained
and trapped between the top of the container and the drop test pad. As the top fireshield is integral
with the crush shield, the top fireshield shall be retained (no loss of thermal protection).

4) The cylindrical fireshield shall be retained and trapped between the fixed skid and the deformed
crush shield (no loss of thermal protection).

5) Due to lead slump, the welds at the top zone of the containers are collectively loaded. One of the
external welds (WCC1 or WCC3 or WF1) could fracture. Also, the shell could fracture. In this
failure path scenario, the lead shielding could be exposed directly to fire test to follow (hot gases
and or flame).

6) As the lift lug fin is sufficiently recessed from the final impact front, the base of the lift lug fin is
not impacted.

4. CORNER DROP - TOP ORIENTATION
4.1 ORIENTATION

The container shall be suspended 57° from the horizontal (see Figure 2.10.11-F6). The top comer zone,
centered around the lift lug fin, is to be impacted. So the weight of the package, centre of gravity (CG)
directly over impact point, is centric. Therefore, upon primary impact, potential energy (PE) due to 30-ft
drop is translated to kinetic energy. In other words, during the primary impact there is no rotation of the
package and no rotational energy component

42 MODE OF PRIMARY IMPACT

The order in which the components are impacted when the impact front advances is as follows:

1) Crush shield fins — Peak loads transmitted to top four container/crush shield joint pads (eight
fasteners on top face and remaining eight fasteners on side face). Peak load may shear all or some
of the 16 fasteners. [Note: The reactive force may detach the crush shield. Crush shield tries to
“fly” off. However, during the primary impact the crush shield shall be trapped between the
container driving down and the drop test pad.]

2) The two container fins supporting the joint pad come into play.

3) As the impact front advances, the next component to come into play is the lift lug fin. The peak
loads from the lift lug are transmitted to the base of the lift lug zone. These loads may shear
(fracture) the primary shell.

IN/TR 9301 F294, Revision 4 - Appendix 2.10.11 Page 6 - July 2003



Chapter 2

4) The next component to come into play are the container fins.

5)  The top corner of the cylmdncal fireshield is the next component to come mto play.
6) The top closure zone is the last component to come into play. ‘

4.2.1 Energy Absorption During Primary Impact ‘

1) The top comer of the container is impacted. The 1mpact is characterized as medium- hard impact.
Meaning medium G’s and medium deformation A.See Fig. 2.10.11-F7 for G versus A curve.
Distance between centre of gravity and lmpact pomt or plane =41. 1in.

2) Only 10 of total 28 fins of the crush shield come into play; the fin impact is characterized as -
impact on curved-edge. Estimated 36% of PE i is ‘absorbed by crush shield fins. The deformation -
of the fins is expected to be 2.7 in. - ,

3) There are 36 container fins: 4 lift lug fins (1.25 m thick). 8 0.5 in. thick and 24 3/8 in. thick.
One lift lug fin of the container is the first container fin to come into play as it is closest to the
advancing impact front. It is estlmated to absorb 10 3% of PE. The deformatxon is expected to
be 1.2 in. S

4) So between crush shield and 1 container fin (hft hxg ﬁn), itis estlmated 46% PE is absorbed. -
The remaining 54 % has to be absorbed by the contamer fins + contamer body l‘closure plug and
-cylindrical fireshield assembly. ~

5) The total deformation is expectedtobeofthe order of > 3.7 in. (1e 2 7 + 1. m)perhaps around

5 in. As the lift lug fin is impacted, the gak load s are transferred to the contamer top comcal
reglonhftlugbase zonewa 11ift lug fm 7 o ,

4.2.2 G-Loads Based on Primary Impact

Based on Davis Methodology, G-load estimates are low (340 g%s). Based on comparison to similar -
packages G-loads are estimated to be 800 g’s. It is expected that the G-loads shall be of the order of
800 g’s.

