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1.0 Problem Statement

This calculation documents the impact simulations made in support of the ES-3100
shipping package design with high alumina borated cement (HABC) as the neutron
absorber. From the summer of 2003 through the spring of 2004 the design impact
simulations were run with borobond as the neutron absorber (documented in reference
5.1). During the summer of 2004, the ES-3100 with the borobond neutron absorber was
physically tested to 10CFR71 required impacts (references 5.2 and 5.3). In August 2004
a decision was made to change the neutron absorber material to a HABC. The HABC
material is also known as "Catalog 277-4" or just "277-4", but the HABC notation is used
in this calculation. The August 2004 absorber change also involved some minor design
changes to the configuration of the package liners surrounding the HABC material.
Material testing on the HABC material occurred during the Fall of 2004 (reference 5.4).
The HABC simulation impacts were run in the late Fall of 2004 and are documented in this
DAC.

A qualitative, cross sectional view of an ES-3100 package with the HABC neutron
absorber is shown in Figure 1.1. The ES-3100 shipping package is a stainless steel drum
with kaolite insulation material. The overall dimensions of the overpack are a height of
about 44 inches and a diameter of about 19.4 inches. At the top of the overpack is a
bolted lid restrained by eight, 5/8 inch welded studs. The lid restrains a removable plug
filled with the kaolite material. The plug covers a cavity in which the stainless steel
containment vessel (CV) is placed. The CV is about 32.9 inches tall with a 5.4 inch inside
diameter and a body wall thickness of 0.1 inches. The CV closure is a flat plate
constrained by a threaded ring. In the shipping package, and immediately surrounding the
CV cavity is a layer of HABC, a neutron absorbing cast material. All the kaolite and HABC
materials are wrapped by stainless steel liners.

The HABC model was derived from the initial borobond model which is documented in
Reference 5.1. As such, the basic model and methodology for this calculation is based on,
and is documented in reference 5.1. Reference 5.1 should be obtained and used as a
constant reference supporting this calculation. Reference 5.1 documents the pre-
processor, TrueGrid; the solution software, LS-Dyna; the post-processor, LS-Post; and
the computers at Y12 used to simulate the impacts.
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Figure 1.1 - Configuration of the Redesigned ES-3100 with the HABC as the Neutron
Absorber

The impact simulations of the ES3100 package are driven by the 10CFR71, subpart F,
sections 71.71 and 71.73 impact requirements. LS-Dyna allows successive restarts to be
made which enables cumulative damage to be obtained in the shipping package model.
Section 2.1, describes the simulations performed for the HABC design.

Section 3.7 compares the respective model results to physical test results. Reference 5.1
documents the analysis vs test comparison for the borobond absorber design. This
calculation compares the HABC design analysis results to the borobond design test
specimen,




GENERAL DESIGN AND COMPUTATION SHEET

198 Impact Analysis of ES3100 Design Concepts Using HABC

PATE March 2004

EST 4 of 133

>N DAC-EA-801699-A002

REVISION 0

COMPUTED | Ny otk &

21

G 2[5 €A

2.0  Analytical Model

The differences between the ES-3100 initial, detailed borobond model (described in
reference 5.1) and the redesigned HABC package are described in detail in Section 2.1.
The material properties for the HABC are described in Section 2.2. Other than the
geometric differences described in Section 2.1 and the material models described in
Section 2.2, the detailed analytical models are the same as those presented in reference
5.1 for the initial borobond model.

2.1  Model Description

The redesign configuration details fo incorporate the HABC will be described as changes
to the initial model (reference 5.1). Figures 2.1.1 and 2.1.2 show the design configuration
changes that were made in the analytical models. In the two figures, the black color
indicates the initial design and the red (magenta) color indicates the redesign
configuration. The changes to the configuration of the analytical model are noted as

"Change #" in the Figures and are described below.

1. The internal radius of the liner between the neutron absorbing
material and the kaolite was increased from 4.08 in to 4.30 in (Figure
2.11and 2.1.2).

2. The internal radius of the liner above the neutron absorbing material
and near the CV flange was decreased from 4.40 in to 4.30 in (Figure

2.1.1).

8. The radius of the CV bottom pad at its inner most part radius was
increased from 0.05 in to 0.11 in. This effectively slightly thickens the
pad at the footprint of the CV bottom head and therefore the CV was

raised by about 0.068 in (Figure 2.1.1 and 2.1.2).

As a precipitate of the above configuration changes, some changes were made to the
contact surfaces between the neutron absorber material, the kaolite and the stainless
steel (SS) liners. The contact type remained the same as in the reference 5.1 computer
runs (SURFACE_TO_SURFACE).

Figures 2.1.3 and 2.1.4 show the element mesh configurations near the CV flange and the
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CV bottom. These figures can be compared to the reference 5.1, Figures 2.1.3 and 2.1.4 to
show the differences between the two design configurations.

The runs chosen to be made with the HABC model and compared to the initial borobond
model are shown in Figure 2.1.5. To differentiate the runs, yet show similarity, the
"HABC" is added to the borobond run identification to identify the redesign runs. For
example, the reference 5.1, borobond "run2e” impact configuration is known as "HABC-
run2e” for the HABC runs.

Table 2.1.1 describes the impact configurations for the HABC computer runs. Note that
the bounding stiffness runs (1hh and 1hl) do not include the punch impact following the
crush impact. The reference 5.1, 1hh and 1hl impacts and the punch study demonstrate
the integrity of the drum/kaolite. The drum/kaclite remained the same for the HABC
runs, therefore the punch impacts were not included in the HABC runs. Table 2.1.1 also
gives the kaolite and HABC material models used in each run.

Table 2.1.2 shows the component mass/weight for the HABC models. The total weight for
the fully loaded models is about 432 pounds with the 22.4 Ib/ft* kaolite. The mass inertia
about the global Y axis is 90.98 in*lb*sec” and the CG is located at Z=22.41 inches above
the bottom surface of the container. This is in good agreement with the initial borobond
model, such that a slapdown study is not warranted. The 12° slapdown is again
representative of the worst case angle.

Appendix 6.1 lists the True6Grid input file used to produce the HABC-runlhh LS-Dyna
input file. The file is shown as changes to the TrueGrid input file presented in reference
5.1. This was done to reinforce the fact that changes to the initial borobond design are
minimal. The running of TrueGrid produces the bulk of the LS-Dyna input (nodal
definitions, element definitions, contact surface definitions, etc). Appendix 6.2 gives the
command lines used for the HABC-runlhh. The command lines are the material definitions
and the analysis control parameters. The Appendix 6.1 lines are input to True6Grid which
terminates upon writing the bulk of the LS-Dyna input file. The command lines are then
edited into the beginning of the LS-Dyna input file and the complete input file is
submitted to LS-Dyna.
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Figure 2.1.3 - Configuration of the HABC Analytical Model Near the Package Top
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Figure 2.1.4 - Configuration of the HABC Analytical Model Near the Package Bottom
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Figure 2.1.5 - LS-Dyna Impact Configurations for the HABC Model
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Table 2.1.1 - Description of the ES-3100 HABC Impacts
Run ID Impact Description Kaolite HABC
Model Model
HABC-runthl 4-foot side impact Lower bound | 100°F,
+ 30-foot side impact stiffness, Section
+ 30-foot crush impact Section 223
3252
HABC-runlhh | 4-foot side impact Upper bound | -40°F,
+ 30-foot side impact stiffness, Section
+ 30-foot crush impact Section 221
3253
HABC-run2e 30-foot CG over lid corner impact Average 70°F,
+ 30-foot crush on bottom corner stiffness, Section
Section 2.2.2
3251
HABC-run3b 30-foot top end impact Average 70°F,
+ 30-foot bottom end crush stiffness, Section
Section 222
3251
HABC-rundg 30-foot, 12° slapdown with lid studs on plane of symmetry Average 70°F,
+ 30-foot crush with plate centered on CV flange stiffness, Section
Section 222
3251
HABC-run4ga | 30-foot, 12° slapdown with lid studs on plane of symmetry Average 70°F,
+ 30-foot crush with plate centered on drum stiffness, Section
Section 2.22
3251
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2.2  Material Models

The material models used in the HABC runs are those described in the reference 5.1,
Section 2.3 except for the Section 2.3.6 which covered the Borobond material. As in the
initial borobond models the stud material was defined with a material failure at the 0.57
in/in strain level.

The borobond material was replaced with the catalog 277-4, HABC material which is
described in this section and sub-sections. The LS-Dyna material model used for the
HABC material is the *MAT_SOIL_AND_FOAM model (same material model used for the
borobond). The material data was obtained from testing performed at Y12 in the Fall of
2004 (reference 5.4). Figure 2.2.1 shows the stress vs strain curves obtained in the test.

HABC Stress vs Strain
1400.0 7 : —
1200.0 | g———18
P =
1000.0 4
@ [ |
o 3000
- T o ta
g 6000 —p el
n |- —f"‘m_i_
4000 +—u M an el
" —a— 100F - Lower Bound .
200.0 —I——li‘ff 70 F - Nominal
;& —m—-40F - Upper Bound _'
D.D *‘ L] T L] Ll ;
= > = o > > P a = -1 =
= = [ = = = = = = = =
(=] = <= = o= = (=1 = = o o
Strain, in‘in

Figure 2.2.1 - HABC Stress vs Strain Curves

2.2.1 HABCat-40°F

Poisson's ratio is given as 0.33 by the testing results. The modulus of elasticity was taken
to be the slope of the load deflection curve for the first data point.
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The shear modulus is then calculated as:

ShearModulus = B o 1LoPleO ot 7.485¢e5 psi

2(1+v) 2(1+0.33)

The bulk modulus is calculated as:

BulkModulus = E o LIBLEl psl 1.952¢6 psi

3(1-2v) 3(1+2(0.33))

Volumetric response data for the HABC material is lacking. A volumetric response will be
derived from the one dimensional compressive test data. The HABC material is assumed
to behave as a homogeneous, isotropic material.

Using Figure 2.2.1.1 and noting the following
definitions,

Al Al

= long = . -
elong_-l_—’g - v b= —

long lat ea’ong

Bla! = Sl(mg

=5 WP

Iiat long

The initial volume is, {3, and the final volume is:

final volume = (I - Al (I + Al_)(l + Al )

ong)

thure 2.2.1.1 - Assumed Response of a Unit o ) ) )
Cube Substituting the above definitions into this

equation and simplifying results in the following
expression for the final volume.
final volume = I’(1 - €one ) (1 + UE,r,,,,g)z

The relative volume then is,

current volume

V- = (1 -8, )(1 +pe,, )
. .. r)”g nng
initial volume

The volumetric strain then is:
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volumetric strain = In V
Using this and P = 6/3, a pressure vs volumetric strain curve is derived. The pressure cut

of f for tension is derived from T5\§4‘r7ensi]e failure of 234.7 psi. The pressure cut off for
o _ .7 psi

The constants a,, a;, and a, are yield function constants defined in the material model. To
eliminate the pressure dependence of the yield strength, a,=a,=0anda,=0%/3 =
(1165.8 psi)?/3 = 4.530e5 psi®. The following material model was used for the upper
stiffness bound of the HABC material (-40°).

LS-Dyna Material Model *MAT_SOIL_AND_FOAM
Density 1.5742e-4 Ib-sec?/in* (105 Ib/ft?)
Shear Modulus 7.485e5 psi
Bulk Modulus 1.952e6 psi
Ag 4.530e5 (psi)’
A, 0
A, 0
Tensile Cutoff 78.2 psi
Volumetric Strain Data vs Pressure:
Volumetric Strain, in*/in® Pressure, psi
0 0
-3.4380E-05 67.100
-1,.3300E-04 187.300
-2 5971E-04 ' 294.367
-4 4481E-04 374.067
-8.8812E-04 416 567
-3.4612E-031 433.333"
-1.6787E-01 566.667"
-5.5498E-01" 1000.000"
-1.1409€+00" 100000.000"

1 - assumed values to achieve numerical lock-up.

2.2.2 HABCat 70° F

Poisson's ratio is given as 0.28 by the testing. The modulus of elasticity was taken to be
the slope of the load deflection curve for the first data point.

E=SZ- LU 35z~ Rt =6.838e3 psi

e (219.8¢-6)-0
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The shear modulus is then calculated as:

ShearModulus = B _ 6838 pui _ 2.671e5psi

2(1+v)  2(1+0.28)

The bulk modulus is calculated as:

E _ 6.838e5 psi
3(1-2v)  3(1+2(0.28))

BulkModulus =

= 5.180e5 psi

The pressure cut off is calculated as P=184 psi / 3 = 61.3 psi and the constants q, is
calculated as (983psi)’/3 = 3.221e5 psi®. The following material model was used for the
70°F runs of the HABC material.

LS-Dyna Material Model *MAT_SOIL_AND_FOAM
Density 15742e-4 Ib-sec?/in* (105 Ib/f1%)
Shear Modulus 2.671e5 psi

Bulk Modulus 5.180e5 psi

Ao 3.221e5 (psiy’

A, 0

A, 0

Tensile Cutoff 61.3 psi

Volumetric Strain Data vs Pressure:

Volumetric Strain, in’/in’ Pressure, psi

0.0000E+00 0.000
-9.6740E-05 50.100
-35131E-04 140.400
-6.9019E-04 217.100
-1.1268E-03 278.133
-2.0363E-03 329.067
-1.9536E-01' 500.000"
-6.0570E-01" 1000.000"
-8.4601E-01" 10000.000"
-1.2052E+00" 100000.000"

t - assumed values to achieve numerical lock-up.

2.2.3 HABC at 100° F

Poisson’s ratio is given as 0.25. The modulus of elasticity was taken to be the slope of the
load deflection curve for the first data point.
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-9 _ 103.7 psi-Opsi =4.027e5psi
£ (257.5¢-6)-0
The shear modulus is then calculated as:
ShearModulus = E - 20273 psi | 1.6108e5 psi

2(1+v) 2(1+0.25)

The bulk modulus is calculated as:

HuliModulus = —2 s = SRV PR _ o conmes ot

3(1-2v)  3(1+2(0.25))

The pressure cut off is calculated as P=209.7 psi/3 = 69.9 psi and the constants aq, is
calculated as (833.7 psi)?/3 = 2.317e5 psi®. The following material model was used for the
lower bound, 100°F runs of the HABC material.

LS-Dyna Material Model *MAT_SOIL_AND_FOAM
Density ' 15742¢-4 |b-sec?/in* (105 Ib/ft?)
Shear Modulus 1.6108e5 psi
Bulk Modulus 2.6847e5 psi
A, 2.317e5 (psiy’
A, 0
A, : 0
Tensile Cutoff 69.9 psi
Volumetric Strain Data vs Pressure:
Volumetric Strain, in®/in® Pressure, psi
0.0000E+00 0.0
-1.2879E-04 34567
-6.6103E-04 123.133
1.1769E-03 165.533
-1.7225E-03 204.967
-2.3119E-03 2400
-5.5975€-02" 333.333"
-4,5758E-01! 500.0"
-6.3677E-01" 1000.0
-1.2448E+00' 100000.0*

T - assumed values to achieve numerical lock-up.
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The volumetric strain vs pressure curves used by the analytical models are plotted in

Figure 2.2.3.1 for the lower strain values.

HABC Pressure vs Yolumetric Strain
]. — —oEE-0—
A AR 2
— - - = 4350
| *, 280
= i____ Y (== =
@ e ",
5 g = pﬂﬁﬂu
M Ty Tl
= e o —150.8
—— HE)QBC Lower Bound el ﬂﬁﬁfe—
—=70F -
—+— Upper Bound - 5@"9‘*"
— — o
-2.0E-03 -1.8E-03 -1.0E-03 -5.0E-04 0.0E+00
Volumetric Strain, in® 3/in* 3

Figure 2.2.3.1 - Volumetric Strain vs Pressure Curves for the HABC Material
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3.0 Analysis Results '

The figures presented in Section 3 may show the punch, however, no punch impacts were
made on the HABC model as discussed in Section 2.1.

3.1 HABC-runlhl - Lower Bounding Side

HABC-runlhl are the runs with the lower bounding material properties for the kaolite and
the HABC materials. The 4-foot impact occurs from time = 0.0 to 0.01 seconds; the 30-
foot impact occurs from 0.01 to 0.02 seconds; and the crush impact occurs from 0.02 to
0.04 seconds.

The initial configuration for HABC-runlhl is shown in Figure 3.1.1. The configuration after
the 4-foot impact is shown in Figure 3.1.2. Enlargement of the lid and bottom regions
after the 4-foot impact is shown in Figure 3.1.3.

The effective plastic strain in the CV body after the 4-foot impact is shown in Figure
3.1.4. The maximum is 0.0185 in/in and occurs near the bottom head of the CV body. The
plastic strain in other components for the 4-foot impact are given in Table 3.1.1.

Table 3.1.1 - HABC-runihl, 4-Foot Impact, Effective
Plastic Strain Levels in Some Components
Component Effective Plastic Strain,

in/in

cV Lid 0.0001

CV Nut Ring 0.0000
Angle 0.0055

Drum 0.1599

Drum Bottom Head 0.1033
Liner 0.1045

Lid 0.1393

Lid Stiffener 0.0004
Lid Studs 0.0000

Lid Stud Nuts 0.0000
Lid Stud Washers 0.0194
Plug Liner 0.0022

Figure 3.1.5 shows the final configuration for the HABC-runlhl 30-foot impact. Figure
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3.1.6 shows the lid and bottom regions after the 30-foot impact.

The maximum effective plastic strain due to the 30-foot impact in the CV body is 0.0195
in/in as shown in Figure 3.1.7. The maximum effective plastic strain in the drum lid is
shown to be 0.5790 in/in in Figure 3.1.8. The maximum lid strain is a surface strain at the
stud hole nearest the rigid surface. The membrane effective plastic strain component is
0.4416 in/in in the localized region near the stud hole. Effective plastic strain levels in

other components for the 30-foot impact are given in Table 3.1.2.

