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associated NRC evaluation, which is enclosed. The evaluation defines the
basis for acceptance of the report.

We do not intend to repeat our review of the matters described in the report
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described in the report.
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documentation.
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Enclosure

Safety Evaluation of EAL s Sulut i s to the NRC
Sample Problem - PWR Fuel Assemblies Mechanical
Response to Seismic and LOCA Events (XN-NF-696)

1.  INTRODUCTION

Previously, we have approved the Exxon Nuclear Company (ENC) PWR fuel assembly
mechanical response model under combined seismic and LOCA loads (XN-NF-76-47(P)(A)).
The mode! calculations were based on the nonlinear transient dynamic analysis
option of the ANSYS code. Subsequently, ENC changed the mode! calculations from
ANSYS to the NASTRAN code. In order to demonstrate that the result of NASTRAN
analysis sti)) complied with the SRP criteria, we requested ENC to provide a

new calculation of the NRC standard problems. ENC provided a new solution
described in the report XN-NF-696 fc~ review. Our contractor, Idaho National
Engineering Laboratory (INEL), has performed an independent calculation using

the FAMREC computer code (Ref. 1) as a check of the ENC results.

2. ANALYSIS SUMMARY

Three cases were considered depending on the core plate displacement functions.
The core plate displacement determined the response of impact forces on the
fuel assemblies, in particular, the grid spacers under seismic and LOCA loading
conditions. INEL ran these three cases using the auditing code FAMREC and then
compared the results with the ENC's results as described in the INEL t.:chnica!l
report (Ref. 2). The comparisons showed that the ENC spacer grid maximum
forces were efther equal to or greater than the maximum forces calculated by
INEL for the first and third cases, and the INEL maximum forces were larger
than the ENC forces for second case. However, the second case had smaller core
plate motions and thus smaller spacer jrid forces,
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Both INEL and ENC predict. ) that the maximum forces occurred at approximately
the same times. The locations of the maximum forces appeared different

for different calculations, [%7. attribited *r+ cause of these discrepancies
to the different assumed shapes of the baffie plate. However, since the
more important parameter, maximum impact force, was not sensitive to the
shape of the baffle plate, we conclude that ENC analysis is acceptable.

3. CONCLUSIONS

Because (1) ENC's new analysis is consistent with our audit calculation,
and (2) the NASTRAN and ANSYS codes are widely acceptable computer codes
for structural analysis, we conclude that the report XN-NF-696 can be
referenced for licensing applications for PWR seismic and LOCA loading

analysis.

- T s B @ - ab 0 o T D A e O & B T e o™



)
b
3
¥
¥
§
|
}
§
¢
§
i
§
‘
4
i
i
¥
i

References

¥, R. L. Grubb, rressurized maLer Reactor Lateral Core Response Routine,
FAMREC (Fue) Assembly Mechanical Response Code)"“, USNRC NUREG/CR-1019,
September 1979.

2. B. L. Harris, "Review of Exxon Nuclear Company's Fuel Assembly LOCA-
Seismic Response Reports XN-NF-81-51P and XN-NF-696", EGAG EGG-EA-6618,
May 1984,



ENC'S SOLUTION TO THE NRC SAMPLE PROBLEMS - PWR FUEL ASSEMBLIES

MECHANICAL RESPONSE TO SEISMIC AND LOCA EVENTS

MAY 1983

E’.)XON NUCLEAR COMPANY,Inc.




¢
'.
'
i
)
L
!
:
&
'
i
i
i
¢
i
)
g
'
i

ov-s¢-s56 (NP) (A)

[usue Deate: 5/1/86

ENC'S SOLUTION TO THE NRC SAMPLE PROBLEMS - PWR FUEL ASSEMBLIES

Approved by:

Jrs

MECHANICAL RESPONSE TO SEISMIC AND LOCA

EVENTS

o/f/ 23

Mechanical Model Development

~ Date

&/39

ate

Foel Dwolopnnt and Testing

ate

&/F 3

K. ; Woods, Manager

Fuel Research and Corporate Services

vate

f 9 ”~r
[ e A

ah!_%tau/: {:‘..qor

Licensing and Safety Engineering

Date




NUCLEAR AEGULATORY COMMISSION DISCLAIMER
ETHI
m !£ CAREFULLY

provided by Exxon Muciesr for laht wetsr DOwer raectors and (f s 'rue

® e bemt of Exxon Nuciesr’'s knowiedge, nformaton,
. The information contsned herein may be used by the USNRC
in i rovew of this mport, and by licensses or wpplicant before he
USNAC which sre cusmomens of Exxon Nuciesr in thew demonstraton
of comoliencs with t.e USNAC s reguistons.

