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Jeentify the specific model (s) of Allis-Chaimers !o-'v pressure turbine (s)

fnstalled in Cocanche Peak SES Units 1 and 2. Provide tables showing,

Jo v @_y the unige wheels in a Comanche Peat Tow pressere turbing,

S—
the weight anéd Tocation of the wheels refative to the turbine center, ans

the o) Gimcnstons, b) shapes, c) weights and d) inftial energy (er
velocity) ranges of miesiles postulated to be representative of wissiie-
produc ing turbine whee! rupture ot

. design overspeed, A

§i. destructive overspeec.
Show how values for the exit energies are obtained or reference 37

availatle document which contains ar edequate descriptior.

Sec revised Sedim 3.5.0.3.1,



[-L 251.2 With regard to reporting quintitative analyses, 1o general, and Informetion
Such as contained fr FSAR Sectfon 3.5.1.3.2, s particular, the fo)lowisg
applies: y
8 A7 equations are to be musdered and, excest for those which express
fundamental physical lews, they sl be either derived or a reference
0 #n availadle docisent (1.¢. one fn the open Titeriture) provides.

8 Constarts and variables appraring 1n these equitions are to be define:
Sowing the assumd vilues for constants gnd the value ranges for variables.

APP‘I'd'/
RC:«C!.:; .g‘ﬁi e Sedenm :?.‘E'A.



unl’J\ > S -‘_dh. .

“rhe m!yus of the dampe probabll{ty 1 sot sufficiently getatlec. The

spplicants are to show the formsias OF constants which constitute

quantitative definitions of the probabilities presented and how they

The values of P‘ showo 1n Table 3.5-7 are wcapub!!; the values
-5
mmmnmsuo mano per turbine

currently accepted by
year for design and destructive overspeed faflures, respectively (set

Standard Review Plan Section 3.5.1.3).

-As stated in Regulatory Guide 1.115, with regard to low trajectory sissiles,
the protoction of an esseatial or safety related systes or cowponent is
acceptable ¥ the systeo OF comnt is Yocated outside the low trajecte™
aw-ms. If the applicant has exasined the strike zones for
t.he tyrbine trains ot the site and Tound o safety relatec targets (see
Regulatory Guide ). 17) ﬁtMn the 20025, ﬂ sust be specifically s¢
mm Ot'\cnﬂu. tbc geterwination of Pt must include ¥n analysis

for tbo low trajectory wissile contﬂbot'lon

\

’Ih"c is m dacriptlon in the Fﬂl of the method wsed to analyze Pz
for high trajectary aissiles. The '2 probability equation esployed
st either be derived or an available document referenced which contains

an sdequate derivation.

To be consarvative, and due to Tack of {nformation, the values of F
saregenerally takes to be ooe. If other values are wsed, such &s L:OSQ
ftom tn Table 1.5-7, appropeiate equations &t be derived and/o
<55 values Gbtafned for aach Target sust be Justifled the TR staff.
Note, the targels should be § specific components {e.g. steas gemerators

1 and 2, reactor yessel, feedmter lines, main steas 1ines, auxilliary

feeater pucps 1 and 2, etc.)

iy ,
.3 SeL vevud MSQ('L«M 3.5.j.3.3 ’vek,sc“ noe§§‘7
i wele SRS,
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The P X P probabfiizies is Table 3.5-7 appedr W be toc smell.
Re-calculate the P 1 & protabilities assocfated with etk safely
releted targetl fcfzozsi:? overspess, and destmuclive cvempeel,

and show inet the total '2 b ? for sazh of toese failures condition:

is less than 1T per 'uzm. e rtipulated in Regulatory &ioe 1.115.

Prepare ¢ tatle showir) the ;2 H 9‘ prodobilities for ezc- tamgel

q«’cfum 3.5.1.33 ame d

~>

-

- .- -
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3.5.1.3 Turbine Missiles

3.5.1.3.1 Turbine Placement and Orientation

The turbine placement and orientation of the twin uynit are indicated 1in

1 i Fi .53, The Of'?ﬂT‘Tfon the Turbre
the plant layout draw;ng-, gz';‘ ij’i,.ﬂ.,_r. There Avé M'f.:ruf.g/ 7er;

ax's s vadr! : :

or STyuctfures (ocaTed fatide The (ow TrajecTer missile 80405, {

3.5.1.3.2 Missile Identification and Chafacteristics d¢ ned ¢n NRC Fe latery l
Guade l."‘. T here re ,

n‘t@m g Ou'/ h.zbt‘f yecTer y'missles
f

™ ~mrwuwxmaqwmrmm\df”u be Cnsdod
of a last stage disc, wh.ch is th

rated YeQ to produce 2 failure

source of the~gost dangerous missile. Such a missiie ia—produced from

a 133.6 degree seC™Q" of the turbine rotof. The missile has a weight

of 6990 1b with a minimumggojecsed area of 2.43 f¢2. The

translational velocity of thekissile after leaving the outer casing i§

810 ft/sec. The missile g&n emerge~at any angle above the horizontal \

- Lyl joint of the low-pressdre turbine and a axial angle from zero
degrees (radial ) to about 16.8 degrees t 4 toward the exhaust \

nd of the turbfne. The must likely axial exit ang {s considered

o be 8.40 gégrees with an energy equal to 19 x 106 ft-1b.

