
METAL CORPORATION 

CR 729 

DESIGN REPORT 

FOR 

HOSE ASSEMBLY, FLEXIBLE METAL PER 

ASME BOILER AND PRESSURE VESSEL CODE 

SECTION III, SUBSECTION NC, CLASS 2 

FOR 

TENNESSEE VALLEY AUTHORITY 

KNOXVILLE, TENNESSEE 

REFERENCES 

MBC PART NUMBER 78153 

MBC JOB NUMBER A15278 

DATE: OCT 21 1980 
PROJECT CONIAC 3 

DRAWIG* 
SHEET REV UNIT 

USE: FL4X- y-ig 6 

No. of Pages: 27 

September ?2, 1980 

Revision A, October 17, 1980 

8305100395 830504 
PDR ADOCK( 05000438 
A PDR



7

Meta BelowsCR 729 Metal Bellows Corporation Page 

VERIFICATION OF SPECIFICATION 

Title: DESIGN REPORT FOR HOSE ASSEMBLY, FLEXIBLE METAL REPORT, CR 729, 

MBC P/N 78153 

Revision: A /-IL00 

Reference:TENNESSEE VALLEY AUTHORITY SPECIFICATION NUMBER BNP-DS-1940-4809-RO 

Prepared by: ? Date: _ _ __3_ _0 

Checked by: Date: _ -_2'___ro 

Quality Assurance: Date: ?44 5P. 19F0 

This is to certify that the above document has been reviewed by me, the 
undersigned, and is correct, complete, and in compliance with the 
1977 Editiop, including. the Winter of 1979 Addenda, of ASME CODE, Section III, 
Paragraph NC-3000 and Code Case N-188-1 and N-192.  
Paragrap 

Signature: e _ _ _ _ _ _ 

9 H. Name:Ronald H. Nystrom 
9-Name: _____________________ __ 

17261 Number: 
No. 17261 

Date: September Ak 1980

20960 Knapp Street * Chatsworth, California 91311 * U.S.A. * Telephone (213) 341-4900 * Telex 651-483



0
METAL CORPORATION 

TABLE OF CONTENTS

INTRODUCTION 

REFERENCES 

Design Conditions 

INSTALLATION, CONFIGURATION & MOTIONS 

LOADING COMBINATION 

MOTION AT CENTER DUE TO RESPONSE FROM 
SEISMIC INPUT 

PIPING 

LOADING (SUSTAINED LOAD AND OCCASIONAL 
LOAD)

CR 729 
Page i i

Paragraph 

1.0 

2.0 

2.1 

3.0 

4.0 

5.0 

6.0' 

7.0 .

Page 

1 

2 

3 

13 

18 

24 

26 

27

V



CORP.
CR 729 

Page iii

INDEX OF REVISIONS 

ae Paes Affected Remarks Revised 
Rev. Revised Added Deleted By

Cover, i, ii 27, iii

__________ I

Added loading requirement

METAL

10/17/80 
A

0



METAL CORPORATION CR 729 
Page 1 

0 INTRODUCTION 

This report CR 729, was prepared by Metal Bellows Corporation (MBC) 
ChatsworthCalifornia for the Tennessee Valley Authority, Knoxville, 
Tennessee, in accordance with TVA Specification Number BNP-DS-1940
4809-RO 

This report provides the design analysis for a inch hose assembly .  
with 3/8 inch tube ends, for use in Bellefonte Nuclear Plant in various 
locations and applications. Actual operating conditions are less than 
design requirements.  

The analysis is in accordance with the Rules of the ASME Boiler and 
Pressure Vessel Code Section III, Class 2. A simplifying, conservative 
assumption is to analyze the hose and braid separately. Association 
(EJMA) performance equations. and ignores the hoop support provided 
by the braid. The. analysis of the braid is to show the stresses imposed 
by the' pressure end loads is within Code allowables. The braid in
ward force vector far exceeds the squirm force created by the hose, 
and bellows squirm calculations are ignored.  

