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1.0

Page 1

INTRODUCTION

This report, CR 683, was prepared by Metal Bellows Corporation.
Chatsworth. Cadlifornia. for Tennessee Valley Authority. Chattanoga,

Tennessee. in accordance with TVA Specification No. 80K AZ-826892.

This report provides the stress analysis for the hoses used for the
Nuclear project at Watts Bar Nuclear Plants, Units 1and 2.

The analysis is in accordance with the rules of ASMKE Boiler and
Pressure Vessel Code Section M, Class 2 components.

The hose is analysed to verify the hose meets all requirements.

The bellows analys's uses the Standard FIMA 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 load

are within Code allowables. The braid inward force vector far exceeds
the squirm force created by the hose, and bellows squirm calculations
are ignored.

The hose consists of a basic "L shaped sub-assembly with different
length flex sections i neach leg. To this basic sub-assembly. vmaios
configurations of pipe and elbow are attached to meet customer required
end requirements.

A simplifying, conservative assumption is made that each bose flex
section absorbs motion in offset only and motion out of the plane of the
hose is shared by both hoses in proportion to the length of the particular
hose. The offset mode and the shared mode are vectorally added and used
for computation.
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VA SOK A2-876892

HORIZONTAL HOSE 47W-450-1027 (PEN. NO. X-71-1)
METAL BELLOWS CORP DRAWINb 77753

ASME BOILER AND PRESSURE VESSEL CODE, SECTIOi I
SUBSECTION NC CLASS 2 COHMPCNFHTS

STANDARDS OF THE EXPANSION JOINT NIAUFrCTURERS

ASSOCI ATI ON (EJWA) FOURTH EDI Tl GO

$ASSESSHENTOF FLEXIPLE LINE FOR FLOJ INDUCED
VI BRATI ON - GEORGE C. HARSHAL SPACE FL1HIT CCNTEkK

REPORT NUMBER 20H02540.



S3.1 ESITG  CONNITIONS CRo8; 3

SIEF~TIV G PRFSSIRF.E

IESICNW PRESSSULE 160 FSIG
OPEFKATIG ~ CEhT:.MATIRF T150 F
EN :CEH4M-ATRE 200 r
Rl0:  TEEtPERAFRTAUR  PII:OOF F'RESSURF 247 PS1

JURST PFE* SURE

FLOW RATE
LINE SIZE 2.0 rPS
PRESSUKE LOSS. A.LOWA.LLE 2.0 PSI/FT
MOTIONS
THERMAL OFFSET, DT 0. 432 | NCHES
CYCLE LIFE 10000 CYCLES
UL' SEI SM C OFFSET, -OBE. 0. 778 | NCHES
CYCLE LIFE 500 CYCLES
SSE SEI SM C OFFSET, DSSE i.190 | NCHES
CYCLE LIFE 500 CYCLES
VIBRATION OFFSET DV 0.460 INHHES AT 15 HZ
LI FE 40 fEARS (SEE NOE)

ALLLtWAILE LOADS

FOvCf N A LbL

|.OINENT N/. 1I-LEB
INOTE

THE TERM "YEARS OF SELU CL" EXPRESSED U |iPLIED IN THE DESbH
ECIriCA'iluO FOR THIS UNIT IS INTERFRELIEd BY I.iTAL BELLOWS CUKP

TO ILE A DESILIN UbJECTIV, liHLY. HETIL IELLOWS EI4ji4Erill4U ikk TO

THE BEST OF ITS ABILITY, BASED OW INFORIATION FURNtShED AND GENERAL
APPLI CATI ON KNOALEDGE, TRIED TO DEFI NE ALL OF 'HE SEVUICE PARAMLTERS
THAI woupD E IMPOSED DURIGN "SERVI CF LIFE" AND FVENTUALLY RESULT N1
FATI QUE 1.FAILURE, HOWEVLR, IT HUST BE APPRLCIATftt IHAT THERE ARE

I KACTICAI. | MItATIONS i Di EFINING ALL CUNDI TI ONF PHPOSED O4A UNI T
DURINHY T  "!'ERVICE LIFE' ANL FOR THI'S KEASOWM :: NIl WLL bE

SUJECT1 t ALL TERMS AND CONDI TIOHN OF METAL BtLLOUS CORPORATIJO S
TANDAKLr  WAr., ANTY



PAG2E 7

S .?.iEc*l; TUBE.; 20C  ICCES PA E
OUT3 i.  IA, b) 43( j'INCHES
ILTNH | DIA, D . IBM@HE.

2.205 INCHES

T3l ES, T 0.02-J," INCHE3
AW 0.225 INCHES
SPIICH, Q 0.i6a INCHES
LEHNTH, L I'.i25 INCHES ,
NO OF CONVOLUTIONS, N i 2
C
s ,3 'EKFORHMANCE =~ CONSTANTS

TP- T(D) EXP. 5/ (PF) EXFP. 5 %HATERI AL THINNING(
TP" 0.019 INCHES

Q./2wW- 0.37

( U 2. 2(DP(TP)) EXP. .= 0.37

S .3.31 FkOOH FIGURE 38. EJIIA SANDARDS

Ce;' 0.73

3.3.2 FROM FIGURE 39, EJHA STANDARDS

CF" 1.47

3.3.3 FROM FIOURE 40. EJMA STANDARDS
CDs 1.54

((l



7.4.3

BELLOW S TARIFW.T CIRCU fl.rFERENTTAL ZIHrE
o iPTik |

CoP) L~AlL i~i400 P.§

LEELLWZ d RCuEeRFERT 41 N T~

E2= 2862 P'S
CODE~ ALLf~'4Aiv*LL=  1.8400 P

B3ELLOW %MERI DI ONAL PRESSURE STRES3

93=
949 PS|

.j.4.4 1 SELLONSMERIDIONA4.  PRESSUI PT-. BENDLI MG M~TESS

(P)(CP) ' W TP) EXP2/ 2N
82:57 F3l

PAGE



ED~1AEN  iIXFL iiilr] Ola DUL7 TP o: F

TM3E.3EP ~Q M f0iy' 1-'~1.