Ltre pplararrt : ; h-Re g , Sowever,
\ . ,
cay lations and figures included in this analysis use the value of 25

le in accordance with NRC Regul

The mathematical model for selecting the missile size and its sector 3 m"
3.5A,
L] . -

|
|

angle assumes maximization of the translational energ&‘\s descr bed ,7\

. / and &F‘J"’

ector angle @, the energy equation can be written

3.5-13
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Each of the two CPSES low pressure turbine +feee is an Allis-
Chalmers Power Systems, IncC. (ACPSI) 1800 rev/min steam turbine-
generator with 44-inch last stage blades designed for Light
water Reactor (LWR) applications. Each rotor is made from a
stepped shaft with a total of 10 shrunk-on blade d+oene arranced
in symmetrical groups of five. Aiaxs

Figuxcsﬁﬁﬂ)provide the weight, dimensions and location nf each
disk relative to the turbine certer. “

The turbine-cenerator is designed and tested for safe operatiorn
in the range up to 120 percent of desion speed.‘: speeis ut to

-4

120 percent of.rated, the maximum disk stress at the shrink it

is less thany#e-of the burst strencth of the material. Rotor
tailu:eitﬁﬁ;d only 5535££dhe—ae defective material, inadeguate
quality assurance, ©Or design error‘.";'&';_:a the high reliab.lity
provided by desiom, manufacture and quality assurance cf 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 turbin
casings. Based on these considerations, the case of failure

at or near desian speed can be eliminated from detailed stucy
for purposes of turbine missile analysis. (8] YeV/mir

LP disk fsilure due to excessively high overspeed could/produce
external turbine missiles. Characteristics of LP disk fnissiles
leavinc the outer casinc are provided on SieuneTionds 1Y /LP disk

§ is the last stace disk with 44-inch end blades, ané /the other
disks are for the other staces of a typical |g00 ¢nALP turbine.
All missiles are wedge-shaped sectors of the disks havinc a

sector angle of 134 degrees which yields the maximum translaticnal

missile enercy. (8]

The burst speed of disks 4 and 5 is taken as the speed at which
the average tangential stress in the disk egquals 85 percent of
the ultimate tensile strength of the material. I+ is assumed
that disks 1, 2 and 3will burst at least at the burst soceec

of disk 5. The net missile energy leaving the outer LP casin®

is determined by analysis of enercy dissipation as the disk
mic~ile crashes through the casings. (8] Due to the conservative
calculations of energy dissination, the net energies and missile
velocities civen should be considered as maximum values.

The largest potential missile from a hyoothetical LP turbine
disk failure is a missile of the last stace disk. 7A€ miss. /e

deflectim angles wM—baAQ 1o 258 forthesaddoch . (9]

PC S‘h“&*ll ASW dearees

the lest sTage
disC wee




After\combining the constants (A“ Yo, 0, H",. M s ) into a
single ‘constant K, the previous equation can /e written as

Taking its first der spect to P and setting it equal to
zero we obtain the fol

dEyy
g "

' This condition occugs when

sIN /2 [.(cos 8/2), # - SINB/2]

Using trigonometric manipulation, this reduces t

iy §

tan /2= @

This is trye and only true at @ = 133.6 degrees. This s
efines tfe shape and size of the missile possessing the x imum

ergy. /[Penetration of the outer casing of the turbine is
;R formula [2].

m\\
305-14 " e
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ssile characteristics is that
one after the other and
\ 0 percent of the no rotating speed had been reached.

!

(
Angular\yelocity of thé rotor at the moment of bursting

|

E « Maximum translatiphal energy

{
i

\ NT « Area oY Cross \ction of missile l

|
|

Im * s section of missile with
\ S s« /Static moment of Cross section of missile with respect
to turbine axis |
t |
| f
p « Density of the missile material /

Equivalentdiametert 7the missile

~

3.5-1% JANUARY 31, 1980
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Anin = M 1n1m’i?ﬂmm1lc/‘/

Perimeter of minimum projected ares of missile

. outer casing

3.5.1.3.3 Strike Probability Analysis

an essexlel
This analysis uses theories and assumptions which yield the strike
probability of a wiesire on @xAzal componen p =
. ]

W&“W :
/

follows:

1. Only one missile is released at a tive

s el

2.  Strike probability due to Tow truectory,\m
considered because of the orientation of the plant's

structures with respect to the turbine gemntorx
AS Shawa 4 Fo’n}uve 3,5‘3

Becanes 3.5-16

3. Siree the low pressure furbise disk missile can

only penelrala. the Tutbire Casings aT & Turbine —
/ F j Pevcenr

erater Speed [n 2xcesS o abent /"o%" the

P'.‘l‘o 'l O‘f "’fn'flfm-r n'bvﬂe d'.fk h,n,,/e: U'/‘ o
qhe design qccu rzﬁm)g of (an’(_,s Considerd 2ere . 5,8

|
t

!