What is the impact of G-loads on the components? Or what is the G-load capablhty of the components?
See Table 2.10.11-T2 ,

4.3  SECONDARY IMPACT

After the primary impact, the F-294 shall be sub_]ected to secondary bounce, followed by secondary 1mpact
as per Figure 2.10.11-F8. The secondary bounce shall be up to y feet (where y =up to 4 ft.). As the F-294
does the secondary bounce of y fi., at y ft. elevation, there are two scenarios:
i) If all the fasteners of the crush shield joint have fractured (sheared), the fully detached
crush shield shall “take -off” (i.e., propelled by reaction forces which have not been fully -
dissipated), only to be retrained by the long ﬁns whlch are located between the container slde
fins and the cylindrical fireshield. -~ .
ii) = If some of the fasteners have fractured, the partlally detached crush shleld shall be swung
open around a hinge. Once again, the crush shield shall be restramed from opening by long fins or
the “friction welded” top deformed zone.
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Table 2.10.11-T2
G-load Capability: Corner Drop — Top Orientation

ompone Sub-Component : |- . ;
Closure Plug Note #1
Bolts 913
Threaded Hole 642
Container
Weld Group 1,050 Note #2
Top Flange 1,248
Lift Lug Base Zone 86 Note #3
Cavity End Cap 245 Note #4
Crush Shield Note #5
Bolts (16) 50
Other Features Appears Trapped Note #5
Cylindrical Fireshield , Note #6
Bolts (8) : 500
Other Features Trapped Note #6

4.4 COMMENTS

4.4.1 Note #1

The closure plug has 16 fasteners (UNBRAKO Socket Head Screws). The size of fasteners is 1 in. Dia. ~
UNC. In the top comer drop, the closure plug bolts are loaded in tension & shear as the closure plug is
pulling away from the rest of the container. It is estimated that the closure plug would maintain closure
up to 913 g’s.

4.4.2 Note # 2:

Due to lead slump, in the top comer zone, only 1/4 to 1/3 of the full circumference of the container is
impacted. Due to lead slump, the weld group WCC1, WCC2, WCC7, WCC3 and WF1 is impacted.
Calculations for G-loads are presented in Appendix 2. assuming the weld group is loaded collectively.

WF1 are the external fin/shell fillet welds. The fins convert the shell from non-stiffened plain shell to
stiffened composite shell. As the lead slumps, the welds are stressed collectively but not necessarily equally.
After lead slump, the deformed shape of the conical shell will approximate orange peel configuration.

IN/TR 9301 F294, Revision 4 - Appendix 2.10.11 Page 8 - July 2003



) Chaﬁtér 2

443 Note #3

There are four lift lugs fins, one in each quadrant of the conical shell. At the base of lift lug fms the
primary shell is reinforced. Upon impact, the impact front (crush front) advances as a function of time,
ONE (of four) lift lug will be impacted. Consequently, the pnmary shell may suffer shear fracture at
approximately 86 g’s [Pure shear failure. (Shear area 43 in® x 70,000 UTS psi x 0.6/ welght of 21,000 Ib.
=86 g’s). The factor 0.6 is for converting UTS to U Shear Stress (USS)].

In the current design of the F-294, the base of the lift lug has been re-designed (double shell ,etc. becfed up)
Consequently, this failure path has very low possib:hty

444  Note#d ) , :
In the top comer drop, the bottom plate of the cavity is loaded with deceleration loads due to the lead
weight distributed (slump) over the plate. Its estimated that, based on 0.5 in. thick Hastelloy plate, the plate
is capable of withstanding 245 g’s. As the plate bends, the curvature will enable it to withstand lots more
'G’s. As the bottom of cavity is 55 in. from the impact point or plane, the G-loads at the bottom of the
cavity will be substantially reduced compared to G-loads at the closure plug bolt area. The end cap is more
likely to bend (become dished rather than fracture). If the lcad slumps, the dlsplacement of lead shielding is
not 2 major concem as the F-294 is over-sh:elded -

4.4.5 Note #5

There are 16 fasteners (1 inch Dia. SAE Gr, 8) j Jommg the crush shield to the container at the top zone. In
the top end drop eight fasteners are loaded in compression, while the remaining exght are loaded in shear.
The G-load capability as per following calculation: :

Step #1: in tension: P1 -8x150000p31x0551m 661,2001b
Step#2:inshear: . - P2 =8 x 150,000 psi x 0.6 x 0.551 in” = 396,720 Ib.
Step #3: allowable P  =P1+P2=1,057,9201b.

Step #4. G  =1,057,9201b/21,0001b.=50 g’s

During the primary impact, the crush shield is impacted first. As the impact progresses, the crush shield is
trapped between the top of the container inclusive of the cylindrical fireshield and the drop test pad. Also,
after the top corner drop, we may find the crush shxeld is partlally “friction welded” to the top of the
container.