JSE*

‘E-3DF SE)/JL4'R-) ~SSE)

EV= 0.0017420 INCHES

+ Z6 B~ELL0149 MERTDILINAI. MEMB~RANE DEFLE;rTO10 STRESX"

%Bw  E(TE)7XP2(ET)/2(W)EXPZS(C"F) (THERM1AL)
S5= 525 F51I

($5'= FB(TP)EXP.-,EOBE)/2(W)EXIs(Iy"F)  (SEISA1IC-OK~)
35= 947 PS

55a ED: (TF) EXU:I(ESSL) /2(W EXF:; (tr (Bi'sFI

(Ss 18413 PST
S5=  560) PSI
3.." ELLOW-3 |-IERIIIQ4AL DEFLECTICIN STEY
$6.= SEB~(TP) (I T,/3(WEXr, 2(CD) ( THERVA-L)
( S6= 19849 PSI
S6z- SEB(TP) (E()EE)/ 3( W XxF2cD (S EISMC QO E)
Swr 35747 \951
( 6.' SEP TP) ( FSX5E/ 3WW E*X2(0)) ( SEI SM | C- SSE)
4.W B678 PS|

( Sow. 2113-L PS|

CRAL~ E



io TOfAL. CYCL. STRE.SZ Bﬁ@?

TS e tk()

T-. 4 i4" FS
rFE .7%.'35.4/)+(.(+S6) CG1IrIC-SSE)**
ST= 62572 PS
ST - .7(.3+34)+(SS+SB) (VIBRATION)
T 2814 PR
_ IMODIFIED ENiA FATIGUE ANALYSIS BASED ON CYCLING PhESSUFE.

= EJIA FATIGI M,..... -:IS BASED ON CONSTANT PRESSURE.

3.9 CALCULATED LI FE
NC= ((C) (TF)/(ST-b))EXP3. *
NC= MORE THAN .CEXP 8 CYCLES  (THERMAL.)

REQUI RED LI FE= 10000 CYCLES

HC= MORE THAN i.COEXP 8 CYCLES ( SEI S111 C- OBE)
REQUI RED LIFE= 500 CYCLES

NC= 87850944 CYCLES ( SEI SM C- SSE)
REQUIKED LIFE. 500 CYCLES

NC= MORE THAN i.COEXP d CYCLES (VI BRATI ON)



3..0i

3.10.3

SST=

3.11.1

3.11.?

3.11.3

BRAID

ANALYSI.

WIRTE DIA, t- .0120 J!CHE

NUME-FOR
NULF: FR

WLIIGHT

OF WIRE PER BUNDLE, i
UF I L,.E1. bU- 4

FEi FOOr, . 0.,,335 LB.

END LOAD 1UE TO FPIESSLIRE

F

SF=

BRAID

A

An

BRAI D

ST=

.7854(DP)EXF2(P)
610.98 LBS
AREA, TOIAL
. 7854( D) EXP2(N) ( B)
0.065 SQ | NCHES
STRESS
F/ ACOSX
12822 PS|

CODE ALLOWABLEw= 18400 PSI

SPRING

AXIAL

KA=

KA

OFFSET

KO
KO=

RATES

SPRING RATE

1.7(NP)(EO(<DP)(TP)EXP3/N(C))(W)EXP3

447.83 LB/ IN

SPRING RAi
1.5(DP)EXP2(K A)(F1)/(L)EXP2

27.84 LB/IN

THERVAL DEFLECTI ON FORCES

Fw

F=

(KO (DT)

12.03 LB

MAXIMUM ALLOWABLE " N/A E

CR683
PAGE



( <5
3..2
3.12.2

(
3.12.3
(

( 23.i2.4

3.12.5

DEFLECTI O ! MOHtE'lt
M (F(L)(F2)/2
M= 257.47 IN-LE
14AXI.MUM  ALL'OWABLF N/A  IN-!.Ki

NATUPAL FREQUEINCIES

WEI GHT OF HOSE
Sil= ((OD-D)N+.57(L))3.i416D(T) (. 3)

W= 2.077 LBS

Yt - OF FLU D
W= . 785i ( DF) EXF2(L) (. 036)

W= 2.354 LiS

VETGHT OF BRAID
V8= (<W)(1)/J32

W3=  0.475 LBS

TOTAL WEI GHT
VW W +\V\2+\WB

W 4.91 L.S

AXI'AL VI BRATI ON (PARALLEL TO AXIS)
F= 9.8i(KA/W)EXP.5(F3) (FIRST  MODE)

F= 201.2 HZz

F: 19. 6( KA/ W EXP. 5( F3) 1(SECONII  hODE)
Fw 562.3 HZ

Fm 29.2(KA/W)EXP.5(F3) ( THI RD MODE)
F- 843.5 HZ
F= 3b.6(KA/W)EXPF.5 F3) (FOURTH  iODFs
F’ *kk k% HZ

“ACTUAL  IjtSH,

CR683
FAGE

12



3 12B

3.13.

