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Identify the specific sodel (s) of Alits4halmers lg presswt turbine (s)% Provth tabtes shwing,
installed ln Cocanche Peak SE5 Units 1 and 2.

'

pY ek f the unigx wheeIt in a Cordnche Peak low pressW turtint,
the weight ed location of the wheels relative to the turbine center, e:

the a) dimnstons. b) sMpes c) weights and d) initial enerp (er

. velocity) ranges of *'rsiles postulated to be representative of wissfir-

producing turbine wheel rupture et

, 1. design o.verspeed, and

11. destructive overspeed.

Show how values for the exit energies art obtained or reference an

available doct, ment which conttias ar. adequate descriptfot.

~ " 00/
0 35'.I See re ns. sesa, 3. s . t. 3. l.
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QZ51.2 litth regard to reportfag gentitative analyses. in general. and information

such as contained Ir FSAR Section 3.4.1.3.2, in particular, the fo11owi4;
.

Applies: .

8 A11 equations are tn be numbered and, excesrt f'or those which express

fundamental physical laws, they est$t be ef tNer derived or a referenet

to an available.docmant (f.e. One in"the.o' pen if teraturu) proyik.

* Constarts and variables upearing in these equations are to be define .

s,'owiry the assW valves for constants aM the value ranges fcr variables.

h pYdQ'f
0 3|. el Sec nw 4: W 3. 5 A , -

.
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.The. analysis,.of. the damage prehability is'not sufficient 1y detailed.

..
.
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-

'
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applicants arv in shm. the fonelas or const: ants dich consthte
''' .

quantitatlwe defiettions of the probablittles presented and how they
,

:

are used.

hbe values of P shomo in Table 3.5-7 aru unacceptable; the values5.-.3
1 and 4 I 10 per turbine

currently accepted by the NRC staff are 5110

peak for design and destructive overspeed failures, respectively (see
Standard paview Plan Section 3.5.1.3).

j missiles.
e As stated in Regulatory Guide 1.115. with regeril to low tra ectory )

~ the protection of an essential,or 54faty relatad system or coucocent is~

)

acceptable if the systee or comonent is located outside_the Iow trajectory

giss11.eSJQs. If. the. applicant .has~ examined the strike zones for
~

. - - .
.

.-

. .

e

the tuttine trains,at the sit.a and f'ound' no safe _tyy related targets (sett
-

. - ,
- , . . ,-

:dulatory Gdide .3.117) irithin':the; zones, ilmrst be gff cal.ly se
*

R

6therwise.2the detenrir.ation~of P. ~aust include an analysisitated. . '2
~

" -

for.the low-trajectory missile contribution.
.

~. ~
.

4s

There is re description in the FSAR of the method used to analyre P !
2

'for.high trajectory missiles. The F probability equation employed ,

# .

'

2

must either be derived or en avaff able doceent referenced dich containsI
Ian adequate derivation.
J< -

.

To be conservative. and due to lack of infonction, the values of 73
If other values are used, such as thoseJerspily taken .to be_mme.

l

4ema in Table.325-7, .appropef ate.equatices aust be derf ved and/or
I- v..; f

thuivalues.c5'tainE41for.:aach3Argebymst'.be, justiffed to. the fstC staf .
. .

.

Note, the targets should be specific cosiponents (e,g steen generators

1 and 2. ructor vesset, feedseter Ifnes, sain stesa lines, auxilliary

fet<hsater pu@s 1 and 2, etc.)
.,

Y'e Vge c (ic h 3 , 5 ,[,3,3 ye y, sed Q(e J. 5 -['

eJL

- ~. _ ed L 3.sn.- - - _ - . _ _ _ _ _ ___ __
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probabilities is Table 3.5-7 appear to be toe small.h251.4 The P IP
] L.-

Re-calculate the P IF probabilities associated WJ ea:h saftty
2 3

related target te oesip ones:eet, and Astrv: tin on-s;r.W.
.

and show tAa t the t.oul P XP for ee:h of these failufts cWitions
-3 2- 2

is less tAan 10 per f ailure, as stipelated in RetAato-y fe,i& 1.115.

Prepart a table sWe2 t.nc P I# p%bilities for Ez:N ta ge t .
2 3

.

&ch'on 3. E. I. 3. 3 ed
Sez. yevuek Tc. Me 3. 5 - ?,f SSI. d

,



*
.

CPSES/FSAR
i,

e a

VOLUME TABLE OF CONTENTS (Continued)

Section Titla Volume

IV
REFERE NCES

IV3.3 WIND AND TORNADO LOADINGS
IV

3.3.1 WIND LOADINGS
IV3.3.2 TORNADO LOADINGS
IV

REFERE NCES

IV3.4 WATER LEVEL (FLOOD) DESIGN
IV3.4.1 ' FLOOD PROTECTION

3.4.2 ANALYSIS PROCEDURES IV

IV
3.5 MISSILE PROTECT 10t,

3.5.1 MISSILE SELECTION AND DESCRIPT10h
IV

IV
3.5.2 SYSTEMS TO BE PROTECTED

IV3.5.3 BARRIER DESIGN PROCEDURES
I\:

REFEREt:CES

9. 6 A Theery af ff.stde $ner
3.r e ns,a,e t1.wie stiike f,g,w iiy D. srreb~1.m.,.

3.6N PROTECTION AGAINST DYliAMIC EFFECTS ASSOCIATEC
IV

WITH THE POSTULATED RUPTURE OF PIPING

3.6N.1 POSTULATED PIPING FAILURES IN FLUID SYSTEMS
IV

OUTSIDE OF CONTAINENT

3.6N.2 DETERMINATION OF BREAK LOCATIONS AND DYNAMIC

EFFECTS ASSOCIATED WITH THE POSTULATED RUPTURE
IV

OF PIPING
IV

REFERE NCES

vi MARCH 31, 1980

|

|

)



- - - . .

-

CPSES/FSAR. .

'',
*

TABLE OF CONTENTS (Continued).

* *

P_ agea
Title

Section_
3.5-20,

3.5.3 BARRIER DESIGN PROCEDURES 3.5-20
3.5.3.1 Local Effects 3.5-22
3.5.3.2 Overall Barrier Response

3.5-22
REFERENCES

'Yheo rv o4 Ma*sult E* ''1 Y _3,5 A
'Xrwa Hwle Strike Pr.hd.1. +y D.-nr. s r *ns'

'j ') :1.56
3.6N-1

PROTECTION AGAINST DYNAMIC EFFECTS ASSOCIATED3.6N
WITH THE POSTULATED RUPTURE OF PIPING

3.68-1
PROTECTION AGAINST DYNAMIC EFFECTS ASSOCIATED WITH3.6B
THE POSTULATED RUPTURE OF PIPING 3.6B-1.