44.6 Note#6

There are eight fasteners (1 inch. Dia. SAE Gr. 8) joining the cylindrical fireshield to container at the
bottom fixed skid zone. Two fasteners at each of the comers (4) of the fixed skid. In the top corner drop
eight fasteners are loaded in tension. The g-load capability has been calculated:

Step#l:intension: . - Pl1 = =8x 150000 psix 0.551in2=661,2001b.
Step #2. ' G = 661,200 Ib/weight of fireshield 1,200 1b/1. l
=500¢’s

The crush sh;eld is impacted first. As the impact progresses, the cylmdncal fireshield is decelerated.
The cylindrical fireshield is trapped between the deformed crush shield and the ﬁxed skid. So there is
no loss of side thermal protection.
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4.5 SUMMARY

1) In the top comer drop attitude, the impact is characterized as medium-hard. Only 46% of the total
PE is estimated to be absorbed between crush shield fin impact limiters and the container fins.
Consequently, medium G-loads, high deformation and long duration is to be expected. Therefore,
the impulsive (instantaneous force x time) loads will be of significant magnitude around the lift lug
fin.

2) Closure between the container and the plug shall be maintained for up to 900 g’s. 900 g’s is based on
static UTS. Its concluded that closure shall be maintained.

3) During the primary impact, the crush shield shall be retained and trapped between the top of the
container and the drop test pad. As the top fireshield is integral with crush shield, the top fireshield
shall be retained. (No loss of thermal protection). However, the crush shield may be “lost: during
the secondary impact, depending upon the magnitude of reaction forces. In this failure path
scenario, the puncture test to follow could further detach the crush shield and cause loss of top
thermal protection. '

4) The cylindrical fireshield shall be retained and trapped between the fixed skid and the deformed
crush shield. (no loss of thermal protection.)

5) Due to lead slump, the welds at the top zone of the containers are collectively loaded. One of the
external welds (WCC1 or WCC3 or WF1) could fracture. Also the shell could fracture. In this
failure path scenario, the lead shielding could be exposed directly to hot gases and or flame of
the fire test to follow. ‘

6) As the lift lug fin is the second component to be impacted, peak loads are transmitted from the lift
lug fin to the base of the primary shell of the container. It is possible that the primary shell could
fracture locally. S

5. OBLIQUE DROP - SIDE ORIENTATION
5.1 ORIENTATION

The container shall be suspended 15° from the horizontal. See Figure 2.10.11-F9. The top side comer zone,
centered around the lift lug fin is to be impacted. So the weight of the package acting on the line of centre
of gravity (CG) is not coincidental over impact point i.e., eccentric/oblique drop. Therefore, upon primary
impact, potential energy (PE) due to 30-ft drop is translated to kinetic energy + rotational energy.

5.2 MODE OF PRIMARY IMPACT

The order in which the components are impacted when the impact front advances is as follows:

1) Crush shield fins: Peak loads are transmitted to top four container/crush shield joint pads
(eight fasteners on top face and remaining eight fasteners on side face). Peak load may shear
all or some of 16 fasteners.

[Note: The reactive force may detach the crush shield. Crush shield tries to “fly” off. However
during the primary impact, the crush shield shall be trapped between the container driving down
and the drop test pad.]

2) As the impact front advances, the next components to come in play are the lift lug fin and the top
comer of the cylindrical fireshield. The peak loads from the lift lug are transmitted to the base of
the lift lug zone. These loads may shear (fracture) the primary shell.

3) The top and side container fins, the top closure zone, the container shell and the lead shielding are
the last components to come into play. N4
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- 5.2.1

D
2)

3)

4)

5)

6)

5.2.2

Energy Absorption During Primary Impact

The top/side comer of the container is impacted. The impact is characterized as medium impact.
Meaning medium G’s and high deformation A. See Fig. 2.10.11-F7 for G versus A curve. Distance
between centre of gravity and impact point or plane =4lin.

Only six of total 28 fins of the crush shield come into play; the fin impact is characterized as
impact on curved-edge. Estimated lS% of PE is absorbed by crush shield fins. The deformatxon
of the fins is expected to be 2.4 in.

There are 36 container fins: four lifi lug ﬁns (1.25 in. thlck) elght, 0.5in. thlck and 24, 3/8 in.
thick.

One lift lug fin of the container is the first container fin to come into play as it is closest to the
advancing impact ﬁ'ont It is estimated to absorb 10% of PE The deformatxon is expected to be
1.21in.