Without derogating from the foregoing rerther Exxon Nuclesr nor
vy Dereon acting on it benatt:

A, Makss avy waranty, exprem or molied, with rmpeet ©
the couwrssy, compistenem, o ussfuines of the infor
mation contaned in "his document or tha the use of

Assares avy liabilities with rwspest m the use of, or ‘or
darsge remiting from e us of, awy informston, B
pamtus, method, or rooem disciossd 0 this Jocument

XN NE. FQQ, 788

3
!
!
i
§
2
4
$
¢
'
i
§
'
i
¥
t
:
§
£



ENC'S SOLUTION TO THE NRC SAMPLE PROBLEMS - PWR FUEL ASSEMBLIES

MECHANICAL RESPONSE TO SEISMIC AND LOCA EVENTS

TABLE OF CONTENTS

1.0 INTRODUCTION s.cecovesnssescscovonnansnnensasssssessssesssccananas
2.0 THE NRC SAMPLE PROBLEMS ..vcvvvcecovecenvacscsnsssvanassasnnnsnns
2.1 REACTOR CORE AND INPUT LDADS sivvvevccessoncnnncsscansnnss oo
2.2 SPACER GRID DESCRIPTION .uivesvcesvscacvsnasssssasaccsscnnnes
2.3 FUEL ASSEMBLY DESCRIPTION ..vevvcvecnsssvsnnssssnsnscanannns
3.0 ENC'S FORMULATION OF THE NRC SAMPLE PROBLEM ...ccvvvivvcvsrnnnnnss

3.1 FORMULATION OF THE REACTOR CORE MODEL FOR EVALUATION WITH

MSTRAN YR s e e R R R I I

3.2 STRUCTURAL MODEL FOR THE IMPACT RESPONSE OF THE SPACER

GRIDS 000 0 008 0000080 ERR ORI IRRIEIIRRIRRIRNRISISISISISRNNISLOSIGETYS

3.3 STRUCTURAL MODEL OF THE FUEL ASSEMBLY USING THE MODAL
SYNT*SIS meo l...'l....l'.'...'...........I...‘.’.......

DIRECT TRANSIENT ANALYSIS PROCEDURE ..cvcvevccvevenvsccnscncnnans
ANALYSIS RESULTS .vvvevescscsscssassnccansnsvasscsssanans cesssses
CONCLUSIONS secevcocsoncesssnssssessssssssasassssssoscsssasssnscse
REFERENCES cuvevcvsesvesssssssesessnssasasssscsssssscanassnnnrnns

mEmIXA-ThQ M.l ".trix [‘] R R R R E T R LI A

XN=NF 696 (NP) i“)

PAGE

"
1"
1"

15
19
21
36
37

38



ENC'S SOLUTION TO THE NRC SAMPLE PROBLEMS - PWR FUEL ASSEMBLIES

MECHANICAL RESPONSE TO SEISMIC AND LOCA EVENTS

LIST OF TABLES

Input Displacement Functions ....
Modal Matrix ..cccoccccccces
Modal Properties ....cccevceecess
Maximum Input ..icccecccccccces
Case 1 - Symmetric Loading Study

Case 2A - Asymmetric Loading Study .....

Case 28 - Asymmetric Loading Study ......




Figurc

2.1.1
2.1.2
2.1.3
2.2.1
2.31
3.1

3.2.1

5.1

5.2

5.3

5.4

5.5

5.6

-iii- w-nF-696 {NFP) (A)

ENC'S SOLUTION TO THE NRC SAMPLE PROBIFMS - PWR FUIFI ASSEMPL IFS

MECHANICAL RESPONSE TO SEISMIC AND LOCA EVENTS

LIST OF FIGURES

Flow Diagram For Dynamic Analysis of the NRC Sample Problems
Reector Core Cross Section .cccccccccscccscssecossccncccnces
CRUET SIRE IR o cinetsssbsrsabsnssbiointisirtnbiorsitsnten
CASE2B Three Frequency Sine Wave Input ....cccevvcecennvonnes
Spacer Mechanical Properties ..ccsssevesssscresssssasasnssse
Fuel Assembly Mechanical Propertie@s .....ceeocecceeccsccancns