POSTULATED PIPING FAILURES IN FLUID SYSTEMS3.6B.1 3.6B-1 7

3.68.1.1 Design Bases
3.6B-3

3.68.1.2 Description
3.6B-3

3.68.1.2.1 Protection Criteria
3.68-5| 15

3.6B.1.2.2 LOCA Break Propagation Criteria
3.68-6a

3.6B.1.3 Safety Evaluation
3.6B-9

DETERMINATION OF BREAK LOCATIONS AND DYNAMIC3.68.2
EFFECTS ASSOCIATED WITH THE POSTULATED RUPTURE
OF PIPING 3.6B-9

Criteria Used to Define Break and Crack3.68.2.1
Location and Configuration

3.68-9
Reactor Coolant System (RCS) Main Loop3.68.2.1.1

' Piping
3.6B-11 11

*

3.6B.2.1.2 High Energy Piping Other than the RCS
Main Loop

3.6B-16
3.6B.2.1.3 Type of Breaks Postulated in Fluid System

Piping Other than the RCS Main Loop
3.68-18

3.68.2.1.4 Moderate Energy Piping
3.68-20

Definition of Operating Plant Conditions3.68.2.1.5

.

APRIL 3C, 1981
3-vii

|

|

|-

.



e
.

,

. .
LIST OF TABLES- '

Table Title

3.2-1 Quality Standards

3.2-2 Equipment Code and Classification List-Fluid Systen 7

Components

3.2-3 List of Flow Diagrams (4 Sheets) 10

3.5-1 Internally Generated Missiles Catside Containment (1C

Sheets)

Summary of Control Rod Drive Mechanism Missiles Analysis3.5-2

3.5-3 Valve Missile Characteristics

Piping Temperature Element Assembly Miss'ile3.5-4
Characteristics

Characteristics of Other Missiles Postulated Witbir3.5-5
Reactor Containment

Internally Generated Missile (Inside Containment) (23.5-6
Sheets)

M.ssile Strike wJ %<3< P,,1<b.1.he.5
|{af :Trajsc1s,i babilitiac (viceiles tri+e r,n- nnit 1
E . t et e3.5-7
Tu&idi ( H;ssilt Exits Fw L:t f. lw bessm hesw' ,

b 6tne )
Tornado - Generated Missiles (Horizontal Mode)3.5-8

3.5-9 Bop Valves Located Inside Containment (15 Sheets)

Sol-f0 LP TUR61Nl' 'DTSU MISSILE
C HAR A C TMEST TCS

OCTOBER 8, 19803-xxviii

._.
-m.



*

CPSES/FSAR.

, ,

. .

LIST OF FIGURES

Figure Title

3.2-1 Pechanical Symbols and Notes

3.3-1 Schematic of Tornado Venting Model

3.3-2 Typical Wall Opening Missile Barrier

3.3-3 Typical Roof Opening Missile Barrier With Prctective g

Grating
I
:
'

3.3-4 Typical Roof Opening Missile Barrier

3.5-1 Stationary Storage Scheme Roll-Away Missile Shiele

3.5-2 Roll-Away Missile Shield

3.5-3 Turbine Missile Strike Zone Plan View

3.5-4 Motion of Missile From Dist Burst To Input of Inrer
Casing

i
'

3.68-1 Typical U-Bar Restraint/
l

3.6B-2 Typical Pipe Whip Restraint-Crushable Bumper Type j

l

11
3.6B-3 Typical Pipe Whip Restraint-Hard Type

,

3.6B-4 Typical Pipe Whip Restraint-Impact Absorbing Type

iir b' het ^'

I
' g, cTypical Moment Restraint3.6B-5

Ce ry!" N***#'" "g pfm esssms * h
'

*

7.,bse Hi''k M''ke
3e!s,u;fe'en e ,.y'f,,u. set;n Ke A nd c.'s

n

, 3.5A -I w. au y

" y g-I ' pts play o f AMENDW.ENT 11 !*.

/
' '

3.5 6 "A Tb6 kt.fd'(hdif bei IbibI'
'

e

% d er,t ucc mOneded taget arem
i

. - . . . -



|
~

.

CPSES/FSAR
- . .

. .

3.5.1.3 Turbine Missiles,

3.5 1.3.1 Turbine Placement and Orientation

The turbine placer:ent and orientation of the twin unit are indicated inN f'' ''''" *
the plant layout drawing, Figure 3.5-3. Th< ON#dI''''' #f f. 74e con tam me.t. Mere M no emn tu / fjfens y
gxis is yndM t a '

%e (ou 1Yaie c1ory Minile k'!' t

or styseWres loc =1* 4 f*t.de. Missile Identification and Chafacteristicsdeft'aed<'n NRC #eyfatcry ;

3.5.1.3.2 p;"f,$"r,f/7),f,,,[tgj,,et @ h,y -t ] eknto
--~

' 9g
-worst r.ne-acc4 dent-requires-e-turuine overspeecT

to produce a failure of a last stage disc, wht h is therated

source of th ost dangerous missile. Such a m 's p. educed fro
. The missile has a weight,

'a 133.6 degree s,e on of the turbine r
2 The

of 6990 lb with a minimu.. rejec area of 2.43 ft .
ssile after leaving the outer casing istranslational velocity of th \

t any angle above the her.izontal~

The missile n emerg, 7 410 ft/sec.
joint of the low-pres re turbine and a

axial angle from zero
"

toward the exhaust _

degrees (radial ' )~ to about 16.8 degrees ti
considered fThe most likely axial exit angnd of the tur ne.

6 ft.lb.
o be 8.40 grees with an energy equal to 19 x 10

nr.d d es era i- nc: N:r.:: with acfe-aea [Qd ~ ,-nces 25,

ch
tions and figures included in this analysis use the value of

Md-aa-anale in accordance with NRC Reaulatorv C"W !.115.
.

The mathematical model for selecting the missile size and its sector 8.IAjbd
angle assumes maximization of the translational er. erg /s descr,'lel r

1

/ -

hf*d'.̂and

= (1/2 * V"2'

Id G_
ector angle 9 the energy equation can be writtenof missi

; In t

f
follows:

|

;

3.5-13
|-

l

.
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is an Allis-Each of the two CPSES low pressure turbinqg et:r
(ACPSI) 1800 rev/ min steam turbine-Chalmers Power Systems, Inc.

generator with 44-inch last stage blades designed for Light
Water Reactor (LWR) applications. Each rotor is made from a

arranged
stepped shaft with a total of 10 shrunk-on blade dic.ch:dm W >

in symmetrical groups of five.
Figures 0m) provide the weight, dimensions and location of each

.adisk relative to the turbine center.
The turbine-generator is designed and tested for safe operation
in the range up to 120 percent of design speed.ft speeds up to
120 percent of rated, the maximum disk stress at the shrink fit

oneA81f. is less thand/4-of the purst strenoth of the material.
' Rotor'-

failure co dd only EcTurfA : to defective material, inadequateg

quality assurance', or design erro %* h*8 e the hiah reliability
provided by design, manufacture and quality assurance of LP
disks and rotors, the probability of such a failure is extremely
low; even if one should occur, conservative analysis indicates
that the disk missiles would be contained by the LP turbine