The cylindrical fireshield: for deformatlon O 1i in, over 30-mch length ‘the cyhndncal fireshield
shall absorb 4.5% of PE. ]

So between crush shield, one container lift lug ﬁn and the cylmdncal fireshield, it is estimated
30% PE is absorbed. The remaining 70% has to be absorbed by the container ﬁns + contamer
body/closure plug + lead shielding and cylmdrlcal fireshield assembly.

'Ihetotaldefmmanomsexpeaedmbeoﬂhem'deroﬂm.(i.e 24+1in). As the llft lug fin i is mpacted,
the peak load s are transferred to the contamer top conical region lift lug base zone via one lift lug
fin. : A

G—loads based on Primary impact

Based on companson to similar packages, G-loads are estlmated to be 1000 g’ s ) |

‘What is the impact of G-loads on the components? Or what is the G-load capabihty of the components?
See Table 2.10.11-T3. : R

5.3
1)

SECONDARY IMPACT

After the primary impact, the F-294 shall be subjected to secondary bounce followed by secondary
impact as per Figure 2.10.11-F10. The secondary bounce shall be y feet (where y =up to 2 ft)
As the F-294 does the secondary bounce of y fi., at'y ft. elevation, there are two scenarios:-

i). Ifall the fasteners of the crush shield joint have fractured (sheared), the fully detached
crush shield shall “take -off” (i.e., propelled by reaction forces which have not been fully
dissipated), only to be retrained by the long fins which are located between the container side =
fins and the cylindrical fireshield. . .

ii). If only some of the fasteners have fractured, the partially detached crush shxeld shall be
swung open around a hinge. Once again the crush slneld shall be restrained from opemng by long

fins or the “fnctlon Welded” top deformed zone
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Table 2.10.11-T3
G-load Capability: Side Oblique Drop Orientation

Closure Plug Note #1
Bolts 912
Threaded Hole 904
Container
Weld Group 1,580 Note #2
Top Flange 2,200
Lift Lug Base Zone Note #3
86
Cavity End Cap 430 Note #4
Crush Shield Note #5
Bolts (16) 46
Other Features Appears Trapped Note #5
Cylindrical Fireshield Note #6
Bolts (8) ‘ 480
Other Features Trapped Note #6

54 COMMENTS

5.4.1 Note #1

The closure plug has 16 fasteners (UNBRAKO Socket Head Screws). The size of fasteners is - 1 in. Dia. —
UNC. In the SIDE OBLIQUE drop, the closure plug bolts are loaded in tension and shear as the closure
plug is pulling away from the rest of the container.

It is estimated that the closure plug would maintain closure up to 912 g’s.

54.2 Note #2

Due to lead slump, in the side oblique zone, 1/3 to 1/2 of the full circumference of the container is
impacted. Due to lead slump, the weld group WCC1, WCC2, WCC3, WCC, WCCS, WCC7, WCL1 and
WF1 resist this impact. G-loads are calculated assuming the weld group is loaded collectively and only
welds in the bottom half of the container shell are effective. WF1 are the external fin/shell fillet welds.
The fins convert the shell from non-stiffened plain shell to stiffened composite shell. As the lead slumps,
the welds are stressed collectively but not necessarily equally. After lead slump, the deformed shape of the
conical shell will approximate orange peel configuration.
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543  Note#3

There are four lift lugs fins, one in each quadrant of the conical shell. At the base of lift lug fins, the
primary shell is reinforced. Upon impact, the impact front (crush front) advances as a function of time,
ONE (of four) lift lug will be impacted. Consequently the pnmary shell may suffer shear fracture at
approximately 86 g’s [Pure shear failure. (Shear area 43 in® x 70,000 UTS psx x 0.6/ wexght of 21,000 Ib.
= 86 g’s). The factor 0.6 is for converting UTS to U Shear Stress (USS)].

In the current design of F-294, the base of the lift lug has been re-desxgned (double shell etc. beefed up)
Consequently, this failure path has very low possiblhty '

544 - Note#4

In the side oblique drop, the bottom plate of the cavnty is loaded with deceleration loads due to the lead
slump Its estimated that, based on 0.5 in. thick Hastelloy plate, the plate is capable of withstanding 430
g’s. As the plate bends, the curvature will enable to withstand lots more G’s. As the bottom of cavity is
55 in. from the impact point or plane, the G-loads at the bottom of the cavity will be substantially reduced
compared to G-loads at the closure plug bolt area. The end cap is more likely to bend (become dished
rather than fracture). If the lead slumps, the displacement of lead shielding is not a major concem as the
F-294 is over-shielded.