Schematic Diagram for a Five Assembly Five Spacer Grid
Structur.l mel L L B I I N I B B A B B R I DR R O IR B R

Application of the Through-Grid Response in the Structural
R”m‘. Mw’l L I B A I I B B A R B N I I I B A O N

Impact Force Between Fuel Assembly No. 11 and Baffle at
Rm m. B'CASE1 LR B B B B B N B O B B B R R N R B I B B

Element Force Due To In-Grid Stiffness Fuel Assembly No. 11
‘t RW No. J-CASE1 LI R B B N I B I A B N N N B I B R

Displacement of Fuel Assembly No. 11 Relative to Baffle at
Rw Nol B-CASE1 L B B B I B I O B I B N I IR N N R N R R N R N R N

Impact Force Between Fuel Assembly No. 11 and Baffle at
Rw M. S-CASEZA L B B I B B N B B B B I R I R R N

Total Displacement - Fuel Assembly No. 11 at Row No. 3 -

CASEZA LA R R R R I )

Impact Force Between Fuel Assembly No. 11 and Baffle at
Ro' ~°. B-QSEZB L B I B B N O IR N B B B B IR I B R L

10

12

14

27

28

29

30

N

32



Fiqure

5.8

5.9

AI1

afve XN=NF =696 (NP} (A}

LIST OF FIGURES (Continued)

Displacement of Fuel Assembly No. 11 Relative to Baffle at
Ro' Mo. }-CASEZB 'R R R R I I R R A N B R N R R N N B L B B

Total Displacement Fuel Assembly No. 11 at Row No. 3 -

CASEZB TR e e R R I R A B

Element Force Due to In-Grid Stiffness Fuel Assembly No. 11
‘tRo' No. B-CASEZB [ EEEEEEEE T I I N I R I

F"Q-Fl‘ﬁe MSTRAN StrUCtural MOdQl D I I

Page

33

34

35



ave

oot XN-NF -696.{N P) (A)

ENC'S SOLUTION TO THE NRC SAMPLE PROBLEMS - PWR FUEL ASSEMBLIES

MECHANICAL RESPONSE TO SEISMiC AND LOCA EVENTS

1.0 INTRODUCTION

The Exxon Nuclear Company's evaluation procedure for the dynamic response
of fuel assemblies subjected to seismic and LOCA events assumes that a row of
fuel assemblies are excited by the lateral motions of the core plates. The
effects of these displacements at the fuel assemblies boundary can be modeled
using a modal simulation of the fuel assembly's dynamic characteristics.
Specer grids form an envelope around the assemblies at the spacer grid loca-
tions where assemblies may contact one ancther or the core barrel. The
impacts of these assemblies cause interactions at these locations which are
modeled with a non-linear model for the spacer grid structure. The whole
modeling procedure is developed such that the dynamic behavior of the result-
ant structural model can be evaluated with the MSC/NASTRAN program.

This report describes how the characteristics described for the NRC's
standard problem for PWR fuel assemblies subjected to seismic and LOCA events
are interpreted and used to obtain predicted responses using the general
theory applied to commercial PWR plants. A flow diagram depicting this

procedure is shown in Figure 1.
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CALCULATE MODE SHAPES
FOR A
FREE-FREE STRUCTURE

SETUP-MODAL
SYTHESIS MODEL
OF FUEL ASSEMBLY

EXPAND MODAL SYNTHESIS
MODEL TO A FIVE FUEL
ASSEMBLY - CORE MODEL

MERGE SPACER - GRID IMPACT
MODEL AND CORE MODEL

INPUT

DISPLACEMENT
FUNCTIONS

h

PERFORM DIRECT TRANSIENT
RESPONSE ANALYSIS USING
MSC/NASTRAN

Figure 1 Flow Diagram For Oynamic Analysis of the
NRC Sample Problems
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THE NRC SAMPLE PROBLEMS

2.1 REACTOR CORE AND INPUT LOADS

The reactor core for the sample problem consists of thirteen (13

assemblies with five (5) fuel assemblies on the largest diameter. The
gaps between (he peripheral fuel assemblies and the baffle or core barrel are
0.06 inches, the gaps between the fuel assemblies are 0.03 inches. Figure
2.1.1 shows the reactor core's cross section and the direction and phasing of
the input displacements to the core support plates and core barrel. The
assumed input displacement functions are analytically defined in Table 2.1.1.
For the first case, CASE1, the displacement function is a simple sine wave
with a frequency of 3 hz and an initial velocity of 9.425 in/sec which is
imposed on both the upper and lower core plates. The displacement function
for the second case is divided into two parts with CASE2A, the first part,
having an amplitude four times less than the second part, CASE2B. The dis-
placement function is a combined sine wave having three components with the
frequency content of 3.183, 15.9 and 86 hz. A time delay of 0.006 seconds 1is
imposed on the displacement functions applied ton the upper and lower core
plates. Figures 2.1.2 and 2.1.3 show the core plates input displacement
functions for CASE1 and CASEZ2B.