Based on these considerations, the case of failurecasings.at or near desian speed can be eliminated from detailed study
for purposes of turbine missile analysis. [9] g .q

LP disk failure due to excessively high overspeed could produce
Characteristics of LP disk ..issilesexternal turbine missiles. MWF0 LP diskleaving the outer casine are provided 48 % and the other5 is the last stage disk with 44-inch end blades

disks are for the other stages of a typical 1800 bLP turbine.
All missiles are wedge-shaped sectors of the disks having a
sector angle of 134 degrees which yields the maximum translational
missile enerey. [g]

The burst speed of disks 4 and 5 is taken as the speed at which
the average tangential stress in the disk equals 85 percent ofIt is assumedthe ultimate tensile strength of the material. soeedthat disks 1, 2 and 3 Will burst at least at the burst

The net missile energy leaving the outer LP casingk
of disk 5.is determined by analysis of energy dissipation as the disk

[8] Due to the conservativemircile crashes through the casings.
calculations of energy dissipation, the net energies and missile
velocities given should be considered as maximum values.

The largest potential missile from a hycothetical LP turbine
disk failure is a missile of the last stacc disk. 7%e prsg,ye

deflee% yle.s #' LR+o 25W & ed M. C93
pestWe:hya

degree 5

6e tut s19e
esc was

. _ _ _ _ _ _
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M SIN 9/2
E = (1/2)A Y ,9 o .

_S 9/2 M_g g
.

Afte combining the constants ( A , Yo, o, W ' M, S ) into ag M

single onstant K, the previous, equation can e written as

follows: ,

-

_i __.

E K
C- g

Taking its first der itive with espect to 9 and setting it equal to
zero we obtain the.fol wing:. ..

,

.
.

2
MT_ , g (SIN 9/2) 05 9/2) (9) - SIN 9/2 = 0dE

_9 j2d
.

.-

.The translational energ is maxim when MT =0
2d9 ,

,

This condition occu s when
.

,

.

.

l.IN9/2 (C05,.9/2h9 -- SIN 9/2,] 0. , .|=
. .,

|
<

Using trigonom r.ic manipulation .this, reduces .t . , . , , ,

. .[.,. . .

.. . ...., s

tan /2 = 9 ,

!

his is tr e and only true at 9 = 133.6 degrees. 'This s ctor anglei

ximumefines t e shape and size of the missile possessing the
sed on thePenetration of the outer. casing of the turbine ,isenergy.

S anfo fomula [2]. , , , '

3 g = D o RT, (0.3 M + 8.06 x M ME1
,

g L

3. h
.

.

- , , , - e , _ . , . - . - . -
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sile trajectory path is shown on Figu .5-4.t

| The m

| ion made for determining the ssile characteristics is that
|

The ass
all protect e and control devices fai d one after the other and'

j overspeed of 0 percent of the no rotating speed had.been reached.
*

Angular elocity of t rotor at the moment of , bursting
W =

g I
I

Maximum tra slati 1 energy
- E =

!

Area of cross gtion of missileA =
mi si r " I

Distance om turb e axis to the center of gravity ofi Yo =

cross s~ tion of mis ile

Mome t of inertia of c s section of missileiwith'

Im -
'

re ect to turnine axis
I

Static moment of cross secti
of missile with respect

s =

to ' turbine axis '

-

.t

)
I Density of the missile material=

\n
\ Equivdeet Jf. .dwrv e missile=

.

.

3.5-15 JANUARY 31, 1980

m

o
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Amin = Minimum *~prd3ected areaWissilef
.

- ,

I Perimeter of minimum projected area of missile
~

i U l

i
'

Thick s of ou r casing
T =

i-

/_ > t supports of outer casing wallDistanc etweWj, N =

:

|

issile sector angle .

9 =
|
,

ultima +. -f::ik 2. , outer casing.T =
0

3.5.1.3.3 Strike Probability Analysis
an esw M.|

_

This analysis uses theories and assumptions which yield the strike
_

probability of a".mit:iiYe on 44% ccuponentymrint:: r= orf
-

MyMee e 1erW of_ rJLdic::t!"ityr
re!;>W i e t:hhn.eI n iaoi. 3.54 WO. dic??? +"+

-

' s ;f thf:
# 41""* af one .

e P.u- :ti . Of eil diiic prebebilitic: du? t0 'h* 4

rotditic very small and need not wide,W e =Jos Mthe-

deWenofthenlut.1Theassumptionsmadeinthisanalysisareas

follows:

,

1. Only one missile is released at a tice -
5 001
aat been.

2. Strike probability due to low trajectory
considered because of the orientation of the plant's
structureswithrespecttotheturbinegeneratorg a.r-3u ss. :. n y e

6ec % 3.5-16
de:ck m,'.sStYe ca.n 4

'|be {cw f res.ture hrbae*

f pne7 rag tLe Tuekoe caab, .rJ at a. %A,ee-onI percent
q by 9,f {(o }} L j

h 9k in &Cr'S$ o
fdhG.CA

f
n.vo~aa.miy 4_ m,,,yaa s,sg e,,8 8,u.gc.,

e
de des.9,, Spaa rdye af tanfD's oerNerd aero . t v,83 _

. . .- .-. __ .- -. . _ - - .. _.



L (*" f reuure
f *h '" ""''f ''d l''''de nt o f T c

.

b*b'I A #

4' The P*dr.sk wss,ne A k hi k"T **"]1 Iml Gl*% 't **'f''O
.

. ' ,
*

l /\ A. .

t,ae CPSES/FSAR agw.x, !"""-

k.s I,een yced. /

fettriat4 ens in Table 3.5-7 are shown for the failure of onlyPMtsM C 23v
com pone ntsA i er

one turbine, the one closer to the structures and thus having3

b" the higher strike probability;'this is considered the worst

Case.

The overall probability (P4) is given by:

P4 = P1 * P2 * P3

where:

bof occurrence of turbine missile pv TW 'a8 fe'AgProbabil_itP1 =

= + X lo *
Strike probabilityP2 =

Mn ncd,gg

= Probability of damage due to the strikeP3 A
val".5# d: 5;;: ' temin;d by Allia-Chali wer Syn .

Tha

nd equal to .!.1 x 1 ni+ p er fc- : f:u p ,, _ _tz bin; d n' Sed t'n

[Th> method of analysis used in the calculations ^is 194 /o c *3:58- I
I

ene,e:c

& c ': t h a+ daw riaad in Ref.erente 081. and it\f.et-rnwe the + rke~4 -
s '

'

-4# '

rrampie,.a. M, .u...
.g ,X (gerrpK -,. . c i c i a % = . a2L ,s - po p. yfC.