54.5 Note #5

There are 16 fasteners (1 in. Dia. SAE Gr. 8) j ]ommg the crush shield to the contamer at the top zone. In the
top end drop eight fasteners are loaded in comptessmn, while the remaining exght are loaded in shear. The
G-load capability is calculated to be 46 g ’s..

During the primary impact, the crush shield is mpacted first. As the 1mpact progresses, the crush shield is
trapped between the top of the container and the drop test pad. Also after the side obhque drop, we may
find the crush shield is partlally “friction welded” to the top of the container.

54.6  Note#6

There are eight fasteners (1 in. Dia. SAE Gr. 8) joining the cylmdncal ﬁreslneld to container at the bottom
fixed skid zone. Two fasteners at each of the corners (4) of the fixed skid. In the top corner drop eight
fasteners are loaded in tension. The g-load capability is estimated to be 480 g’s. - -

The crush shield is impacted first. As the impact progresses, the cylindrical fireshield is decelerated. The
cylindrical fireshield is trapped between the deformed cmsh shxeld and the fixed skid, so there is no loss of
side thermal protection. '

35 SUMMARY

1) In the side oblique drop attitude, the impact is characterized as medium-hard. Only 30% of the
- total PE is estimated to be absorbed between crush shield fin impact limiters, the container fins
and the cylindrical fireshield Lead stump will absorb the balance of the PE. Consequently medium
G-loads, high deformation and long duration is to be expected. Therefore the impulsive
(instantaneous force x time) loads will be of significant magnitude around the lift lug fin.

2) Clomnebetweentheeontamerandﬁxeplugshanbemammnedforupto912gs 912 g’s is based on
static UTS. Its conchuded that closure shall be maintained.
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3)

4)

5)

6.

6.1
1)

2)

3)

4)
6.2
1)

2)

During the primary impact, the crush shield shall be retained and trapped between the top of the
container and the drop test pad. As the top fireshield is integral with crush shield, the top fireshield
shall be retained (no loss of thermal protection). However the crush shield may be “lost” during the
secondary bounce, depending upon the magnitude of reaction forces. In this failure path scenario,
the puncture test to follow could further detach the crush shield and cause loss of top thermal
protection.

The cylindrical fireshield shall be retained and trapped between the fixed skid and the deformed
crush shield (no loss of side thermal protection).

Due to lead slump, the welds at the top and side zone of the containers are collectively loaded.
However, the G-load capability of the weld group is relatively high (1,580 g’s). The event “One
of the container external welds (WCC1 or WCC3 or WF1) could fracture due to poor weld,
asymmetric loading etc. “is a real possibility. Also the shell could fracture. In this failure path
scenario, the lead shielding could be exposed directly to hot gases and or flame of the fire test

to follow.

As the lift lug fin is the second component to be impacted, peak loads are transmitted from the lift
lug fin to the base of the primary shell of the container. It is possible that the primary shell could
fracture locally.

OVERVIEW OF DAMAGE IN THREE DIFFERENT DROP TEST
ORIENTATIONS

IN THE END DROP — TOP ORIENTATION

Due to shearing of threads of the bolt hole, the closure plug is most likely to be fail and be
displaced in the top end drop orientation compared to other drop test orientations. As only static
UTS was used to compute g-load capability, and as Dynamic UTS/Static UTS = 2, the closure
plug in most likelihood will not come loose and be displaced.

Due to lead slump, the primary shell may be overstressed and subject welds to fracture. This is
considered a low probability. The area under the lift lug fin is unlikely to be impacted.

Despite the fact that the crush shield fasteners are sheared, the loss of crush shield is unlikely as
the crush shield is expected to be “friction welded” to the container as it crushes. Therefore no
loss of top thermal protection.

The cylindrical fireshield is not likely to be lost. No loss of side thermal protection.

IN THE CORNER DROP TOP ORIENTATION (57° TO HORIZONTAL)

The closure plug is not likely to fail; however it may be displaced leading to radiation streaming,.
As the F-294 is over-shielded, this is not major concern.