A simplifying, conservative approach is to list the many possible 
motions and radius changes that will occur and perform the stress
life calculations for the single worst case. The seismic analysis is 
made assuming the .hose is full of air and pressurized.  

The mechanically induced vibration is analyzed at 10 Hz only. The 
other required frequencies will produce smaller displacements with 
resulting higher life and need not be considered.  

The hose is identical to MBC.P/N 73989 which has been seismic and 
cycle tested, reference CR 725.
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2. 1 T . A SE:::EC NO.6'N 1940 4809R 

2 0 2 ME TAL E.0 S CORP DRAWING 7153

2. ASKE B I ER AND PRESSUJR: ESSIr:L:. CODE, SECTION 11:l 

SUBSECTION NC C L.ASS 2 COMPONENTS 

2. 4 STANpARDS 0F TlE EXPANSION JOINT MANUI ACTURERS 

ASSOCIATION (EJMA) FIFTH EDITION 

2 .5 ASSESSMEN T OF FLEXIBLE IINE FOR FLOW INDUCED 
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ESIG N ONIIS

DEil.GN PRESSURE 

OPERATING TEMPERATURE 

DESMIG TEMPERATURE H ' PRESSURE 

ROM 'I i : . TEMPERATURE PROO)F F'PRE5SSUR LiP

BURST-PRESSURE 

FL..W RATEi 

I...I E C SIZE 

PR SSuRE I..S S ,A 1. 1.. i W LE

225 PSI1G 

600 PSI1G

015 IPS

N/A

000 CYCLES

10 0 C:YC LiES:

100 CYCLES

L I E:-

Al.. I. L . A BLE I Lo )AD s:

FOPCE 

MOMENT

N/A i...BS 

N/A IN--..BS

:NOTE 

TH: TiR:M " YEARS OF SERVICE" EXPRESSED OR IMLID I E IN TIiHE DESIGN 
SPECiFI:CATION FOR THIS UNIT IS INTERPRETED BY METAL BELL.....WS CORPI:' 
TO BE A DESIGN OBJECTIE ONLY. METAL... BELLW....WS ENGINEERING HAS TO 
T'HE BEST O1 ITS ADI..LITY, BASED ON INFORMATION FURNISHED AND GENERAL 
APPLICATION KNOWLEDGE, TRIED TO DEFINE Al I... oF TII: S:RYI Ci::E PAM: 

T* 1HAT WOULD BE IMPOSED DURING "SERVICE LIFE" AND EQENTUAl...LY RESLTi..L N 
FATIGUE FAIL...URE, OIDWEVER IT MUST BE APPRECIATED THAT TIHERE ARE , 
PRACTICAL IM..I.IITATIONS IN DEFINING ALL CONDITIONS IMPOSED ON A UNi 
DURINGi ITS "SERVICE I...IFE" AND FOR THIS REASON THE ..iNIT WIL... BE .  
SU.BJECT TO ALL TERMS AND CONDITIONS OF TAl... BElB.LOWS CORPORAT)IO 
STANDARD WARRANTY

-, 4 l

2 .1,
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CYCL..E LIFE

c Y c...i..: I.. : .I E .  

SSE EISMC OFSETDSSE:

VIBRTIO OFSETDi 0.137 INES T

4 0 YEIi:A 1RS' (SE N.O TE



2..2 

2.2

HOSE DATA 

BAS I C TBE, OD 

O). SIDE DIA, 01) 

INSIDE DIA , D 

MEAN DI1A, . DP 

THICKNESS, T 

SPAN, W 

PITCH, Q 

.. ENGTil ...  