4 The Fmbab.’lﬂy "5’ an Wt’f:feed incident oj- the [ew pressure

CPSES/FSAR
has been M-ﬂtteed . An'n&'-._'kl/

— Resutts
)(. Gi%eu43e+ons\1n Table 3.5-7 are shown for the fai1urﬁ_of only
CompinenTs
one turbine, the one closer to the structureézand thus having

Iset®) l\ew) . .
the higher strike probability; this is considered the worst

case.

f" ceat

The overall probability (p4) is given by:

P4 = P1 * P2 * P3

where:

Pl = Probability of occurrence of turbine missile, pev Tbvbfilyfﬂda

= 4+x107°
p2 = Strike probability
R £ Tear ‘/"‘d
r( I
P3 = PE%EfbiTity ogﬂdamage due to the strike
" f s AUWET Syst .
nd equal to .1 * i dawribed
].//Th method of analysis used in the calculations,is “A‘I{‘s '5'5

ed_i renge [8 ' ' - ¢

-

The combned sTu
abd TS5 .
3.5.1.3.4 Turbine Overspeed Protection

For a zataiied 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

assumptions:

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

3.5-17

tubre disk missiled with tha h:]hur enersy leve [ ;‘/e;\ﬂ. o nm:(a-l)

. s fxh) - -
ke and damage ’mhb'/-:'(,\'ﬁ-r’ﬂ s 42 3.6 X /¢

?
l
\
\



| Tuzbize alygiles eiectad within a faw dagrees of the versiczs are charas-

! terized as high tTajectory misyiles (HTM). Their striza dis

"y

/ consisciag for cae most PaTrs or "loo shot"

relactively fsotropic.

Ac sasesment of che damaga provapilicey 5y ETM's Mually iavolvas a caleue

l2:i0a of the =issi le strika probabilis T, with respecr t23 es2ch
‘tlr‘et. a%0r2ach 1s to datermine the scrike rrodability dissrinys
O3 4 Wit araa basli. Thaco ths scrisa a5ilisy Zor 2 Salacs

20 be estizarted ’Qx&;aﬂt-ag. Ovar the avrea of the targac.

P e discTid
1ight directions az
ni’sﬂg f.ig*

tzibut

Ib" The {nditial
l

»i-l—& aissi——e exit SPEC-S are d“

i oL 3 gty <alue
s =iz = &|

ed by
jac

i ted
and air resistance 15 neglec

turbine
ontal and coplanar wicth the

¢§. All target areas are horiz
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——E VT~ .
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A 2-week test interval for the turbine valves and the
overspees trip system, and a, yearly maintenance inspection of
the complete uverspeed prevention system

An average of cne true load rejection per year

4. Consideration of the turbine extraction of common mode
failure possibilities in addition Lo random failures
o
Thus, the overspeed failure probability has “een estimated to be %"y
small (2.10 x 10’7ppr13¥;f:year for a four flow turbine generator;,4anc
subsequently a high degree of component reliability exists. /
_Q__(jf‘gfs B Turbne mus'le anilgd-s A’ baged vy an Linacte
‘3.5.1.3.5 Turbine Valve Testing roar furbr@m s € Ceven :
¢t 441277 pe o e 7
Periodic testing of the stop and control valves is necessary to 1nsure
reliability and continuity of service; therefore, a biweekly valve
testing for all nuclear units is recommended with the aid of an
automatic turbine tester (~7T). If an ATT is not available, monthly
test intervals are recommended.

For high reliability of the electrohydraulic contro! (EHC), one primary
AC power source for valve testing is provided from safequard bus; two
separate DC sources for control circuits are provided from one +24 VDC
system with common neutral. For more details of incervice inspection,
refer to Section 10.2.3.6.