'The ce,,b.' sed s'Trike *d da waf* , ("*k;tMQ-}t= "" I~
,,

_

~ Q*' ^" - ~9.
M a rt;-.sn L-: . :, W u . . ef !c, f;;

-

3.5.1.3.4 Turbine Overspeed Protection
t

For a detailed operational mechanism for the overspeed protection

components of the turbine, refer to Section 10.2.2. )
The components reliability analysis has been based on the following

Assunptions:
i

Failure rates for the turbine valves and controls derived1.
primarily fran actual operating experience and calculated
with a statistical confidence level of 95 percent

-

3.5-17

1.
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Turbino missiles ejected wit'e saw dagrass of tg y,; iCal are charaa-"A4

tarised as hi h trajectory misdiles (1ct!) *S

lCo
Deir strika distributien*

813ti-16 for the cost Pa or L los shot,, . ics c- hor- - tc.4 suriscas, 13, n -
- -,

relatively isoggepgg, ,

I .
.

i

|
*d8 ment of the da=aga pro *oe'oilig y. gq.,

foA of the =issile strika pr:babi.13-'.' vich respect
'

to each critical-

.

;-

! taYfd. 47.nreach is to data- 'ne the str1Tre Probsb111ty distributic-'
.

ca a Wu araa bcsis. D&c tha s% 'n-np-i , - ,c_. a salect ed ~- g,~~--/ -

e d be esti=ated M~ m .em,_
- - " -- = oV8: ti- ,rea .cf the ta gst.

ase-

* '# D lCCi3J the techcique preJant.ed for deta&_.-.cing s trike pr&-
.

,

, bility dist 15ften, 4 _ ,,, ,y , g.
o,u,o:31n'; assu:ptions-*

,,

A ** M1 d"rS1'i2 missil. r*.r3 e,. , ens 2:2! ..,,-- *; by the .&r** 0 uter d,i- -- --

M1 d.2ilet ica : gin,
-

- . - - . -. _ .

__

. . .

doW-
tial missGe flignt directions are distributed

g. ne initini nissile exit spe,eds are distributed unifomly
,

.,a t:ern s v. s < ,. .- ani ca- 3.=u= values .-

4* clessi::1 ballistic
de. Missile trajectorias are constr,**c' bv.

equations, and air resistance is neglected.
-

with the turbine
M 1 target areas are horizontal and coplana-g.
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2. A 2-week test interval for the turbine valves and the
overspeed trip system, and a. yearly maintenance inspection of
the complete overspeed prevention syst.em

.

-3. An average of cne true load rejection per year

4. Consideration of the turbine extraction of common mode
failure possibilities in addition to random failures

5

Thus, the overspeed failure probability has Seen estimated to be b;,ry)andper e+ c-year for a four flow turbine generator~7 Tu
small (2.10 x 10
subsequently a high degree of component reliability exists. /-

.jp. c t'S E.s % iu rWns. m.'>s.'le o nf us $4 b.'se d C r. " * C : ^ & '~ '' ' '
MKa0 WU N W "" #d ' M'^ E ' * /3.5.1.3.5 Turbine Valve Testing e>

c} 4/sc fe rY y r'" * .~Y

Periodic testing of .the stop and control valves ,is necessary to insure
reli. ability and continuity of service; therefore..a biweekly. valve
testing for all nuclear units is recommended with the. aid of an ,

. automatic turbine tester (ATT). If an ATT. is not available, mpnthly
,

test intervals are' recommended.

For high reliability of the electrohydraulic control (EHC), one primary
AC power source for valve testing is provided from. safeguard bus; two
separate DC sources for control circuits are provided from one +24 VDC_

system with comon neutral. . For more details of in:ervice inspection,
refer to Section 10.2.3.6.

3

, :.
- < . . . ;-..

. . .

,

3.5.1.3.6 Turbine Characteristics

The turbine is a multicasing, tandem compound, four flow, reaction
type,1800-rpm unit with 44-in. last stage blades. For more detailed
characteristics, refer to Section 10.2.2..

u.

3.5-18
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'| LP TURBINE DISK MISSILE CHARACTERISTICS
~ . . _ - .

.

LP DISK NUMBER
1 2 3 4 5

t/
!

3312 3312 3312 3268 3312 -

|'
Postulated Burst Speed, r min

20.23 9.89 16.07 17.47 18.81
Net energy of missile leaving outer ,

casing (166 f t. Ibf)

5848 5775 4349 5500 7535
Weight of missile leaving outer

-cacing (Ib,)
> 472 332 488 452 401

Translational velocity of missile
illeaving outer casing assuming all

energy ta translational (f t/s)
1.83 1.85 1.51 1.89 2.70Ec-

, Minimumprojectedareaof!
! missile (ft );

14.1 14.5 15.2 15.5 15.5!.

Maximumpro}ectedareaof'

missile (ft )
F

i

i

I
.

I.

References 5 and 8Source: .

I
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THEORY OF MISSILE ENER (h] !
*

| ]X-

3J[ \[ntroductien_
presents the theory and mathematical models used to determine

9
,

!!, This ;
i i f

the initial missile energy at the moment of disk burst and diss pat on oI

i gs of the
| this energy as the missile crashes through the Inner and outer cas n'

!

The net energy determines the missile velocity leaving the outer casing.I

i
'

turbine.
!
''

..,,

! 3M) General Aceroach and Assumotions
i .

l
The approach of this analysis employs theory and assumptions which tend to yie d

!| i
maximum net energy of the missile leaving the outer casing of the turb ne.

. $

l'
.

*J;ccJ eg,,,ss,,-;ete f;r ::fei, an;!ys!; :! m j
,!*M -- :. :? :;;rt::5? ! c-i

i
mi < d.leWssr-hezacdotrs - i,,

' . M ;w. tertin: f ! Nree-ccu'd e ly m endue.
*

. cdda - ths:: :a4ctristej '- :hi: rere-t - i
-

.

The same basic theory is applicable to all disks and burst speeds considered,! '

| s |
I ,,, J .eis;! ; * hts theory, refer-nc -

--d-

i n S!; c;;;. ..

N failure as as other b * cati ns ;,
' -

| eports d ng with turbine rot
mf ref4rencea ; - Jan - t the en of -- ie % .i .

*

,
. ....t;; ' - *h: c

i
I

I.

I .

!
! I
I i

l
{ l

i
.

I |

'

i i i.
*

.

J
t
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I ibir Sector Angle of Highest Energy Missiles
. '

disk misslie E., at the instant of failure is:f ,

|
The translational energy of a I

!n

(1) ;
E, in-'a LGI i-

I
!
i

| where:
I

:"" = mass of the misslie'

'
1

U'nr = translational speed of missile'
i -

I

In terms of the missile sector angle g?, the energy equation can be wri tteni
,

,

' as follows:
(2)

E,,, i. A,. Y. so p @ ''",[- w ]m

.

!
!
.

where: '

:

| A = area of cross-section of missii.

! Ye = distance f rom turbine axis to the center of gravity of cross-section of
i

j

missile
f

I= = moment of inertia of cross-section of missile with respect to turbine
f
i

axis ;

5 = static moment of cross-sec.tlen of missile with respect to turbine axis

/7 * density of the missIIe material
the moment of bursting6d = angular velocity of the rotor at

K , equation (2) is |Af ter combining the constants into a single constant
.