Table 3.1.2 - HABC-runlhl, 30-Foot Impact, Effective
Plastic Strain Levels in Some Components

Component Effective Plastic Strain,
in/in
CV Lid 0.0002
CV Nut Ring 0.0000
Angle 0.0780
Drum 0.2251
Drum Bottom Head 0.2126
Liner 0.1078
Lid Stiffener 0.0093
Lid Studs 0.1140
Lid Stud Nuts 0.0000
Lid Stud Washers 0.0194
Plug Liner 0.0958

The final configuration for the crush impact is shown in Figure 3.1.9. Figure 3.1.10 shows

the configuration at the bottom and lid regions after the crush impact.

Figure 3.1.11 shows the effective plastic strains in the CV body. The maximum is shown to |
be 0.0206 in/in and occurs below the flange region due to the upper internal weight.

The maximum effective plastic strain in the drum for the crush impact is 0.5139 in/in
(surface strain) as shown in Figure 3.1.12. The maximum in the drum occurs near the angle
on the crush plate side of the drum. The maximum membrane effective plastic strain at

this location is 0.3551 in/in.

Figure 3.1.13 shows that the maximum effective plastic strain in the lid is 1.2580 in/in
(surface strain) and occurs just below the upper stud hole (hole nearest the crush plate,
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180°). The maximum membrane effective plastic strain in this region of the lid is 0.7746
in/in. A time line investigation during the crush impact shows that the lid exceeds 0.57
in/in strain in bending at about 0.0248 seconds at the 180° stud hole. The crush impact
started at about 0.0200 seconds, so the lid reaches failure level near the start of the
crush impact. The membrane levels in the lid reach 0.57 in/in at about 0.0264 seconds.
The elevated effective plastic strain levels in the lid are localized in the region just
inboard of the upper stud.

Figure 3.1.14 shows that the effective plastic strain in the drum studs is 0.5121 in/in and
occurs in the upper stud at the bearing of the lid onto the stud. The elevated strains in
the stud are localized on the inner surface (bearing of the lid on the stud). Effective
plastic strain levels throughout the thickness of the stud are generally 0.25 in/in or less.
At time 0.0264 sec, the lid has reached 0.57 in/in strain in membrane, and the maximum
strain in the drum studs is about 0.2870 in/in.

Considering the strain levels in the lid and the studs, some tearing at the 180° stud hole
would be expected. But the tearing would be localized to the stud hole due to the extent
of the strain patterns. Failure of the stud to restrain the lid due to this tearing is not
expected. The lid stiffener would limit any tearing from the stud at 180° and the large
washer would be expected to restrain the lid. The effective plastic strain in other
components due to the crush impact are listed in Table 3.1.3.

Table 3.1.3 - HABC-runlhl, Crush Impact, Effective
Plastic Strain Levels in Some Components
Component Effective Plastic Strain,

in/in

CV Lid 0.0002

CV Nut Ring 0.0000
Angle : 0.1142

Drum Bottom Head 0.3562
Liner 0.1593

Lid Stiffener 0.0515
Lid Stud Nuts 0.0005
Lid Stud Washers 0.0693
Plug Liner 0.1220

The lid separation time history is shown in Figure 3.1.15. The nodes used in Figure 3.1.15
are shown in Figure 3.1.16. From the time history plot it can be seen that a lid separation
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of 0.005 in or less would be expected.

Figure 3.1.17 shows kaolite nodes used to find the kaolite thickness time history. Figure

3.1.18 shows the remaining thickness time histories for the nodal pairs shown.

Figure 3.1.19 and 3.1.20 show the diameter and radial time histories for the drum. The

nodes are defined in Figure 3.1.21.

Figure 3.1.22 shows the diameter time history for nodal pairs along the length of the liner.

Figure 3.1.23 shows the nodes and Table 3.1.3 gives the location of the nodes.

3100 HABC-RUN1HL L BOUND DEC 2014 KQH
Time = 0

Figure 3.1.1 - HABC-runthl, Initial Configuration

I a5/
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3100 HABC RUNITHL L BOUND DEC 2004 KQH
Time = 0.01
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Figure 3.1.3 - HABC-runlhl, 4-Foot Impact, Configuration in the Lid and Bottom




GENERAL DESIGN AND COMPUTATION SHEET

1% Impact Analysis of ES3100 Design Concepts Using HABC ~ PA™ March 2004 467 23 of 133

bacNo DAC-EA-801699-A002 REVISION () MR KDH B PERR Y 2 fos A

3100 HARC-RUNTHL L BOUND DEC 2004 KQH
Fringe Levels

Time = 0.01

Contours of Effective Plastic Strain 1.853e-02

max ipt. value g

min=0, at elem& 1 1.660e-02 _

max=0.0195349, at clem® 20355
1,483e-02 _
1.287e-02 _
1.012e-02
9.267e03 _
7.414e03 _
5.560e-03 _
3.707e03 _
1.853e-03 _

0.000¢+00 _

Figure 3.1.4 - HABC-runlhl, 4-Foot Impact, Effective Plastic Strain in the CV Body

3100 HABC-RUNTHL L BOUND DEC 2004 KQH
Time = 0.020001

Figure 3.1.5 - HABC-runlhl, 30-Foot Impact, Final Configuration
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3100 HABC-AUN1THL L BOUND DEC 2004 KQH
Time = 0.020001

Contours of Effective Plastic Strain

max Ipt. value

min=0, at elem# 1

max=0.0195004, at clem#f 28355

Fringe Levels
1.950e 02 _
1.755¢-02 _
1.560e-02 _
1.365¢-02 _
1.170e02

5.850e03

0.000e+00 _

9,750e-03 _g
7.800e-03 _

3.900c-03 _
1.9506-03 _I

[

Figure 3.1.6 - HABC-runlhl, 30-Foot Impact, Configuration of the Lid and Bottom

Figure 3.1.7 - HABC-runlhl, 30-Foot Impact, Effective Plastic Strain in the CV Body
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3100 HABC-RUNIHL L BOUND DEC 2004 KQH
Time = D.026001

Conteurs of Effective Plastic Strain

max ipt. value

min=0, at elem& 38470
max=0.579028, at elem® 41104

4.053¢
31.474e

fz

Figure 3.1.8 - HABC-runlhl, 30-Foot Impact, Effective Plastic Strain in the Lid

3100 HABC-RUNTHL L BOUND DEC 2004 KOH
Time = 0.04

g

Figure 3.1.9 - HABC-runlhl, Crush Impact, Final Configuration

Fringe Levels
5.790e-0
5.211e-01
4.632¢-01

2.895¢ 01
2.316e-01 _
1.737e-01

1.156e01 _|
5.790c-82
0.000c+00

-
01 _
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Figure 3.1.10 - HABC-runlhl, Crush Impact, Configuration of the Lid and Bottom

3100 HABC-RUNTHL L BOUND DEC 2004 KQH
Time = 0.04 Fringe Levels

Contours of Effective Plastic Strain 2.063c-02

max ipt. value

min=0, at elem& 4 1.857e-02 _
1.650e-02 _

1.444e-02 _

max=0.0206201, at clem# 26441
1.238e-02 _

1.037e-02 _°
8.251e03 _
6.188c03
4.126e-00 _

2.063e-03 _I
0.080e+00 _

Figure 3.1.11 - HABC-runlhl, Crush Impact, Effective Plastic Strain in the CV Body
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3100 HARC-AUN1THL L BOUND DEC 2004 KQH
Time = 0.04

Conteurs of Etlective Plaslic Strain
max Ipt. value

min=0, at elem® 4108
max=0.513884, at elem® 3888

7 Fringe Levels
5.13%9e-01 _
4.625e01 _
4.111e-01 _
3.597e-01 _
3.083e-01 _
2.569¢-01 _
2.056e-01 _
1.542e-01

1.028¢-01 _
5.1392-02 _

0.000e+00 _

s ]

Figure 3.1.12 - HABC-runlhl, Crush Impact, Effective Plastic Strain in the Drum

3100 HABC-RUN1THL L BOUND DEC 2004 KQH
Time = 0.04

Contours of EHective Plastic Strain

max |pt. value

min=0, at elem¥ 33811

max=1.25797, at clem®# 42424

Fringe Levels
6.333c01 _
5.700e-01 _
5.066e-01 _
443301 _
1.800e-01 _|
316701 _
2.533e-01 _
1.900e-D1
1.267¢-01 __

6.333c02 _I
0.000e+00 _

Figure 3.1.13 - HABC-runlhl, Crush Impact, Effective Plastic Strain in the Lid
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3100 HABC-RUN1HL L BOUND DEC 2004 KQH
Time = 0.04

Contours ol Effective Plastic Strain

max ipt. value

min=0, at elem® 71877

max=0.512117, at elem& 73021

-

Fringe Levels
512101 _
A.689¢-01 _

4.097e-01 _
3.585e-01 _
3.073e 01 _

2.561e-01 _
$r
2.04Be-01 _|

1.536e-01
1.024¢-07 __

5.121e-02 _I
0.080¢+00 _

Figure 3.1.14 - HABC-runlhl, Crush Impact, Effective Plastic Strain in the Studs

X-displacement (E-03)

3100 HABC-RUN1THL L BOUND DEC 2004 KQH

!
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D 1 | 1 { 1 J;
0 0.01 0.02 0.03

Time

Node lds

A sub-74137/11701

-+ _B_sub-74169/11717

_C sub-74201/11733
_D sub-74233/11749
E sub-74265/11765

0.04

Figure 3.1.15 - HABC-runlhl, CV Lid Separation Time History
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Figure 3.1.16 - HABC - runlhl, CV Separation Nodes

3100 HABC-RUN1HL L BOUND DEC 2004 KQH
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Figure 3.1.17 - HABC-runlhl, Kaolite Nodes
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3100 HABC-RUN1HL L BOUND DEC 2004 KQH
I Node No

510 =) _A_sub-191112/206004
EalL M _E F__MX\&E _B_sub-188411/200529
I - 1 - ‘F".\\
A\ _4:

_C _sub-275792/355289
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i ) J Jiim. @  F sub-211844/327914
| G sub-326834/210764

) I 1 H sub-331857/229000
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, S - - | J sub-355217/275720

A A 6 K sub-199953/187835
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N L | _M_sub-281267/359669
Ko Kk N sub-359237/280835
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X-coordinate
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Figure 3.1.18 - HABC-runlhl, Kaolite Thickness Time History

3100 HABC-RUN1HL L BOUND DEC 2004 KQH
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Figure 3.1.19 - HABC-runlhl, Drum Diameter Time History in the X Direction
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3.2 HABC-runlhh - Upper Bounding Side

HABC-runlhh are the runs with the lower bounding material properties for the kaolite and
the HABC materials. The 4-foot impact occurs from time = 0.0 to 0.01 seconds; the 30-
foot impact occurs from 0.01 to 0.0188 seconds; and the crush impact occurs from 0.0188

to 0.04 seconds.

The final configuration for the 4-foot impact is shown in Figure 3.2.1. The configuration
at the ends of the package are shown in Figure 3.2.2. The effective plastic strain in the
CV body for the 4-foot impact is shown in Figure 3.2.3 to be a maximum of 0.0238 in/in.
The effective plastic strains in other package components for the 4-foot impact are

listed in Table 3.2.1.

Table 3.2.1 - Runlhh, 4-Foot Impact, Effective Plastic

Strain Levels in Some Components

Component Effective Plastic Strain,

in/in

¢V Lid 0.0000
CV Nut Ring 0.0000
Angle 0.0061
Drum 0.1207
" Drum Bottom Head 0.1252
Liner 0.0991
Lid 0.1604
Lid Stiffener 0.0006
Lid Studs 0.0000
Lid Stud Nuts 0.0000
Lid Stud Washers 0.0411
Plug Liner 0.0045

The final configuration for the 30-foot impact is shown in Figure 3.2.4. The configuration
at the ends of the package are shown in Figure 3.2.5. The maximum effective plastic
strain for the 30-foot impact in the CV Body is 0.0347 in/in near the bottom head (Figure
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3.2.6). The maximum effective plastic strain in the drum lid is 0.4063 in/in at the stud
near the rigid plane as shown in Figure 3.2.7. The effective plastic strain in other
components for the 30-foot impact are given in Table 3.2.2,

Table 3.2.2 - HABC-runlhh, 30-Foot Impact, Effective
Plastic Strain Levels in Some Components
Component Effective Plastic Strain,

in/in

CcVLid 0.0001

CV Nut Ring 0.0000
Angle 0.0632

Drum 0.2296

Drum Bottom Head + 0.2517
Liner 0.1184

Lid Stiffener 0.0076
Lid Studs 0.1306
Lid Stud Nuts 0.0004
Lid Stud Washers 0.0424
Plug Liner 0.1072

The configuration after the crush impact is shown in Figure 3.2.8. The configuration at
the ends of the package are shown in Figure 3.2.9. The maximum effective plastic strain
for the crush impact in the CV body is 0.0525 in/in, on the crush plate side near the lid
end of the top inner weight (Figure 3.2.10). The maximum effective plastic strain in the
drum is 0.2814 in/in near the angle and the rigid plane (Figure 3.2.11). The maximum
effective plastic strain in the drum lid is 0.6413 in/in (surface strain) a shown in Figure
3.2.12. The maximum occurs at the lid hole for the stud closest to the crush plate (180°).
The membrane effective plastic strain is 0.4907 in/in at this location in the lid. Figure
3.2.13 shows that the maximum effective plastic strain in the studs is 0.2364 in/in. The
effective plastic strain in other components are listed in Table 3.2.3 for the crush impact.
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Table 3.2.3 - Runlhh, Crush Impact, Effective Plastic
Strain Levels in Some Components
Component Effective Plastic Strain,
in/in
CVLid 0.0004
CV Nut Ring 0.0005
Angle 0.0845
Drum Bottom Head 0.2827
Liner 0.2022
Lid Stiffener 0.0171
Lid Stud Nuts 0.0018
Lid Stud Washers 0.0439
Plug Liner 0.1286

The lid separation time history is shown in Figure 3.2.14. The nodes are shown in Figure
3.1.16. The response is oscillatory with peak gap separation on the order of 0.010 in. At
the end of the impact, the peaks are on the order of 0.006 in with an average gap on the
order of 0.003 in or less.

The kaolite thickness time history is shown in Figure 3.2.15. The nodal pairs are shown in
Figure 3.1.17.

Figure 3.2.16 and 3.2.17 show the drum diameter and radial time histories. The nodes are
defined in Figure 3.1.21.

Figure 3.2.18 shows the diameter response of the liner. Figure 3.1.23 define the liner
nodes used in Figure 3.2.18.
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Figure 3.2.2 - HABC-runlhh, 4-Foot Impact, Configuration of the Lid and Bottom
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Figure 3.2.3 - HABC-runlhh, 4-Foot Impact, Effective Plastic Strain in the CV Body
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Figure 3.2.4 - HABC-runlhh, Configuration After the 30-Foot Impact
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Figure 3.2.5 - HABC-runlhh, 30-Foot Impact, Configuration of the Lid and Bottom
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Figure 3.2.9 - HABC-runlhh, Crush Impact, Configuration of the Lid and Bottom
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Figure 3.2.10 - HABC-runlhh, Crush Impact, Effective Plastic Strain in the CV Body
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Figure 3.2.12 - HABC-runlhh, Crush Impact, Effective Plastic Strain in the Lid
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Figure 3.2.15 - HABC-runlhh, Kaolite Thickness Time History
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Figure 3.2.16 - HABC-runlhh, Drum Diameter Time History in the X Direction
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Figure 3.2.18 - HABC-runlhh, Diameter Changes in the Inner Liner
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3.3 HABC-run2e - Corner

HABC-run2e is a package CG over corner impact with a 30-foot impact ( time = O to 0.015
seconds)followed by a crush impact (0.015 to 0.05 seconds).

The configuration after the 30-foot impact is shown in Figure 3.3.1. The maximum
effective plastic strain in the CV body is 0.0371 in/in as shown in Figure 3.3.2. Figure
3.3.3 shows that the maximum effective plastic strain in the CV lid is 0.0051 in/in near
the outer radius of the center boss.

The maximum effective plastic strain in the lid studs is in the stud at the impact with the
rigid plane (0° position) and is 0.5233 in/in. It can be seen from the insert in Figure 3.3.4,
that strains near the maximum exist across the thickness of the stud. Therefore, it
should be noted that slight differences between the modeled length and actual length of
the stud could be significant relative to possible failure of the stud. Other differences
such as friction and local flexibility in the test pad armored plate could also significantly
effect this stud and cause failure. The maximum effective plastic strains of other
components for this impact are listed in Table 3.3.1.

Table 3.3.1 - HABC-run2e, 30-Foot Impact, Effective
Plastic Strain Levels in Some Components
Component Effective Plastic Strain,

in/in

CV Nut Ring 0.0002
Angle 0.0394
Drum 0.3247
Drum Bottom Head 0.0000
Liner 0.3983

Lid 0.2791

Lid Stiffener 0.0272
Lid Stud Nuts 0.2260
Lid Stud Washers 0.1528
Plug Liner 0.1152

Figure 3.3.5 shows the final configuration for the crush impact. Figure 3.3.6 shows that
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the maximum effective plastic strain in the CV body due to the crush impact is 0.0371 '
in/in. Figure 3.3.7 shows the effective plastic strain in the CV lid maximum to be 0.0051
in/in. The maximum occurs near the outer radius of the center boss, nearest the impact.

The maximum effective plastic strain in the drum studs is shown to be 0.5598 in/in in
Figure 3.3.8. The elevated values of plastic strain occur through out the cross section of
the stud. As explained in the 30-foot impact results, slight variances in the
length/configuration in this vicinity could prove detrimental for the stud in the test due
to the relatively high level of strain through the thickness of the stud.