Due to lead stump, 1/3rd or 1/4 of the primary shell and the welds in the top comer zone are
subjected to stresses. In top corner attitude, as there is smaller area of impact, the stresses are
high (compared to top end drop attitude). However, there are other mitigating circumstances that
suggest that the stresses may not be quite high:

i) G-loads in top comer attitude will be lower that the G-loads in the top drop attitude as the
top comer drop attitude has longer distance (41.1 in.) of CG from the impact point than the top end
drop attitude (36.5 in.).

ii) The lead slump does not directly impact the top comer impact zone as the lead slump is
sheltered by the inner cavity structure.

The impact of the lift lug and subsequent transfer of peak loads to the base of the lift lug is a
different and unique situation. It is most likely that the lift lug may cause sufficient stresses as
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to fracture the pnmary shell. This i is cons1dered the worst case scenario for the top comer drop
orientation.

3) The crush shield fasteners are going to shea.r and fail; however the crush shield may be “friction
welded” to the container fins. In a secondary bounce, the crush shield may “take off”, thus causing
loss of top thermal protection only to be restrained by long fins of the crush shield.

4) E The cylmdncal fireshield is not hkely to be lost. No loss of side thermal protectnon

6.3 vIN OBLIQUE DROP —SIDE O_RIENTAHON as°ro HORIZONTAL)

) The closure plug is not expected to be lost but it shall be displaced sufficiently to cause radiation
streaming. This radiation streaming shall be worse than the top corner drop test orientation.

2) Due to lead slump, the primary shell shall be stressed, however as the load is spread over larger
area, the primary shell is unlikely to fracture. - ‘

The impact of the lift lug and subsequent transfer of peak loads to the base of the lift lug isa
different and unique situation. It is most likely that the lift lug may cause sufficient stress as to
fracture the primary shell. This is considered the worst case scenario for the side oblique drop
orientation.

3) The crush shield fasteners will deﬁmtely shear. Upon secondary bounce the crush shield shall be
- caused to eject and separate from the rest of the container. Thus causing loss of thermal protectxon
in the top zone.

4) Cylmdncal ﬁreshleld is unlikely to be lost No loss of the side thermal protectlon.

7. DISCUSSION

1) ' - Loss of closure plug evgnt is low probabmty in any drop test orientation. “The rankmg in which
drop test orientation that this event is most likely is as follows: :
Top end drop: Most likely

1.1)  Displacement of closure plug event leadmg to radlatlon streaming. (The rankmg isas follows) |
Side oblique drop orientation: most likely-

2) Fracture of primary shell container welds event: Overall low probability.
Top end drop: Most likely

2.2)  Fracture of lift lug base zone: ‘
Top comer or Side oblique drop onentatxon Equally likely

3)  Loss of crush shield, Loss of top thermal protection: high probability. I
Side oblique drop orientation: Most likely.

4) Loss of cylindrical fireshield, loss of side thermal protection: very low probability. l
Side oblique drop orientation: Most likely.

8. CONCLUSIONS

The most damaging drop test orientation is side oblique drop orientation for the following reasons:

1) The loss of crush shield event has a very high probability of taking place in the side oblique drop
orientation compared to top comer drop orientation.

2) The displacement of closure plug event leading to radiation streaming.

3) Fracture of the primary shell under the lift lug base; Equal likelihood in side oblique or top corner
drop orientations.
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‘Figure 210.11-F2
F-294 End Drop - Top Orientation (i.e., Inverted)
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Figure 2.10.11-F3
F-294 Container Welds under Deceleration Load
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Lift Lug Region of F-294 Test Packaging and F-294 Transport Package

- Figure 2.10.11-F4
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Figure 2.10.11-F5

F-294 Cavity and Cap under Deceleration Loads
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W ‘Figure 2.10.11-F6
: . F-294 Corner Drop - Top Orientation

- A .
~ ' $1° -
.. . ;s T . o LIPS
— o — - _0'_, s Ry S

e ///// ///////// Desp TesT fAD.

Iu'

IN/TR 9301 F294, Revision 4 ~Appendix 2.10.11 Page2l - 7 July 2003



Chapter 2

Figure 2.10.11-F7
Deceleration (g’s) versus Deformation Characteristic for Various Drop Orientations
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Figure 2.10.11-F8

F-294 Secondary Impact in Top Corner Drop Orientation
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Figure 2.10.11-F9
F-294 in Side Oblique Drop (15° to Horizontal)
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- Figure 2.10.11-F10
F-294 Secondary Impact in Side-Oblique Drop Orientation
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