3.33.1i

3.1*.2

3.13.1.3

3.13.2

3.13.2.1

LAI TEFAL VIJRi TI O4 CR683

PAGE 13

F= 24.8(DP/L)() (1 A/L)EXP.5(;KVL. ( FI RST MODE)
F- 91.5 Hi
Fr -2DF /L. (KA) LXP. 5(KVL ) (SECO4I. HMODE)
F- 251.7 H7

33(1 th ) b fi)? v, e KEL (THIRD HODE)
Fr: 490.8 HZ
Fr 256 H  KAM)EZX 5KV.) (FOURTH NODE)
Fz 3i5.6 HZ

FLOW | NDUCED VI BRATI ON

FLOW VELOCI TY

SYSTEM FLOW

Q& FR/ 7. 48GAL/ CUPT/ 60SEC H N

G= 0.051 CUFT/ SEC

FLOW AREA

A= .7854(D)EXP2
A- 0.0214 SOFT
FLCOW VELOCITY
v=- A

V= 2.40 FT/SEC

METAL MASS

NVE . 3DP(T)3.1416( 3. 14i 6€. H 2A) (. 00258)

MVE . 0000294 LB- ( SEC) EXP2/ (| N) EXP4

FLU D MASS
MFIL . 036DP( H) (3. 1i 46) (. 00258) / 2( ( 2A- T(NF))
HFi: .0000046 LB-(SEC)EXP2/ (1 N) EXP4

HF2- .036DP(H)EXP3cZ3.1i6)/3DEL

nF2, .0000384 LB-(SFC)EXP2/ (N)EXP4



blU-OW? 5SFfAtE  irATL. CR683
PCGE 14

FROI PARA 3, .1lI.

| 4. ;3 LblH

FL. Ei | ENTAL SPRIHN3 rATE

KLK 2NC(i' A)

I'F 91357.81 LI/Til

FRL'UENCY IRANGE (FLEX HOSE)
IN - PHASE LONG TUDI NAL
FRi - (2KE/ (HW+i | Fi))E. <P. 5/ . (3. 1416)
FRi - 11661.3 HZ

S3.i3.3.2 (0'|I-PHASE LONGITUDINAL
Fk2-: (2KE/(MH+MF2))EXP.5/2(3.14i6)
FR2F=  265.3 f2

3 1 3.3 FIRIT BENDING HODE
FBi- (8IKE/IMMIiHIiF2))EXP.5/.y(3.1416)
FBi= 16530.7 HZ

3.13.4  VORTEX SHEDDI NG VELOCI TY

3.13.4.1 PITCH (LAMDA)= 00 6a | NCHES
CONVOLUTION WIDTH (SIGMA)s 0.104 |HCK,
LAMDA/SIGMA=  1.615
FROM FI GURE 1

UPPER STROUHAL NUMBER. SU- .37279
LONER SMERQUBERVHNHVEER,  XxL=1614%123

3.13.4.2 FOR FR
VUW FRi (Sl GVA) / SU
VU= 3252. FT/SEC
VLL Fki (SI SMA)/ SL

VLv  7518. FT/ SEC



3-3.34. 3 FOR Fk2 CR683

PAGE 15
VUL FR2(SIGMA)/SU

W= 2305. FT/SEC
VL  FR2(S<IMA)/SL
* P VL. 5327.FT/SEC
N T - 11
VU- FBI (SIGM4)/SU
VU-  4609. FT/ SEC
VL= Fbl(S16MA)/SL
VL= 10657. FT/ SEC
NO OVERLAP OCCURS BETWEEN THE bELLOAS HOSE FLOW AND THE
VORTEX SHEDDING RANGE THEREFORE NO ADDITIONAL ANALYSIS

IS REQUIRED ON HOSE ASSEMBLY FOR INDUCED VIBRATION

3.14 PRESSURE DROP

3.i4.1 LU S= (FRICTION FACTOR) (L) ( DENSI TY) (V) EXP2/ 2D G

LOSS- 0.02 PSI/FT

PRESSURF LOSS ALLOMBLE= 2.0 FSI/FT



4.0

4.0. i

1.0.5

MC 'JOB NO 14727 CR683
PAGE 16

REFERENCES

TVA 80K A2-.26892

VERTI CAL HCI SE 47W 450-i 027( PEN. NO. X-7i-1)
METAL BSLLOWS CORP DRAWING 77753

ASME BO LER AND PRESSURE VESSEL CODE, SECTION 1]
SU. SECTI ON NC CLASS 2 COMPONENTS

STANDARDS OF THE EXPANSI ON JO NT MANUFACTURERS

ASSCCI ATI ON (EJHA) FOURTH EDI TI ON

ASSESSMENT OF FLEXI BLE LINE FOR FLOW | NDUCED
VI BRATI ON - GEORGE C. MARSHAL SPACE FLI GHT CENTER
FEPORL NUMBER 20MD2540.



43 ESIGH CONDITI" Gla
OFE:ATING PFIE. . SI1REC
DES16t Pk;'sURE:.
OPERATI NG TEi HFERATURE

DESGl , TriirtR-THU E

ROOii  TElI NFERATLUREF PF' r OF PRESZURE

:.5s PFRESSLU E
FLOW RATE

LI NE SI ZE

PRESSURE LOSS ALLOWABLE

MOTIONS
THERVAL OFFSET,

CYCLE LIFE

OBE SEI SM C OFFSET, DOBE

CYCLE LIFE

SSE SEI SM C OFFSET, DSSE 0.

CYCLE LIFE

VI BRATI ON OFFSET )DV

LI FE
ALLOWABLE LOADS
FORCE

MOMENT

NOTE:

(:G683
PAGE
150

160b

PSI G
240 PSIES

-640 PS16
23 GPM
2.0 IPS

20 PSI/FT

DT 0.282 | NCHES

10000 CYCLES

. 517 | NCHES

500 CYCLES
806 | NCHES

500 CYCLES.

.460 INCHES AT 15 HZ

40 YEARS (SEE NOTE)

N A LBS

N/A IN-LBS

THE TERM "YEARS OF SERVI CE' EXPRESSED OR |i PLIED IN THE DESI GN
IS INTERPRETED BY METAL BELLOWS CORP

S SPECIFICATION FOR THIS UNIT

TO BE A DESIGN OBJECTI VE QNLY.