NO OF CONVO ... UTIONS, N

PEFOp :.CRMA NC C2F:(2ONSTA riNT S 

TO: T(D)EXP.5/DP)EXP.5 

TP=== 0.01.4 INCIES 

Q/2W:::: 04?4 

/2.2 (DP(TP) )EXP.5= 0.49

2* W1 FROM F IGURE CVS, 

cP= 0.6 

2 .3 2 FROM FIGURE C19, 

(2F::.. 6 0 

2 3 ,3 FROM FI G URE C20, 

CD = i . 65

(MATERIAL THINNING)

Vt 

'1
EJMA STANDARDS

EJMA STANDARDS

.MA STANI)DARDS

C(R729 
F (I.:

-9i0.500 

0.700 

0.485 

0.592 

0.016 

0.100 

36.000 

360

INCHES 

INCHES_ 

I N C H ES 

INCHES 

I N :1 CIAE,' 

:I N C2 lE' 

I NC HE..S

vi' 

'1 

ii 

'1 

I,

01

I 

I

ItAll



2- 4 4 

2 4. 1

PER F(OR MANCE EQUATN 

BEL..0W(S TANGENT CIRCUNIERENiliL FR RE E STRES 

Si 0) (EB)/2 (T C) (EC)+ N) T) E ) 

. Si 300 P'SI 

CU)E ALLOWABLE= 27500 PSI
S

2.4.2 BELL...OWS CIRCUMFERENTIAI... MEM BRN P:RESSURE STR 

S2= (P) (DP)/2N(TP) ( .571+2W/Q) 

S2 : 1 PSI 

CODE AL..LOWABLE= 27500 PSI

N,
2 B43 BELLOWS 

2 4.4 BL.L..OWS 

S 4=

M ERI D N A I RES E STRESS 

(F) (W)/ 2N(TP 

556 PSI

MERIDIONAL PRESSURE BENDING STRESS 

fP) ( CP ) W/ TP )EXP 2/2 

281.2 PSI

I-

'1 

#1 

I 

I

ft 

'1

'1 

ft

$1..  

p................:; 
Ag, I, *q' ,* ,...., * * .. - -. -. . .. - (I

V CR2: A.

t1~ 

a

01

I



0
2 5 EQUIV h)l...ENT AXIAL MOu' TI ON DUE O FFSE 

ET DP(DT ) /N l. (THERM l...) 

ED E==DP(DOE)/N() SE'H I SM:- -M 

Esi 1 :.: 0 0 94 i IN E E'' 1 :'. c 

EU "3DP'(DV) /N4CI..) : (.FIBRATION) 

EU:::( 0 )000188 i.N ClLES

BEI .. L... OWSF MEI DION . C ME. M RANE DEFl ...EC'TION 

S E B(TF') EX F2 (E T )/2( W )E XP F3 C F* 

5; 6220 PSI 

.5:::: B 11 I F, ::' 2X F'2 ''C FI 2 C I4 EX 1'3 C' F: 

3109 

' ::F IF' TP)F'X' 2 FESS E)/2 (W1)E X 1(F 

6220 PS1I 

525 F 1.2 I

'7 BL F.L OWS MER D11)10 NA L D EF.L EC TL 32ON STRESS 

B6 E( TP) CE T)/3( W )EXP2 C D) 

S6 :.i 49 92 F'sI 

56 5FE3 I(TP) (E001:E). W )3 E 1)XP2(CD ( 

6:--. 7470 PSI 

S6 5 5F1(T ) ( ESS)./3(W ) EXP2( C 1D) 

5'6: 1.4959'2 F' SI 

6 SEB(TP) (EU V) /F 3 ( W 12"XP2P(CD) 

F712 PSI

'I' 

I 

I 

~1
'"TR ES:,S 

JT HEFL:1 E R . )

SISM122, I C S l T' Of12: I;I. I

C SC 11511 IF. (1>551:23 

III 8 1k A.(I N

11

(' 21k(ER AL)

S EIS I OBE)

(SFEISMIC S, E)

'Jr 

'I

Pt

(vI'1 BRkAT ]I'N)

I

r 

p.F:'?:?? 
(>1 (~1

0BE 1 12K )

$1' SSE)



2 EF

ILC..UI.ATED i .. IF -- 1.T (I oA/EL 526) 

NC ((C)(TF)/(ST B))EXP3.4 

NC::: 24125 CYCLES'' TERMAL.) 