The maximum effective plastic strain in the liner is 0.5254 in/in as shown in Figure 3.3.9.
The maximum is a surface strain and occurs in the folding at about the 80° position at the
attachment of the liner to the angle. Investigation shows that the membrane maximum
strain is 0.2205 in/in and occurs at the same location.

Table 3.3.2 - HABC-run2e, Crush Impact, Effective
Plastic Strain Levels in Some Components
Component Effective Plastic Strain,

in/in

CV Nut Ring 0.0002
Angle 0.0462

Drum 0.3830

Drum Bottom Head 0.0761
Liner 0.5254

Lid 0.3622

Lid Stiffener 0.0272
Lid Stud Nuts 0.2266
Lid Stud Washers 0.1528
Plug Liner 0.1166

The CV lid separation time histories for the nodes shown in Figure 3.1.16 are given in
Figure 3.3.10 for the HABC-run2e. Spike separation occurs (about 0.013 in) during the
30-foot impact with the general separation of about 0.008 in. The general separation
lasts about 0.01 seconds, then settles to 0.003 in or less. The general separation due to
the crush impact is 0.005 in or less, with some spiking to about 0.010 in noted. Nominal
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0.003 in or less would be expected. A

Figure 3.3.11 shows the location of the nodes used to obtain the minimum kaolite thickness in
the plug. Figure 3.3.12 shows the minimum plug thickness time history. A minimum thickness
of about 3.5 inches is reached in the 30-foot impact, and about 3.0 inches is reached in the
successive crush impact.

Figure 3.3.13 shows the location of the nodes used to obtain the minimum koalite thickness in
the package bottom. The time history thickness is shown in Figure 3.3.14 for the bottom
kaolite. A minimum thickness of about 1.75 inches is shown.

Figure 3.3.15 shows the nodes used to obtain overall drum heights for the impacts. The final
lengths from the bottom head to the lid are used to describe the deformations. Curve A in
Figure 3.3.16 gives the length response of the 30-foot impacted lid corner to the drum
bottom. The length after the 30-foot lid impact is about 40.5 in and goes to about 39 in
after the crush impact. The Curve B in Figure 3.3.16 shows that the length from the crushed
corner of the bottom to the lid reaches about 38 in in length.
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Figure3.3.2 - HABC-run2e, 30-Foot Impact, Effective Plastic Strains in the CV Body
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Figure 3.3.4 - HABC-run2e, 30-Foot Impact, Effective Plastic Strain in the Studs
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Figure 3.3.5 - HABC-run2e, Configuration After the Crush Impact
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Figure 3.3.6 - HABC-run2e, Crush Impact, Effective Plastic Strain in the CV Body
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Figure 3.3.7 - HABC-run2e, Crush Impact, Effective Plastic Strain in the CV Lid
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Figure 3.3.8 - HABC-run2e, Crush Impact, Effective Plastic Strain in the Studs

3100 HABC-RUN2E CORNER DEC0A KQH .

Time = 0.05 Fringe Levels
Conlc!urs of Effective Plastic Strain 5.254e-001 _
max ipt. value

min=0, at elem# 18909
max=0.525399. at elem¥ 188271

a.729e-001 _|
42030001 |
3.676c-001 _
3.152e-001 __
2.627e-001 _
2.102¢ 001
1.576e-001 _
1.051e-001 _
5.254e-002 _
0.000¢+000 _

Figure 3.3.9 - HABC-run2e, Crush Impact, Effective Plastic Strain in the Liner
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Figure 3.3.10 - HABC-run2e, Crush Impact, CV Lid/Body Separation Time History
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Figure 3.3.11 - HABC-run2e, Plug Thickness After the Crush Impact
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Figure 3.3.12 - HABC-run2e, Plug Thickness Time History
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Figure 3.3.13 - HABC-run2e, Bottom Kaolite Thickness After the Crush Impact
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Figure 3.3.15 - HABC-run2e, Length Dimensions in the Drum
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Figure 3.3.16 - HABC-run2e, Drum Length Time History




GENERAL DESIGN AND COMPUTATION SHEET

708 Tmpact Analysis of ES3100 Design Concepts Using HABC | ®*™ March 2004 | &€ 57 of 133

A = = L l‘\_ i \
oo DAC-EA-801699-A002 Sre0 | KOH ERATRE S dhs, ety

34 HABC-run3b - End

HABC-run3b is a 30-foot lid end impact (time = O to 0.010 seconds) followed by a crush
impact onto the package bottom (0.010 to 0.028 seconds). Figure 3.4.1 shows the
configuration of the container at the end of the 30-foot impact. Figure 3.4.2 shows that the
maximum effective plastic strain in the CV body is 0.0028 in/in. The maximum plastic

strain occurs in the bottom head. Figure 3.4.3 shows the CV lid. The maximum effective
plastic strain is found to be 0.0072 in/in and occurs just outboard of the center boss on the
outer surface.

The maximum effective plastic strain in the nut ring is shown to be 0.0011 in/in in Figure
3.4.4. It is believed this plastic strain is an anomaly with the contact surface because: 1)
the fringes of plastic strain are not symmetrical, 2) the maximum value of plastic strain
occurs at single nodes on an edge of the component and 3) the nut ring bares on the
relatively soft silicone pad. Table 3.4.1 summarizes the maximum effective plastic strains in
the other package components.

Table 3.4.1 - HABC-run3b, 30-Foot Impact, Effective
Plastic Strain Levels in Some Components
Component Effective Plastic Strain,

in/in

Angle 0.0287
Drum 00557

Drum Bottom Head 0.0031
Liner 0.0607

Lid 0.1082

Lid Stiffener 0.0069
Lid Studs 0.0962

Lid Stud Nuts 0.0166
Lid Stud Washers 0.0506
Plug Liner 0.0670

Figure 3.4.5 shows the final configuration for the successive crush impact. Figure 3.4.6 \
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shows that the maximum effective plastic strain in the CV body is 0.0083 in/in. The ring of

plastic deformation in the sidewall at the bottom head is due to the bending of the bottom
head. The other components are summarized in Table 3.4.2.

Table 3.4.2 - HABCrun3b, Crush Impact, Effective
Plastic Strain Levels in Some Components
Component Effective Plastic Strain,

in/in

CV Lid 0.0072

CV Nut Ring 0.0011
Angle 0.0308

Drum 0.1237

Drum Bottom Head 0.0267
Liner 0.3812

Lid 0.1389

Lid Stiffener 0.0100
Lid Studs 0.1535

Lid Stud Nuts 0.0173
Lid Stud Washers 0.0506
Plug Liner 0.0960

The CV lid separation time history is shown in Figure 3.4.7. The response during the 30-
foot impact are separation spikes up to about 0.018 in with a general separation of about
0.012 in. The spikes occur for about 0.001 sec, while the general separation occurs for
about 0.005 sec. During the crush impact, the gap response oscillates about values of
general separation. The general separation remains below a gap of about 0.005 in.

Figure 3.4.8 shows the nodes chosen to observe the plug and bottom kaolite thicknesses and
the overall drum height. Figure 3.4.9 shows the time history of the drum height. After the
30-foot impact and the successive crush impact, the drum height is found to be about 39
inches. Figure 3.4.10 shows the minimum plug thickness time history with Curve B. The
minimum plug thickness after the 30-foot impact is about 3.75 in. The minimum plug
thickness after the successive crush impact is about 3.4 in. Curve A shows the bofttom
kaolite minimum thickness is about 2.2 in after the crush impact.
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Figure 3.4.1 - HABC-run3b, Configuration After the 30-Foot Impact
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Figure 3.4.3 - HABC-run3b, 30-Foot Impact, Effective Plastic Strain in the CV Lid
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Figure 3.4.4 - HABC-run3b, 30-Foot Impact, Effective Plastic Strain in the CV Nut Ring
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Figure 3.4.5 - HABC-run3b, Configuration After the Crush Impact
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Figure 3.4.6 - HABC-run3b, Crush Impact, Effective Plastic Strain in the CV Body
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Figure 3.4.7 - HABC-run3b, CV Lid Separation Time History
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Figure 3.4.8 - HABC-run3b, Nodes to Determine Drum/Kaolite Heights
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Figure 3.4.10 - HABC-run3b, Kaolite Thickness Time Histories
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3.5 HABC-rundg - Slapdown

HABC-rundg is a 12° slapdown, 30-foot impact (time O to 0.02 seconds) followed by an
offset crush with the crush plate CG over the CV flange (0.0202 to 0.04 seconds). From
0.0200 to 0.0202 sec, the crush plate is moved (via nodal velocities) such that its geometric
center is approximately in line with the CV flange.

The initial configuration of the model is shown in Figure 3.5.1. The deflected shape of the
package after the 30-foot impact is shown in Figure 3.5.2. Figure 3.5.3 shows enlargements
of the corners of the package due 1o the 30-foot slapdown impact. The maximum effective
plastic strain in the CV body for the 30-foot impact is 0.0376 in/in and occurs below the
flange and nearest the impacted rigid surface as shown in Figure 3.5.4. Figure 3.5.5 shows
that the maximum effective plastic strain in the drum is 0.3018 in/in. The maximum occurs
at the bottom drum roll attachment to the drum, as is shown by the element number in the
enlargement of the base region of the drum. Figure 3.5.5 does not show this by color
fringes due to the nodal averaging of adjacent elements by the plot routine. The maximum
strain is a highly localized bending strain in the bottom drum roll. The maximum effective
plastic strain in the lid is 0.5278 in/in as shown in Figure 3.5.6. The maximum occurs due to
the bearing of the lid onto the stud at the 0° position. The maximum effective plastic
strains in other components for the 30-foot impact are listed in Table 3.5.1.

Table 3.5.1 - HABC-run4g, 30-Foot Impact, Effective
Plastic Strain Levels in Some Components
Component Effective Plastic Strain,

in/in

CV Lid 0.0004

€V Nut Ring 0.0000
Angle 0.0900

Drum Bottom Head 0.2879
Liner 0.1458

Lid Stiffener 0.0213
Lid Studs 0.1892

Lid Stud Nuts 0.0000
Lid Stud Washers 0.0724
Plug Liner 0.1258
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Figure 3.5.7 shows the initial configuration for the offset impact. Figure 3.5.8 shows the
final configuration for the crush impact for run4g. Figure 3.5.9 shows enlargements of
the package corners after the crush.

The maximum effective plastic strain in the CV body is 0.0564 in/in as shown in Figure
3.5.10. Figure 3.5.11 shows the maximum effective plastic strain in the drum to be 0.3920
in/in, and it occurs on the crush plate side of the drum at the attachment of the angle.
Figure 3.5.12 shows the lid after the offset crush impact. The maximum bending
effective plastic strain is 0.9689 in/in and occurs at the 90° stud hole. The fringe range
in Figure 3.5.12 has been defined to show all values near 0.57 in/in in the color red. The
maximum membrane strain is 0.8935 in/in and also occurs at the 90° stud hole. This
extremely high level of plastic strain is the lid response to the package trying to ovalize
due to the crush impact. Due to the extreme level of effective plastic strain (>0.57 in/in),
some localized tearing of the lid would be expected.

Figure 3.5.13 shows the effective plastic strain in the drum studs at the end of the crush
impact, 0.4018 in/in. The stud at the 90° position has failed (evident by removed element
row at the base of the stud). All of the elements on the cross section at the stud base
attachment to the angle reached the prescribed failure strain of 0.57 in/in and were
deleted by LS-Dyna. Therefore, the 0.4108 in/in is the plastic strain of the remaining
elements. The stud elements reach failure and elements begin to be deleted at about time
= 0.0311 seconds. By 0.0319 seconds, all the elements on the stud cross section have been
deleted by LS-Dyna.

The lid uses a power law material model, which does not allow material failure in the model.
Investigation shows that the lid reaches 0.57 in/in in membrane at about 0.0272 seconds,
a time at which the stud strain is about 0.2451 in/in. This demonstrates that the lid
reaches failure levels before the stud and at a time which the stud effective plastic
strain is relatively low. Therefore, it would be expected that the lid would tear before
the stud reaches failure. Due to the extent of the effective plastic strain fringe
patterns in the lid plus the conservative modeling of the stud relative to lid shear
(reference 5.1, Section 2.1 discussion), it is believed that the tearing would be local and
that the lid (and by default the plug) would be restrained by the large washers. Table
3.5.2 shows the maximum effective plastic strain in the remainder of the package
components for the crush impact.

&y
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Table 3.5.2 - HABC-run4g, Crush Impact, Effective
Plastic Strain Levels in Some Components
Component Effective Plastic Strain,
in/in
CV Lid 0.0013
CV Nut Ring 0.0001
Angle 0.1070
Drum 0.3920
Drum Bottom Head 0.2879
Liner 0.2060
Lid Stiffener 0.0894
Lid Stud Nuts 0.0028
Lid Stud Washers 0.0790
Plug Liner 0.2665

Figure 3.5.14 shows the CV lid separation time history. During the 30-foot impact, the
maximum spikes reach the 0.0065 in range with a general gap of about 0.005 in reached.
During the crush impact, the spikes in gap reach about 0.009 in, while the general
separation is about 0.007 in. At the end of the crush impact, the separations appear
oscillatory from 0.0 in to about 0.006 in, therefore if a permanent gap were to exist, the
maximum separation would be about 0.003 in.

Figure 3.5.15 gives the kaolite thickness time history for chosen kaolite nodes. The nodes
are given in Figure 3.1.17.

The nodes on the drum chosen to investigate the diameter/radius changes during the
impact are shown in Figure 3.1.21. Figure 3.5.16 shows the drum diameter time histories in
the X direction. Figure 3.5.17 shows the drum radial changes in the Y direction.

Figure 3.5.18 shows the diameter time history for the inner liner. The position of the
nodes is shown in Figure 3.1.23,
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3.5.2 - HABC-run4g, Configuration After the 30-Foot Impact
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Figure 3.5.5 - HABC-run4g, 30-Foot Impact, Effective Plastic Strain in the Drum
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Figure 3.5.6 - HABC-rundg, 30-Foot Impact, Effective Plastic Strain in the Lid
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Figure 3.5.7 - HABC-run4g, Initial Configuration of the Offset Crush Impact
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Figure 3.5.8 - HABC-run4g, Final Configuration After the Offset Crush Impact
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Figure 3.5.9 - HABC-run4g, Crush Impact, Enlarged Views of the Resulting Configuration
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Figure 3.5.10 - HABC-run4g, Crush Impact, Effective Plastic Strain in the CV Body
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Figure 3.5.11 - HABC-run4g, Crush Impact, Effective Plastic Strain in the Drum
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Figure 3.5.12 - HA BC;run4g, Crush Impact, Effective Plastic Strain in the Lid
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Figure 3.5.13 - HABC-run4g, Crush Impact, Effective Plastic Strain in the Studs
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Figure 3.5.14 - HABC-run4g, CV Lid/Body Separation Time History
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Figure 3.5.16 - HABC-run4g, Diameter Time History for the Drum in the X Direction
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Figure 3.5.17 - HABC-run4g, Radius Time History for the Drum in the Y Direction
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Figure 3.5.18 - HABC-run4g, Diameter Time His

tory for the Inner Liner
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3.6 HABC-run4ga - Slapdown

HABC-rundga is a 30-foot, 12° slapdown impact (time - O to 0.02 sec) followed by a crush
impact with the crush plate centered on the drum (0.0201 to 0.0400 sec). The HABC-run4g,
30-foot impact is the 30-foot impact for both the HABC-run4g offset crush and this
HABC-run4ga centered crush. The difference between the 4g and 4ga impacts is the
location to which the crush plate is moved by way of specifying velocities for specific times.
In HABC-run4ga, the translation of the crush plate occurs from 0.02 to 0.0201 sec.
Therefore, the 30-foot impact results are presented in Section 3.5 and the centered crush
results are presented in this section (3.6).

The initial configuration for the start of the centered crush is shown in Figure 3.6.1. The
final configuration for the HABC-run4ga crush impact is shown in Figure 3.6.2. Figure
3.6.3 shows the configuration at each end of the package following the centered crush
impact.

The maximum effective plastic strain in the CV body is shown to be 0.0643 in/in in Figure
3.6.4. The maximum occurs in the body side wall, on the side nearest the crush plate. Figure
3.6.5 shows the fringes of effective plastic strain in the drum. The maximum strain in the
drum is 0.3443 in/in and occurs near the lid in the crimped region shown in the enlarged
view. Figure 3.6.6 shows that the maximum effective plastic strain in the lid is 0.5828

in/in. The maximum occurs at the 180° stud hole, and is localized. This value is a surface,
or bending strain, the membrane strain is 0.4736 in/in. Therefore, the bending strain is
above the failure limit of 0.57 in/in, however the membrane strain is below the limit. Some
cracking may occur, but tearing of the lid is not expected. The large washers would provide
restraint of the lid.

Table 3.6.1 presents the maximum effective plastic strain in other shipping package
components for the run4ga crush impact.
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Table 3.6.1 - Run4ga, Crush Impact, Effective Plastic
Strain Levels in Some Components
Component Effective Plastic Strain,
in/in
CVLid 0.0018
CV Nut Ring 0.0000
Angle 0.0944
Drum Bottom Head 0.3000
Liner 0.2846
Lid Stiffener 0.0288
Lid Studs 0.2390
Lid Stud Nuts 0.0000
Lid Stud Washers 0.0775
Plug Liner 0.1644

The CV lid separation time history is shown in Figure 3.6.7. For the crush impact (0.0201
to 0.0400 sec) the spikes in the gap reach just over 0.01 in. The general gap during the
impact reaches about 0.009 in. At the time the impact was halted, the maximum
separation was on the order of 0.006 in.