METAL BELLOWS ENGQ NEERI NG HAS TO

17

THE BEST OF ITS ABILITY, BASED ON INFORMATION FURN SHED AND GENERAL
S APPLICATION KNOWEDGE, TRIED TO DEFINE ALL OF THE SERVICE PARAMETERS

THAT WOULD BE IMPOSED DURING

"SERVICE LIFE"

AND EVENTUALLY RESULT

FATIGUE FAILURE, HOWEVER, |T MUST bE APPRECI ATED THAT THERE ARE

S PRACTICAL LIMITATIONS IN DEFINING ALL CONDITIONS IMPOSED ON A UNIT

DURING ITS "SERVICE LIFE'" AND FOR THIS REASON THE UNIT WILL BE

SUBJECT TO ALL TERI'S AND CONDITIONS OF hETAL BELLOWS CORPORATION S

S STANDARD WARRANTY

IN



4* 2.

4.3

4.3.1

4.3,2

4.3.3

HOSE JTA

'BA5IC TUBE,IOD
OUTSIDE DIA, OD
INITDE DIA, D
MEAN DIA, DP
THICKNESS. 1
SPAN, W

PITCH Q

LENGTH, 1.

2. 000
2.430
i.980
2.2095

0.020
0.225
0. 169

ii.i25

NO OF CONVOLUTIONS, N

PERFORMANCE CONSTANTS

TP= T(D)EXP. 5/ (PP) EXP. 5

TP= 0.019

Q 2W 0. 37

I NCHES

Q 2. 2(DP(TP)) EXP. 5= 0. 37

FROM FI GURE 38,

CP= 0.73

FRUM FIGURE 39,

CF= 1.47

FROi FIGURE 40,

CID= 1.54

EJMA STANDARDS

EJMA STANDARDS

EJMIA  STANDARDS

I N. CHE

INCHES

I NCHES
INCHES
I NCHES
INCHES

(NATERI AL THI NNI NG

[:;R6t
PAGE

la

©



| L"ORHANCE FGUATIO:S CR6E3
-4, PAGE 19
'FLLOWS TAIGE'iT CIRCUMFERFITIAL PRESSURE STRESS
1= (P)<D)(EB)/2.(tT C)(EC)+(Wi)>T)(EB))
Si = 791 PSI

CODE ALL.GOWL.F= 3400 PSI

4.4.2 BELLOWS CIRCUMFERENTIAL MEMBRANE PRESSURE STRESS
S2= (P)(PF)/2N(TP)(.57i+2W/G) *
S2= 2872 PSI

CODE ALLOWABLE=  $8400 PSI

4.4.3 BELLOWS MERIDIONAL PRESSURE STRESS
S3= (P)(W)/2N(TP)

S3= 949 PSI

4.4.4 BELLOAS MERI DI ONAL PRESSURE BENDI NG STRESS

S4

(P) (CP) (W TP) EXP2/ 2N

1 4= 8248 PSI



. 4 -EQuIALE t  XFirAXLFA1CGT| DUE T7. GFFtE'T CR683

. PAGE 20 (.
SETr 3DP(' DT)/ N(L) (THEF: i t AL
ET' 0.0025406 INCHIES (
SEOBE 3DP(DOBE)/N(L) (CEISMIC-OBE)
EOBE= 0. 0046577 | NCHES Ci
ESSE= 3DP( DSSE) / N(L) ( SEI Si | C- SSE, g.
ESSE= 0.0072614 | NCHES
. Ev= 3DP(DV)/ N(L) (VI BRATI ON)
EV= 0. 0041442 INCHES 9
4.6 BELLOAS MERI DI ONAL HEMBRANE DEFLECTI ON. STRESS
S5= EB(TP) EXP2(ET)/ 2(c;) E: XP3( CF) (HEFR,  AL.)
S5= 815 PSI

55 EB(TP)EXP2(EOBE)/2(W)EXPj(CF)  ( SEI XSMC- OBE)
Sb= 1493 PSI

S5= EB( TP) EXP2( ESSE) / 2( W EXP3( CF) ( SEl SHI C- SSE)
S5= 2331 PSI

S5= EB(TP) EXP2( EV)/ 2( W EXF3( CF) (VI BRATI ON)

S5= 1330 PSI

4.7 BELLOAS MERI DI ONAL DEFLECTI ON STRESS
S6= 5EB(TP) (ET)/ 3(W EXP2( CD) (THERMAL)
S6" 30790 PSI
S6= 5EB( TP) (EObE) / 3( W kXP2( CD) ( SEI SM C- CBE)
Séw 56449 PSI
S6u 5EB( TP) (ESSE) / 3( W EXP2( CD) ( SElI SM C- SSE)
S6= 88004 PSI

S6 5EB<(TF ) (EV)/3(W EXP2(CD) (VIBRATION)

Séw 50225 PSI



BOTAL CYCLIC SRESS CR6$3

"SE
STl
ST
ST-
T .
ST'=
ST

Q=

PAGE 21

['S+S4)+005+-) (1PHEi.HL).A

40803 PS!

7(S3+' 4)+(SS~+St6 JEI.)CE-OE)M*

<386 Vb1

7(33+.:-')+(S5+-b6) (ELElIIC-.SEBE)*

96773 PS3

.7(S3+S4)+(S5+S6) (VIbRATION)

57994 PSSl

MODIFIED EJMA FATIGUE ANALYSIS BASED ON CYCLING PRESSURE.

wk JMA FATIGUE ANALYSTS IASED ON CONSTANT PRESSURE.