2.2 SPACER GRID DESCRIPTION

A schematic diagram given for the sample problem showing how the

load deflection characteristics are defined is shown in Figure 2.2.1 for both

the in-grid and through-grid spacer load-deflection responses. The through-
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Table 2.1.1 Input Displacement Functions

Case Input Displacement Function
1 X,(t) = 0.5 sin 18.85¢ iu (0) = 9.425 in/sec
z (t)
YL(t) Xu\t,
2 Xu(t) = A (1.0 sin 20.0t + 0.5 sin 100.0t
-0.1296 sin 540.0t) t>0
xu(t) s 0 t <0
XL(t) H XULt-dt) t = 0.006 All t.
2A A = 0.05
28 A= 0,20

where: t = seconds

Pad
"

displacements
U = upper core plate

lower core plate

r
"
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Figure 2.1.3 CASE2B Three Freguency Sine Wave Input
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Figure 2.2.1 Spacer Mechanical Properties
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grid stiffness is bi-linear which representc the possible collapse of the
spacer grid. Viscous damping values are also given for the in-grid and
through-grid loading conditions. The viscous damping in the through-grid
response is only activated when the gaps between the spacers are closed.

2.3 FUEL ASSEMBLY DESCRIPTION

The fuel assembly's length anc spacer locations are shown in Figure
2.3.1. The fuel assembly's weight is 1,855 lbs with its mass distribution
given as lumped masses located at nodal locations. The cress sectional
dimensions of the fuel assembly (such as cladding diameters) are not given
because the sample problem is setup so that the primary deformations of the
fuel assembly can be modeled with prescribed fuel assembly characteristics.
Accordingly, the stiffness characteristics are defined by & load deflection

curve and a frequency response, specifically:

“ The bi-linear load-deflection curve shown in Figure 2.3.1 and,

~ The clamped-clamped natural frequencies of 3, 5, 7, 9. & 11 hz.
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3.0 ENC'S FORMULATION OF THE NRC SAMPLE PROBLEM

3.1 FORMULATION OF THE REACTOR CORE MODEL FOR EVALUATION WITH NASTRAN

The structural reactor core model for a row of fuel assemblies with
core plate motion excitation and assembly-assembly - assembly-core barrel
impact can be evaluated with NASTRAN. The linear scalar elements and the
modal shape functions are used to represent the dynamic characteristics of the
fuel assemblies. The modal dynamic characteristics of the fuel assemblies are
transformed into mess, damping and stiffness matrices in terms of the physical
coordinates with the multiple restraint conditions. The impact forces acting
on these assemblies from the grid spacer and gap impact requires the use of
non-linear scalar elements evalusted in terms of the physical coordinates.
The resultant system structural model considering the excitation by the motion
of the core plates can be evaluated using existing evaluation features of the
MSC;NASTRAN:1) code. The five fuel assembly reactor core model 1s shown

in Figure 3.1.

3.2 STRUCTURAL MODEL FOR THE IMPACT RESPONSE "F THE SPACER GRIDS

The fuel rods and control rod quide tubes are separated Dy spacer
grids. The outer surfaces of these spacer grids extend beyond the bounding
surfaces of the fuel rods and are laterally aligned with one another. Thus,
the spacer grids are the structural components that contact one another or the
core barrel when the lateral excitation of the fuel assemblies is sufficient
to cause impacts. The spacers are fabricated from thin strips and contain

springs and dimples which space the fuel rods. Thus, the grid spacers are
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flexible structures which can deform with respect to their boundina strips,
through-grid deflections, and with respect to relative spacing of the fuel
rods and the bounding grid structure, in-grid deformations. The majority of
the mass of the fuel assembly is situated in the fuel rods, the spacer grid
impact model has low mass or inertial loads associated with its deflection.