Figure 3.6.8 shows the kaolite thickness time history. The nodes chosen are shown in
Figure 3.1.17

Figure 3.6.9 shows the X direction diameter changes in the drum. Figure 3.6.10 shows the
Y direction radial changes in the drum. Figure 3.1.21 shows the location of the nodes in
the Figure 3.6.9 and 3.6.10 time histories.

Figure 3.6.11 shows the diameter time history for the inner liner. The position of the
nodes are shown in Figure 3.1.23.
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Figure 3.6.1 - HABC-run4ga, Initial Configuration for the Centered Crush Impact

3100 HABCRUNAGA 12SLAP DEC 04 KQH
Time = 0.04

Figure 3.6.2 - HABC-run4ga, Final Configuration of the Centered Crush Impact
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Figure 3.6.3 - HABC-run4ga, Crush Impact, Configurations at the Package Ends
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Figure 3.6.4 - HABC-run4ga, Crush Impact, Effective Plastic Strain in the CV Body
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Figure 3.6.5 - HABC-run4ga, Crush Impact, Effective Plastic Strain in the Drum
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Figure 3.6.6 - HABC-run4ga, Crush Impact, Effective Plastic Strain in the Lid
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Figure 3.6.7 - HABC-run4ga, CV Lid Separation Time History
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Figure 3.6.8 - HABC-run4ga, Kaolite Thickness Time History
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Figure 3.6.9 - HABC-run4ga, Diameter Time History for the Drum in the X Direction
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Figure 3.6.11 - HABC-run4ga, Diameter Time History for the Inner Liner
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3.7 Comparison of Test vs Analysis

The HABC analysis runs are compar'ed to the test results similar
to that performed in Reference 5.1, Section 3.12 for the initial
design using borobond. It should be noted that the testing was
with specimen of the borobond neutron absorber design, whereas
the analysis models in this section are of the HABC design. The
Figure 3.7.1 sketch shows the locations at which test
measurements was made.

1
j y—— €6 Hoop

Bottom Hoop

Bottom Chime

3.7.1 Comparison of HABC Run4g to TU1 —

Figure 3.7.1 - Test
The HABC-rundg is a 30-foot, 12° slapdown impact followed by an ~ Measurement Locations
offset crush (crush plate centered over the CV flange). TUL is a 12’ slapdown with a 4-
foot impact, 30-foot impact, offset crush, and punch test specimen. The following Table
3.7.1.1 shows the initial diameter comparisons (pre-impact) using the test data compared
to the analysis results.

Table 3.7.1.1 - HABC-run4g vs TU1, Comparison of Initial Diameters (Pre-Impact)
Location 0°- 180° 90°-270°

Test Analysis Test Analysis
Top Chime 19.25 19.32 19.25 19.32
Top Hoop ©19.25 19.37 19.25 19.37
Top CG Hoop 19.25 19.37 19.25 19.37
€6 Hoop 19.25 19.37 19.25 19.37
Bottom Hoop 19.25 19.37 19.25 19.37
Bottom Chime 19.25 19.38 19.25 19.38

The Table 3.7.1.2 shows the results of the 30-foot test and analysis impacts. The test
diameters are for 4 and 30-foot impacts, while the analysis is after the 30-foot impact.

Table 3.7.1.2 - HABC-run4g vs TU1, Diameter Results After the 30-Foot Impact
0°-180° 90°-270°

Test Analysis Test Analysis
Top Chime 18-1/2 18.1 19-3/8 19.5
Top Hoop 18-1/2 18.2 19-3/8 19.6
Top CG Hoop 18-1/2 18.4 19-3/8 19.5
C6 Hoop 18-5/8 18.8 19-3/8 19.4
Bottom Hoop 18-5/8 18.9 19-1/4 19.3
Bottom Chime 17-13/16 18.1 19-3/8 19.4
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Figure 3.7.1.1 shows the final configuration of the test specimen after the 4-foot and 30-
foot impacts. Figure 3.7.1.2 shows the analytical model configuration after the 30-foot

impact.

Figure 3.7.1.1 - TU1, Results of 30-Foot Impact

Figure 3.7.1.2 - HABC-run4g, Results of the 30-Foot Impact
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Table 3.7.1.3 shows the comparison of the results of the crush impacts. The test datd/is for
the cumulative effects of a 4-foot, 30-foot, and crush impact. The analysis data is for a

cumulative 30-foot impact and crush impact.

Table 3.7.1.3 - Run4g vs TU1, Diameter Results After the Crush Impact
0°-180° 90°-270°
Test Analysis Test Analysis
Top Chime 15-5/8 14.9 20-5/8 20.7
Top Hoop 16 15.1 20-7/16 20.8
Top C6 Hoop 16-1/4 15.7 20-1/4 20.7
CG Hoop 16-1/2 16.2 19-7/8 20.4
Bottom Hoop 18-1/4 18.1 19-1/2 19.8
Bottom Chime 17-13/16 18.0 19-1/4 19.4
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Figure 3.7.1.3 shows an isometric view of the test specimen with the crush side up.

Figure 3.7.1.4 shows a similar view for the analysis results.

Figure 3.7.1.4 - HABC-run4g, View of the Crush Damage, Crush Side Up
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Table 3.7.1.4 shows the results of a comparison of the “flats” measurements from the test
after the 30-foot impacts and Table 3.12.1.5 compares the crush impact results.

Table 3.7.1.4 - HABC-rund4g vs TU1, Comparison of Flats for the 30-Foot Impact

Test Analysis
Top Chime 8 8.8
Top Hoop 7-3/8 8.4
Top €6 Hoop 7-1/8 7.6
CG Hoop 6-3/8 5.9
Bottom Hoop 6-3/4 5.9
Bottom Chime 10 10.1

Table 3.7.1.5 - HABC-run4g vs TU1, Comparison of Flats for the Crush Impact

Location Rigid Surface Side Crush Plate Side
Test Analysis Test Analysis
Top Chime 9 10.5 8-1/2 10.9
Top Hoop 10 11.0 10 11.0
Top C6 Hoop 10 10.1 10-1/8 10.1
CG Hoop 9 8.4 10-5/8 10.1
Bottom Hoop 8-1/4 7.6 --- 0.0
Bottom Chime 9-7/8 10.1 --- 0.0
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3.7.2 Comparison of HABC Run2e vs TU3

The HABC-run2e is a €6 over lid corner 30-foot impact, followed by a bottom corner crush.
TU3 is a similar test impact configuration with a 4-foot impact, 30-foot impact on the lid
corner, then a crush impact on the bottom corner followed by a punch.

The test results show that there is 1.125 inches between the top chime and the top hoop in
the test. Similar measurements in the analysis show that the distance is about 1.7 inches.
This would be a somewhat judgmental comparison due to points chosen for measurement on
the test specimen might not be the same as those chosen in the analysis. The analysis
measurement is from the top of the crimped drum roll to the center of the flattened region
in the lid roll, on the plane of symmetry.

Table 3.7.2.1 shows the comparison of the TU3 test unit and the computer run2e drum
diameter changes after the 30-foot impact.

Table 3.7.2.1 - Run2e vs TU3, Diameter Results After the 30-Foot Impact
0°-180° 90°-270°
Test Analysis Test Analysis

Top Chime 19-1/4 19.0 19-3/16 19.2
Top Hoop 18-5/8 19.1 19-7/8 20.0
Top CG Hoop 19-1/8 19.3 19-3/8 19.5
C6 Hoop 19-1/8 19.4 19-3/8 19.4
Bottom Hoop 19-1/8 19.4 19-1/4 19.4
Bottom Chime 19-1/8 19.4 19-3/8 19.4

Figure 3.7.2.1 is an image of the damage after the 30-foot impact of TU3. The test photo
shows the cumulative damage from the 4-foot and 30-foot impacts. Figure 3.7.2.2 shows a
similar view after the 30-foot impact in run2e. The analysis image is the damage from only
the 30-foot impact.
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Figure 3.7.2.2 - HABC-run2e, Deformed Shape After the
30-foot Impact
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The package drum diameters after the crush impact are compared in Table 3.7.2.2.

Table 3.7.2.2 - Run2e vs TU3, Diameter Results After the Crush Impact

0°-180° 90°-270°
Test Analysis Test Analysis

Top Chime 19-1/4 19.0 19-1/16 19.0
Top Hoop 18-3/4 18.9 20-1/4 20.6
Top CG Hoop 19-1/4 19.4 19-3/4 19.8
CG Hoop 19-1/8 19.3 19-1/4 19.4
Bottom Hoop 19-1/8 19.3 19-3/4 20.4
Bottom Chime 18 18.6 19-3/8 19.4

The final images after the crush impact are shown for the test and the analysis. Figure
3.7.2.3 shows the final shape of the crushed bottom on the test specimen (4ft + 30ft +

crush) and Figure 3.7.2.4 shows a similar view of the analysis (30ft + crush).
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Figure 3.7.2.3 - TU3, Damage to the Bottom
Head in the Crush Impact
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Figure 3.7.2.4 - HABC-run2e, Damage to the Bottom

Head in the Crush Impact
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The damage to the lid region at the end of the crush impact is shown in Figure 3.7.2.5 for
the TU3. The damage to the lid region in the analysis run2e is shown in Figure 3.7.2.6.

Figure 3.7.2.5 - TU3, Lid Damage from the Crush Impact
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Figure 3.7.2.6 - HABC-run2e, Damage to the Bottom
Head from the Crush Impact
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3.7.3 Comparison of HABC-Run3b vs TU4

The HABC-run3b is a 30-foot lid down impact onto the rigid surface, followed by a crush
impact onto the container bottom. The diameter measurements after the 30-foot impact

are given in Table 3.7.3.1.

Table 3.7.3.1 - HABC Run3b vs TU4, Diameter Results After the 30-Foot Impact
0°-180° 90°-270°

Test Analysis Test Analysis
Top Chime 19-1/4 19.3 19-3/8 19.3
Top Hoop 19-1/8 19.7 19-7/8 19.7
Top C6 Hoop 19-13/16 20.0 19-3/8 20.0
CG Hoop 19-1/8 19.5 19-1/4 19.5
Bottom Hoop 19-1/4 19.4 19-1/4 19.4
Bottom Chime 19-1/4 19.4 19-1/4 19.4

The overall height measurements were compared between the test and the analysis. For the
30-foot impact, the test results vary around the circumference: 43.0 inches at 0°, 43.125
inches at 90°, 42.875 inches at 180° and 42.625 inches at 270°. The analysis is symmetrical,
and the height from the top of the lid drum roll to the bottom head surface after the 30-

foot impact is about 42.6 inches.

Figure 3.7.3.1 shows the configuration of the TU4 after the 30-foot impact (4ft + 30ft).
Figure 3.7.3.2 shows the analysis model configuration after the 30-foot impact in a similar

orientation to the test unit.
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Figure 3.7.3.1 - TU4, 4-Foot + 30-Foot Impact Damage
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Figure 3.7.3.2 - HABC-Run3b, 30-Foot Impact Damage
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The drum height measurement after the test crush impact is 39-3/8 inches at 0", 40-3/8
inches at 90°, 40-5/8 inches at 180°, and 39-3/4 inches at-270°. The analytical value for
the height is about 39.0 inches.

The drum diameters after the crush impact are compared in Table 3.7.3.2.

Table 3.7.3.2 - HABC Run3b vs TU4, Diameter Results After the Crush Impact
0°-180° 90°-270°
Test Analysis Test Analysis

Top Chime 19-1/4 19.3 19-3/8 19.3
Top Hoop 20 201 20-1/8 20.1
Top CG Hoop 20 20.2 20-1/16 20.2
CG Hoop - 19-7/16 20.1 19-1/2 20.1
Bottom Hoop 19-15/16 205 20 20.5
Bottom Chime 19-1/4 19.4 19-1/4 19.4
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Figure 3.7.3.3 shows the TU4 at the end of the crush impact (4ft + 30ft + crush), while
Figure 3.7.3.4 shows the configuration of the HABC-run3b model (30ft + crush).

Figure 3.7.3.3 - TU4, Crush Damage Figure 3.7.3.4 - HABC Run3b, Crush
Damage
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3.7.4 Comparison of HABC Runlhh vs TU2

HABC-runlhh was the upper bounding kaolite run which included a 4-ft, 30-foot and crush
impacts. The fest results are for the cumulative damage from the 4-ft, 30ft, crush and
punch impacts. The table 3.7.4.1 shows the results for the diameter changes due to all the

impacts for the test and the analysis.

©
Table 3.7.4.1 - Runlhh vs TU2, Cumulative Diameter Results
0°-180° 90°-270°

Test ‘Analysis Test Analysis
Top Chime 17-5/8 18.0 19-13/16 19.6
Top Hoop 17-3/8 16.6 19-3/4 20.1
Top CG Hoop 17 16.5 20 20.4
CG Hoop 16 16.3 20-1/4 20.5
Bottom Hoop 15-1/2 16.1 - 20-1/8 200
Bottom Chime 18 17.6 19-3/8 194

Table 3.7.4.2 shows the comparison of the "flats” dimensions for the test and the analysis.

Table 3.7.4.2 - Runlhh vs TU2, Cumulative Flats Results'

180° - Crush Plate Side 0° - Rigid Surface Side
Test? Analysis Test. Analysis
Top Chime 6-1/4 0 8.0 9.2
Top Hoop 8-7/8 10.1 9.0 9.3
Top C6 Hoop 9-5/8 9.3 10-1/8 8.4
CG Hoop 12 9.3 9-7/8 9.3
Bottom Hoop 14-7/8 10.1 9-7/8 23
Bottom Chime 0 0 9-3/8 10.1

T - Note - The reported test results for the O and the 180 sides are reversed in the test
report (evidence Figure 3.7.4.3 below).
¥ - Note - The crush plate edge was 4.75 inches from bottom of package.
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A visual comparison of the cumulative damage on the rigid surface side after the impacfs is
shown in Figures 3.7.4.1 (test) and Figure 3.7.4.2 (analysis).

“““““
L

Figure 3.7.4.2 - HABC-runlhh, Cumulative
Figure 3.7.4.1 - TU2, Cumulative Damage After the Damage, Rigid Surface Side
Punch Impact, Rigid Surface Side




GENERAL DESIGN AND COMPUTATION SHEET

7% Tmpact Analysis of ES3100 Design Concepts Using HABC | ®*™ March 2004 | s+€€7 102 of 133

pACcNO NYAC-EA-801699-A002

REVISION () COMPUTED K¢ [YH W":q_c’ﬂ/(ﬁHECKED EZZ\ ‘vak) S éﬁ*

-2~

A visual comparison of the cumulative damage on the crush side after the four impacts is
shown in Figures 3.7.4.3 (test) and Figures 3.7.4.4 (analysis).

Figure 3.7.4.3 - TU2, Cumulative Damage After the
Punch Impact, Crush Plate Side

Figure 3.7.4.4 - HABC-runlhh, Cumulative Damage,
Crush Plate Side
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40 Summary

The computer simulation impacts for the HABC re-design of the ES-3100 shipping container
are presented in Sections 3.1 to 3.6. The comparison of the HABC re-design container to
the physical tests is presented in Section 3.7. The effective plastic strain for the
components are summarized in Table 4.0.1. The punch impact is not included in the HABC
runs, due to the fact that the drum shell capability is demonstrated in the initial borobond
models, and the tested specimen.

Maximum strains in excess of 0.5 in/in are near the 304L strain limit of 0.57 in/in and are
highlighted in red in Table 4.0.1. The components which are highlighted included the drum ,
lid, studs and liner. Evidence from looking at the Table 4.0.1 summary, a high demand is
placed on the lid and the studs in the side and slapdown impacts.

In runs HABC-runsihl, 1hh, 4g and 4ga a high demand is placed on the lid/studs. In runs 1lhh,
1hl, 49 and 4ga, the region of plastic strain is very localized at the stud holes. Runs 1hl and
4q also have relatively high demands placed on the studs. Inrunslhl and 4g, it is shown that
the times at which the lid strains become excessive in membrane, the stud strains are
relatively low. Hence, it is predicted that the lid will locally tear, thereby relieving loading
on the studs. The tearing associated with the lid is expected to be local due to the localized
fringes of extreme strain shown in the Section 7 fringe plots. The large washers provided
on the packages would restrain the lid.

In runs HABC-runlhl, 2e and 4g, the studs reach high levels of effective plastic strain. In
HABC-runlhl, the lid was shown to tear before the studs reached an elevated level of plastic
strain.

HABC-run2e shows that the stud at the impact reaches extreme levels of plastic strain near
the 0.57 in/in failure strain in the 30-foot impact and the subsequent crush impact. The
level of high strain is throughout the cross section of the stud in HABC-run2e. Due to this
high level of strain and the direct load path between the shipping package and the rigid
surface, any slight changes in length, friction, localized deformations (stud "digging” into the
relatively rigid plate in the test) could cause the stud to fail.