4.9 *CALCULATED LIFE

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

NC=

NC=

NC-

6

MORE THAN
REQUIRED
43799776
REQUIRED

37185
REQUI RED

MORE THAN

I.OEXP -:CYCLES (THEI RMAL)
LIFE= 0000 CYCLES

CYCLES (SEISMIC-ObE)

L.JFE= 300 LYCLES

CYCLES ( SFI SM C- SSE)

LI FE= 500 CYCLES

I.OEXP 8 CYCLES (VI BRATION)



S A

4 0.1

'.102

4.10. 3,

4 .ii

4.11.1

4.11.2

S 4.11.3

DA.SLIS

W M A - .0120  T)ClEX

PAGRE

Uit OF U RES FEr ['UNDLI , i
OULIfPER OF B.UNDILES, B:= 48
SAfit.E FOi0l HOSE AXLY, X-43 DeE:-E-ES

i,S;1. T PFF F Oi, PW=- 0333 LtF

FN LO; PUE TO PRESSURE
F= .7854(DP)EXP2(P)
F= '0 .8 LDS

ERAID AREA, TOTAL
A= .7854())EXP2(N)(P)
A= 0.065 S4 INACHES

F'RAID STRESS
ST-  FIACOSX
S=- 12822 PS

CODE ALLOWABLE= 18400 PSI
SPRING RATES

AXI AL SPRI NG RATE

7

1. 7(NP) (E) (1) DP) ( TP) EXP3! N( CF) ( W EXP3
KA= 691.0 LB/IN

OFFSET SPRING RATE
KO= 1.5(DP)EXP2(KA) (Fi«:/(L)EXP2
| 0= 61.09 tIVIN

THERMAL DEFLECTIO; FORCES

Fu (ko) 1
F- 17.23 LB
IAXIMUMI  ALLOWABL.E MA LES

%



4:1 4

.12, i

4.12.2

4,.12.3

SA4.2.4

4.12.5

DEL..ECTTO; HOIENT"

M= 143.73 IN-IE

MAXIMUh ALLOWADLE -" N/A  IN-LI

NATURAL FRFCQUNCIES

EIGHT OF IH.IOE
W ((O-1;)+.57(L))3.3.4j6& (T (.3)

W - .34e LI S

WEIH(T OF FLUID
W= . 785t (DP) EXP2(L) (. 036)

W= 1.529 LBS

WEI GHT OF BRAI D
V8= (BW)(L)/i2
V8= 0.309 LBS

TOTAL WEIGHT
W W +V2+WB

W= 3.18 LBS

AXI AL VI BRATI ON ( PARALLEL TO AXIS)

F= 9.81(KA/W)EXP.5(F3) (FIRST | ODE)
F= 433.6 HZ

F 19.6(KA/W)EXP.5(F3) (SECOND  MODE)
Fr 867.3 HZ

F 29. 2( KA/ W EXP. 5( F3) (THI RD MODE)
Fowwmex p7 ACTUAL * 1191 N
SF* 38.6(KA/W)EXP.5(F3) (FOURTH  MODE)

Fros*x** HzZ - * ACTUAL. = 110 el

CBS68
SPAGE

23



4. 13
4131

4.13.1.1

4.13.1.2

4.13.1.3

4.13.2

4.13.2.1

4.13.2.2

L.Al. TEAL VIER-TIION

F 2*.8(DP/L)(KA/U)E:XP.:i.VL) (FThSi S OrE)

F 2173 HZ

Ft 68e.;' (P/;L) (KA WE>-XF. 5(Fi VL)

- 597.5 HZ

IF- i 33(DP/ L) (KA W EXP. 5( KVL), (THIRD MODE)
S *w* HZ -- 4- Acru”™L 116

F= 22i(DP/L)(KA/W)EXP.5(KVL) (FOURTH fODE)
Footteh, HZ AtruAL- 1936 @

FLOW | NDUCED VI BRATI ON

FLOW VELOCI TY

SYSTEM FLOW

Q= FR/ 7. 48GAL/ CUFT/ 60SEC M N

@& 0.051 CUFT/ SEC

FLOW AREA

il

. 7954( D) EXP2

i

0.0214 SQFT
FLOW VELOCI TY
V= QIA

V= 2.40 FT/SEC

METAL MASS

MVt . 3DP(T) 3. 1416( 3. 1416At H 2A) (. 00258)

MVt . 0000294 LB- ( SEC) EXP2/ (1 N) EXP4

FLU D MASS

HFl & . 036DP(H) (3. 1416) (. 00258)/2((2A- T(NF))
MFI- . 0000047 LB- ( SEC) EXP2/ (1 N)E' P4

MF2& . 036DP( H) EXP3( 3. i 416) / 3DEL

MF2- . 0000382 LB- ( SEC) EXP2/i | N) EXP4

PAGE

2:



4j3

1. 3.31

S7F'l-i

4.13.3.2

4.13.3.3

4.13. 4

4.13.4.1

ELOU..S YPIHG RATF. CRPK3
PAGE

FROIl PARA 41 1.

KIE= 691. i LI /IN

FLFVENTAIL SFPIN RATE

- E 2N{" (KA)

I[= 9122:.i? | B/JH

FRhEQU'4Cf RANGE (FLEX HOSE)

IN-PHASE L[ONGITUDINAL

FRi= (UE/(MHehi-iF ) EXXFPJ/2(3, 43))
11645.2 HZ

OUT-PHASE LONGITUDINAL

FR2=- (2KE/(CM+MF2))EXP.5/2(3.i416)

FR2= 8270.3 H7

FI RST BENDI NG MODE

FBti (BKE/MM=MF2)EXP.5/2(3.1 i)

FEBi  16540.5 HZ

VORTEX SHEDDI NG VELOCI TY

PI TCH (LAMDA)= 0.169 | NCHES

CONVULUTIOI  WIDTH (SIGMA)=  0.104 INCHE,

LAMDA/SIGMA-  1.616

FKO"i FIUIUE |

UPPER STROIJHAL 4NUNBER, SU- .37244

LOWER STROUHAL NUIBER, L- 16113

FOR FRI
VUw FRI (S| GWA) / SU
VU-  3261. r,/SEC
VLw FRL(SI OMR) / SL

VLa  7537. FT/ SEC

25

'EU



4.i3..1.