To model the effects of the gaps, in-grid and through-grid deforma-
tions and damping requires a multi-element non-linear model for the spacer
grid impact model. The application of this model requires that an additional
coordinate be assigned to each spacer. The system model can be formulated for
the through-grid response in terms of relative displacements of these extra
o.ordinates. The spring in the through-qrid model is active only when the gap
vetween spacers is closed and is bi-linear to account for the collapse or
buckled response. The dash pot in this model is also non-linear in that it is
only activated when the gap is closed. The resultant model yields the same
type of physical response as proposed by Grubb and Saffell.(B) The schematic
representation of the non-linear through-qgrid model is presented in Figure
3.2.1. This model is an adaptation of spacer grid impact models that have

been previously usod.(3’a'5)

The deformations of the fuel assembly are asso-
ciated with the movement of the fuel rods. The fuel rods are connected to the
spacer grid structure locations by the in-grid stiffness, see Figure 3.1 which

accounts for the relative movement of the fuel with respect to the spacer grid.
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NON-LIHEAR DAMPING RESPONSE
(ACTIV'Z WHEN GAFP CLOSED)
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FORCE

RELATIVE DISPLACEMENT
NON-LINEAR THROQUGH GRID SPRING RESPONSE

Figure 3.2.1 Application of the Through-Grid Response
in the Structural Response Model
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3.3 STRUCTURAL MODEL OF THE FUEL ASSEMBLY USING THE MODAL
SYNTHESIS METHOD

ENC's general evaluation model uses the modal synthesis approach to
develop the structural model for the fusl assembly. In the modal synthesis
representation, the vibrational modal shapes and frequencies of the structure
in a selected frequency range are used as the degrees of freedom. This type
of structural representation permits the number of degrees of freedom of the
structural or physical model to be reduced while the accuracy of the dynamic
response .n the selected frequercy range is maintained.

Either an eigenvalue analyses or experimentally determined results
that yield the natural frequencies and mode shapes can be used to form the
modal representation of the structure. In the eigenvalue analysis method, the

non-forced vibrations of the structure are:
([K]=aA(M])(u} = O
{u} a set of the displacement vectors for each modal shape
A nnz which is the square of the natural frequencies

[K] and [M] are the free-free stiffness and nass matrices

The above displacement vectors {u} for each mode are combined to make the

modal matrix [s¢].




Use of the fuel assembly represented by its vibration modes 1in the
reactor core model requires infcrmatich about the relation between the fuel
assembly modal excitation and the physical motions at the core plate supports
and at spacer locations. The required data for this modal modeling procedure
are the natural frequencies [»nzl, the modal matrix or eigenvectors (3], the
modal masses of the fuel assembly and the modal damping. The displacements at
connection boundaeries and at spacer locations are designated Dy Xo/ o The
displacements of these points are related to the modal coordinates E;} of

the fuel assembly by:

{ a I (£:. )
.XC, < L’Cl]‘z'l’

the ith mode amplitude, modal coordinates

connection points, physical coordinates

The displacements at the grid locations are required to determine impact
forces between spacers or between spacers and the core barrel.

This modeling procedure was applied for the sample problem (see
Appendix A). The columns of the modal matrix [é.;] are given in Table
3.3.1. The modal masses, modal stiffnesses, modal damping and modal frequen-
cies, are given in Table 3.3.2. Eguation (2) provides the basic relations
needed to formulate the modal synthesis model in terms of the ghysical coor-

dinates at the connection points and spacer locations. This modal synthesis

model is used for each assembly in the reactor core model (see Figure 3.1
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4.0 DIRECT TRANSIENT ANALYSIS PROCEDURE

The final set of equations of motion in physical coordinates for the five
assembly model shown in Figure 3.1 which includes the spacer grid non-linear

force from Figure 3.1.1 is:

[M] (%} + [B) {x} + [K] (x} = (Py(t)} + (P} (4)
where:
(M] = mass matrix
{x} = a set of physical coordinates expressed as a
column matrix of one term for each node point
(B8] = damping matrix
(K] = stiffness matrix
(Pl(t)} = is the time-dependent applied force vector*
(Pn} = is a vector of non-linear forces which are a

function of {x} and {x} to model the gaps and
one way impact damping

The Direct Traneient Analysis capability Rigid Format No. 27 of MSC/NAS-
TRAN was used to solve the equations of motion. MSC/NASTRAN Rigid Format
No. 27 was used to evaluate the impact between fuel assemblies. The applied
non-linear forces, Pn are evaluated with this option as the variations

from a linear respcnse for the spacer grid elements shown in Figure 3.1. This

®* The input sine displacements time histories Table 2.1.1 are converted to
forces by NASTRAN.
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solution technique eliminates the traditional approach of re-formulating the
stiffness matrix for each successive time step. Rigid Format No. 27 uses the
Meumnrk-eeta(Z) direct integration procedure.