3:9:1:.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.
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LP TURBINE DISK MISSILE CHARACTERISTICS

1P DISK_NUMBER

1 2 3 4 5
ev
Postulated Burst Speed, rémin 3312 3312 3312 3268 3312
Net enerqx of missile leaving outer 20.23 9.89 16.07 17.47 18.81
casing (106 ft. 1bf)
Weight of missile ieaving outer 5848 ST?5 4349 5500 78138
—easing (1b)
y e
Translational velocity of missile 472 332 488 452 401
leaving outer casing assuming all
energy '8 translational (ft/s)
ec
Minimum proaected area of 1.83 1.85 1.51 1.89 2.70
missile (ft°)
Maximum proaected area of 14.1 14.5 15.2 15.5 15.5
missile (ft<)

RN | — — -—

source: References 5 and 8
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APPENDIX 35 7

. mlssws eneasy) [ 8]
/

3 Sﬂ hntroductncn
Afperdis
Thisﬂ.:ﬂ:n presents the theory and mathematical models used to determine

the initial missile energy at the moment of disk burst and dissipation of
this energy as the missile crashes through the inner and outer casings of the

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

3,(;1'.16”";1 Aporoach and Assumptions

The approach of this analysis employs theory and assumptions which tend to yielc
maximum net energy of the missile leaving the outer casing of the turbine.
) ‘ ns! i I i l . M . ‘ ‘ . . .
! . . 3 s
g Wwwwh-hnm

tWMw—(W

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

5 = o nig theory, referance 234 g TS

: eports dgadTng with turbine rotgr failure as as other pyb icatigns

- -‘ . -ty 5

e n—the— . s fdranc adbuen ne end of A0 g
|
|
|
i
h % P
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2.5A.3

33 Sector Ancle of Highest Energy Missiles

5 The translational energy of a disk missile Ear at the instant of failure is:

E_‘,i""nv;: (1)

where:
M, = mass of the missile

Vr = translational speed of missile

In terms of the missile sector angle @, the energy equation can be written
as follows:

i n SN YA
E-W'IA-YopPLZS' Cra W

-
- -

(2)

where:

A = area of cross-section of missile

Yo = distance from turbine axis to the center of gravity of cross-section of
missile

Ia = moment of inertia of cross-sectiun of missile with respect to turbine
axis

§ = static moment of cross-section of missile with respect to turbine axis

1 f = density of the missile material

Wy = angular velocity of the rotar at the moment of bursting

After combining the constants into 3 single constant K, cquation (2) is

reduced to:

E =K sin* %
o A




which can be differentiated as follows:

Er . K &n "_/1 cos Y4 @ - sin? "% ' ()
d® "

The translational energy is a maximum at id%" s 0 which occurs when:

sin ’/‘LL(‘”’ @L) e = sin ©il=0 (5)

or

tan A =¥ (€)
which results in the numerical value:
© = 133.6° for the missile with maximum initial translational energy.

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

5P 4 :
e =1 Initial Missile Energy and Trajectory

The unrestrained trajectory of the missile up to collision with the turbine
i.5=

inrer casing is shown in r:,.*s.-:t',, The corner points follow cycloid paths.

The momentar, centers of rotation of the missile lic along a straight line

through the turbine axis parallel tc the path of the center of gravity of

the missile.

The total energy of the missile Ewoat the moment of rotor burst is:

Em'ttm“):‘ (7

where:




PR polar moment of inertia of the missile at the moment of burst

referred to turbine axis

Umo = angular velocity of the missile at the moment of burst

This consists of translational energy:

-

3

where:

e = mass of the missile at the moment of burst

Ys = distance from the turbine axis to the missile center of gravity

(including blades) at the moment of burst

and rotational energy:

tia of the missile referred to its center of

Toecs = polar moment of iner

gravity at the moment of burst

1.5A.%

$-%5 Dissipation of Missile Energy within the
urbine outer casing is determined

Turbine

The net missile energy as it leaves the t

from the following anergy balance:

€ = E.o— 2AE.;




The Individual portions of energy disslipation DBy are described in the

following sub-sactions.

It |s assumed that the total energy of the micsile leaving tha turbine

casing is in the form of translational energy. This assumption Is conservative
because a part of the energy is likely to be rotational which dces not
contribute significantly to the capability of the missile penetrating the

reactor containment or other parts of the power plant.

3';p"g.‘(
35 Blade Deformation

In sccordance with observed turbine roter failure patterns, it is assumed that
half of the turbine blaces on a disk are deformed by being crushed anc
stressed up to their yleld stress. However, this occurs over only one third
of their length because due tO the susceptibility of the upper blade part to

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

The remaining half of the blaces are assumed tc suffer considarable
bending deformation pricr to destruction. It Is conservatively assumec that a

permanent 30° bending occurs in the lower blade region.