4.14

4.14.1

to Fh2 (AGBSE

PAGE 26
VU- FRI 2¢[A /.S

vU F. 316 . Fi/.'L"C

VL

VL-  'Ti,.i/Si)C
frji  FBI

VU FTi(SIGHA)/SU

VU= 4631. FT/ SEC

VL= FBi (SI GVA)/ SL

VL= 10705. FT/SEC
NO OVERLAP OCCURS BETWEEN THE BELLOWS HOSE FLOW AND THE
VORTEX SHEDDING RANGE THEREFORE NO ADDITIONAL ANALYSIS

IS REQUIRED ON HOSE ASSEIMBLY FOR INDUCED VIBRATION

PRESSURE DROP

LOSS= (FRI CTI ON FACTOR) (L) ( DEt NSI TY) (V) EXP2/ 21X G
LOSS-  0.02 PSI/FT

PRESSURE LOSS ALL.UOAbLE- 2.0 FSI/FT



iuICORPORATION
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Sita103 (z-077+475.g Sl
deit (Z-394) 5 La
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METAL WCORPORATION

NW, - IIMP )
mamoatw. Causm 1" 211il

.S~aipolc  FORCES (U9
F~ -

r47.1 '6t

4 v (3-76)g~

13.{#0ltsa (¥ )

AT p4&C %rALut C te$OslP.v*ravsk VAlus)

J4.1 FO v

19F. pmA4 | —E—

*(171
A40~M ~~IP~—e

k.
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METAL- CORPORATION 7-44 777113

@HAISMIT. CWUPOMMA 91311 vV 1f \Y}

V.5.1. tQur ro XAoftr/A

F~ 014mwmZ.  dDSCf + .1 Traor Es4. +Veer. 0409)A~

-8.94 (~s

=4.47 AS

OF,=mJr (' NL oRI?. Nosl) tl
J.1D
S.C.IrrA. FOXDRCEIC$

F,,-t AccG.DIEAT AWD Ju.SMIC FRIi&( Du

ClIlId 71 a4 i47

Spa Ge FECATIMY 4 LL*W, 4 #;
x .016'

-s1 (30,000) (.78S4 (a.2s77-1..d))
32S.3 L8

oas,fe 15 Agf—a



METAL CORPORATION 1--/04" CF-&

2... Zm Y- OIRc iCTom :

F, - ZvSrA"JArsvjw MIISA"4#Aicd.rt Fo~cc +E
A"'t1LON & gu¥lfme OtisC ifovevScowus
4L/IRATIOp/

vz 03 -t(789 +3.76 +14)*ga

= 31.1v Adb-~ P AFA 5104
JpeGs, iA  7'el*4AZE 4BA8
Pr .0/ify ~A
=JZZ.3 4.8
Pr >Fr
pe$loW i «a4vatla

Ir.6.3. INv' JD40o1pte OY

F - *EAP t4scrT  (A@'iSPivr ANO teli.fl F.A'a
00Of To /WRTJ4 4 0APVDA09 ) t.l/Isk.4nola

.. 3.76 t(19-36 +)t:..7Zft 00 +1.88

PASA 5.0 S. leb)
JpICgIBCATIioAJ AIPIPOWANLZ L I. f) 0.4.S.Av& (b60

32.az3 8
PI F, Cl ARM rDQ1%



MELAL. ...

1anTDOI*.|0AmNA &ln - - tVo-r S A , A OF
S.7. DYvAMle MOamr(
MoMErT ARMS :
.Socker ADAprtoRs [/ b8 a.0?f = 096 #1s8
FIRA uts 17Z& 8 2.43 sl. 49 IM*sa
wose 4 894/0 1.18 5 @0. W T7*7 |U-4.
FLaUIO IN WR 1.18 A 1.74 w.2= -e*r W.
57 . ac osr 1T eMa W
M *M gw#r A lks

7.1. .. Dut ro iltafrA

M 112, 1t0.3 s14 308) f)

(7.6B IMf*58 asF. PAUXA *
- ft 2 . &S
r £3.51 ***AS~
W.7.2.J0meMe~ b 7amr {(jiQ)

S7Z .p. DuT ro IMERTIA:

x|, */ twLB

IPARA. S.17.
M3 . Ceq s,j30e€)I * b *®
7.3 MoOMENT AT soctgt AtPwTop.
Ooscl  vatf |L Disgt#D TO Se0&XTAPAPY)

f. 73*1jMj F a.).
S14 (1.74)
= 4434 od*-B If. PAMA. t. 4..



MMETAL COltPORATION

251 KNAPP STLWRWA

~mi. 3.2. M~F

-ZO.(1.7 4)
JnS. 94 imJ-LS

99F. PARtA. V'4.3.
V.7.4. TOTAL  AdomaNT

57 .4.1. IN Y- DIRgerl"A
Mj - TOTAL. DILFUI'IV~ MoM~P7(D ~re :srAT# V)

t11lise. IAccfoivr Pas Te AOVt#4THy

=7 47 e(12.03) (1.7+)  #ZO , 737112,

.. vp.Viravo u L-~t,&

.07076
MA .07e (3je)~t

= ties .W.Af Mb$ 20my
Wl4v s Avg—al3r

X. $s7



r METAL & CORPORATION CHI'& t PW77%I3

nwateSml  SIM PRIM
CHAmMOOsl. CAUOMSA 91311A

Vo1 4.z ac J - diager, op

|~ = DEAD IPS4iUIM7 XSJIJAIL. AmP  AG-CaPPET

-t. Z + (s7&8 FO4ESTT  ipm Al

+ #4004&my Ar JOG~car AVAIIT1loLi

#3w.843 -.

a Ll Jwal~rwp

Jr A~

066 (1/t4)(af

*441 0.

JP861FICATa.l AOe.

046 0707 61

0141d  so~'4004I#Mr



i lvingd  auwow
METAL CORPORATION 7 L%Mq$ %

R - Il Yy
$.. qBt,44 MOageytr
f X Fy &. i L.a £LtOAe 7pR
1s49 K,3i to 4 ver IA P

= [(.394) (.83)f(1.v)) (.0)4

$*9.93 (I .s)
4. 81.2.

