
S 0i8 TOTAL CYCLIC STRESS 

ST * (S3+S4)+(S5+S6) (THER 

ST- 48610 PSI 

ST " .7(S3+S4)+(S+S6) (SEI

STW 42274 PSI 

ST = .?(S3+S4)+(S5+S6) 

ST= 45836 PSI 

ST - .7(S3+S4)+(95+S6) 

ST- 40900 PSI
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MAL)*

SMIC-OBE)**

(SEISMIC-SSE)**

(VIBRATION)

* MODIFIED EJMA FATIGUE ANALYSIS BASED ON CYCLING PRESSURE.  

'N EJMA FATIGUE ANALYSIS BASED ON CONSTANT PRESSURE.

10.9 CALCULATED LIFE 

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

NC= MORE THAN I.OEXP 8 CYCLES 

. REQUIRED LIFE- 10000 CYCLES 

NC- MORE THAN i.OEXP 8 CYCLES' 

REQUIRED LIFE" 500 CYCLES 

NC" MORE THAN I.OEXP 8 CYCLES 

REQUIRED LIFEI 500 CYCLES 

NC- MORE THAN 1.0EXP 8 CYCLES

(THERMAL) 

(SEISMIC-OBE)

(SEISMIC-SSE)

(VIBRATION)



10.10 BRAID ANALYSIS 

WIRE D:A, D* .0250 INCHES 

NUMBER OF WIRES PER BUNDLE, Na 

NUMBER OF BUNDLES, B= 48 

ANGLE FROM HOSE AXIS, X-34 DEGREES 

M WEIGHT PER FOOT, BUI 0.390 LBS 

10.1O.i END LOAD DUE TO PRESSURE 

F= .7854(DP)EXP2(P) 

F= 926.71 LBS 

10.10.2 BRAID AREA, TOTAL 

A= .7854(D)EXP2(N)(B) 

4 As 0.094 SQ INCHES 

10.10.3 BRAID STRESS 

ST= F/ACOSX 

t ST= 11859 PSI 

* ALLOWABLE STRESS * 18550 PSI

10.11i

CP683 
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SPRING RATES

10.11.1 AXIAL SPRING RATE 

KA- I.?(NP)(EB)(DP)(TP)EXP3/N(CF)(W)EXP3 

4 KA- 561.62 LB/IN 

10.11..2 OFFSET SPRING RATE 

KOw 1.5(DP)EXP2(KA)(Fl)/(L)EXP2 

KO" 20.79 LB/IN 

S10.11.3 THERMAL DEFLECTION FORCES 

Fa (KO)(DT) 

FI 6.24 Lb 

M(AXIMUM ALLOWABLE * N/A LBS



10.t.4 DEFLECTION MOMENTS 

hI (F)(L)(F2)/2 

M" 118.10 IN-LB 

MAXIMUM ALLOUABLE * 

10.12 NATURAL FREQUENCIES

CP683 
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N/A IN-LB

10.12.1 WEIGHT OF HOSE 

SUt ((OD-D)N+.57(L))3.1416D(T)(.3) 

Ui« 0.730 LBS 

10.12.2 WEIGHT OF FLUID 

W2 .7851(DP)EXP2(L)(.003486) 

W2= .453E-01 L~.  

10.12.3 WEIGHT OF BRAID 

W3" (PM)(L)/12 

UW3 0.410 LBS

10.12.4 TOTAL WEIGHT 

WM U1+W2+W3 

WU 1.19 LBS

10.12.5 AXIAL VIBRATION (PARALLEL 

F- 9.81(KA/W)EXP.5(F3) 

Fe 373.6 HZ 

F- 19.6(KA/U)EXP.5(F3) 

F- 747.2 HZ 

Fe 29.2(KA/W)EXP.5(F3) 

F- 1120.8 HZ 

Fe 38.6(KA/W)EXP.5(F3) 

F" 1494.5 HZ

TO AXIS) 

(FIRST NODE)

(SECOND NODE) 

(THIRD NODE) 

(FOURTH NODE)

(,.



~;i .- ' · ·, 

10.12.6 
t OI,

LATERAL VIBRATION

24.8(DP/L)(KA/W)EXP.5(KVL) 

85.7 HZ 

68.2(DP/L)(KA/W)EXP.5(KVL) 

235.6 HZ 

133(DP/L)(KA/U)EXP.5(KVL) 

459.4 HZ 

221(DP/L)(KA/U)EXP.5(KVL) 

763.3 HZ

(FIRST HODE) 

(SECOND NODE) 

(THIRD NODE) 

(FOURTH NODE)

10.13 FLOW INDUCED VIBRATION 

10.13.1 FLOW VELOCITY 

10.13.1.1 SYSTEM FLOW 

Q0 FR/ 0.0 LB/CUFT/60 SEC/MIN 

Q. 0.000 CUFT/SEC 

10.13.1.2 FLOW AREA 

A" .7854(D)EXP2 

A- 0.0052 SOFT 

10.13.1.3 FLOW VELOCITY 

SV. Q/A

V" 0.00 FT/SEC 

10.13.2 HETAL NAUS

10.13.2.1 

10.13.2.2

HMn .3DP(T)3.1416(3.1416A#H-2A)(.00258) 

MlM .0000113 LB-(SEC)EXP2/(IN)EXP4 

FLUID WASS 

NFI-.00346DP(H)(3.1416)(.0025S)/2(2A-T(NF)) 

HNl .119E-06 LB-(SEC)EXP2/(IN)IXP4 

NF2.003486DP(H)EXP3(3.1416)/3DEL 

IF2m .t10E-05 LD-(SEC)EXP2/(IN)EXP4

CP683 
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10.13.2.3 BELLOWS SPRING RATE 