!reduced to:
.

sin' 91 (3) ;

E,=K ,7
;

)
(

-16-
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[ '

$ which can be differentiated as follows:
.

.

:-

- dE , g sin % ces % * - sin 2 w. (3)
Yd9I

b = 0 which occurs when: |
! The translational energy is a maximum at d.9 |

i, I

I

(5) i

I 58 n 94. [(cos WJ'F - Sm #4 3 = 0 !

I i

l i I
; I

-

I '
(N

.

;

.i hn f8A. = 9 i

; l'
,

,

!, which results In the numerical value: .

,

P = 133.6* for the missile with maximum initial translational energy.
.

; '

i *

Further calculations are based on a missile sector having an angle of 133.6 .| ,

|

| Jeff,4 .

!

.

Initial Misslie Enerav and Tratecterv
'

!
li D

The unrestrained trajectory of the missile up to collision with the turbine! I
i '

3. Y-k The corner points follow cycloid p.itha.
i Inrer casing Is shown in Fig. m '.. g. I'

line

The momentary centers of rotation of the missile lie along a straight'
|ity of

through the turbine axis parallel to the path of the center of grav
,

! I \
J

i !

the misslie.
| I

is:| The total energy of the missile E.at the moment of rotor burst i

!. I

(7) | I

l E =tI~ d !
;

I
i :l -

\

where: |- i
; -

;
e

,

-17-
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,

I

b ,

--

[m, = polar moment of inertia of the missile at the moment of burst
.

referred to turbine axis 1

= angular velocity of the missile at the moment of burst6)=o

! This consists of translational energy:

(8)

.

Eye = ims. %* w,*,
i ,

!
~

.

!
'where:)

l
i n"=. = mass of the missile at the moment of burst '

. ; i
= distance from the turbine axis to the missile center of grav tyi i .

% j,

I (including blades) at the moment of burst i
1
,

t I

and rotational energy: ,

i.

(9)
E ,,, = E ..- E,,o :

,

or ',

>

i (10)
1

E-.. = t I-a W-
i

where:

I.m = polar moment of inertia of the missile referred to its center of
,

.
9

i

,

gravity at the moment of burst

s.fA.V ;

3:$ Dissipation of MissIIe Energy within the Turbine.

The not misslie energy as it leaves the turbine outer casing is determined !

from the following energy balance:
,. ,

1 t

i .

1 (I1) i
-

i

! E, = E,.- { AE ;.
2

-19-
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The Individual portions of energy dissipation DE I are described in the t

[
|

-

following sub-sections.

lt Is assumed that the total energy of the missile ,1eaving tha turbine
This assunption is conservative

| casing is in the form of translational energy.
!

because a part of the energy is likely to be rotational which does not
|

contribute significantly to the capability of the missile penetrating thei *

;

reactor containment or other parts of the power plant.!

.

I J..#(.7, ('
,! 3:5=:1 Blade oeformation

In accordance with observed turbine rotor failure patterns, It is assumed that.

| half of the turbine blades on a disk are deformed by being crushed and
| Mcwever, this occurs over only one thirdI

|i stressed up to their yleid stress.

of their length because due to the susceptibility of the upper blade part toI

!
! buckling, substantial crushing only occurs in the lower blade part.

! The remaining half of the blades are assumed te suffer considarable
| It is conservathvely assumed that a

bending deformation prier to destruction.
i

permanent 90' bending occurs in the lower blade region.

t 3 fA .T.I.t >

I
W. Blade Crushinq

!

Only the lower third of the blade vane, which cannot buckle, is considered

as crushable. The energy dissipation is:

M
AE = A C. h @

.

i
;

i aere: ;-

|
-t

-20-
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f
r

5 !
.

l = cross-sectional area of the tower third portion of biede vane |
,

.

As |
1

.

I
*
,

C7.2s = yield stress of the blade material I

l
'

I /s = blade vane length
i

= number of blades on the disk missile
i

| /ft
; i

i
I

;

!
'

i
,

35A .S.t.1 j
4

N 81ade Bendine
;

The bending moment for full plastic bending is M5s = 1.5 2s Cu

Therefore, the blade bending energy dissipation is:
!

(13)
dE . = p [Mes d e , ov 6,Em = I.5 7.drs.} @

i

VI

:
-

,
'

i.
i

where: !
*

;
M>s - bending moment of blade ,

i f rential ;
.

e section modulus of the blade vana at the root in the c rem e i.

Z,j
8 !di rection
| '

,

Ys = bending angle of blade i

i
,

.T . M .A .-

M Break-off of Stade Vanes
Re fe rences.JCO-- :: Op.Ereak-offofthebladevanes-* 1 :n N 11 te-etura ~

!
,

is assmed to occur in two phases in which 50% of the blade vanes (Blade Group
1

disk wi th the inner casing. The other 50% of |
No. 1) break in collision of the ?

f

,

the blading 1s assumed to break off either by collision with other portions o
,

,

;

missile through the Inner casing.
'

i the rotor or during penetration of the disk.

h
e

i

oS em,(r., %f + f o.s I,,of for 81.e. croup i (14)
AEns = ]

-21-
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,

f
l

r
I
i

-

where: i
'

.

mass of *the blades associated with the missile=m,
i

polar moment of inertia of the blades associated with the
-

I,, =

missile referred to their center of gravity
'!i

distance f rom the center of mass of 50% of the blades to the| r., =

momentary point of rotation at the onset of Phase 1
i

|
i

(r %)2 g g,3 1,, u,2 for siaee croup 2 (is)
.j AE = 0.5 ms

,

3 I
t

i
'

!

| where: |
|

distance from the center of mass of the remaining 50% of the blaces=r,,2

to the momentary point of rotation at tim onset of Phase 2. |
| !

l
t

i |
i 3.sp . 5 - !
I M Friction between Missile and Inner Casinc !

! f

The frictional energy at the area of contact between the missile ard the

inner casing (see Figure ".M-1. 3 is determined in accordance wi th the3 ,
"

I

I following equations 16 to 21. Due to the very " rough" surface of the
1

| missile, a very high coefficient of friction (probably greater than 0.5)
|

However, in order to use conservative assumptions, (is to be expected.
)
:

only half of this value is used for the calculations, f.e.p = 0.25 I

Furthermore, the calculations are done using average constant values for~

g, anc the distance "&", whereby the reduction of Mm due to friction |
t,

| Is taken to be 10% as an average. This assumption can be checked by subsequent

I
evaluation of the energy components.

j )(
-22-
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| in ac ordance with the theory of Impulse and momentum, the unsaiown integrali
e

value f F, di for the impulse is proportioral to the difference between j!- |
<

Initial and final velocities of the missile normal to the casing wall
*

| the'

} If LNK is used for the initial velocity,during the friction process.

a conservative energy dissipation value results. Ii

i

|
The value of the final velocity is not yet known in this phase of the calcula- .