JPSCI IJI%!AN ALOIMBvV
M4 T
(y A

1 (.,e*) I*33
a. 173/

33601.3

do

dr <f

) (2ssoT

M -9%>e

We 4&s/  ANE "4tg

-14
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5. A~efC~l'e~gFJvr.T IS Olosaeva |
RESLT  ~1gTE& PATN Aftpss CoWSO.liIR.M

4C-e1J0safVATIVI.
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r ENGINEER REF ERE..CE NUMBER \
METAL g‘u corrorATiON | F AR crbPy e 27223

20077 KNAPP STAEET OATE [ CUSTORTR
CMATSWORTH, CALIFCRNIA 91311 w-\] - Po -Tv i }‘

6. 0.2, UNDER SEISMIC CoNOITION

6.0.2.1 ASSumMpTions

A. SE&1sMmic zwupur oFJ(.vsto‘)"H‘

EREQuINCY  INPuT  AmplificATion ouTpuT LUSPINGMINT Excur.

g ¢ 3 IN. IN.
QL. S 3.24 4 > 030 L.ols
6.0.0.3.
EQUIVALENT AXIAL MoTign
e = 30p a
(.SN)(.SL)
3 (2.2085)(2.01S )
= t .
(e 8.5y =002t
5= Etr e
(3 2wl c‘.

. (29v10%) Lo@)*
20.228(1.47)
S = 56 to e !

Jw&

:( uuo‘uwn
3, CAans ) o( (.47)

(1.00022 ) L ¢8.55 P34

(2.00027) 12714 PsI




METAL ~s  ICORPORATION

Noyl KAwP StanE
OcWMATHOT. CAPONUa" 91311

i 54,00>+S
=(~ +NF&-ppcz
JFPCGIF ICAyao0. ALLOWAGL.E w A" Cc~

PVvtadAe SA~uT



FME.I AL

M"7 Kt6AD SYSIET
Ch.ASPOATW. CAUPFOWAA 913S|

7.0 L.OADING :
7.ub . Sul rA VNV d*./~® cove. -36tz-0

MA = A4omAfST Dug wro DEFL~cr HOJE 't

6'lv it
Al.msAl rU @o DRAD wgqi4tiT

$4vg: Xs/ optaxrio,. meamstr 7p VdF/PUCTr W&

Apwu o4* pa* costs .VATI~VE
= 40 (2-371r) *795Lr?7z~)' ez
4 |1 J4) 1 a ~(ag

= 66P& S + 631 P31

= 1.247 kKls 4 18.4 Akg
141F. PA&& 3.##.4. 57
7.0. 7. O~CCASIpMA ~4.L

1 kK  (mc-345W)

- 4(.L)1) W(L.11)L" (3.3+) aa

REPF.  PAVLi r.7A.if7. 4 5

CAI-#AUAT'0#) WA6 BAIOP *4 AfVAt-41P SQed4 pere(A")

dqg rotHo  FISS.



K L, |.|7'1‘c Ritpma"ECE WASIE p/iJ 77 7W,t
MEML-¥3r  CORPORATION |,

CadA10A7.” CAUFOWUA Simil B -Ptn IcfngI'QE vA M3q0|:_
8. IDA prop.s (P// 72016>

fEND:

0.0. =z [+- O3 1w.

Zl Ol = Z.O~ *.0*0%)1:

t-G-U= L(JF:DpFY) +A ( etc-3,941-1)
6o (LW)
Zz@® 0 600
total. > g APgGUAIrg
Z1Co= Z.161. S0vlo

tPI*JILS*P)) 4A

WA tHXtop Ama Arr



QMETAL ~1  fCORPORATION
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ftIFr.R3Ncm

FIN~~771t
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0.D. n3 8
t = 111 1w 1
.98 14,
p 04
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THEKM A L SSE
e —_————===

INSTALLAT/ION

9l.1.1. roraL Lewery & LinGTH RATIOS 1

(’ ' ENGINEER RETERENCE NUMBER / 1
METAL %ﬂ CORPORATION T | cREES Pl 7775
20077 KNAPP STREET OATE CUSTOMER -
CHA ISWORTH, CALIFORNIA 91311 4-/)-3o TrVvA 4/

/
‘7/ .0 MOTION CORRECTION FOR COMPUTER USE:
' 16° .
42,625"__“ d s
I BELLow tensTy e
S
} § , - (Rep) x
| 78.625" 3
22" BeLtow
LENGTH
L
V7YY
?.1. MOTIONS
L
E— 059 —— -
- 059 12, ‘25
W

}=.078
Y es8t

TOTAL LENGTH = |2.625 +18.625 =230.25 ~.

- 12,625
C eeeees— W o
L&nGrH RATIOS 3/.28 404

AND

LENGTA RATIOS : -’-3-;-%‘--.396




METAL i4~  tCORPORATION

CMPIhOR. @AWA
MtAIOATNM, CALuOfrIIA 30t

9. .2 MOTION FOR HA/40ZONTAL. | .tSl

(  T'elIMAL = (.745).404 = 3 sv.

(b SFIStAe o0e =.j+.S 404 (TiA-)
S8 1 4004 (.07S+.74)10

= 3472 .
(C) £/S Ik JSE = j((L,. 44 ea
Ay04 (Ladast
*3BDN.
O.1. . MhVITOr D letrl  cAAL.  40J1 :
@) 'rti AA = (. 745) 96 - .44 S

(b) SElsnMc 08 ' [C 96) (4+)

6.4"5'4 (.s6
S6447 IN.
(C) JuesMmiIC.

A48 C 9 c-,s4.T4$s

1.0 8.



