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CESHOCK

* DYNAMIC RESPON- £ OF MULTI-SPRING/MASS SYSTEMS
* AXTAULATERAL MODEL CAPABILITIES

* PRELOADS, TENSION-AND COMPRESSION-ONLY SPRINGS, AND
NONLINEAR SPRINGS

e GAPS, IMPACT, COEFFICIENT OF RESTITUTION
ea- 3 DAMPING

e HYDRODYNAMIC MASS MATRIX .
* ARBITRARY TIME DEPENDENT EXTERNAL LOADS

® NUMERICAL INTEGRATION TECHNIQUES: RUNGE-KUTTA-GILL AND
NEWMARK

e QUTPUT: DISPLACEMENT, VELOCITY, ACCELERATION, FORCE, SHEAR,
IMPACT LOAD AND MOMENT TIME HISTORIES



S IMMARY OF THE METHODS EMPLOYED TO VERIFY THE CESHOCK CODE

TYPE OF CESHOCK PROBLEM

I.

IL.

I11.

IV.

NONLINEAR, DAMPED PULSE EXCITED SYSTEM

A. DEGREE OF NONLINEARITY VARIED
(DUFFING OSCILLATOR) ‘

B. TYPE OF PULSE VARIED
MULTI-DEGREE OF FRECZ ~** BASE EXCITED

LATERAL SYSTEM WITH FRICTION, GAPS,
AND DAMPING

A. WITHOUT HYDRODYNAMIC MASS

B. WITH HYDRODYNAMIC MASS
FRICTION ELEMENT WITH STATIC AND
DYNAMIC COEFFICIENTS OF FRICTION

A, COEFFICIENT OF FRICTION VELOCITY
NON-DEPENDENT

B. COFFFICIENT OF FRICTION VELOCITY
DEPENDENT

IMPACT ELEMENT WITH COEFFICIENT OF
RESTITUTION
HYSTERESIS ELEMENT:

TWO DOF SYSTEM WITH SPRING AND
GAP ELEMENTS

METHOD OF VERIFICATION

PUBLISHED CLASSICAL SOLUTION

INDEPENDENT COMPUTER CODE

ANALYTICAL SOLUTION

ANALYTICAL SOLUTION

INDEPENDENT COMPUTER CODE

i e e




DISPLACEMENT, IN

NONLINEAR, DAMPED PULSE

EXCITED SYSTEM

DUFFING OSCILLATOR
K(x)
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I BASE EXCITATION PROBLEM INCLUDES, DAMPING, -GAPS
HYDRODYNAMIC MASS
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'COMPARISON OF TYPICAL LOAD_DEFLECTION
CHARACTERISTICS:
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SSE
GUIDE TUBE STRESS CALCULATION

STRUCTURAL ANALYSIS

INPUT

1. HORIZONTAL SSE
DEFLECTED SHAPE

2. VERTICAL SSE . FUEL ASSEMBLY i SSE STRESS
LOADS STRESS ANALYSIS INTENSITIES

3. NORMAL OPERATING
LOADS



STRUCTURAL ANALYSIS
INPUT

1. LOCA OUTLET BREAK
DEFLECTED SHAPES

2. LOCA OUTLET BREAK
VERTICAL LOADS

3. NORMAL OPERATING
LOADS

OUTLET BREAK

GUIDE TUBE STRESS CALCULATION

>

" FUEL ASSEMBLY

STRESS ANALYSIS

LOCA OUTLET BREAK
STRESS INTENSITIES



COMBINED SSE/LOCA
GUIDE TUBE STRESS CALCULATION

FUEL ASSEMBLY

STRESS AHNALYSIS

1. LOCA INLET BREAK
STRESS INTENSITIES

SRSS AT COMMON
2. SSE STRESS vl
INTENSITIES ASSEMBLY LOCATIONS

3. LOCA OUTLET BREAK
STRESS INTENSITIES

[ .
-

COMBINED SSE/LOCA
GUIDE TUBE STRESS
INTENSITIES



Faulted Condition Criteria‘Suvrqu
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Numerical Limit

End Fitting
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Upper End
fitting\rosts

Upper End
Fitting
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Guide Tubes
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Spacer Grids
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Fuel Rods

Py 2.4,
Py + Py <Fgx2.4 Se

Ppc2.45,
Py ¥ Pp<Fyx2.45,

Calculated Shear Stress
Not to Exceed Minimum
Yield Stress in Shear

P < .75

n .
Bt s s
Fg = 1.39

Impact Load Less Than
Tested Grid Strength
at Temperature

.Pnlg.S’
I’bOP.g_stS,

Fs f 1.36
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