For this reason, the calculations proceed on the basis of an |
tion procedure.

estimated value which can be improved subsequently by means of trial and
,

i
j

For the calculations in thiserror until the required accuracy is achieved. !

;

.,

}

sedim -6
-dnert the error was reduced to 10

.i

i ',
;

l
,

The procedure is described by the following equations: 1

i

t.*

(16) i

!
AEnes - [p. F,, /(w,,t) |

t, -

'

|For the first approximation the following values are Inserted: iI
i |

A = constant, and t

I- En = constant (average during the period f to te )3
!

)

yielding the following: I

te (17) |A E ,, = a- p E [F,, /t 1

Is !

I
~

l

|| where:
j

= distance between point of friction and mcynentary center of rotation,-

I
O. -

l,

,

at right angles to the frictional force
!

,

*

!
I
i

)
(

-24-
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I.

p = coefficient of frictionI

b = average angular velocity during the frictional phase'

[fi.E = change of momentum of the missile during the frictional phase
ce

t.

In accordan:e with impulse-momentun theory:

D

) f F, dt = (% - tm ) ( y,, cas oc - 77,| )
;1 (, g)s
i

c. i
,

'
i
: .

[ M * * s) = missila mass without blades'
ne

= angle between the direction of translation of the misslie and a
,

I
CG,'

. line which is perpendicular to the tangent at the point of contact
.

}!,

,

}
of the misslie and inner casing i

i

j
V' = velocity of missile normal to the inner casi.., wall af ter penetrating

i
!
i '

i

the wall :
'

|

The velocity of the missile af ter leaving the inner casing is maximun when

the total energy of the missile is translational: .

|, '
I
|

(m'.-e,XVif,ori o 3) ,

! E. =
'

;

I |
t

.-

i
(20)

2 E -etrj ,
kne - m's

!

',.

I

where:

I, E s - energy of the missile af ter leaving the Inner casing
i

'

!
.

I !

1

J
L

-25-
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!

Using greatest final momentum of the missile results in the smallest energy
-

I
;

dissipation due to friction, and thus to a calculation which is on the conser-
'

.
-

vative side.
.

!.
The equation for the frictional energy is therefore:

(21)
d? mr 2 d.A k ( % Cos 0C N -%) - /2E,,e (on,,,- nn,)

,

t
.

I
*

.15R~.f{. Deformation of the Inner Casing up to Breakace' *-
,

it breans
it is assumed the missiles will deform the inner casing until

,

!
,

from tension and bending stresses. 9

4

The anergy dissipation due to deformation by tension of the casing up to the

point of breaking is determined by the ares under the stress-strain curve
t.

shmen In the following diagram: ii

l !

! d=!

N|
.

7' -

|
! c

!;

l NfeaeN :
: x !
i 6
| j

The evaluattori of the stress-strain diagram results in the following average
f

values for steels used to fabricate the turbine inner casing:
;

|
fd.6 = 0.85G dm (22)

,.
|

!
|

|
|

Bending deformstlon of the Inner casing is rmdeled to result from three equa!
i-

:

i
*

4

-26-
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p!'ecas (missiles) as Illustrated in the following diagram:Jisk '

'
.

f

With an assumed deformation radius|
- -

N #'

G of 30% of the casing radius,
'

'
i

M nh d S'-)!'' i :tbt;'s '

bv
pGnstle-stressed length 3f will be

, 1.,

f
', ,'

|

,

70% of the casing circumference.
|

s

f _ _ , -
.
'

!,
-

|
i.

| F = Initial force of missile I

{
Therefore, the following deformation energies for each disk missile !~ |

' and bending are obtained:by ten:,

I

Sy tension:
%

| $ g"',
(0.7) ( o.sr d,, 6-, ,)

.

S
| I

t.

(23) !
.

| o E .. . o.2 C r 6= , %
t

I

!
Sybendingwithsameassumptionasin3.{l.2:'

AEwr =[M.: dM ~ 1.5 c6 Z, fdM
,

;
'

;

\.
se , = i.ss z U%E ( k - k) + l-k;] : :

..e

j 2pg, _ g) ,,,2 c , o,3 g, .
| sinca ;

| . I

I I.

I,
,

AE , = 1.'t e G Zz (24)
'
,

'
.

.

.

t 1

27-.
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! |
-

! where: '

'

|.

N w. = bending moment of the Inner casing wall

M = bending angle of the innse casing *all

G = yleid stress (0.2% offset) for inner casing wall materialI
I; '

Z: = section modulus of the inner casing wall

= radius of inner casing wall at point of impact at the moment of breakingG

Rs = radius of Inner casing before impact

/ length of tensile-stressed portion of inner casing wall at the moment
I' =

,

of breakir:g

Y = total volume or Inner casing around the missiles
I

'

|

; F fd.rKinetic Enerev of the Inner Casine Fraements,
j 15i

For the inner casing breakage, the shape shown in the following sketch is I

|

.

conservatively assumed because it results in the smallest energy dissipation i
i

l
by the missiles: !'

;

| nK' !
tv v,, - dreaking Pointsi .

t , , , 8, (assumed) ,

: % \ '

I e
,

\
e

* \
s

m

t(
I

|
,

g

l s
\ /

I

| \ / i

-_ _-<

i !
' i

Assumotions: i

|

Velocity tr at the point A of the casing fragment at breakage has been applied
i

-

y i

j conservatively as zrg' the exic velocity of the rotor missite.
u

t
.

&

.

1 I

]
k
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is approximated by a flat plate, with a length j

Half of the casing fragment i.
I-

:
of Lt '

!

is assumed to be rotation of the j

The entire energy of the casing fragment l

fragment around its center of gravity, point 8 with angular velocity /4)t
|

misslies produce three casing f ragments, and therefore, the j
'

Three disk
|

,

l

|
energy dissipation for each missile is:

g :!

o Ese = 2 i Irr (q)1;

!
.. '

I r,, - |z p b d L (d.*t L1 ) =r fi ft bdl$*
t

i

j vg y ug
W z'

aE,<s = 5 f's b d Lg LC orounce,.yzwe. retA6MM {
'

s
cA3

1

(2n|
6 . E ,,e = fg F, W u ; y Q ;

i
dn sener casiny %Woess |'

I b * inner casin3 assal, lenatk '

saferia.2
3 = density of inner casina|

I'
i
j where:
!

I.st = polar moment of Inertia of half of the Inner casing f ragment with
j j

! respect to Its center of gravity. - t

i

3 s h al - !

W Penetration of the Outer Casino I
,

|

Calculation in accordance with the Stanford formula in Reference (6):!

'

-3 (26)
AE,,, = D,, ctr. [0 3++TN 8 o' A m wrJ .-

;

- i ;

!

! i
t ;,

i j

(
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where Dm is the equivalent diameter of the missite:
. ;

f |

!

Dn = 4 A=
.

- -

u
o

Am = minimum projected area of misslie
!

= perimeter of minimun projected area of misslieU

T = thickness of outer casing !

',
= distance between supports of outer casing wallW .i,

4 .