REI E Q RI D 1 1QU R1 E:::: 5000 CYCLIS 

NC:: 1.70 8762 CYCLES 4 (SEISMIC OBE) 

REQ0 U I R ED LIFE 100 CYCLES 

NC 24931 CYCLES (SEISMIC-SSE) 

REQUI RD LIFE :: . '1.00 CYCLES 

NC MORE THAN i.0EXP I CYCLES (VIBRATION)

-. * . * 'A .. .. ,: {.  

.~....

T 0TAL. CYCL I C ST RESS C 729.-

* ' : ( S3+S4)+(S5+S6) (THERMAL..)* 

XS 159102: PSI 

ST A '7 S3+)+'(S+S6) (SEISMIC 00) 

ST: 8027 PS21 I 

STS 7 (S3+S4) + (S5+S£6) (s EIsMIC-S ) S + 

ST 158171 PSI 

ST 7 S 3+ S14)+5+S6 () LITRATO 10N) 

ST" 3100 PSI 

* MODIFIED EJMA FATIGUE ANAL.YSIS BASED ON CYCLP...IN PESSURE.  

EJA FA T 1i UE ANAL. Y SI SBA S ED ON C ON ANT R EElSU RE

2 1

09

$0

#1

'1

'ii 

'1

F, 

'I 

'I 

I

Pt 

I

I



f:.. '~

2 10

2 iO 1 END1LOAD DUE TO PESR 

F= 4i.36 LBS 

* 7354 (D) EXP:. (N) (B) 

~N C 

2 1. A I1 ST R SS v, 

ST 934 PI 

CODE. ALL.OWALE= lgoP

2 .1 *i'*.i ~ ~ r P

2 11.1J A X.T-AL. SP IG R T 

KA= i7NP) E ( DP ) ( P)XEF:3/N ( CF) (W )E 

T F1.2ROFFSETGSPRINGARAE 

O 0.30 L 1/I N 2 . J. i A ~ '~iwc 

2 .ii . 3 THRMIpii. L:DEFLECT r ~I:OOCE~S.  

W K0) (DT) OT a3 DN.  

= A M .9 0 .B .  

MAX I MUM AI..LOL'WABL . ~: N/A LEtS

I

01

'V 

I

I 

'1

B Li A 1' 1) N~ (i) I Y : *9 i 'T S" : . iNI)L WIDE ' .DA, D .0200 I NCH : S 

NULiMBE1,R 0OF WIRES :,1 PER iUNDLEl == 7 

NU BE )F BUNDLE:S, B:=. 24 

WIGER PER.- .. :: . FOO , S = 0.2*15: L.BS

11



2, 1 ) FM ) (L) N ( I F : /2 rS 

06. Z .  

M) x i M UM AL L.CWABLE 

2 1 .2 N IFRIENC I TURAI 
F l ,C),UI"'NC1 

,'

9
7 

I.,

N/A 3 IN-LB

2 J2 WEI'.GHT O.F HOC.SE 

W1.: ( ( D- D)N+. 57(...))3 .14i61)(T) .3) 

WI::: 0 716 LDS 

1 2 W .: :i (:. E T OF F I.. U ID 1) 

. W2::--- 851. D P)EXPF2(.. (1 000'408) 

W2=. 020 1...BSCj 

2W1 3 WEGH OF /RJI 
3= ( W) (..) / 1.2 

W3=±:: 0 64 B S i

T4:: T 1 3 6 I.. .BS

21.2 .5 AX A... VIBR1-A T ION (PAR oLL E.TO A XI S 

F . (KA/W)ExPF .5(F,3). F R ST' MOD)E) 

18 7 IIZ.  