In HABC-run4g, the stud reached its failure strain and the cross section row of elements
failed (removed by LS-Dyna). A time study shows that the lid reaches its levels of elevated
strain in membrane before the stud. Therefore, the lid is expected to tear before the stud
fails, thus relieving loading on the stud. However, the model does show the shipping
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container response if the lid were not to tear, and the stud were to fail.
The relatively high level of plastic strain in the HABC-run2e liner is a surface strain.
Investigation shows that the membrane strain is about 0.2205 in/in, or well below the
expected failure level. The deformation/fringe plot shows that the region of high strain is
relatively local at the attachment of the liner to the angle. The plot also shows that it is the
result of crimping or folding of the liner due to the relatively stiffer angle. Any tearing
that might take place would be limited, evidence the local concentration of fringe levels.
Table 8.0.1 - ES-3100 HABC Shipping Package Summary of Component
Maximum Effective Plastic Strain (in/in)
HABC-runlhl HABC-runlhh
_ . Side - Lower Bound Kaolite | Side - Upper Bound Kaolite
Materiall Description (Section 7.1) (Section 7.2)
4foot | 80-foor | SO | o powr | 30-foot | COTEed
Crush Crush
1|CV Body 0.0185 00195 0.0208 00238 00347 0.0525
JICv Lid 0.0001 0.0002 0.0002 0.0000 0.0001 0.0004
4[CV Nut Ring 0.0000 0.0000 0.0000 0.0000 0.0000 0.0005
5|Angle 0.0055 0.0780 0.1142 0.0061 0.0632 0.0845
6|Drum 0.1699 0.2251 05139 0.1207 0.229 0.2814
7 |Drum Bottom 0.1033 02126 0.3562 01252 0.2517 0.2827
10|Liner 0.1045 0.1078 0.1583 0.0991 0.1184 0.2022
12|Lid 0.1393 0.5790 1 2580 0.1604 0.4063 0.6413
15|Lid Stiffener 0.0004 0.0093 0.0515 0.0006 0.0076 0.0171
16]|Lid Studs 0.0000 0.1140 0.5121 0.0000 0.1306 0.2364
17 |Lid Stud Nuts 0.0000 0.0000 0.0005 0.0000 0.0004 0.0018
18|Lid 5tud Wash 0.0194 0.0194 0.0893 00411 D.0424 0.0439
19{Plug Liner 0.0022 0.0958 0.1220 0.0045 0.1072 0.1286
HABC-run2e | HABC-run3b | HABC-run4q |HABC-run4ga
) o Corner End Slapdown Slapdown
faterial Description| g, 4.0 7.9) (Section 7.4) (Section 7.5) | (Section 7.6)
Offset Centered
Impact Crush Impact Crush Impact iEh Impact Crush
1|CV Body 0.0371 0.0371 0.0028 0.0083 0.0376 0.0564 0.0643
3|Cv Lid 0.0051 0.0051 0.0072 00072 0.0004 0.0013 p0.0018
41CV Nut Ring 0.0002 0.0002 0.001 0.0011 0 0000 0.000 0.0000
5|Angle 0.0394 0.0482 D.0287 00308 D.0S00 0.1070 0.0944
&[Drum 03247]  03830[ 0057 01237 03018  03920| o as 03443
71Drum Bottom 0.0000 0.0761 0.0031 0.0267 0.2879 0.26879| HABC- 0.3000
10(Liner 0.3983 05254 0.0607 03812 01458 0.2060( Rundg 0.2846
12{Lid 0.2791 0.3622 0.1082 0.1389 05274 0.9583| Impact 05328
15|Lid 5tiffener 0.0272 00272 O000s9| 00100] 00213]  0089a| Results 0 0788
16|Lid Studs 0.5233 05598 0.0962 0.1535 0.1892 0.4018 0.23%0
17 |Lid Stud Nuts 0.2260 0 2266 0.0166 00173 0.0000 0.0028 00000
1B[Lid 5tud Washg 0.1528 01528 0.0506 0.0506 00724 0.0790 00775
19{Plug Liner 0.1152 01166 0.0670 0.0960 01268 0.2665 0 1Euddl
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6.0 Appendices

Appendix 6.1
TrueGrid Input File for HABC-runlhh
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Reference 5.1 presents the TrueGrid input file for the runlg impact. The HABC models and
impacts are based on the simulations performed with the initial borobond models. This
appendix presents the True6rid input file for the HABC-runlhh. It is presented by showing
changes made to the reference 5.1 borobond TrueGrid model for runlg to make it the input
file used for the HABC-runlhh.

The "CSDiff" software (reference 5.5) is a PC utility software that mimics the unix based
"diff" utility. The results of a comparison of the reference 5.1, runlg TrueGrid input file
and the HABC-runlhh input file is reproduced below. The result is that changes to the runlg
file are shown in blue and green colors. The changes made produce the True6rid input file
for the HABC-runlhh model. The green colors show the items that existed in the runlg input
file, but that do not exist in the HABC-runlhh input file. The items that exist in the HABC-
runlhh input file, but do not exist in the runlg input file are given in blue color.
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plane1 000 010 0.005 symm ; e-ict 1 ae8-4285m2z 0.0680 ; Irep 1 ;
~ endpart
velocity 528196 0 0
— c CV Body
cylinder
1236;165;1236789;
cm 1 CV body 3.3765 3.4512 3.5259 3.7500
cm 2 CV body at flange for preload 0180
cm 3 GV iid 35.9972 36.0602 36.1272 36.4002 36.4880 36.5502 36.6064
cm 4 CV screw ring dei13;:57;
cm 5 angle pb101101 x3.3808
cm 6 drum pb201201 x3.4547
c¢m 7 drum bottorn head pb301301 x3.5285
cm 8 weld drum to drum bottom head pb102102 x3.4065
c¢m 9 liner overiap 1o angle (0.03) pb202202 x34752
cm 10 liner (0.06) pb302302 x3.5438
cm 11 liner bottom (0.120) (see m 27 for sor'ds}) pb105105 xz3.3939 36.4424
cm 12 lid shells (0.0598) pb205205 xz 3.4359 36.4602
c¢m 13 thin lid shell at bolts pb305305 x3.5001
cm 14 lid solids at the lid boits pb306306 x3.5250
cm 15 lid stiffener pb307307 x3.5053
cm 16 drum bolis mate
cm 17 drum bol nuts eset 1 407 = pstrescy
cm 18 drum bolt washers clet1 0.4285;lrep 1 ;
cm 19 plug liner lct 1 mz 0.0680 ; Irep 1 ;
cm 20 plug kaolite snT“.S’T"é‘_—L-
cm21 drum kaolite endpart
cm 22 drum borobond
cm 23 |id to lid stiff weild c GV Body
cm 24 lower intemal cv mass cylinder
cm 25 middle internal cv mass 123456789;165,12345678;
cm 26 upper intemal cv mass 3.1513 3.2450 3.3165 3.3949 3.4733 3.5516 3.6300 3.7000 3.7500
¢ m 27 liner bottom solids (see m 11 for shelis) 0180
cm 28 overlap of liner to solids at bottom of boroband 35.4502 35.5110 35.5953 35.6761 35.7568 35.8377 35.9189 36.0002
c©m 28 visual rigid plane deiB9;;12;
c m 30 crush piate pb101101 x23.1613 35.4389
cm 31 punch pb201201 xz 3.2450 35.4502
cm 32 silicon rubber pads pb301301 xz3.3165 35.4502
¢m 33 drum bolt studs pb4 01401 xz3.3949 35.4502
pb501501 x23.4733 35.4502
pb601601 x23.5516 35.4502
sid 1 dummy ; c cvbotlom thread between body fs; and screw ring ém) pb701701 w3, 35.4502
sid 2 dummy; c cvmiddle thread between body (s} and screw ring (m) pbB8018B01 xz3.7149 35.4853
sid 3 dummy ; c cvupper thread between body (s) and screw ring (m) pb802902 xz3.7149 35.4853
sid 4 dummy ; c cv body flange (s) to lid (m) pb102102 xz3.1125 35.5110
sid 5dummy; c cvlid (m) to bolt ring (s pb103103 xz3.1114 355933
sid 6dummy; c cvlower mass to middle mass pb104 104 xz3.1195 36.8707
sid 7 dummy; c cvmiddle mass to upper mass pb105105 xz3.1248 36.7439
sid B8 dummy ; c lid solids (s) to angle solids (m) pb106 106 xz3.1349 35.8409
sid 9 dummy ; ¢ “changed in run5c" lid solids (s) to Yid stiff solids (m) pb 107107 xz3.1481 35.9235
sid 10 dummy ; ¢ *removed in run5c” lid stiff {m) to washers (s) pb108108 xx3.1607 36.
sid 11 dummy ; ¢ “"changed in run5c” washer (m) to bolt nut () pb208208 xz3.2494 36.0002
sid 12 dummy ; ¢ cvintemal masses to CV inner surface pb308308 xx3.3165 35.9702
sid 13 dummy ; ¢ drum kaolite to ss drum and liner pb408408 xz3.3808 359972
sid 14 dummy ; ¢ drum borobond fo liner pb50B508 xz3.4547 359972
sid 15 dummy ; c cvinternal top mass to cv lid pb608608 xz3.5285 35.9972
sid 16 fric .3 kiric .2 decay 10 Isdsi 3 ; ¢ plug kaolite to plug pb708708 xz3.6022 35.9970
sid 17 fric .3 kiric .2 decay 10 Isdsi 3 ; ¢ borobond to liner inner and top pb80BBO8 xz3.676235.9972
sid 18 fric .3 kfric .2 decay 10 Isdsi 3 ; c borobond to liner outer vertical side pb9089 08 xz3.7500 35.9972
sid 19 fric .3 kfric .2 decay 10 Isdsi 3 ; ¢ borobond to liner bottomn pb 80280 2 xz3.68737 35.5280
pb202202xz3.20540 35.
sid 20 fric .3 kiric .2 decay 10 Isdsi 3; ¢ drum kaclite to drum cylinder pb 302302 xz3.30667 35.5180
sid 21 fric .3 kiric .2 decay 10 Isdsi 3 ; ¢ drum Kkaolite to angle and upper liner pb4 02402 xz3.39255 35.5203
sid 22 fric .3 kiric .2 decay 10 lsdsi 3 ; c drum kaolite to liner horizontal/plug surface pb 50250 2 xz 3.47587 35.5228
sid 23 ire—S-ire—E-deoay-+e-sdsradummy ; ¢ drum kaolite 1o liner vertical by the CV flange  pb 6 0 2 6 0 2 xz 3.55406 35.5228
sid 24 he—ammre-ae&a@ ; ¢ drum kaolite to liner short horizontal below CV  pb 7 02 7 0 2 xz 3.62969 35.5241
flange . pb203203xz3.20925 35.
sid 25 fric .3 kiric .2 decay 10 Isdsi 3 ; ¢ drum kaolite fo liner long vertical and bottom by CV pb 3 0 3303 xz3.30282 35.5933
sid 26 fric .3 kfric .2 decay 10 Isdsi 3 ; ¢ drum kaolite to drum bottom pb4 03403 xz3.38999 35.5959
sid 27 fric .6 Kfric .5 decay 10 Isdsi 3 softc 1 ; ¢ bottem silicon rubber to base of CV pb503503xz 347331 365.5984
sid 28 fric .6 kfric .5 decay 10 Isdsi 3 softc 1; c bottomn silicon rubber to liner pb204 204 xz 3.21822 35.6779
sid 29 fric .6 kiric .5 decay 10 Isdsi 3 softc 1 ; ¢ top silicon rubber to Flug liner bottom pb205205xz3.22720 35.7561
sid 30 fric .6 kfric .5 decay 10 Isdsi 3 softc 1; ¢ top silicon rubber to liner at cvfla pb 206206 xz3.23499 35.8382
sid 31 fric .6 kfric .5 decay 10 Isdsi 3 softc 1; ¢ top silicen rubber to CV flange vertical pb 207207 xz 3.24001 356.9202
sid 32 fric .6 kfric .5 decay 10 Isdsi 3 softc 1; ¢ top silicon rubber to lid ring pb 304 304 xz3.30923 35.6792
sid 33 fric .6 kiric .5 decay 10 Isdsi 3 softc 1; ¢ top silicon rubber to lid center pb 30530 5xz3.30923 35.7561
sid 34 fric .6 kiric .5 decay 10 Isdsi 3 softc 1; ¢ bottom silicon rubber to liner side pb304 204 xr3.30539 35.6754
pb306306xz3.31180 35.835
pb4 07407 xz3.38871 35.9189
pb507507 xz3.46433 35.9176
pb 506506 xz 3.46818 35.8356
o pb 607607 xz 353996 35.9189
¢ *""**" Bagin CV Body "wwr=rrrertreesesaess pb606606 xz3.54381 35.8407
g ressaaa pb6 066 06 xz3.54837 35.8407
pb707707xzx3.61559 35.9189
c CV Body - flange region with teeth pb7 06706 xz3.62328 35.8356
cylinder pb705705xz3.62328 35.7574
1346,1656:12345678, pb705705xz3.62841 35.7587
3.4260 3.5001 3.5834 3.7500 pbB807807xz3.68737 35.9215
0180 pb 806 8 06 xz 3.69506 35.8369
36,6064 36.6787 36.7510 36.8233 36.8956 36.9679 37.0402 37.1002 pbB 05805 xz3.60634 35.7600
dei12;;13045067; pb804804 xz3.69506 35.6805
pb103103 xz3.425016 36.738770 pb803803xz3.69378 35.5972
pb104 104 xz3.4250 36.7602 mate 1
pb105105 x23.425016 36.884771 sii-9;::31s
pb 106106 xz3.4250 36.8852 sli;;-1:31s
pb 107107 xz3425016 36.989771 clet 1 mx0.4285:Irep 1.
pb10B108 xz3.4250 37.0102 lct 1 mz0.0680 ;lrep 1 ;
pb201201 x3.5053 ndpal
pb202202 xz3.5053 36.7154
pb203203 xz3.500053 36.730557
pb204 204 xz3.5053 36.8403 ¢ CV Body -flange knuckle with o-rings
pb205205 xz 3.500053 36.856557 cylinder
pb206206 xz3.5053 36.9654 12345678910.165:12345678910,
pb207207 xz 3500053 36.980558 2.5200 2.5533 2.5867 2.6200 2.9071 2.9764 3.0570 3.15133.23.2
pb20B8208 xz3.5150 37.1002 0180
pb4 084 08 x3.6800 35.4031 35.55 35.60 35.65 35.7 35.75 35.8 35.9 36.0 36.1
pb308308 x3.5733 dei34,;710;
mate 1 dei6 10:;710;
sii12:;-3;1s dei15;;12;
sii12;;-5;2s dei810;;16;
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ii2m
nset 10071007 + lcrd-bo

clet 1 mx0.4285;Irep 1 ;
Ict 1 mz 0.0680 ; Ire)

nset30103010 + lerd-bi

sii =1 ;

a-] = 2% =
g m MWm 2
‘= o g = oy
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bacno DAC-EA-801699-A002

clet 1 mx0.4285; lrep 1

Ict 1 mz 0.0680 ; Irep 1 ;
enapan =R

sii;;-2;12m

sli;; 1,278
tbb200200 2;

clct 1 mx0.4285; Irep 1,

lct 1 mz0.0680 : Irep 1 ;
end| M_“E"

c CV Body, lower head

block

1591317;1591317;14;
.55 -0. .65 0.55

2 + lcrd-org
clct 1 mx0.4285;Irep 1 ;

Ict 1 mz0.0680 ; Irep 1;
endparn

c
G ***** End CV Body *=-+tv=srsresssseses
c aee

deanes artan
c

in CV Screw ring **** s ressses

ssTeasusrussnssessventasstnsnsenns

12356;1656:1234567891011;
3.!;:‘%80 3.31273.33435

0

36.5002 36.5602 36,6202 36.6802 36.7402 36.8002
36.8602 36.9202 36.9802 37.0402 37.1002
deid35;;14;

dei35;;56;

dei35::78;

dei35,,910;

deid4;;1011;

deid 5;;110;

pb 30130 1xz3.3835 36.5002
pb302302xz3.4141 36.5307
pb303303x23.4141 36.6240
pb304 304 xz 3.4167 36.6303
pb404404xz34970 36,7105
pb305305x3.421915 36.740151
pb4 05405 xz 3.456984 36.7.
pb306306x23.416936.7

pb4 06406 xz 34970 36.8355
pb307307xz 3421915 36.865151
pb4 07407 xz3.496966 36.855936
pb308308xz3.4169 36.8803
pb4 08408 xz 3.4970 36,9805
pb309309xz3421915 36.990152
pb4 094009 xz3.496984 36.980935
pb301030 10 xz 3.4141 36.9990
pb30113011 xz3.3481 37.1002
pb4 01140 11 xz3.3481 37.1002
pb4 0104010 xz 3.4141 36.9990
pb50 1150 11 xz 3.3835 37.1002
pb 50105010 xz 3.4141 37.0696
mate 4

sii35:;-6:1m

si35ii-7:2m

sii-5;;;32s
clct1 mx0.4285;Irep 1 :

lct 1 mz 0.0680 ; Irep 1 :
enopan —E L

c CV screw ring

cylinder
123:165:1234567891011;
3.0700 3.15 3.2200

0180

36.5002 36.5602 36.6202 36.6802 36.7402 36.8002

36.8602 36.9202 36.9802 37.0402 37.1002
dei12;.120460810;
pb201201xz3.0700 36.5002
pb 10210 2xz3.0700 36.5002
pb 104104 xz3.070036.7402
pb205205xz3.0700 36.7402

T
REVISION COMPUTED 1o L2
0 KDH 5 2
TV O XIS UTUU I BUL
pi 108 xz 3.0700 36.9802
p 209 xz 3.0700 36.9802
pb 1010 1 0 10 xz 3.0700 36.9802
mate
sii;;-1;5s
shi 1 32s
clet1 0.4285;1Irep 1 ;

X
lct 1 mz 0.0680 ; Irep 1
N

¢ CV screw ring

cylinder
126,165;1234586;

24 253.0700

0 180

355{1)022 3{5182202 36.7402 36.8602 36.9802 37.1002
ei s

pb102102 xz2.4069 36.6725
pb103103 xz 24838 36.8053
pb104 104 xz2.551136.9219
pb 105106 xz2.6390 37.0742
pb 106106 xz2.6840 37.1002
pb201201 x2.5046
pb202202 xz2.5046 36.5887
pb203203 x2.5825
pb204204 x2.6447
pb205205 x2.7063
pb206206 x2.7691

mate 4

sii;;-1:58

sii;;-6:32s

sii-1;,:32s

clct 1 mx0.4285 ;Irep 1 ;
lct 1 mz0.0680; Irep 1 ;
¢ CV screw ring
er
45;165;123;
100 2.1300 2.3856 2.5455
36.5802 36.6602
xz 2.0452 36.5353

e 4

E-R-k-h-k-%-]
Saaauuwg

sli ;i-1:5s
clet1 mx0.4285;Irep 1 ;

ict 1 mz0.0680 ; Irep 1;
endpan -

c
G 2 End GV Screw ring “irrerreseees
& s

c* srerennatane

G ***e Bogin CV Lj *w+++esressessasarase
s ehibiesen -
¢ CV lid - outer ragion

cylinder

:§§456789!011 1213141516 171819 ;
1234567891011 12;