WA.7 |%7- Kinetic Energy of the Outer Casing Fraament
,

Calculation in accordance with Recht and ipson per Reference (5):.
;

(27)
. ~

! AE-,e = Em f -(""a#~*.-mg).
l -

i

j where: -

i
:

i

p = mass of the outer casing fragment !.
I /7M

E=, = missit energy after penetration of the inner casing minus energy ,

.
'

loss in penetration of the outer casing, i.e. E , = E ,- bE,,,-

'

i l
Ii
I

'

.

|

t I

! jo

| !

I '

!

I

l

I. i,

i 4

! t.

i

.

.
a

.
-

! i
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APPENDIX 3.5B

Turbine Missile Strike Probebility Distributions

3.5B.1 Introduction

A generated turbine missile will fly away from the turbine with
a given speed and direction. The direction is defined by the

angle from the horizontal plane and angle of horizontal component
from the turbine axis. Figure 3.5B.1 shows the relationship bet-
ween the disk plane and missile exit direction.

3.5B.2 Distribution of Exit Velocity and Directions
With a given exit velocity and direction, the turbine missile
trajectory is determined by gravity. If the initial velocity

and direction are random variables, we need to describe the dis-
tributions of the initial velocities and directions in order to
estimate the strike probabilities. There are three random vari-

ables we used in our analysis:

the random variable v representing the initial velocitv,
representing the ancle of the verticalthe random variable el from the horizontal

component (i.e., the projection on disc plane)
plane,

and the random variable 02 representing the anale from the disk
plane (see Figure 3.5B-1).

We assumed that:

(1) The initial velocity v is uniformly distributed between vy
(385,415) ft/sec.and v , where v g v . We have used (v , v) =

2 y 2 y 2

(2) The angle e is uniformly distributed between 0 and/ /2.
-

y

(3) Tne angle o is uniforgly distributed between 0 and6g
where we used /s = 25 in our analysis

, . _ _ _ . - - _ - . _ , . . - . . .
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ne Tec4sc- & Deteren,- a

TogeW
'

0 1eJ5s. tb ,- M r. ly 0 ,re

g.se
" Consider the coordinate system shown in Fig.Gl. The origin-

_

is the ege- ef_td which ruptures, the x-axis corresponds to the
The missile willturbine axis, a nd the disc rotates in the y-z plane.

leave the origin with an initial speed v. and initial direction defined
by % and f, (see Fig /N1). For a given point (x , yo' 20} ** **"I **i gi

findtheecmbinations(v,4,,g)whichwillresultinthetrajectory'

of the missile passing through the point. _

e.

- _
_

Since the only force act'ing on the missile is that of_gravitv_/
.f(weignoreairresistance)thetrajectoryvrilllieinthepane 6.y = (. ,l

\
_\where -

_

_

-

__

_

4 = tan ~1(x.,/y ,) 4(1)
\

and the original problem reduces to a two-dimensional problem. Ifp is
the distance from the origin along the intersection of the x-y plane
and the 6,=5 plane then the problem is as shown in Fig,3,$8f' nere

po=Yxo + yo (2)
2

The equation of the t-ajectory in the p-z plane is
2

z = p tan 4 " (3
'

2V cos $

where g is the acceleration of gravity, Fer a given (po' *0} *' **"
solve this for y as a function of 9 getting

v = p0
2 cosh (po*"4~*0}t

.

and from this it follows that 4 is restricted to the range
~1(c /po) < k < Mtan o

_

e

--

- - - - - - - -
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_ differential argument we get that the range in v, dv, is given by
-

__

(6 }
"pO(sin C + ces C tan g)-2 g ces C'i

- L Qj ,
dy =

.\_ 2cos y - 2(po** ~*0}
~

--

fe %.3 960 -de6 ---. _ . . . . .

nn ' " #81'" 17
A conside: Ass area centered at (x ' Y ' 5 ' #

'

O O,

/ at (p0' *0, O ), whose orientation is defined by its normal vecterp
f N = (cos e, ces B . ces Y), where a, S, and Y are the direction cosines

-
,

.._
/, o f N;'

_
_ _. - _

. . . - . . -... - -

{ ~g$5Lt'.; p . , O "- Hn: "ich es =etr;:mcs :: 14-. in . + Q._
.

j It can be shown that the slope of this linea n the p-z plane is given byi

ILe ,
'I ( 7).(sin 6 ces a + ces 6 ces Si Qs'

.an C_- .
s ,

\ MC)
With this angle )can be used to calculate the band of allowed values

/ _.

.

_ . _ .-.._
.

.

.

.

- _ _ . . . . . . .
. . ...

- - - - - - - - - - - -
- - - -
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' inthe(yplane94.O.:94Gk

be the line in the target plane which is perpendicularLet L2
The extent of tho tar et in this direction must be covered by

to L . v
t

varying 6 through an angle %. Jf n = (cos 6, -sin 6, 0) is the no=al3 3

3 is a scalar multiple of Nx(. ), whereNxnto the p-z plane then L2

Nx(4Nxn) = [,-sin 6 cos a cos $ - ces 6 (cos ) + cos Y))3
2 2

a 4 1
3 3

y) + ces 6 ces a ces p]*j (g)2
+[ sin 6(cos a + ces 33

(@)
+{,cos y(cos 6 cos a - sin 6 ces S)]k3 3

,and i, j, and k are the unit vectors in the x, y, and z directions,
.a.

We define L to be the unit vector in this directionrespectively.
L'( s
m

)

a (a s)J Nx Nxn ML =
||Ix(. . ||Nxn)

.

.
.

and we want to find the projection of L onto n.
2 2

'

2 E

-2 sin 6 sees 6, ces e ces 5 - sin 6;ces e - ces 64ces 5-ces v(/," "

L*n =
||fix( .Nxn)|| O

is 4 then d6 7.ust satisfy
'If the, dimension of the target area aieng L 32 2

-

poh= $*ha C (U)g

| |ALn* *

3* p0
'

_

39
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3.563 2 STn(ce PnbshiI;Iy GdcJh field

The probability of a missile having the initial velocity and
direction within a specified range R can femally he w:-itten asi

(#3),

'

*(O '0 ,v)d d
Pr=b[. (6,y, 6 ' # * l 2 2 l'*

2 . Tu t , c * ") *^
.

2

wnere the p cbability density f(6,, 6., v) has the ic=
4.

-

1 if v, < v < v , C < 61 < 4, C <6. < l ,"
, 2 4 4

5 a(v.-y ) Ib.