S'Q,Aos.\.'
351+ Blade Crushina

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

as crushatble. The enercy dissipation Is:

AEw= AT 2 &

-




cross-sectional area of the lower third portion of blade vane

yield stress of the blade material
biade vane length

aunber of blaces on the disk missile

3.5A.5.4.3
5+ Blade Bending

The bending moment for full plastic bending Is Mys= 1.5 Z4 Cas

Therefore, the blade bending energy dissipation Is:

- m 3P - - TMm
AL = ‘ffMus d‘ys ’ or AE = 1S tho—u‘[ -

where:

Mus = bending moment of blade

Zse °© section modulus of the blade v;nn at the root in the circumferential
direction

Vg e bending angle of blade

. 5A.A

4-5-2> Break-off of Blade Vanes

WML‘J‘W_{-*; Break-off of the blade vanes

is assumed to occur in two phases In which 502 of the blade vanes (Blade Group
No. 1) break in collision of the disk with the inner casing. The other 508 of
the blading is assumed to break off either by collision with other portions of

the rotor or during penetration of the disk missile through the inner casing.

\ 1 ‘1
AE.,' j 0-5m.(r‘_, Wn) » «&0.5 In“‘n for Blade Group | (14)

-21-




mass of the blades associated with the missile

polar moment of inertia of the blades associated with the

missile referred to their center of gravity

distance from the center of mass of 50% of the blades to the

momentary point of rotation at the onset of Phase |

-
-

w
0.5 my (rmy @/ * 7 0.5 Ly W.> for Blade Group 2

distance from .he center of mass of the remaining 50% of the blaces

to the momentary point of rotation at ti = anset of Phase 2.

2.5A.3

$+ov3- Friction between Missile and Inner Casing

The frictiona! energy at the area of contact between the missile ard the
3.5A-
inner casing (see Figure - is determined in accordance with the
following equations 16 to 21. Due to the very '"rough’’ surface of the
missile, a very high coefficient of friction (probably greater than 0.5)
is to be expected. However, in orusr to use conservative assumptions,
only half of this value is used for the calculations, I.e./ﬁ‘ = 0.2S.
Furthermore, the calculations are done using average constant values for
lo. 3¢ the distance "', whereby the reduction of Wm due to friction
is taken tc be 102 as an average. This assumption can be checked Dy subseguent

evaluation of the energy components.




>

se Clin
~2A00rt

In .c:or{,nc. with the theory of impulse and momentum, the unxnown Integral
value f'F. dt for the Impulse I3 proporticral to the difference between
the ln:;ial and final velocities of the missile normal to the casing wall
during the friction process. 1 U 08X is used for the initial velocity,

s conservative energy dissipation value results.

The value of the final velocity is not yet known in this phase of the calcula-
tion procedure. For this reason, the calculations proceed on the basis of an
estimated value which can be improved subseguently by means of trial and
error until the required accuracy s achieved. For the calculations in this

the error was reduced to 10-6.

The procedure is described by the following equations:

te
A= [ 4o Fu dlanl) (16)
ts

For the flrst approximation the following values are inserted:
A4 = constant, anc
~
&, = constant (average during the period t, to Le)

yielding the following:

te
AE s i [Fdl (17
ts

whers:
a4 = distance between point of friction and momentary center of rotation,

at right angles to the frictional force

-2h=



/U. e coefficient of friction
LTJ- = average angular velocity during the frictional phase

=1
.'/‘F.Jf = change of momentum of the missile during the frictional phase
In accordanze with impu | se=momen tum theory:

e
[Fudt = (g = me) (Vs COSK = Vi)

ts (18)

('mno'””l) e missile mass without blades

X = angle between the direction of translation of the missile and a
line which Is perpendicular to the tangent at the point of contact
of the missile and inner casing

U:.I e velocity of missile normal to the inner casi.. wall after penetrating

the wall

The velocity of the missile after leaving the inner casing is maximum when

the tota! energy of the missile Is translational:

Era= & (mu= mVL), or -
Un = 2E us (20)
ﬂ'h." ﬂn.

where:

Ewa = energy of the missile sfter leaving the inner casing

.zs.



Using greatest fina! momentum of the missile results in the smallest energy

dissipation due to friction, and thus to 3 calculation which is on the conser~

vative side.

The equation for the frictional energy Is therefore:

AEN‘ . “/u' 6:). [ wn COS X (Mg ="My) = JZEH‘ (mvo- mg) (1)

3-S5 Deformation of the inner Casing up to© Breakace

|t is assumed the missiles will deform the inner casing until 't breaxs

from tension and bending stresses.

The energy 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

shown in the following diagram:

o é""

e
N fa'de \
QW

The evaluation of the stress-strain diagram results in the followimg average

values for steels used to fabricate the turbine inner casing:

-

Jode = 0850 Em -

Bending deformation of the laner casing is mdeled to result from three equal




sisk plecas (missiles) as 11lustrated in the following diagram:

With an assumed deformation radius

Y. of 302 of the casing radlus
- S€re |

v
plEnsile-stressed length 3{ will be

702 of the casing clreumference.