F 1.9 6( NrA/W) EXf'. 5 (F3) (SLCON) MDE 

F 23 .-3 HZ 

F':: 29.2(KA/W)EX (F3) (TH1 RD MODE) 

356..0 l 

I 8 6(K1 A/W)EXP.5(F3) (FOURTH OIDE.) 

F: 474.6 I-IZ

I

I 

I 

I

*1

)

I 

I

I

)



'U

2 .6 .ATEIAl.. VI BRA TION 

f 24.8(DP/1.) (KA/W )EXP 5 (F) 

F .4.9 HZ 

F ':- 68.2(DP/..) (KA/W)EXP .5 F-4) 

F= 13.6 HZ 

S133 (DP/1.) (KA/W) 3EXF'. 5 (F4) 

F= 265 HZ 

F= 221(DP/1..)(KA/W)EXP,5(F4)h 

F::.- 4 4' 0 H Z

(FIRST MODE)

CR72.  

PAGE A0

Sc

TI] IRD ODE)0) E 

(FOURTH MODE)

2 i .3 

2. 13. 1 

2 .3 .1. , 1.

FLOW VELOCITY 

S YSTE 1 F LOW 

Q2: FR/ 0 C l../CUFT E/6C EC MN 

Q= 0 .000 CDUFT r/SEC

2.1.3.1.2 FILOW AR.EA 

A= .7854(D)EXP2 

A 0 0013 SQFT 

2. 13 1 .3 FLOW VELOCITY 

0.00 FT/SEC 

2.13 .2 METL MASS 

2. 2 MM .3D(T)3.1416(3 14i6AtH-2A) (.00258) 

MM 0000031 .. SEC)EXP2 ;IN)EXP4 

2.1.3.2,2 FLUID M SS 

MF 00040DP (H)(3. 16 00258) /2( (2A-T (GF)) 

MFi 000000 LB-(SEC)EXP2/(IN)EXP4 

ME29=: 0004081F P(H) EXP3( 35 14 it3DEL 
MF2 0000 L E E I 

MF2" 40000000 LB-IS, EC)EXP2-k,/(ITN)FXP4

* :>

I,

I 

I

'1 

I

01

'I 

#1 

I



0 - ''4,-A 

* .44'

2 . 3 .2. 3 .. LOWS SPRING RATE 

$ , 'FRO PRA 2~A . i 

jjp:,127 80d LB/idN , 

2.2.. 3 2 E M LEMENTAL SPR I NO R I TE 4 

E 2NC(A) 

IF 9Q5 'j( h 
92015If50,LPIN 

2 3. 3 FREQUENCY RANGE FI EX 

2 13.3'5 1 IN PHASE LONG ITUDI NAL 

FRI :: (2IKE/ MM+MF i) E XF 5 (3 1 416 

FRi= 38453.7 H:Z 

2 is 1ou JjrPHAS. LONnu [. LINAO 
FR ( 2K-E/- %MM+MF2) EXP 5 3 416) 

iR2 38330. 1H 

21! i 3 .FIRST'jREND)ING MODrE 

Fi 1 SK .E'/ H H + MIF'.) )EXP, 5/2 3. 1 416 

F :I:= 7'6666 .. 1 HZ 

2 13 i VORf EX SHEDD:NG VELOC1 Y 

2; i PITCH L.AMTDA) 0.100 INCHES 

CONVO LL )TI ON W ID TII (SI GMA ).~:-:. 0 066 I N CHES 

LAM DA/ SI GM = i :::.,515 

F'F'O M FIGURE 1. , 

U IP R ST R U HAL NUMBER SU 40094 

LOWER STROUHAL. NUMBER, SL= .16958

2 134 . 2

VU FJi ( S I: G MA ) /S U 

1U: 6:30 Ft'S EC 

yL 1. SI GM A ) /SL 

UL I 496.:F/SE

I- AHI' I
*3~

40 

I 

I 

I

9j 

I 

I 

~I

q 

ft

*1 

(I 

-I



METAL CORPORATION 

HOSE ASSEMBLY P/y 7t/$ 
3 INSTALLATION CONFIGURATIONS & MOTIONS

H-
19.0: .5 B

c, 7t 

Page /3

20. 0 ±. 5

20. 0±. 5

H- 9. 0 . 5 

24.0 .0 5

(Y) (Z) 
±5" 