' 2 1
sb*(6 6 ' v) =

otherwise,O ,

were assumed : he unifc=1y ;

since the randem variables v, 6 and 62
distributed between v, and v C d n/2, and C and a, respectively.,

The distributions and Eq. b, anare expresstd in te=s of 5, , 6. and v,i !
I

s m
|

.

which we will call the distribution space hereafter, but the targe:p:..e,

missile traject: Y.a and'. y~? 11 expressed in the ext: dyna =ics

The exit dynamics space consists of the exit velocity v, thespac e.

angle $ f cm the hori: ental plane, and the angle 6 cf the heri: ental3

- cceponent f:cm the disl; plane. The relationship between the dis::ihutien
. In c der :: hespace and the exit dynamics space is given in Figure

consistent, E4. N is rewri :en using the coordinates of the exit,

b! dynamics space:

F: chi.(6 0 ,v)tR3 = F:cbify,g,v) R'] ,

32

g(p,6,v)j.T|dvdedp , -([D)__ _
y_ *

~
- -- =

(p,6,v)cR' - -
'''

- _ _ . _ _ _ _ _ . .
"~ -- -_ T . _ _ _ _

-
.. .

-- .. . . -. - -

+4_
.

_ -*
'-

- "
I

" ' ~~ .;. :3. ;'_1
*

. .y;
.

...

.

b

-

e.
*

-- .

. . . . .
. . . . . , - . _ - -

.e .

-

. . . . _

. "-- --
_ . _ ,
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g(p,G v) = f(6 (p,9), 6 (p,5,),v]/ where p 3 7

.

R' in the exit dynamics space corresponds to R in the
distribution space, and ' is the Jacobian of transfemation

a(s ,e >") *(6 >6 )
1 2 1 2

, _ a lp ,9 , v)
-_ *

elp, ej3 .

j The expressiens for J, 6 (p,6) and 6 (p,6 can be obtained f:ce the2

i relationshipsbetween(6/'-)and(p,6}: b b)i
j tan 6 = tan y sec 6,

3

sin 62 = ces p sin 63
:

1 The Jacobian of transfomatien has the fo=:
(q')-

2
Jyj_ il v sin Gianid.

Icosp|(letan$seci)[1-coshsin%j 3

* C

/
-

__

. % probability of hittine t'r :b;c;

jtarget is given by the integral of the fem , E%.Gi)ith the
~
s-

w

I p cper limits of integration, which are detemined by the location o-{
target, its size, and its orientation.p'ow to evaluate the integ ''
of U-G, we replace the inner double integral of (fr ) !

i (IV),

g(p,0,v)|J|dvd63 with g(p,6,v) |J |avt.G
''

3 3 p

"($y) 7-
.

\ .

. .

$

.
, - -

-

.

.

,, ,,
, . . ,. _._ _ .- -

--

~ - - - - - ~ . - _- . , . - - - __ _ , _ . , _ _ , _ _-



. . ._

'.*
.

o ..

..

4.

f
,

where ) //<-

k }d ;-4 )
av

J .

[ ~-

p from c.,. ( 6 ), andl .

-. :

( _
_

- g
-i?<

k from E:;. ( j L) with (1*n) givenMo. ) . The angle C
'

"
is given by E:;.d)-r-

#'
"W'

[.-

'\1*
b the target area being a unit area means that.A xdy 2

Now, the multiple integral of g.(It) can be replaced by tne )
following simple integral (\8 \.

S C'--g[.9,0,v(p)] j J jaw 0p ,
Y

wnere

(pO**b }2 ces O

and % is restricted to the range

[.2 D )ey i-3-
tan ~( ) <9 < { .

Because of the nature of the physical problem, we are interested only
in those trajectories which result in the missile hitting the target f :=
above, and this leads to another restriction on 9

\G4 / 2f /
~1( Po

- tan C). \% > tan

0 is uniformly distributed between
The fact that the randem variable 2

A A* P aces another restriction on %, whichl0 and a , i.e., O f 0 2

depends on the O value,j

/.5

. .. . . . - . . . - - . .
. . . _ . . _ . - . . . . . . .

. . . _ _ __ . _ _ _ _ _
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' (n)..

(,"-;O L
h(6} < p < { ,

where
f

| 0, if 03 6 3 L,

)h(j =

sin ~1( ces 4
'1" ), if 4<63{.j

-

tan 635

The limits of integration for the integral of E UP) can now be obtained
G

from the f act that the random variable v is unifor . * distributed betweenCal ) S"d
I * I "2, and the restrictions tb g (dc.7/

and v ' 1***' "1v 2y If we define
(/|1.2 } on the allowed % values. Q3)

~1(22 -tan (),h(6}}, Mz

9 ''i n = maxttan (
), tan g

P'O C''

then the inte;;hl of ((?) can be rewritten as

3~ .S
S u-

- .ru

(g[p, 6, v(p)]|J| ova 6}dC
-

'l "2
In t".e integral of 6SJS")

with an additional restriction p 2 p_,,,. ,

are obtained by solving kg. ({3.) for 9 with v = v2 ""d
94 and 9 v. In
F and 94 are obtained by solving Eq. ((Q ) for 9 with v:# 3

u for each vgekeral,t.kerearetwovaluesof%satisfyingEq.((q)
94 is the smaller of the two 9 values corresponding

.

is the' smaller of the two % values corresconding to v .1
to v; and 9,
For a given balue of v, one 9 value satisfying Eq. [[

is given by

.

D~~1 ),p=f(C+ sin A

(.2 3 )
where 2

(99
2 20 #Z* Z )/ EO O'A = O2

y

Nr,Sand the other % value is given by (W }Le

%=f(nt C - sin ~1 A).
If |Al > 1 for some v, then there exists no solution for 9, and in
particul'ar if |A| 2 1 for some v , we set p =$4=f.y y

1 p

l.6
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In sumary, the probability of hitting a target plane of
small area axa,whosecenterislocatedat(pO'O,()v.thitsg g
crientation given by its normal vector N = (cosc, cosi!, cosy), is given i

bytheintegralofE}1M)withthelimitsofintegration94,p'N,Lu,
#

and 9u, deter =ined from Eqs.t.ts) , C A F)l fM ).
The integral of'

-6g,G4)'is obtained numerically using Romberg's method of in egration.
- DJ 4.5A computer program for evaluating the probability of hitting a target

written in Fortran,a-- s 11 =* * 7 n' 'M ,... g . n = 1. . . . .sa

4 :r.: tic" af t"? in; ut 4a-te% inn-:t4he er.d f ei; a nier. Using
'

N O owa. computer program and some typical distributions i:r missile velocities

and directions we obtained the 5robabilities of hittine various targets.*

of unit size, and the4results are reported ing)a.a ,
.sneye. pnb - 3 ler f t 9 :r;h N

- -- .. ... ....u.. .s. . _

1

. 1

l_

/
f

!

g 11ty :: q .,

ch :+'T the in v al
m w s.

If the area of a tarjet is large, one cannot use the
differentisl approximation form of Eqs. (.h ) and (.|A) for the entire

Therefere, the probability of hitting the target can be obtained byarea.

1.8

. . . . . . . . . . _ . . .
. . - . . . .
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first dividing the target area into small targets, for each sna11
target evaluating the integral of Eg.(JV)in order to obtain the
probabilit/ of hitting a small target, then finally by su==ing up

~

all the probeilities of hitting small targe:s.
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.

e

|
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