A nominal time step of at = 0.1 ms was used for these analyses. The
affect of this time step on the Newmark-Beta integration procedure was checked
by making comparative runs with the time step altered by The
results from these runs were approximately identical and no convergence cCr

stability problems were encountered.
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5.0 ANALYSIS RESULTS

The response evaluation of the core structural model shown in Figure 3.1
was performed using the sine forcing functions given in Table 2.1.1. The
maximum displacement, velocity and acceleration inputs for the sine forcing

functions are shown in Table 5.1. The cases run are summarized Delow:

Spacer Grid Fuel Assembly

Impact Damping Camping
Run lb-sec/in % Critical
CASE1 220.0 22
CASE2A 220.0 22
CASE28 220.0 22

The results of the grid impact forces are presented ir Tables 5.2 through
5.4. These maximum impact forces are identified by a fuel assembly schematic
with fuel assembly and row numbers noted. The forcing function fuel assembly
and baffle displacements were applied for 0.5 seconds and the maximum grid
impact forces were assumed to occur during this period.

Table 5.2 shows the grid impact forces for the symmetric loading of
CASE1. The response is close to symmetric about Row No. 3 and there 1is some
buildup of impact fnrces in direction of the input forcing function. These
results for CASE1 are in agreement with thosé presented in Reference (5),

Appendix F. The maximum grid impact forces are shown in Tables 5.3 and 5.4



XN=-NF =696, , (9} 1/

Maximum Inputs

Displacement Velocity Acceleration

inch in/sec

Case 1
Case 2A

Case 2B

# See Table 2.1.1 for sine functions.
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for the asssymmetric loading conditions of cases CASE2A and CASE2R on the
spper and lower core plates and baffle. The impact forces for CASE2A fall
into Reaion I, Figure 2.2.1 and 3.1.1, and the higher impact forces for CASEZH
fall into Reaion Il for the bi-linear response of the spacer grid model. The
qrid impact forces exceeding 2,500 pounds indicate that the bi-linear property
of the spacer grid model was exercised.

The dynamic responses of the middle spacer with impact forces between the
fuel assembly and baffle, fuel assembly relative and total displacements and

spacer in-grid (stiffness) element forces are shown in Figures 5.1 through

5.9, (See Figure 3.1 for assembly and grid locations given in these figures.
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Figure 5.1 Impact Force Between Fuel Assembly No
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ELEMENT FORCE - LBS

i XN-NF-696, NP} 141

ol .2 .3 4
TIME - SECONDS

Figure 5.2 Element Force Oue ToO In-Grid Stiffness
Fuel Assembly No. 11 At Row No. 3 - CASE]



XN-NF-696, ;5[B} {4}

v
e
=
~
x
'
—
x
e
=
et
)
-
—
=
v
o

TIME - SECONDS

5.3 Displacement of Fuel Assembly No. 11 Relative
To Baffle At Row No. 3 - CASE]




-30- XN=NF =696 ,. ", ] !j,

Figure 5.4

.2 d .4
TIME - SECONDS

Impact Force Between Fuel Assembly No. 11 and
Baffle at Row No. 3 - CASEZ2A




DISPLACEMENT - INCHES

-31- XN-NF-696, i'\,‘:. 1A:
B

0 o 2 .3 4 .3
TIME - SECONDS

Figure 5.5 Total Displacement - Fuel Asseémbly No. 11 At
Row No. 3 - CASE2A



L ——
~<1.
-
Ll
>
o Zou.
O
9 -
T o
' =
('
3 >
- g
= om
> mz
w
v v
W =
< O
-
a
am™m
w
8 € o
= QM
o £
e g
w -
' v W o
- (22}
™ . .
' o~
w v
X Lo
- O
- w S
[
-~ o
U m
o
md
=
s