±5 5" (X) 

5

---F-5

30 5 

12. O+. 5

33. 5 . 2 

FICGURE 1

0

21. O . 5

±5" 

- 1" MAX

±5'' 

~. ±1"

.+511
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PAGE 12

2 1343 F VR FR2...  

vUL

FR2(IGMA)/U 

631. FT/SEC 

149 18 . FT /S E C

"1 

I

I

RO U F F i(IM)U 

'uL FBi(SIGMA)/SL 

YUL 29MM FT/SEC 

NO OVERLAP OCCURS BETWEEN THE BELLOWS HOSE FLOW TiTHE 

VORTEX SHEDDING RANGE THEREFORE NO AD:DITIONAL ANALYSIS.' 

IS REQUIRED ON HO1SE ASSEMBLY FOR INDUCED) VIBRATIUN

2 14 4 I::

2 14 1 L.OSE, (FRICTION FACTOR)(1...)(DENSITY )(U)EXP2 2D(G) 

L OS = 0.00 PSI/FT 

PRESSURE I... A L. LOWABl Ii..i: N/A

I 

I

I

-I

I.i

.o

SSURE DROP



METAL CORPORATION

TYPICAL MOTIONS

cg 724 
Page /e1

Using configuratiol @ (See Figure 1) measured center line bend 
radii as hose was moved thru required motions: 

NOTE: COnfiguration indicated greatest changes.  

Condition I: Free end moves up 5 in. (+Y), center radius 
changes from. 7. 5 in. (installed) to 4. 5 inches.  

Condition II: Free end moves down 5 in. (- Y), center radius 
changes from 7. 5 in. to 10. 5 in. and straight 
ends to 11. 0 in, 

Condition III: Free end moves horizonally (+X) straight hose 
develops same 7. 5 in. radius and radius 
becomes straight.  

Condition IV: Free end moves out of paper (Z), radius does not 
change and 900 to radius, hose develops 2nd radius 
where hose goes into offset.  

J. 0. 2 MOTIONS DURlNG ANGULATION (MALL PORTION OF HOSE) 

.-01745' 

3..o 3 ANGLE CHANGE WHEN PORTION OF HOSE CHANGES RADIUS 
LENG TH7i

.0l7 4,5 r .,01.754 (IT,

NOTE: When hose is straight,. is considered nfin ty and fracto 
becomes , zero. 2 

NJMBE ROF CONVOLUTIONS IN SMA LL PORTION 

N=

S.

,,. 0~ I.

r

vi



METAL CORPORATION

MOTION PER CONVOLUTION DUE TO ANGULATION 

an (017450 (EJMA EQ 3) 
2 N 

dp (.01745). 01745 rFFr.  

2 
q

5 d q 
r1

(in.)

3. .4 . MOTON ER CONVOLUTION DUE TO ANGULATION FOR CONDITION I

e . 5 .S92. .10) - 1  .63 X 10-3 
7.:5

o 4. MOTION PER CONVO.,UTION DUE TO ANGULATION FOR CONDITION 1H

. 5 (.$92) . 1)

Or, 

e - .5 2.) .1) 
11.0O

171.5 1 3 X 10

0] z.69 X 10-

3. o + MOTION PER CONVOLUTION DUE TO ANGULATION FOR CONDITION III

= 3..94 x 103

v

y. ~. q

Page 15

e -

05 (.5 9 2)



ENGINEER REFERENCE NUMBER 

METAL - CORPORATION . 79
20977 KNAPP STREET 
CIATSWORTfI. CALIFORNIA 91311

1/13
PAGE OFDATE CUSTOMER 

.9 /1 o I . V. A

3. o.4:. AMflo/ov Pik codvVOL'uT/Ov OUE 7-o of/SET Fo.-

Co/VOIT/ ON /I/ 

e (KM ) (LL) 

3 (,sq2)(s) 

(360) (36) 

-4.8 iAo

3 . 0. 4. ;. /ito c/1s lSi FOR EGui v-lvTr///

,fMo7/OA/ 6E /.;&&&/A CO/ T ON , 7.  