1.6938 1.7963 1.9060 1.9060 2.0840 2.2353 2.3499 2.4425 2.5453
021.8(1)91 2.7000 2.7713 2.8720 2.9546 3.0290 3,0932 3.1700 3.2667 3.3633
34.2596 34,3572 34.5054 34.6137 34.7210 34.8096 34.8359 34.8996
35.1096 35.2096 36 36.1

dei14,:56;

deid 19;;612;

dei23;;812;

deidd;;912;

dei3d4;;16;
pb106106x 1.6938 34.7219
pb206206xz1.7963 34.7219
pb306306xz1.59060 34.7219

pb4 08406z 2.0204 34.8359

pb4 07407 xz1.9540 348996
pb107307z 34.899

pb4 08408 xz1.9940 34,9846

pb4 094 09 xz 1.9940 35.0696

pb 309309 xz 1.9640 35.0996

pb 308308 xz 1.9060 35.0996
pb208208 xz 1.8960 35.1096

pb 108108 xz1.7963 35.1096
pb209209 xz 1.8960 352096
pb20102 010 xz 1.9060 35.2196
pb201120 11 xz 1.9640 35.2196
pb20122012 xz 1.9940 35.2496

pb 10121012 xz 1.9940 35.3396

pb 10111011 xz 1.9640 35.3696

pb 101010 10 xz 1.9060 35.3696

pb 1091089 xz1.7963 35.3696
pb601601x2.2650

pb 701701 xz24500 34.2596
pbB80 1801 xz2.4912 343008
pb901901xz25124 34.3096

pb 1001100 1 z34.3096

pb 1101110 1 xz 2.6706 34.3096

pb 1201120 1 xz 2.8396 34.3096

pb 1301130 1z 2.8720 34.3296

pb 140114 0 1 xz 2.9044 34.3096

pb 1501 150 1 xz 3.0720 34.3096

cpb 1601160 1 xz 3.1100 34.3096
cpb 170117 01 xz 3.1524 34.3271
cpb 170217 02 xz 3.1700 34,3696

AR e
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sHEET 112 of 133

Dt - 4
bacNo DAC-EA-801699-A002 REVISION () comuted KDH 1O 4<icHeckepRY | ‘ :
25T T AN 2% o< Qﬁ‘&
[ CETTTITOU T 20 SH=TTT3 T ST = “Z“ 0
mate 5 sfi-1,-3;; sd3
sii;i-1;218 sfi-1;4,;,s8d7
sii;;-2;8m sfi-1,4;; sd4
cgct-iTg;s Z90;rz135; i B
cgre sii;;-1;218
3 pr2225,r245 rz&?s z90; let1rz60; Irep 1 ;
z 1125, 2135 ;12 157.5; cgetd mx8. ; mx 8.0000 rz45;
rep c mx 0 rz mx z -
éga 5678; 8.000 90 ; mx8.0000 rz 135 ;
lei | L rep 1234
endpart 3Bpm180000 mx 8.0000 rz 22.5 ;

g|p3 kiootprinl in angle at 0, first 60 deg segment of bolt
oc
1246,1246;14;

0.1.2.3
0123
42,5002 42.7502
dei2d;24;;
deid34;12;12;
dei12;34;12;
sd1cy000 001 0.0725
sd2cy000 001 0.0837
sd3cy000 001 0.2175
sd4cy000 001 0.4265
sd 5 zxplan ;
sd 6 aglan rz 30 ;
sd 7 oxplan rz60 ;
sd B xyplan mz 42.7502 ;
sd9 xwlan mz 43.0090 ;
sd 10 x¥lanmzd3d~465
sd 11 pi3 10426500
n0.42650 1
cy 0.4265 60 0
sfi-2;-1;; sd5
i i sd1
;isd5
;isd3
;i sdB
;sd4
sh-E'-Zust
i sd 2
:sd6
i sd3
;i sd6
Viisd T
11sd6
;18d3
;;sdB
;osd 11
;1sd7
iisdd
; sd7
1 sd3
sd7
sd 4
sii;;-1:21s

cgct4 mx 8.0000 : mx 8.0000 rz45 ; %
c mxB8.0000rz90 ; mx80000m135.
%reptzs-t

gct 8 mx 8.0000 ; mx 8.0000 rz 22.5 ;

mx 8.0000 rz 45 ; mx 8,0000 rz 67.5 ;
ran.OOOOrzBO;mx&ﬂOOOrz‘HE.S:

mx 8.0000 rz 135 ; mx 8.0000 rz 157.5 ;

grep 12345678,

mate 5

endpart

g pdkbon footprint in angle at 0 second 60 degree segment
2 4 B 1 246:14;

0 tanmz434455
1pl3 0426500
n0.426501
cy 0.4265 60 0

sfi-2; -1,.505

3‘&3
“ WO BOwn—

-

oY v
aoa ac

944

W0
nﬂaa
MW,

L8
o
2g
-~

mxBODOOrz45 mx 8.0000 rz 67.5 ;
mx 8.0000 rz 90 ; mx8.0000 rz 112.5 ;
mx 8.0000 rz 135 ; mx 8.0000 1z 157.

?nr:&152345873.‘

endpart

5;

[+ pskbon footprint in angle at O third 60 deg segment
1 246;1246;14;
2.3

2.7502
475
25 12s
4:12;
0 001 00725
0001 0.0837
0001 02175
0 001 0.4265
rz30;
rz60 ;
mz 42.7502 ;
mz 43.0090 ;
Han mz 43.4465 ;
n0.426500
4265 0 1
4265 60 0
. sd5
sd
sd5
sd 3
sd 5
; sd4
;2. 8d6
sfr-2;-2.: sd 2
sfi-3;2;,-2: sd6
sfi-3;2;-2.sd3
ph321821 ?0.13270.0766
sfi4 ,-2..sd
sfi4;-2;; sd 11
sfi-2;-3;-2; sdB
ha41571 o327 0.0766
1231 5 Xe)
sfi-2:-4::sdlg

sfi-2;4;;sd 11

sil 2,2, 8d7
pb' 512, -2; sd1

1 121 0.0221 0.0383
sfi -1 :-3.-2;:%?
sf||‘ 1-2;sd3
pb131131 xy0.0664 0.1149

sfi-1;4;;,s8d7
sfi-1,4;: sd4

sii;i-1;21s
ket 1rz120; lrep 1;
c gct 4 mx B.0000 ; mx B.0000 rz45:
¢ mx 8.0000 rz90; mx 8.0000 rz 135 ;
cgtrap1‘234

8 mx 8,0000 ; mx 8,0000 rz22.5;
mxBDOOUrzd.s mx 8.0000 rz67.5 :
mx 8.0000 rz 90 ; mx 8.0000 1z 112.5 ;
m‘x8.0000r2135:m)(8.0000r2157.5;
grep12345678;
mate 5

endpart

g pé filler around the bolt footprint at 0
14
3
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i 2 :
DACNO DAC—EA-801699-A002 REVISION () COMPUTED [ [y ‘L’?EZ\*&@%B{’J‘%"OS éii@r
[Tmate S P32 T3 T Xy U 188t T v
mate 5
sil;;-1;21s8 sii;;-1;21s
let1rz60; Irep 1, sii;;-2;8m

cget4 mx8, Nz rz45 ; mx8.0000 iz rz 90 ;
c mx 8.0000 nz rz 135 ; mx 8.0000 nz rz 180 ;
cgrep1234;
get 8 mx 8.0000 nz rz 22,5 ; mx 8.0000 nz rz 45 ;
mx 8.0000 nz rz 67.5 ; mx 8.0000 nz rz 90 ;

2 112.5; mx8.0000 nz 7135 ;
mxBDODOnzr;é 7.5 ; mx 8.0000 nz rz 180 ;

endpart

bolt footprint in angle at 22.5 6th 60 deg segment

;1246:14;
3
3

coaAQOATO
EEQN-;mgn
w8 s
223mnh§@~m
cooco

a

a

an rz 60 ;
lan mz 42.7502 ;
n mz 43.0090 ;
0 x{glan MZ 43.4465 ;
1p

0.
1042650 1

$38882

L88888888E
o

== OONOO AW -

w
a

sfi-2;-2;; sd
sfi-2;-2;; sd
sfi-3;-2:2, sd6
sfi-3;-2;-2;sd3
phb321321 ?0.13270.0766
sli-4;-2;; sd

sfi4;-2;; sd 11

sfi-2;-3,-2; sd6
sli-2,-3;2,sd3
pb231231 xg0.13270.0766
sfi-2,4;; sd

sfi-2,4,; sd11

sfi-1,-2;-2;,sd7
sfi-1;-2;-2; sd1
pb121121 xy0.02210.0383
sfi-1;,-3;-2; sd7
sfi-1,-3,-2, sd3
pb131131 xy0.0664 0.1149

sfi-1,4;;sd7
sti-1:4;,; sd4

sijii-1:218

let1rz120; lrep 1 ;

cgetd mxB.Oogcntzrznis;mxs.OOOOn:zero;
¢ mx 8.0000 nz rz 135 , mx 8.0000 nez rz 180 ;
cgrep1234;

get 8 mx 8.0000 nz rz 22.5 : mx 8.0000 nz rz 45 ;

mx B.0000 nz rz 67.5 ; mx 8,0000 ncz rz 90 ;
mx 8.0000 nz rz 112.5; mx 8.0000 nz 1z 135 ;
mx 8.0000 nz rz 157.5 ; mx 8.0000 nz rz 180 ;

grep12345678;

mate 5§

endpart

glplf fiker around the bolt footprint at 22.5
0

C
1234567;12;14;
-3-2-1012.3
2.3

sd 7 zxplan z120;
sd 6 oplan rz 150 ©
sfi;-2;-2:sd2

¢ gct 4 mx 8.0000 nz rz 45 ; mx 8.0000 nz rz 90 ;
¢ mxB8.0000 pzrz 135 ; mx8.0000 nzrz 180 ;
cgrep1234;

gct 8 mx 8,0000 nz rz 22,5 ; mx 8.0000 rxz rz 45 ;
mx 8.0000 nz rz 67.5 ; mx 8.0000 nz rz 90 ;
mx 8.0000 <z rz 112.5 ; mx 8.0000 nz rz 135 ;
mx 8.0000 nz rz 157.5 ; mx 8.0000 nz rz 180 ;
grep12345678;

endpart

easeaad

c
g *reeranssnes B Angle amsdnmmssTseasans
G

arestesrstistisstnnnarananntnnranes

¢ =*=*** Begin l.)‘[um PURTT
c e

¢ drum roll to angle
cylinder
-1;1145;146891011121314 151617 1818202122,
9.1550

0 180
42.5002 42.7502 43.0002 43.1952

43.243.343.443.543.643.743.843.944.044.144.244.3
444445

pb 105105 xz9.1698 43.2698

pb106106 xz9.2122 43.3331

pb107107 xz9.2754 43.3754

pb 108108 xz 9.3500 43.3902

pb109109 xz 94247 43.3754

pb 101010 10 xz 9.4879 43.3331

pb 101110 11 xz 9.5302 43,2698

pb 101210 12 x2 9.5450 43.1952

pb 101310 13z 9.5302 43.1206

pb 1014 10 14 x29.4879 43.0573

pb 101510 15:29.4247 43.0150

pb 101610 16 xz 9.3500 43.0002

pb 10171017 xz 9.2525 43.0002

pb 101810 18 xz 9.1550 43.0002

mate 6

thic 0.06

endpart

¢ drum between angle and bump

cylinder

-1;1145;18;

9.1550

0180

41.0000 42,5002

mate 6

thic 0.06

opt+000

sli-1,;:20s

bb001001 5;

endparn

¢ drum between the angle and bump

cylinder

1:7173:13;

9.1550

0 180

40.4743 41.0000

mate

thic 0.06

orpt + 000

sit-1;;:20s

tbb002002 5;

endpart

c drum upper bump

cylinder

-1;173,12345678910111213;

9.}550

o]

38.0660 38.2709 38.4518 38.6256 38.8143 39.0341 39.2702
39.5062 39.7261 39.9148 40.0786 40.2654 40.4743

pb102102 x9.1821

pb103103 x9.2613

pb104104 x93874

pb105105 x9.5326

pb106106 x9.6239

pb107107 x9.68550

pb108108 x3.6239

pb109109 x9.5326

pb101010 10 x 9.3674

pb10111011x9.2613

pb10121012x9.1821

mate 6

thic 0.06

orpt + 00 39

sii-1,.:20s

endpart

¢ drum between the upper and mid-upper bumps
cylinder

1y 1#F3 117

9.1550

0 180

32.6243 38.0660
mate 6

thic 0.06

ompt+ 00 35
sii-1;;:20s
endpan

¢ drum mid-upper bump
cylinder
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&

bacNo DAC-EA-801699-A002 REVISION ) cowted KDH KO8R 124 |
ST 1T i TeIRI0 70T ITTTZ2TI,
9.1550 +000
0180 sil-1;;:20s
30.2160 30.4209 30.6118 30.7756 30.9642 31,1841 31.4201 endpart
31.6562 31.8761 32.0647 32.2285 32.4194 32.6243
pb102102 x8.1821
pb103103 x9.2613 cdmmbmtommll
pb104 104 x9.3874 (,71
pb105105 x98.5326 173;12345678910111214;
pb106106 x9.6239 9.1550
pb107107 x9.6550 0 180
pb108108 x9.6239 -01.02 .03 .04 .05 .06 .07 .08 .09 1.0 1.1
pb109109 x9.5326 0.3300 0.5250
pb10101010x9.3874 pb1Q1101 x 9.1560 0.5250
pb10111011x9.2613 pb102102 xz 9.2525 0.5250
pb10121012x9.1821 pb103103 xz 9.3500 0.5250
mate 6 pb104104 xz 9.4475 0.4
thic 0.06 pb105105 xz 9.5189 0.4275
ompt+ 0031 pb106106 xz 9.5450 0.3300
sii-1;,:20s pb107107 x29.51890.2325
endpart pb108108 xz9.44750.1611
pb109109 xz9.3500 0.1350
pb 101010 10 xz 9.2525 0.1611
¢ drum between the mid-upper and mid-lower bumps pb101110 11 x29.1812 0.2325
lln pb 101210 12 xz 9.1550 0.3300
< 73:127; mate 6
9.1550 thic 0.06
Q180 orpt+ 00 -10
20.6243 30.2160 sil-1;;1013;20s
mate & endpart
thic 0.06
orpt + 0025
sii-1;;;20s o]
endpal c™"*End Dru
© reeretteTaesaatesesimanatanasaatare
¢ drurn mid-lower bump
:‘Ylinda! c
-1;173;12345678910111213; ¢ ******** Begin Drum Bottom *
0180 ° )
0
18.2150 18.4208 18.6117 18.7755 18.9642 16.1841 19.4201 ¢ drum bottom at roll ring
19.6561 19,8760 20.0647 20.2285 20.4193 20.6243 cylinder
pb102102 x9.1821 1245678;173;
pb103103 x98.2613 8.9880 9.169 9370095038960179837597
pb104104 x9.3874 0 180
pb105105 x9.5326 0.0
pb106106 x9.6239 pb101101 z0.0599
pb107107 x9.6550 pb201201 z0.0527
pb10B108 x9.6239 pb301301 z0.0525
pb109109 x9.5326 pb401401 z0.0883
pb10101010x9.3874 pb501501 z0.1863
pb10111011x9.2613 pb6016801 20.3200
pb10121012x9.1821 pb701701 x29.6017 0.4538
mate 6 7
thic 0.06 thic 0.1050
orpt+0019 orpt + 00 100
sii-1,;;208 sit13;;-1;26s
endpart endpart
¢ drum between the mid-lower and lower bumps cylinder
linder 119;173,-1;
-1:173;127; 5. 8.9880
9.1550 0180
0180 0.0000
8.6242 18.2159 sd 1sp00-128.9856 129.3581
mate 6 sd2cy000001 8.9880
thic 0.06 sd3cy000001 50000
orpt+ 0012 sfi-2;:;-1;sd2
sii-1;,,20s sfi-1; 3
endpart sfi ;;
mate 7
< drum lower bump thic 0.1050
lin orpt+ 00 100
i73 12345878910111213; il ; ;-1 26
9. 550 bb10O100 B
0180 endpan
6.2159 6.4208 6.6117 6.7755 6.9641 7.1840 7,4200
7.6561 7.8759 8.0646 8.2284 8.4193 8.6242 4
pb102102 x9.1821 13;137;-1;
pb103103 x9.2613 4.8000 5.
pb104104 x9.3874 0 180
pb105105 x9.5326 0.0000
pb106106 x9.6239 sd 1sp00-128.9856 129.3581
pb107107 x9.6550 sd2cy000001 4.6000
pb108108 x9.6239 sd3cy000001 5.0000
pb109109 x9.5326 sfi-2;:-1,sd3
pb101010 10x9.3874 sfi-1;;-1;sd2
pb10111011x9.2613 sfi;;-1;8d1
pb10121012x9.1821 mate 7
mate 6 thic 0.1050
thic 0.06 orpt + 00 100
ompt+007 5ii;;-1:26s
sii-1.,:20s trbb200200 6;
endpart endpan
¢ drum between the lower bump and the bottom roll
cylinder block
1:173;1185; 110192837:110192837;
9.1550 21-21021 21
Q180 2.1-21021 21
1.5000 6.2159 0
mate 6 dei ; i
thic 0.06 dei12045,12045;;
orpt+000 sd1cyD00001 46
sii-1;;:20s si-10-5;::8d1
endpart sfi;-10-5;:8d1
sd2 sp00-128.9856 129.3581
cdrum ii;-1:sd2
cylinder pb230230 x-2.6
-1;173:16; pb430430 x 26
9.1550 pb340340y 26
Q180 mate 7
0.5250 1.5000 thic 0.1050
mate 6 ompt+ 00100
thic 0.06 sii;;-1:268
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L] i
DACNO DAC_EA_BOIé 99_A002 REVISION O COMPUTED KDH!‘?{”“ ?dECKED By”-l‘Zé-IDc éfQ
endpart ;_:433300.3 — = = Lx i
2