Figure 5.6

S81 - 30804 ¥VINIT-NON



KN-NF-696, NP (4]

o33

-~ bl
e F
e S S
=
sgeampe————tY" 4
ol =
< _ -
NSNS | e i e 5 B o e Sa _— 3 &
= 1
= e
A= -
n.w o
oy =
s it v.m
A“Hyy Mm
} RN o~~~
o g - .
- il - v w
e S <™
p——— o @
- b -—
BRSS! A T, 8 28
S ' fonm
T i w
il o -1 > o
———e = -
|||¢ e T i m ®
il ‘ltlal.‘t.\\‘ CH
_— %
‘ﬂﬂ"‘-iJj"l .nlu..u
— |
Pr— v "‘4 - t“ w
N ——— .-
!'\I“"I‘L
- 7
ﬂ T v
4|#ul|l||"lll’|l e | - o
[ ———
A"H”l\ o
g ] “
——
— "‘.'ll.';r"'r'L
Pemm———
-3 R . 4
o

SIHONT - INIWIDVI4SIO



a

KN-NF-696, i [P} 1A

o=

SIHONT - INIWIDIVV4SIU

TIME - SECONDS

11 at

Total Displacement Fuel Assembly No.

Row No. 3 - CASEZB

Figure 5.8



X
A

—
.
- -
“em
R | &
> o~
5 w
o 2 ]
y "o
= W
$ | ¥
=
& .
p\.m
O
S
L 8
F-“R
L =
—
v O —
=] — —
3 v
(&) 30
' "\r.“ o>
)
@ >
i ' 8=
w s8
= (TS
= w
— o n
C <
ml
@
-
g
o
un
W
=3
o
ot
(V'S

S871 - 32404 INIWITI



6.0 CONCLUSIONS
A modal synthesis su)structure model of the fuel assembly has been
described. This modal formulation method has application in developing the
fuel assembly substructure model from experimental results.
The grid impect forces have been calculated with MSC/NASTRAN using the
program's non-linear elements.
The results of CASE1 are in agreement with the FAMREC results, Reference

(5), Appendix F,
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APPENDIX A

THE MODAL MATRIX [9¢]

A modal matrix [¢) was constructed using a free-free uniform beam with
modal shape functions that define seven nodal displacements and two rotations
in terms of the modal degrees of freedom. Uniform beam segments with lumped
messes and rotational inertias were used in the model for the mass inertial
properties. This resultant modal matrix may be used to represent the fre-
quency responae for a clamped-clamped uniform beam since the non-zero natural
frequencies for the two sets of boundary conditions are identical®*. In the
ENC analysis procedure, the boundary coordinates are not fixed as they are for
the clamped-clamped boundary condition but must be free to use the general ENC
evaluation procedure to satisfy input displacement conditions at the core
plates. The rotational coordinates however are fixed for the reactor struc-
tural model application and are fixed in the solution procedure Dy restraint
equations. Because of the need to subsequently prescribe the boundary condi-

tions, the modal model of the free-free fuel assembly is modeled in the sample

‘problem with two free body modes and seven modal frequencies which are related

to the seven translation and two rotational coordinates. The end translation

* W.T. Thomson, Mechanical Vibrations, Prentice-Hall, 1958, pp. 217,




-39 XN=NF =696, j:-:l:»‘, A

4

and end rotation coordinates are explicitly included to allow for the salis-
faction of boundary conditions. Table 3.2.1 shows the modal matrix [(¢#] which
was calculated with the MSC/NASTRAN code. This matrix was taken from the

eigenvalue analysis (natural frequency) of a uniform beam representing the NRC

sample problem, see Figure A.1.
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BEAM ELEMENTS

BOUNDARY CONDITIONS ARE FREE-FREE
ASSUMED STRUCTURAL MODEL TO DETERMINE
MODAL MATRIX [s¢..]

\.'CT‘
BOUNDARY DISPLACEMENTS X, ,X,
BOUNDARY ROTATIONS 0o, ,0.
SPACER NODES X, THROUGH X

J

Free-Free NASTRAN Structural Model
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Phone (509)375-8100 Telex 15-2878

May 24, 1984
JCC:083:84

Dr. Cecil 0. Thomas, Chief

Standardization and Special Projects Branch
Division of Licensing

Office of Nuclear Reactor Regulation

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

SUBJECT: XN-NF-696(P), "ENC's Solution to the NRC Sample Problems - PWR Fuel
Assemblies Mechanical Response to Seismic and LOCA Events;" Re-
sponse to Request for Additional Information

Ref.: Letter, R.A. Copeland (ENC) to C.0. Thomas (MNRC), dated June 23,
1983; RAC:025:83.

Dear Dr. Thomas:

Enclosed for your use are twenty-two copies of ENC's response to your
consultant's question regarding the subject ENC topical report. This
response provides clarification of the methods used by ENC in the structural
analysis of PWR fuel.