3 D

(3. 9 x /o *)
3 (.~qz)

= 2- 8. 7,5* /,/. ( V /A/ CO,4parP/R ~o2~RAA7)

3. 1. FO T I/yIic. M+or/Vr 1 '/ WAgoisy CASE J f3z E 

FRa~EE [.) . Wor d. lR/ gr L f. / /A'v, rr TA' // */7 /C

D V C-Lop5 JA/l Ec 7. P /M. ~j~/UJ A'vL9 AAL,,L/5

L~6co'~r .,rx.~e,9I4Yr

0] -3.99 1 0

: 2.a7. IN.

D 8 E /.3 7 11V.

J

oFArF7

( 56o) ( 6)

. .

. .0

-7. P

OSj; F



ENGINEER REFERENCE NUMBER 

METAL o w CORPORATION P/A 78/53
20977 KNAPP STREET 
CHATSWORTH, CALIFORNIA 91311

DATE CUSTOMER 

I q1 19 / I T I A.

3. 2-. ^toEMnUinr Fok vIrtRAT IoN

cI - .c~$~II

0. 5 = 0.os lJ (10) D

o .o9 7 ; 

DV = I 78 -t097&L

AT /o /4a (.woos-r covO/7oN)

rJ4o ~

Off 5T:

. I 3 7 I/V.

U

PAGE OF . 7



ENGINEER REFERENCE TUMBER 

METAL CORPORATION P' 7c7 3 
2o977 xfAPP STREET DATE CUSTOMER PAGE OF 

CHATSWORTH. CALIFORNIA 91311 V. A 

oDI4 , DH/% 6 / NAT/ 

n 9 M 4RJT C$ E O / LE FO. AiMN7 C 11N 

4J'OER rdE /STAfLL,4ToV/ CoNF/iuRA/ 

. A Kt. L OA D 

NYD rt/48E 

AD4 Pro.- 044 LB 

.2 Lb 

E 48BARio s(.7/b .615 ) 

FL o v IfvS& .5 ( . oo) 7 1 I

D. DEAD WEI147 =. 066 LB

4. z. SI C A.EC FORcEs (,SSE) 

tcE To ]A',R7IA 

S6.6= Z./I L1 

F 7 1.066 3 's 3.198 L8

2.13Z ~ 

- 3.8I~H. L5

KEF. PAIKA. 4. 1

(S HEA .)

z. z. u 7o "CNEMEWT 

F = F .3o i. o) 

- 0.3 L 5 

F 0.V .= .4z'id.

li

.1*

)



ENGINEER REFERENCE NUMBER 

METAL .AR CORP ,OR ATION 77ol
20977 KNAPP STREET DATE CUSTOMER PAGE OF 

CHATSWOATH. CALIFORNIA 91311 ., Vto.  

4. 3 SE 15mI c FoRcf : 0,C 

4. 3. j. DUE T 0 I/E?7/A 

1.066 .. .5q9 L3 

1.o,6 ) Z0 2.132 LB 

F -, .599 t 2.132

3. 2. Ot/L T) 1OtVM6A1NT: 

.11 LB 

4.4. V 6 AT ON FOP QES 

. 4. tIU E To INER/A; 

F 1. (.s5a'5) 

.533 L 5 

3 .533 

-. 753 LB 

,....-. . .-... ..- ~ . ........ . . . . .



METAL CORPORATION 
20977 KNAPP STRCT 
CHATSWORTH. CALIFORNIA 91311

4. 5.  

4. 5'. .  

F

ToTAL .5 E A!z Fol Cr
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