(=i 4.4400 4.5100 4.7300 35.3002
c ******** End Drum Bottom ******** c Db 001001 x3.8600
B e e cpb00200D2 x4.0368

mate 10
gy\ﬁald of drum to drum bottom head thic .Dﬁo 5

inder omt -0

12;173.1; sii-1:;:25s
g 5;(8)9 9.6017 orpt1+ 0 01%0

sii-1;;,18s
06157050 200 204538 s
p z0.
mate 8 ¢ boro inner liner vertical
thic 0.06 lind:
endpart -1;173;12310 99100 101 102

1
0180
L 4.44004.5100 4. 7300 7 0000 34.6302 34.9502 36,1785 35.3002

c ******** Bagin Liner *****"** pb006006 x3.1
c rese pb007007 13.2939

pb 008008 x3.5000
c liner overiap to angle mate 10
cylinder thic .06
-1:15(1)45:12: olpl-UUS_(rJ
7.35! sit-1;,;17s
0180 ompt+ 0020
40.7502 41.0002 sii-1;;14,34m
pb?ogacoz %z 7.4284 41.0002 endpart
mate
thic .03 ¢ ***** liner bottom
endpart

c }'gner from angle down to base of pillow - fine
c fine
linder
111455111
7.3550

0180
39.0 40.7502
mata 10

03039

[+]

afim1 ;218
bb001001 7;
endpart

¢ liner from angle down to base of pillow - coarse
C coarse

=r=1:
n —
x
b
g

trbh004004 T3
endpart

¢ harizontal surface below the pillow
cylinder

114;173;-1;

c 4.4300 7.3550

F.3300 7.3550

37.5002
mate 10

thic .06
opt+000
sii;;-1;228
endpart

c vertical by the CV flange
I|n er
;imsi1g
c 4.4300'

oYeu

35.3002 37.5002

mate 10

thic .06

arpt- 00 36

§_5ki—1 111238
Hi-1:11258

ST U030

sii-1;;;30m

endpart

¢ horzontal beneath the CV flange
cylinder

147:173;

(:350004 110044300

F:5000 3.9150 4.3300

[ 1

35.3002
mate 10

¢ baro / kaolite verticai
cylinder
1:173;123101;

¢ liner botton solids
linder

12101112;173;

g 150032430398704 11004 1400
180

cCo0000000000000000

¢ liner bottom solid replacement
cylinder
£121011;173;-1;

173,

mtzwasemdnm
R I e | ——

endpart
c liner bottom

28003150(138600
0180

4.44

dei23;;: ctomake room for solids
mate 11

thic 0.1200
opt+000
sil;;-1;25s
orpt-000
sil23;;-1;14s
erpt-000
sit;;-1:28m
bb100100 8;
endpart

c liner bottom
cylinder
18;137:-1;

bb100100 9;
endpart

¢ lingr bottom
cylinder
12:119:41;
1.61.8
0180
4.4400

mate 11

thic 0.1200
orpt+ 000
sil;:-1;25s
ompt-000
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COMPUTED ol
KDH_Vﬁ33

82500

hic .060

mate 12
Ictd nzrz45, nzz90;, mzrz 135 ;nzrz180;

Irep1234;
endpart

REVISION o
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DACNO DAC_EA_801699_A002 REVISION 0 COMPUTED
cyo.sgssaoo gre| 1@34:
001 0.2744 mate
1isd5 siid5;:-2;11s
Ve 8dy sii;45:-2;11s
yiedS endpart
P g i ls b mrspensrsasesren
; sd 12 ¢ ******** End Drum Bolt Nuts =*******
sd 5 c
! 36‘ ELTR TS whedee - LIEE LTS
1 sd6 c ******** Bagin Drum Boll Washer ********
e °
i;8d3 ¢ drum bolt washer at 0
; sd6 cylinder
y sd 12 167:11325;1234;
i sd6 0.3839 0.6475 0.6875
;osd 11 180 360
42.8102 42.8622 42.9142 42.9662
;i sd6 ei;23;;
1 sd3 mate 18
;i sdB ppb201201 x0.6725
;isd12 pb301301 z42.8252
; sd6 pb204204 x0.6725
sd 11 pb304304 z429512
sii;;-1;9m
1 sd7 sii;;4:11m
118d 1 let 1 mx 8.0000 ; lrep 1
5 :ﬂ; endpart
csd7 c drum bolt washer at 4510 135
;osd12 cylinder
;osd7 167:11325,1234;
,sdd 0.3839 0.6475 0.6875
0 180 360
it 42.8102 42.8622 42.9142 42.9662
sfi:;-2;sd9 mate 18
sfi;;-3;sd10 pb201201 x0.6725
pb301301 z42.8252
let3;rz60;rz120; pb204204 x0.6725
Irep123; pb304304 z429512
gct 4 mx 8.0000 ; mx 8.0000 rz 45 ; mx 8.0000 rz 90 ; Sii;;-1;9m
mx 8.0000 rz 135 ; sii;;4;11m
%&11534 Hamr:z'xaadooo rz'zs;(‘)5 '
siid5;;-2;11s mx 8.0000 rz 135 ;
sii;45;-2;11s Irep123;
endpart endpart
¢ drum boft washer at 180
biock tylinder
12458;12458;158; 167;11325;1234;
g.1 2.3 : g?ggagosd'fs 0.6875
A28
0.1.2 42.8102 42.8622 42.9142 42.9662
dei25;25;; dei;12;;
gei141;214;; ma19139
i ;| % sii;;-1;9m
sd1cyQ00 001 0.0725 sii;;4:11m
sd2cy000 001 0.0837 Ict 1 mx8.0000 rz 180 ;irep 1 ;
sd3cy000 001 0.2176 endpart
sdd4cy000 001 0.5859
.
sd 6 oplan rz 30 ; c*
sd 7 oplan rz 60 | c ******** End Drum Bolt Washer ********
sd 8 xyplan mz 42.7502 : B A T
sd 9 xyplan mz 42.9662 ;
sdwx\.' lan mz 43.5131 ; c reenes
sd 11 pl3 10.5859 0 c ******** Bagin Plug *"*****
iy :
0001 02744 ¢ liner ripples
‘ ssgs !ind%r3
G 1 131 §
. sd5 1234567891011 121314
psd3 151617 1819202122232425;
s:i-4;-1;:sd52 g.o
sti4:-1;;sd1 180 .
sfi-5:-1;; sd5 37.6959 37.7651 37.8570 38.0706 38.3537 38.5999 36.8012 39.0028
sfi-5;-1;: sd4 39.2494 39.4961 39.6977 39.8990 40,1452 40.3914 40.5927 40.7940
41.0402 41,2864 41.4877 41.6890 41.9352 42.2302 42.4462 42,5252
sfi-2:-2;: sd6 42,5922
iosd2 pb001001 x6.4155
;i sd6 pb 002002 x6.6062
;0 8d3 pb003003 x6.8835
; sd6 pb004004 x7.0827
; sd12 pb005005 x7.1550
,sd6 pb00OGD0O6 x7.1012
sd 11 pb007007 x6.9495
pb008008 x6.7976
sfi-2;-3;: sd6 pb009009 x6.7437
sfi-2;-3;;sd3 pb00100010x6.7976
sfi-2;,4;:sd6 pb 001100 11 x6.9495
sfi-2:4:; sd12 pb00120012x7.1012
sfi-2;-5:, sd6 pb00130013x7.1550
sfi-2,-6;; sd 11 pb001400 14 x7.1012
pb0D 1500 15x6.9495
sfi-1,-2;,sd7 pb0O 01600 16 x6.7979
sfi-1;-2;; sd 1 pb00 170017 x6.7440
sti-1,-3;;,sd7 pbD0 1800 18 x6.7979
sfi-1:-3;: 8d3 pb00 1900 19 x6.9495
sfi-1:4;;8d7 pb00200020x7.1012
sfi-1:4;: sd12 pb00210021x7.1550
sfi-1;-5;;sd7 pb 00220022 x7.0760
sfi-1;-5;; sd4 pb 002300 23 x6.8600
pb 002400 24 x6.56850
sfi;;-1;sdB pb00250025x6.4170
s;n ] g $ sg ?0 mate 19
efi;i-3.8 thic 0.06
ompt + 00 40.14
lct3:rz60;rz120; sii-1;;;:16m
Irep123; endpan

gct4 mx 8 0000 nz rz 45 ; mx 8.0000 nzrz 90 ;

PR 2 zifys Gy

DH &%
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S
pacNoe NAC-EA-801699-A002 REVISION () COMPUTED K YH 31,{4)}
il T UOTODOTg
pb 10037 10037 x 8.5847 cylinder
pb 10038 100 38 x 9.5064 1245;173,12798081 ;
pb 10039 10 0 39 x 9.3636 ¢ 3.1800 3.4050 3.8550 4.0800
pb 10 040 10 040 x 9.2351 T-1800 3.4600 4.0200 4.3000
pb 1004110041 x9.1529
pb 10042 10042 x9.1250 4.&%004.16363]134.63082523‘9442352702
c z 3. .5000
cpb401401 x24.0149 4.5389
pb20113011 z7.7950 cpb402402 xz4.0800 4.6800
P 50133013 203450 PD 104104 32008 24 048
pb2014 3014 z8.9200 pb106105 xz3.3217 35.1616
pb20153015 z9.2950 pb206205 xz 3.5000 35.2702
pb20163016 z9.6700 mate 22
pb20173017 z17.1701 s!l-f,.‘ﬂm
pb201830 18 2 17.5451 sii4;;:
pb20193019 z17.9201 sii ;|
pb20203020 z18.2951 sii; ;5
pb20213021 z18.6701 endpart
pb20223022 z19.0451
pb20243024 219.7951 c
pb20253025 z20.1701 ¢ ******** End Borobond ********
HEHEE °
0 z20.9201
pb20283028 z21.2951 c lid stiffener weld removed in runSc
pb20293029 z21.6701 c c lid to lid stiff weld
pb20303030 229.1701 - ¢ cylinder
pb20313031 z29.5451 c-1-2;1145;12;
pb20323032 z29.9201 ¢ 7.1250 8.6250
pb20333033 z30.2951 c0 180
pb2034 3034 z30.6701 c 42.7802 42,8102
pb20353035 z31.0451 c mate 23
mate 21 cih[zbgg
eat-Eafaitr ce
St et Bogin AT R
sii-10;;:20m ) readtan in Intemal W ei e
ésii-z:;zﬁ:%ﬁ“g: a5 c 4
1l 4f-—p3 ; ;25m
csii12;; TIo5m g be%in lower weight =***=***
SR ) c© lower in mnlcvwaiggm-ae.?lb
STIOTTZETm cylinder
csii23;;43:24m 1234;165;1234 38394041 ;
gbll':‘%1102 13, é.$g1.95602.06502.1250
@ ;1 243;
enapar - 4.9500 5.0400 5.2400 5.4400
13.6600 13.8600 14.0600 14.1500
dei34;;24057;
cylinder pb301301 xz2.08504.9500
1 137;1156 pb4 01401 xz2 1250 4.9900
i pb308308 xz2.0850 14.1500
pb40B408 xz2.1250 14.1100
pb102102 xz1.8200 5.1800
pb103103 xz1.8200 54100
pb104 104 xz 1.8200 5.6400
pb105105 xz 1.8200 13.4600
pb106 106 xz 1.8200 13.6900
pb107 107 xz 1.8200 13.9200
pb202202 z5.1000
pb203203 z5.2900
pb204204 z55266
pb205205 z13.5760
pb206206 z13.7934
pb207207 z14.0000
mate 24
bb100100 20;
siiy;-1; 12s
sii4;;; 128
sli;;-8; 6s
clet 1 mx 0.3950 mz 3.4001 ;lrep 1 ;

sii;;-2:26m
trbb 200200 14
endpart

block
15101519;1591317;115;
-1.5-150151.5

-1.25865 -1.25865 0 1.25865 1.25865
04.3800

dei12045;12045;;

dei;13;;

sd 1 sp 0 0-128.9856 129.4136
sd2cy000 001 3.0000
sti-10-5;;;sd2

sfi;-10-5;;sd2

sfi;;-1;sd1
sii ;26m
si;;-2:25m
mate 21

AL TL LSRR L LE LA LT )

End Drum Kaolite ********

B N L
[+]

B e T L)
c

o gl Barhond

c B T T

let 1 mx0.3950 mz 0.76 ; Irep 1 ;
endpan

¢ lower intemal cv weight
cylinder

13;133;14%,

1.42 1.82

0 180

4.9500 14,1500

mate 24

trbb200200 20;
bb100100 21;
sii;;-1;12s

sil;;2:8s

clct 1 mx 0.3950 mz 3.4001 ; Irep 1,
lct 1 mx 0.3950 mz0.76 ; Irep 1 ;
endpart

¢ lawer internal cv weight
cylinder

13:117 ;141

1.02 1.42

0 180

4.9500 14.1500

mate 24

rbb200200 21

bb100100 22;

sii;;-1;12s

sii;;-2,6s

c Ict 1 mx 0,3950 mz 3.4001 ; Irep 1;
Ict 1 mx 0.3950 mz 0.76 ; Irep 1 ;
endpart

¢ lowar Intemal cv weight

0180
4.9500 14.1500
mate 24

cgi_cxeosv 7}"'&5 é{%’
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T i ;
DACNO DAC-EA-801699-A002 REVISION () COMPUTED K yH %DJ"'U mavzdl_wao éﬁ_
AU U UV 227 VOV IUUIUI 2
sii;;-1;12s 0.3-0300.30.3
sii; ;268 4.9500 14.1500
clct 1 mx 0.3950 mz 3.4001 ; Irep 1 ; dei12045;12045;;
Ic1d1 m:o.assu mz0.76 ;lrep 1 ; g 11?%00%)11 0.72
endpa 106,;;
sfi;-10-5;;sd 1
g‘lowerintemal cv weight dei: 122: i
oc mate
1 : pb230230 x-04
; pb430430 x 0.4
pb340340y 0.4
sii;;i-1;6m
si;;-2:7s

sii;;2:6s
clct1 mx0.3850 mz 3.4001 ;lrep 1 ;
Ict 1 mx 0.3950 mz 0.76 ; Irep 1 ;
endpart

c ***** end lower weight **==*"**

¢ ***** bagin middie weight ****==**

¢ middie intemal cv weight - 36.7 |b
oylinder

1234;1656;1234 38394041
1.3530 1.9500 2.0650 2.1250

1

o

— bttt

20;
50 mz 12.6001 ;irep 1 ;
mz 9.9700 ; Irep 1 ;

Bo

001
clet 1 mx0.
mx 0.3

g

c middte internal cv weight
cylinder

13:133;141;

1.421.82

0180

4.9500 14.1500

mate 25

tob200200 20;

bb100100 21;

sii;i-1;6m

sii;;-2;7s

clct 1 mx 0.3950 mz 12,6001 ; lrep 1;
let 1 mx 0.3950 mz 9.9700 ;Irep 1 ;
endpart :

¢ middie internal cv weight
cylinder

13:117:141;

1.02 1.42

0180

4.9500 14.1500

mate 25

trbb200200 21;

bb100100 22;

sii;;-1;6m

sii;;-2:7s

clet 1 mx 0.3950 mz 12.6001 ;Irep 1,
lct 1 mx 0.3950 mz 9.9700 ; lrep 1,

endpan

¢ middie internal cv weight
cylinder
13:;19;141;
0.721.02

0180

4.9500 14.1500
mate 25
rbb200200 22,
sii;i-1;6m
sii;i-2:78

clet 1 mx 0.3950 mz 12.6001 ;lrep 1 ;
lct 1 mx 0.3950 mz 9.9700 , lrep 1 ;
endpart

¢ middle intemal cv weight
block
13579:13579;141;

¢ let 1 mx 0.3950 mz 12.6001 ;Irep 1 ;

let 1 mx0.3950 mz9.9700 ; Irep 1;
endpart

¢ ***** end middle waight ********

-t

(2]

“**** begin upper weight **

[+]
NEe
)
[~}
233
23
@ &
3
o
2
z
o
&
ES
&
&
o

5;1234 38394041
0650 2.1250

5.4400
.0600 14.1500

8200 1.