Exxon MNuclear considers information contained in the enclosure to be
proprietary. In accordance with the Commission's Regulation 10 CFR 2.790(b),
the Affidavit enclosed with the reference letter covering the initial issue of
the subject repo~t provides the necessary information to support the
withholding of these responses from public disclosure.

If you have any questions regarding this submission, please feel free to
contact me, telephone (509) 375-8639.

smcem,, L‘ "J[

J.C. Chandler, Lead Engineer
Reload Fuel Licensing

¢c: M. B. L. Harris (EGRG ldaho)
M. David Moran (NRC)
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Appendix
Response to NRC Questions

Following ere the EGAC questions, and the ENC responses, pertaining to
XN-NF <696, “ENC's Solution to the NRC Semple Problems - PWR Fuel Assemblies
Mechanical .esponse to Seismic snd LOCA Events.*

1. The EGAC snalysis showed much higher spacer grid forces than the ENC
enalysis ot Jlocations sway from the points of msaximum contsct force,
etc.

Rcsgonse

The standard problem presented by the NRC is open to several interprets-
tions or possible solutions. Any of these solutions may be correct

depending on the initial sssumptions made in developing the methematical
problem,

Exxon Nuclear has viewed the problem as 8 fuel sssembly with modc shapes
consistent with those of 8 uniform besn and stiffness properties yielding
frequencies of 3.0, 5.0, 7.0, 9.0 end 11.0 CPS. Using the procedure
developed st Exxon for modeling fuel sssemblies, 8 60 degree-of-freedom
sodel was Qenerated end reduced to s 9 degree-of-freedom model. The
resulting free-free mode shapes are presented in Table 3.3.1 of Referernce
1, ond are consistent with uniform bess theory. These mode shapes when
constrained for the clamped-clamped condition sre consistent with the
problem definition. These mode shapes along with the sbove ment ioned
frequencies (these frequencies are inconsistent with sn actusl wniform
bean) were input directly into the NASTRAN computer code. The grid
impact model was merged with the besr model. The rotational coordinates
ot each end were constrained to zero end displacement “ime histories were
prescribed at the end translastionsl coordinetes. Appropriste convergence
studies were performed to insure correctness send stability of the solu-
tion,

EGAC has also viewed the problem (Reference 2) a8 2 besm with clamped-
clamped uniform besm mode shapes and freguencies in this condition of
3.0, 5.0, 7.0, 9.0 end 11.0 CPS., CGAC has prescribed relstive sccelera-
tions instesd of displacesents snd perforss all calculstions in relative
coordinates.

Several basic differences sxist bDetween the two spproaches. Two of the
iaportant differences in the snalysis mthods sre, how the sesumed baffle
daflection is sccounted for snd how the error bounds of the impact force
eslculations are trested, by the calculstional procedures. The calculas-
tional procedure used in FAREC to apply the input forcing fusctions
sasumes that the core baffle mintaine the static deflected shape of the
fuel sspemblies. The calculstional procedure used in NASTRAN sskes no
assumption concerning the shape of the core baffle, it is cormidered »
rigid body. The error tolersnce for ispact load computstion is user
controlled in FAMREC. The Newmark Bets sethod of integrastion, which 1is

R
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unconditionally stable with respect to the calculeted impect loads, is
used in NASTRAN. A summary of effects of these differences is presented
below:

Analysis Differences

Item Exxon ECAC Estimated Difference
Baffle Deflection No effect Ref. 2, Page 6 ~10-20% on load near
baffle
*Crror Tolerance No ef fect (2)(227273)(.0008) = 4% on pesk lcad
364 lbs

® [Error tolersnce calculsted from Reference 2, Page 33, Equation 20 and
informat ion from Reference 2, Appendix F.

The differences discussed are by no means the only ones existing between
the two spproaches; however, they are reviewed as potentially the most
significent differences.

Exxon feels that the snswers presented in Reference 1 are sufficiently
close to those calculated by EGAC to validate the methods used by Exxon.
The large number of differences between the E[xxon end EGAC wmodel is
essily sufficient to explain sny varisnce in the snawers. [xxon recog-
nizes that large differences exist for some of the smaller calculsted
impact losds. This is not uncommon in non-linear snalysis of this type.
This is not viewed as » significent probles since the maxisum impact load
is wed to sssess the structural integrity of all the specer grids in the
core.
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