F e initial force of missile
Therefore, the following deformation energies for each disk missile
by ten ° and bending are cbtained:

By tension:

AEnc® (0.7) (0.85 Car; €manz) V:

3

DEme= 0.2 Tar, [ Vi (23)

By bending with same assumption as In 3.5‘1.2:

AE-ﬁ‘JfMOZ JV; = 1.5 U;a: Zl fd%

AEm = r.so:uzt[‘%-’-r (+ - 7':',)* 1%:]

Since ls ’/3W(Rx-f.) and fi® 03R::

AEnv = 4T O:zx Zg
(24)

.27-



bending moment of the inner casing wall

=
|4
.

Y: = bending angle of the innsr casing «all

Camar = yleld stress (0.2% offset) for Inner casing wall material

Z: = section modulus of the Inner casing wall '

. « radius of inner casing wall at point of Impact at tie moment of breaking
R, = radius of inner casing before impact

1 e length of tensile-stressed portion of inner casing wall at the moment

of breakiry

/
Vs = total volume or Iinner casing around the missiles

;'“or
3-$-¢ Kinetic Energy of the Inner Casing Fracments

For the inner casing breakage, the shape shown in the following sketch is
conservatively assumed because It results In the smallest energy dissipation

by the missiles:

dreaking Points
(assumed)

Assumotions:
Velocity l{' at the point A of the casing fragment at breakage has been appliec

conservatively as v,,’ the exit velocity of the rotor missile.




Half of the casing fragment is approximated by @ flat plate, with a length

of L:

The entire energy of the casing fragment is assumed to be rotation of the

fragment around its center of gravity, point B with angular velocity Iy

Three disk missiles produce three casing fragments, and therefore, the
energy dissipation for each missile Is:

%

AE ‘ZZIR(L:/.

1 | ;3
I,.= 4 Abdle(dls) = Lfbdls

Vi mmu‘.'
Afus =5 pbd Ls -4 &
! /a of IWNE R
< ‘ CASING FRAGMENT
& ~
- ?L! by Vi Un >//< 3’ (25)

d = inner casina ThicKness
bz mner casina axial Lera™
lp J(ﬂ’l'y cf InneT Casine m‘feﬂ“

where:

Loy = polar moment of inertia of half of the inner casing fragment with

respect to its center of gravity.

3.5A.0 -

355 Penetration of the Outer Casing

|
| Calculation in sccordance with the Stanford formula in Reference (6):

AE e ™ Du Gar, [0.344 T+ 806 x10”wr] (26)

-29.



where D. is the eguivalent dlameter of the missile:
D“ - “ A-C
J
Amu = minimun projected area of missile
U = perimeter of minimun projected area of missile
T « thickness of outer casing

W = distance between supports of outer casing wall

72547

357 Kinetic Energy of the Outer Casing “ragment

Calculation In accordance with Recht and Ipson per Reference (5):

Afme= Em [1 (=) ] (27)

where:
/Mp = mass of the outer casing fragment
Ene = missile energy after penetration of the inner casing minus energy

loss in penetration of the outer casing, i.e. Ere® E g~ OEm

.30-
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3.5B.1

3.5B.2

APPENDIX 3.5B

Turbine Missile Strike Probebility Distributions

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.

Distribution of Exit Velocity and Directions

With a given exit velocity and direction, the turbine missile
trajectory is determined by gravity. 1If the initial velocity

ind 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 Vv reocresenting the initial velocity,

nc the ancle of the vertical

the random variable €, representi
) from the horizontal

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

and the random variable 62 representing the anale from the disk
plane (see Figure 3.5B-1).

We assumed that:

(1) The initial velocity v is uniformly distributed between Vv
and Vo where Vi< vy We have used (vl. v2) = (385,415) ft/sec.

(2) The angle e, is uniformly distributed between 0° and 7 /2.

(3) Tne angle ®2 is uniforgly distributed between 0° and Ao.
where we used A = 25" in our aralysis



The 72’04/'7&; rmivng - Tarpine Messii2 STela ﬁvAé.'/N)r Dt
‘.;";}f‘)}“( tra V-"] . Orf'tu "(J 73'75¢

— 3.58-
/’/Considct the coordinate system shown in Fig.f=1. The origin

is the cgm,nw which ruptures, the x-axis corresponds t> the
turbine axis, and the c¢isc rotates in the y-2 plane. The missile will
leave the origin with an initial speed v, and initial direction definec
by 8§, and ¢, (see Fig'.‘S‘l). For a given point (x4, Yp» z.,) we want 2

find the ccmbinations (v, ¢ , @,) which will result in the trajectory

of the missile passing through the point. T
| __7__=‘_/' el
// Since the only force acting on the missile is that of gravity
(we ignore air resistance) the trajectory will lie in the plane 63= &,
\ Vlh.!e /" — - ==
o= rann ) (2

and the original problem reduces tc a two-dimensioral procblem, If 2 is

the distance from the origin along the intersection of the x-y plane
‘ - 2 »
nd the 6,:}0 plane then the problem is as shown in Fi;,asﬂ;&ne:e

!' > -qf——z 2

_SLz_— (3)

where g is the scceleration of gravity. For a given (po, zc) we can
solve this for v as 2 function of § getting

ol @

T Vzco&(:otmé-zo)

and from this it follows that $ is restricted to the range

san~Hzy/pg) < § < F° ®k




/;;inq &

get that the range in v, dv, is given by

di fferential argument we

olsin T+ cos § tan @)-2%, ¢35 :]Al (G \‘?