.24

8

o%
B

&g

o8 RO-=-—
-k ok _‘ag
C00O00 DOOOCE OOOCO. §
NORWR NOUTAWN @O —-. Q5
IS S T
occoa™g
oD
RANKAAN HANRo
S kel
§ 583838 3
S8888¢ 3

NoOsew NoOsWN
N
(3
-

NN N
[=]elelole]le] [=lalelals]e]
NNNNN
— (N
LIy
~Jn
§§*§§
D
(=]

23¥2I3E TIFBEE BRY
M RN MNN

2
o
(=]
8

L
“oi

-~
3

n

o
13
5.
=]
3

v 12s
i;;-8; 168
.3950 mz 21.8001 ;rep 1 ;
fet 1 mx 0.3950 mz 19.1800 ; Irep 1 ;
endpart

¢ upper intemal cv weight
nder

3;133;141;

42 1.82

2

8il:

clct 1 mx 0.3950 mz 21.8001 ;lrep 1;
let 1 mx 0.3950 mz 19,1800 ; Irep 1 ;
endpart

¢ upper internal cv weight

)
.3950 mz 21.8001 ; Irep 1 ;
mz 19.1800; Irep 1;

¢ upper intemal cv weight

cylnder
3;19;141;
02

mate

tbb200200 22

sii;;-1;7m

sii;;-2;15s

clct 1 mx 0.3950 mz 21.8001 ; Irep 1 ;
Ict 1 mx 0.3950 mz 19.1800 ; irep 1 ;
endpart

¢ upper internal cv weight
biock

13579:13579;141;
-0.3-0300.30.3
-03-0300303
4.9500 14 1500
dei12045:12045;;
sd1¢cy000001 D.72
sli-10-5;::sd1
sfi;-10-5::sd 1

deii 1353

mate 26

pb230230 x-04
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GENERAL DESIGN AND

COMPUTATION SHEET

7% Tmpact Analysis of ES3100 Design Concepts Using HABC

°ATE March 2004

i i‘ 5
pacho NAC-EA-801699-A002 REVISION () coweuted KDHH Eﬁ-ﬂ” V;KEDW Z}Zﬁdﬁf Gf%
$ - Added lines 00
*KEYWORD 0.000E+00,0.000E+00,0.000E+00,0.000E+00,0.000E+00,0.000E+00,
*TITLE 0.000E+00,0.000E+00

$ 3456789012345678901234567890123456789
3100 HABC-runihh U Bound Dec 2004 kgh

$

*CONTROL_CONTACT

w1

"CONTROL_PARALLEL

2ll

*CONTROL_TERMINATION

0.010,,,,

*DATABASE_BINARY_D3PLOT
0.0004,,,,
"DATABASE_BINARY_RUNRSF

2000,

*‘DATABASE_SLEOUT

1.e-5,

"DATABASE_MATSUM

1.e-5,

‘DATABASE_GLSTAT

1.e-5,

$

*‘DATABASE_RWFORCE

1.e-5,

$

$ FEANARRR AT AR AR TAR AR d Rt AT r R b b

$

$ DEFINE GRAVITY

*LOAD_BODY_X

2,1,

*DEFINE_CURVE

2

0.00, -386.

100.00, -386.

$

$ END DEFINE GRAVITY

$

$
"CONTACT_AUTOMATIC_SINGLE_SURFACE_TITLE
35, TrueGrid Sliding Interface # 35
1,02,0,,00
0.300,0.200,10.00E+00,0.000E+00,0.000E+00,0,0.000E+00,0.040E+
00
0.000E+00,0.000E+00,0.000E+00,0.000E+00,0.000E+00,0.000E+00,
0.000E+00,0.000E+00
0,0.000£+00,0,0.000E+00,0.000E+00,0,0,
0.000E+00,0,0,0,1

*SET_PART_LIST

1

1,2,3,4,5,6,7,10,
11,12,14,15,16,17,18,19,
24.25,26,27,29,30
§
$

$

$
*CONTACT_AUTOMATIC_SINGLE_SURFACE_TITLE
36,TrueGrid Sliding Interface # 36
2,020,00
0.300,0.200,10.00E+00,0.000E+00,0.000E +00,0,0.040E+00,1.000E+

0,0.000E+00,0,0.000E+00,0.000E+00,0,0,
0.000E+00,0,0,0,1
*SET_PART_LIST
2
1,2,3,4,5,6,7,10,
11,12,14,15,16,17,18,19,
24,25,26,27,31
$
$
$
$ *RIGIDWALL_GEOMETRIC_FLAT
$ ¥
$9.6900, 0.0, 21.7551, -9.6900, 0.0, 21.7551, 0.2
$ 9.6900, 0.0, 35.6900,
$

@ B PP e

SECTION_SOLID
1.1
*SECTION_SHELL
22,3

*HOURGLASS
14,
*HOURGLASS
2.4,

G rneansrreraaaas .

$ part #1 CV body

*PART

CV body

13411

$ 304L

*MAT_POWER_LAW_PLASTICITY

$ 1, 7.4093E4, 2.8000E+7, 0.29, 160455., 0.27916
1, 7.5094E 4, 2.8000E+7, 0.29, 160455., 0.27916

$

$ part #2 CV body at flange for preload

*PART

CV body at flange for preload

2,121

$304L

*MAT_POWER_LAW_PLASTICITY

$ 2, 7.4093E-4, 2.8000E+7, 0.29, 160455., 0.27916
2,7.5094E4, 2.8000E+7, 0.29, 160455., 0.27918
$

$ part #3 CV lid

*PART

CV lid
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3,1,3,1

$ 304L

*MAT_POWER_LAW_PLASTICITY

$ 3, 7.4093E-4, 2.8000E+7, 0.29, 160455., 0.27916
3,7.5094E-4, 2.8000E+7, 0.29, 160455., 0.27916
$

$

$ part#4 CV nut ring

“PART

CV nutring

41,41

$ ASME A-479 Nitronic-60
*‘MAT_PLASTIC_KINEMATIC

$ 4, 7.1347e-4, 26.2e+6, 0.298, 50000., 129000.,
4,7.5094e-4, 26.2e+6, 0.298, 50000., 129000.,
$

$

$ part #5 angle

*PART

angle

5:1:5:1

$ 304

*MAT_POWER_LAW_PLASTICITY
5,7.5130E-4, 2.81E+7, 0.29, 162738., 0.27208
$

$

$ part #6 drum

*PART

drum

6,2,6,1

$ 304

*MAT_POWER_LAW_PLASTICITY

6, 7.5130E4, 2.81E+7, 0.29, 162738., 0.27208

$
$ part #7 drum bottom head

*PART

drum bottom head

L2001

$304

*MAT_POWER_LAW_PLASTICITY
7,7.5130E4, 2.81E+7, 0.29, 162738., 0.27208
$

$ part #8 weld drum to drum bottom head
"PART

weld drum to drum bottom head

8281

$ 304

*MAT_POWER_LAW_PLASTICITY

8, 7.5130E4, 2.81E+7, 0.29, 162738.,0.27208
$

S part #9 liner overlap to angle (0.03)

"PART

liner overlap to angle (0.03)

9,29,1

$ 304

‘MAT_POWER_LAW_PLASTICITY

9, 7.5130E-4, 2.81E+7, 0.29, 162738., 0.27208
$

$ part #10 liner (0.06)

*PART

liner (0.06)

10,2,10,,1

$ 304

*MAT_POWER_LAW_PLASTICITY

10, 7.5130E4, 2.81E+7, 0.29, 162738, 0.27208
$

§ part #11 liner bottom (0.120) (see m 27 for solids)
*PART

liner bottom (0.120) (see m 27 for solids)
11,2411

$304

*MAT_POWER_LAW_PLASTICITY

11, 7.5130E4, 2.81E+7, 0.29, 162738, 0.27208
$

$ part #12 lid shells (0.0598)

*PART

lid sheils (0.0598)

122,121

$304

*MAT_POWER_LAW_PLASTICITY

12, 7.5130E4, 2.81E+7, 0.29, 162738., 0.27208
$

$ part #13 thin lid shell at bolts

*PART

thin lid shell at bolts

13.2,13;:1

$ 304

*MAT_POWER_LAW_PLASTICITY

13, 7.5130E-4, 2.81E+7, 0.29, 162738., 0.27208
$

§ part #14 lid solids at the lid bolts

*PART

lid solids at the lid bolts

14,1,14,,1

$ 304

*MAT_POWER_LAW_PLASTICITY

14, 7.5130E4, 2.81E+7, 0.29, 162738., 0.27208
$

$ part #15 lid stiffener

*PART

lid stiffener

18,1,15;,1

$304

*MAT_POWER_LAW_PLASTICITY

15, 7.5130E4, 281E+7, 0.29, 162738, 0.27208
$

5

$ part #16 drum bolts

*PART

drum boits

16,1,16,,1
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$ 304

$ *MAT_POWER_LAW_PLASTICITY
$16, 7.5130E4, 2.81E+7, 0.29, 162738., 0.27208
*MAT_PLASTIC_KINEMATIC

16, 7.3451e-4, 29e+6, 0.29, 34000., 93180.,
,,0.57

$

$

$ part #17 drum stud nuts

‘PART

drum stud nuts

1ZAATA

$ bronze
*‘MAT_POWER_LAW_PLASTICITY
17,8.2371e-4, 1.70E+7, 0.33, 70989., 0.09191
$
$

$ part #18 drum studs

*PART

drum studs

18,1,18,1

$ 304

‘MAT_POWER_LAW_PLASTICITY

18, 7.5130E4, 2.81E+7, 0.29, 162738, 0.27208

$

$

$ part #19 plug liner

*PART

plug liner

19,2,19,,1

$304

*MAT_POWER_LAW_PLASTICITY

$19, 7.5130E4, 2.81E+7, 0.29, 162738., 0.27208

19, 8.1752E4, 2 81E+7, 0.29, 162738., 0.27208

$

$ part #20 plug kaolite

‘PART

plug kaolite

20,1,20,,1

$ kaolite

*MAT_HONEYCOMB

$ 20, 4.6081E-05, 1.0E+86, 0.01, 40000., 0.20,

$5% 4.0479E-05 is 27.0 I/fin3

$ low bound $

$ low bound $20, 4.0479E-05, 1.0E+6, 0.01, 40000., 0.10,
$ low bound $1,

$ low bound $2197., 2197., 2197., 1099.0, 1099.0, 1099.0,
$ low bound §,

$ low bound §,

$ low bound $$

$ low bound $*DEFINE_CURVE $ Lower Bound Kaolite February
2004 Curve

$ low bound $1,

$ low bound $0.0000, 29.0

$ low bound $0.0132,29.0

$ low bound $0.0456, 48.0

$ low bound $0.0792, 56.0

$ low bound $0.1128, 64.0

$ ‘ow bound $0.1464, 75.0

$ low bound $0.1800, 83.0

$ low bound $0.2136, 93.0

$ low bound $0.2460, 105.0

$ low bound $0.2796, 109.0

$ fow bound $0.3144, 117.0

$ low bound $0.3480, 127.0

$ low bound $0.3816, 148.0

$ low bound $0.4140, 174.0

$ low bound $0.4488, 202.0

$ low bound $0.4824, 237.0

$ low bound $0.5160, 281.0

$ low bound $0.5496, 330.0

$ low bound $0.5832, 381.0

$ low bound $0.6168, 443.0

§ low bound $0.6492, 520.0

$ low bound $0.6828, 619.0

$ low bound $0.7140, 744.0

$ low bound $0.7476, 896.0

$ low bound $0.7800, 1099.0
$ low bound $0.7944, 1205.0
§ low bound $0.8200, 3000.0
$ low bound $0.8700, 10000.0
$ low bound $0.9000, 40000.0
$

20, 4.0479E-05, 6.0E+5, 0.01, 40000., 0.12,
1,

29210., 29210., 29210., 14605.0, 14605.0, 14605.0,

’

$
*DEFINE_CURVE $ Upper Bound Kaolite June 2004 Curve
1,

0.00, 292.1
0.01, 2921
0.019, 3133
0.029, 3361
0.04, 360.5
0.051, 3866
0.064, 4143
0.079, 4436
0.094, 4745
0.111, 5069
0.13, 540.7
0.15, 575.7
0172, ©b6116
0197, 6479
0.224, 684.1
0253, 7196
0.285, 780.0
0.32, 860.0
0.3504, 958.0
0.3696, 1086.0
0.3888, 1231.0
0.45, 2000.0
0.5, 3000.0
0.6, 6000.0
0.7, 10000.0
08, 16000.0

0.85, 22000.0
0.88, 40000.0

$
$ part #21 drum kaolite

cowre> KDH Bl pRRRe ) [ le Gl
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REVISION 0

“‘PART

drum kaolite

211,21, 1

$ kaolite

*MAT_HONEYCOMB

$ 21, 4.6081E-05, 1.0E+86, 0.01, 40000., 0.20,

$6$ 4.0479E-05 is 27.0 I/ftr3

21,4.0479€E-05, 6.0E+5, 0.01, 40000.,0.12,

1,

29210., 29210., 29210., 14605.0, 14605.0, 14605.0,

$

8

$ part/mat 22 borobond4 - from HEU Pallet Comer (Huston)

$ "PART

$ borobond4

$221,22,1

$ *MAT_SOIL_AND_FOAM

$ 22, 1.799E-4, 1.019E6, 2.491E6, 1.0083E7, 0.0, 0.0, -309.3,
$,

$0.0, -7.387e-4, 4.236e-2, -0.1733, -0.2699, -0.3963, -0.5650,
-0.7997
$-1.1536,

$0.0, 18333,

$ 100000.,

$

*PART

HABC 2774 40F
221,221
*MAT_SOIL_AND_FOAM

22, 1.5742e4, 7.485e5, 1.952e6, 4.530e5, 0., 0., -78.2

1850., 1866., 1883., 1900., 10000., 30000.

0.00,-3.438E-05,-1.330E-04,-2 597E-04,4 .448E-04,-8.881E-04,-3.4
61E-03,-1.679E-01,

-5.550E-01, -1.141E+00

0.00, 67.100, 187.300, 294.367, 374.067, 416.567, 433.333,
566.667,

1000.000, 100000.000

$

$ § part #23 lid to lid stiffener weld

$ "PART

$ lid fo lid stiffener weld

$23223,1

$ § 304

$ "MAT_POWER_LAW_PLASTICITY

$23,7.5130E4, 2.81E+7, 0.29, 162738.,0.27208

$,

$

$ part #24 lower intemal cv mass

*PART

lower intemal cv mass

241,241

$ mild steel

*MAT_PLASTIC_KINEMATIC

§ 24, 7.3451e4, 29e+6, 0.29, 30000., 100000.,

24, 7.3242e-4, 29e+6, 0.29, 30000., 100000.,

$
$

$ part #25 middie intemal cv mass
‘PART

middle internal cv mass

25,1,25,1

$ mild steel

*MAT_PLASTIC_KINEMATIC

§ 25, 7.3451e4, 29e+6, 0.29, 30000., 100000.,
25, 7.3242e-4, 29e+6, 0.29, 30000., 100000.,
$

$

$ part #26 upper intemal cv mass

“‘PART

upper intemal cv mass

26,1,26,,1

$ mild steel

*MAT_PLASTIC_KINEMATIC

$ 26, 7.3451e-4, 29e+6, 0.29, 30000., 100000.,
26, 7.3242e-4, 29e+6, 0.29, 30000., 100000.,

$

$

$ part #27 liner solids

*PART

liner solids

27,2271

$ 304

*MAT_POWER_LAW_PLASTICITY
27,7.5130E4, 2.81E+7, 0.29, 162738., 0.27208
$

$

$ part #28 liner overlap

*PART

liner overlap

28,2,28,,1

$ 304

*MAT_POWER_LAW_PLASTICITY
28,7.5130E4, 2.81E+7,0.29, 162738., 0.27208
$

$

$ part #29 visual rigid plane

*PART

visual rigid plane

29,1,29,0,0

$ RIGID MATERIAL

*MAT_RIGID

29, 1.0E-6, 2.8E+7, 0.29,

1.0,7,7

$

$

$ part #30 mild steel - crush plate

*PART

mild steel - crush plate

30,1,30,,1

$ mild steel

"MAT_PLASTIC_KINEMATIC

$ 30, 7.3483e-4, 29e+6, 0.29, 30000., 100000.,
$runia - 30, 7.4327e4, 29e+6, 0.29, 30000., 100000.,
30, 7.34905e-4, 29e+6, 0.29, 30000., 100000.,

$
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REVISION () coweutEd KDH _‘f,’z‘:m“ @%ﬁ&[.&l oc &

$ 6, 1,2
$ part #31 punch $
*PART $
punch $ node 80840 is the node on the angle at the comer,
31,1,31,1 $ mid chamfer at O degrees to track velocity changes
$ mild steel *DATABASE_HISTORY_NODE
*MAT_PLASTIC_KINEMATIC 80840,
31, 7.3451e-4, 29e+6, 0.29, 30000., 100000., $

$

$

$

$ part #32 silicon rubber

*PART

silicon rubber

32,1,32,1

$ silicon rubber
*MAT_BLATZ-KO_RUBBER

32, 1.1554e4, 51260., 0.0

5

$

$

$ & part #33 drum studs

$ *PART

$ drum studs

$33,1,33,1

$$304

$ % "MAT_POWER_LAW_PLASTICITY
$$16, 7.5130E4, 2.81E+7, 0.29, 162738., 0.27208
$ "MAT_PLASTIC_KINEMATIC

$ 33, 7.3451e-4, 29e+6, 0.29, 34000., 93180.,
$,057

€ ew

2@eeeeeAeAeAeEeeEREREeEeRAERe@@ae
@eeereeeeReEeReeEEee@@Re@

$
@eP@eeeReeeeA@ReReEEREE@R@A@@RERE®@
feeeeeepeeeee@eeeee@E@@@

$
@eeeeeeee@doeeeeeeEeeE@eee@a@eee@
eeRRE@EeeAEEEEA@AEIEEe@@EQe@

$

*DEFINE_COORDINATE_NODES

1, 62716, 80351, 58241, .
$ node 62716 is N1, the origin of the local coordinate system #1 and
$ is located in the inside center of the CV bottom flat head

$ node 80351 is N2, and therefore defines the local +X direction, it

is
$ located on the centerline of the CV lid

$ node 58241 is N3, and defines the +Y local direction, it is initilly

$ located in the direction of the global X axis from N1

$

*DATABASE_NCDOUT

0.00001,

‘DATABASE_HISTORY_NODE_SET_LOCAL

1,1, 2

2, 1, 2
5 1, 2

$ - End Added Lines