DATE
20977 t
mu:%:\’;ufmt:oum N 4-1]-80 TVA

(
METAL Dallod CORPORATION | F SEen | CRE83 Piv 277

ENGINEER REFERENCE NUMBER j
)

43

q./.4. MOTION FOR VIBRATION:

Y

9= (osn) £*p §=1suy
S= (o511 (15*) D

D =.043 . (FoR woksr cowpiITION)

4.'1-4. 1. HoRiZoNTAL MHosc:

DISPLACEMENT = [ .043% [(.404)(.083¢.745))"

s .3Z IN.

Q.1.4.2. vErTICAL HOSE:

OIspLaceMENT = .[.085% [(.596)(.0a3¢.748))

= .47

[ )




10.0

S1.0.1

10.0.2

10.0.3

10,0.4

MoC JOB NO 14727
REFERENCES
TVA 80K A2-826892
HORI Z. HOSF 47W 450- 1003/ 1004( PEN. NO. X-39A-1/-0
NETAL BELLOUS CORP DRANI NG 77751

STANDARDS OF THE EXPANSI ON JO NT MANUFACTURERS
ASSOCI ATI ON ( EJHA) FOURTH EDI TI ON

ASSESSHENT OF FLEXI BLE LI NE FOR FLOW | NDUCED
VI BRATI ON - GEORGE C. NARSHAL SPACE FLIGHT CENTER
REPORT NUMBER 20M 02540.

CP683
PAKE 44



10.1

DESI GN CONDI TI ONS
OfpEAITJIREISURE
DESI GN PRESSURE
OPERATI NG TEMPERATURE
DESIGN TEMPERATURE
ROOM TEMPERATURE PROOF PRESSURE
BURST PRESSURE
FLOW RATE,
LINE SIZE
NOTIONS

THERNAL OFFSET, DT

CYCLE LI FE

VI BRATI ON OFFSET DV
ALLOMBLE LOADS

FORCE

MOMENT

650 PSI O
900 PSIG
100 F
150 F
1350 PSIG
3600 PSIG
0.0 LB/ SEC
1.0 I NCHES

0. 300 I NCHES
10000 CYCLES
0. 320 I NCHES AT

N A LBS

N A IN-LBP

CP613
SPAGE 45,

15

HZ

(t1



t

10. 2

10.2.1

10. 3

10.3.1

S 10.3.2

10.3.3

HOSE DATA

BASI C TUBE, CD i

OQUTSIDE DIA, OD 1.
INSIDE DIA, D 0.
MEAN DI A, DP 1,
TH CKNESS, T 0
SPAN, W 0
PITCH Q 0
LENGTH, L 12.

NO OF CONVCOLUTIONS, N

PERFORVMANCE CONSTANTS

TP= T(D) EXP. 5/ ( DP) EXP. 5
TP= 0.019 ;rCHES

Q2w 0.39

Q 2. 2(DP(TP))EXP.5 0. 40

000
310

980

145

. 020
. 165

. 129

625
98

FROM FI GURE 38, EJMA STANDARDS

CPw 0. 72

FROM FI GURE 39, EJMA STANDARDS

CF= 1.50

FROM FI GURE 40, EJMA STANDARDS

CDs 1. 56

I NCHES
| NCHES

| NCHES
I NCHES
| NCHES
I NCHES
I NCHES
I NCHES

( HATERI AL THI NNI NG)

CP683
PAGE 46



;10,4  PERFORVANCE EQUATI ONS CP683
PAGE 47
10.4.1 BELLOAS TANGENT Cl RCUNFERENTI AL PRESSURE STRESS
;o Si- (P)(D(EB)/2((TQ) (EQ +N) (T) (EB))
Sim 2672 PS|

SALLOWABLE STRESS - 18550 PS

10.4.2 BELLOMS Cl RCUMFERENTI AL MEMBRANE PRESSURE STRESS
SS2- (P) (DP)/ 2N( TP) (. 571+2W Q
S2- 8889 PS|
ALLOMBLE STRI.SS - 18550 PS|

10.4.3 BELLOMS MERI Tl ONAL PRESSURE STRESS
( S3* (P)(J)/2N(TP)
S3" 4012 PSI

10.4.4 BELLOMS MERI DI ONAL PRESSURE BENDI NG STRESS
S4  (P)(CP) (W TP) EXP2/ 2N
S4, 25854 PS



EQUI VALENT AXI AL MOTI ON DUE TO OFFSET
ET- 3DP(DT)/N(L) ( THERMAL)
ETO 0. 0008329 | NCHES
EOBEN3DP( DOBE) / N( L) ( SEI SM C CDE)
EOBE= 0.0009495 | NCHES
ESSE* 3DPCDSSE) / N( L) ( SEI SM C-SSE)
ESSEu 0.0011077 | NCHES
EV- 3DP(DV)/ N(L) (VI BRATI ON)
EVa 0.0008884 | NCHES

BELLOAS MERI DI ONAL MEMBRANE DEFLECTI ON ST -1
S5-  EB(TP) EXP2( ET)/ 2( U) EXP3( CF) ( THERMAL)
$5" 636 PSI
S5m EB( TP) EXP2( EOBE) / 2( U) EXP3( CF) ( SEI SM C- OBE)
% 725 PS
S5 @EB( TP) EXP2( ESSE) / 2( W EXP3( CF)  ( SEI SHIC-SSE)

S5" 846 PSI
S5- EB(TP) EXP2( EV) / 2( W EXP3( CF) (VI BRATION)
S55 678 PSI

BELLOWS MERI DI ONAL DEFLECTI ON STRESS
S6- 5EB(TP) ( ET)/ 3( W EXP2( CD) (THERMAL)
S6" 18107 PS|
$6 5EB(TP) ( EOBE) / 3( W EXP2( CD) ( SEI SM G- OBE)
S6- 20642 PSI
S6. 5EB( TP) ( ESSE) / 3( U) EXP2( CD) ( SEI SM C- SSE)
56- 24082 PS|
S6- 5EB(TP) (EV) / 3( U) EXP2( CD) (VI BRATI ON)
S6. 19314 PS|
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