7
I Iy [ = =3
N\ N 2c08°9 Z(Potl"-lo)}/

N

_»

InF‘ﬁ’a';_s_.?-'-;—;.*"e i iR~ 3 4 1 e

/\conside:/\n area centered at (xc, Yor :C), or ecuivalently
| at (po, 5 OD), whose orientation is defined by 1ts ncrmal vector

;'_EW v), where @, B, and Y are the cirection cosines
of Ko™ 4 i s

-
—

. :
O = > § IF I Ny~
-

. —

1 I+ can be shown that the slope of this linesin the p-2z plane is given by

;. ki, ( 7\

' . — /
v tan L= (gin & cos a + cos € cos 2 )

. =
codlC) e

With this anglo" Yean be used to calculate the banc of allowed values

B




in the §-v plane g déhedeiniPle E25w

Let Lz be the line in the target plane which is perpendicular
to Ll' The extent of tho target in this direction must be covered by
varying 8, through an angle &£, If n = (cos §, -sin 8, O) is the norma.

to_the p-z plane then L, is a scalas multiple of ﬁx(ﬁx}'\) where
fx(Nxn) = [-sin 8ycos a cos p - cos 93(.“‘3 + cos’ 7)]1
+ sin 93(cos a+ cos® y) + cos 83 cos a cos 817 C8)
+{ cos y{cos 83cos & - sin & cos 8)k (e

and 'f, f, and 'i: are the unit vectors in the x, Y, and z directions,
respectively. We define T to be the unit vecter in this dizection

) -
- 5 Nx (Nxn)

=D & G
| [Nx(Nxa) |
and we want to find the projection cf ?. ent? :
: : ; e2 gin §,c08 8, cos & o8 B - g1n° §5c08° a - cosC 8y cos“3-cae” 2 (/s
;1Nx(Vxn)
=
I1f the dimension of the target area alang I.2 is AZ then dGJ nust satisdy
o
poﬂ;z rE'mAz = Cn)
J- -
&33 @ ( I )

39



3.663.2 Steike FPobability Couletolim Method

" The probability of a missile having the initial veloclity anc
secticn within a speciiled range R can formally be written as

; (13)
- i
?ni(el’ 62' V)GR‘ = JI.‘ . f(a Z,V)dVdezdew.v @
'(Gl,éz,vuﬁ
‘ whese the probabilisty censity &(e,, 62, v) nas the fom=
1 ) .
‘ —— 1y, Kv<v,, K6 <=, C <. < <
- e ’ 1 - b 4

| j 2A(vzv.,‘_, " (;¢>

&e,, 8., v) =

1 2 L C , otherwise, @
| gince the randem vasiables v, 6 ané a. were assuzec =2 be unifsImly

| distsibuted between v, u*tﬁ Yo C ang ﬂ/‘, anz C ang &, sescectivelvy,

The dist=ibusions anc gs. aze expressic in terms ST T,, T- ane v,
. « e
' wnich we will call the d's"‘bu"on space hereai<er, Dut the Tals zetptne
missile t-ajectirye - ’ e all expressac in tne exis dynamicss

space. The exit dynlni:s space consists of the exit velocity v, the

angle § from the herizontal plane, and the angle 8;0f the hesizental
cemponent from the disk plane. The relasionship between the dl gesibysion

To -
Iin o2dex =2 ze

scace and the exit dynamiczs space is given in F‘.;u:e' .

consistent, Eg. ($3i&> is zewritzen using the zooTcinates of +he exit

gynamics space: ('3)

Prob (3!92.‘1) ] = Poop(f 3, V)R 3

\ IR S 4‘/
-0 o(,8,v) 17 lavee P - ((€)

I (g,e,v)tﬂ' L —
- EONEE I i s, o0 e ——




. -
e e—

| where g(2,6v) = £8 (2,8, 8.(g,8),v]

R' in the exit dynamics space correscends to R in the

distribution space, and " is the Jacobian of transf:zmmazion
o8, ,6., 3(e, ,&
Jd = r-——w—l 2 - a
r;‘ipv) 8g, ej

The expressicns for J, 61(9',5,‘- and Gz(ﬂ,é’-‘ can be ottained fram the

relationships between (élfz) and (r.a,e,): ( 6)

tan &, = <an g sec ¢,

sin € cos F sin 8.,

2
The Jacobian of <ransformaticn has the form:

(17)

1+ sinza',g:‘sl‘

13| = L
feos @i (1+2anTsecS,) ;l-css“;sin‘es
——TFS A\

ﬁp:obab“ ty of hitiing She—wtove

., € 15)
Jrget is given bv the integral of the fom with the

- proper limits of integration, which are determined by the locaticn of
‘tnge:, its size, and its orientation. /Now tc evaluate the integzr’

e —
of +5=25=  w replace the inner couble integral of ()
“« " £1%)

o(#,8,v) [T|dve8;  with g(2,8,v) [Tlews,

d —
//

—
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<

1

, and

o’ |

w
.a.
.

e /’/B/ !
/ J/

\

AS

5'_5 from Eg. ([_3,,) with (L°7) give 2, ((C..). The angle E" »i
' 15 given by EalT) s~
/""’ -

) —K </
: - T
\
A — - prip— _——_———-—_\-—\
Mmo target area being a uni+ area means that Al’ﬂz s 1, \

Now, the multiple integral of éz,(l:) can be reclaces =y the

following simple integral

- 18 )
[ elp,e,vip)]TwE, et
wnere
S 3 ’ B
vig) =8, /:co.zg(pctw-z& At (9 )
and 7 is restricted to the range
:an'l(fg) <P < % ) ~1'..-.-:--—~=\/_.::>

fo

Bscause of the nature of the physical problem, we are interestecd only
14 those traiectories which result ir the missile hitting the tarze: from
above, and this leads to another restriction on §

g> un'l(zp‘: - tan §). (f'*"‘““( "l{ /\

The fact that the random varia-le 92 ts uniformly distributed between
¢° and b°. i.0.,C¢ 92 <4, places another restriction on @, which

depends on the 93'nluo,



\ ”
n(g <p<3

where

) o, if °<6<b,

h(°3 l n“ & o
(\/;s---l——ze‘;, 15 L< B3,
-‘n 3

The limiss of integzatien for the integral of &, (18) can now be obtaines
fsom the fzct that the random variacle v is unifoz + ¢ist ributed between
v, and vy, {0, v, SV < vy, and the restrictions mE? (3¢, Cal ) and
(;;) on the allowed @ values. If we define

2, (23)
Puin ® maxi 1an” (—) a3 ;:- -tan £), h(-c | —
-
then the integri. of ((?) can be zewzitten as
rg“‘l, j;“; ) ] 4 ad)
éi. é},' Lolg, 8, vig)]|J|oveéics ..ég;

wish an additional restriction § 2 Poinr In *%e integral of ES"-J‘“ },
h' and ¢ ase octained by solving E5. ({4 ) for § with v 5 v anc
¢u:' ancd ﬂ; are ob+=2ined by solving Ec. f(Q) for § with v& v, In
gefleral, tﬁe'e are twe values of @ satisfying Ec. ((q) for each v
¢; ig the smaller of the twe g values corresponcing
to v, and ¢ is ‘..ﬁo smaller of +he two § values corresponding to V.

Fer a given 6a.ue of v, cne § value sat isfying Eq. ({?) is given by

g =4 (tr sin~*A), e
2 (2s)

where 99‘
0 ; 2 2
e By e

an” the other § value iven b
g vaive is g Y (;é >
-1
ﬂsé(ﬂ*(-sin A). =-—n
1¢ |Al > 1| for some v, then there exists no solutionfor @, and ia
particular if |a| 2 1 for some v,, we set ¢ = ”’2 5



In summary, the probabilicty of hitting a target: clane of
szall area & x4,, whose center is l.ocat:d at (90,90,20) with its
orientation given by its normal vector N = (coss, cosd, cosy), is given
by the integral of ‘3&94) wish the limits of integration ¢‘:( ’ ¢u ’ ¢L-
and §, determined from Igs.:d3) ,(a5)% (36 ), The integri: ot "
-E!,(i‘)‘h obtained numerically using Romberg's method of integration.
A computer program for evaluating the probapility of hitsing a targe: - WAS

written in Fortran, 23 ] as ro—

WM‘MWW Using
‘f“"b ows. COMpUter program anc some typical distributions for missile velocities
and directicns we obtained thurobabili:iu of hitting variocus targets |

wm 3 6.4,

SEepe g
of unit size, and thc/\rnults are reported in, ¥t e

.r o mmis mamaldam She - —

. o optogne
B L

I1f the area of a tarye: is large, one cannot use the
di fferential approximation form of Eqs. ( £ ) and (1) for the entire
area. Therefcre, the probability of hitting the target can be obuained by



get area inte tqall targets, for each small

integral of E&IJ‘)in order %o cbtain the
tnen finally by summing vt

first dividing the tar
target evaluating the
probapility of hitting a small targe*,
all the probepilities of hitting small targets.

A
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IﬂL«f Qrd No. 2
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= 2456,
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