FROH PARA i0.11.1 

KAN 561.62 LB/IN 

10.13.2.4 ELEMENTAL SPRING RATE 

KEN 2NC(KA) 

KE" 110077.06 LB/IN

10.13.3 FREQUENCY RANGE (FLEX HOSE) 

10.13.3.1 IN-PHASE LONGITUDINAL 

FRil (2KE/(NM+HFI))EXP.5/2(3.1416) 

FRI- 22116.6 HZ 

10.13.3.2 OUT-PHASE LONGITUDINAL 

FR2- (2KE/(NN+MF2))EXP.5/2(3.1416) 

FR2w 21226.5 HZ 

10.13.3.3 FIRST BENDING NODE 

FBI" (8KE/NMMMF2))EXP.5/2(3.1416) 

FBI- 42453.0 HZ 

10.13.4 VORTEX SHEDDING VELOCITY 

10.13.4.1 PITCH (LANDA) 0.129 INCHES 

CONVOLUTION WIDTH (SONA). 0.084 INCHES 

LANDA/SIONAm 1.526 

FROM FIGURE 1 

UPPER STROUNAL NUMBER, SUN .39784 

LOWER STROUNAL NUMBER, SLI .16867

10.13.4.2 FOR FRI

Vu" 

VUE 

VL" 

VL.

FRI (SInA)/IU 

4693. FT/SEC 

FRI(SIGMA)/tL 

11069. FT/SC

CP683 
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1: i- 3.4.3 FOR FR2 

YU* 
VU" 

i -e . Vt.

CP63 
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FR2(SIOMA)/SU 

4504. FT/SEC 

FR2(I6MA)/SL 

10623.FT/SEC

10.13.4.4 FOR FBI 

VUJ FBi(SIGMA)/SU 

VU- 9008. FT/SEC 

VLi FBI(SIGNA)/SL 

VLa 21247. FT/SEC 

NO OVERLAP OCCURS BETWEEN THE BELLOS HOSE FLOW AND THE 

VORTEX SHEDDING RANGE THEREFORE NO ADDITIONAL ANALYSIS 

IS REQUIRED ON HOSE ASSEMBLY FOR INDUCED VIBRATION

10.1.1 PRESSURE DROP

10.14.1 LOSS* (FRICTION FACTOR)(L)(DENSITY)(V)EXP2/2D(0) 

LOSS* .000EO00 PSI/FT

'I 

C
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1140 REFERENCES 

11.0.1 TVA 80K A2-926892 

VERT.HOSE 47U 450-1003/1004 (PEN.NO.X-39A-I/-O) 

11.0.2 METAL BELLOWS CORP DRAWING 77• 

11.0.3 STANDARDS OF THE EXPANSION JOINT HANUFACTURERS 

ASSOCIATION (EJHA) FOURTH EDITION 

11.0.4 ASSESSMENT OF FLEXIBLE LINE FOR FLOW INDUCED 

VIBRATION - GEORGE C. MARSHAL SPACE FLIGHT CENTER 

REPORT NUMBER 20H02540.

I-

751

NBC JOB NO 14727

C, 

(i

C 

C 

C
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*Lt
•o to o: 

0P ~ATINO PRESSURE 

lDEfIGPE PRESSRE 

S OPERATING TEMPERATURE 

: DESIGN TEMPERATURE 

ROOM TEMPERATURE PROOF PRESSURE 

BURST PRESSURE 

-FLOW RATE, 

LINE SIZE 

NOTIONS

650 PSIG 

900 PSIG 

100 F 

150 F 

1350 PSIG 

3600 PSIG 

0.0 LB/SEC 

1.0 INCHES

CP683 
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was 
not so

THERMAL OFFSET, DT 

CYCLE LIFE 

VIBRATION OFFSET DV 

ALLOWABLE LOADS 

FORCE 

MOMENT

0.445 

10000 

0.470

N/A 

N/A

INCHES 

CYCLES 

INCHES 

LBS 

IN-LBS

AT 15 HZ

.....  

( 
( 

( 'I; 

(



S .12 HOSE DATA 

- ;i2.1 BASIC TUBE,OD 1.000 INCHES 

D OUTSIDE DIA, D i.310 INCHES 

INSIDE DIA, D 0.980 INCHES 

MEAN DIA, DP 1.145 INCHES 

THICKNESS. T 0.020 INCHES 

SPAN, W 0.165 INCHES 

PITCH, Q 0.129 INCHES 

LENGTH, L 18.625 INCHES 

NO OF CONVOLUTIONS, N 144

CP683 PAGE 57 PAG, 57

11.3 PERFORMANCE CONSTANTS

TP" T(D)EXP.5/(DP)EXP.5 

TPu 0.019 INCHES 

Q/2W. 0.39 

Q/2.2(DP(TP))EXP.5 0.40 

11.3.1 FROM FIGURE 38, EJNA STANDARDS 

CP" 0.72 

11.3.2 FROM FIOURE 39, EJMA STANDARDS 

CF" 1.50 , 

11.3.3 FROM FIGURE 40, EJHA STANDARDS 

CD- 1.56

(MATERIAL THINNING)

( 

C-.  C 

( * 

c -



S11i.4 PERFORMANCE EQUATIONS 

* .1.4.1 BELLOWS TANGENT CIR:UIFERENTIAL PRESSURE STRESS 

Sit (P)(D)(EB)/2((TC)(EC)+(N)(T)(EB)) 

SSi 2672 PhI 

SALLOWABLE STRESS ' 18550 PSI 

11.4.2 BELLOUS CIRCUHFERENTIAL MEMBRANE PRESSURE STRESS 

SS2= (P)(DP)/2N(TP)(.57l+2y/Q) 

S2" 8918 PSI 

SALLOWABLE STRESS * 18550 PSI

11.4.3 BELLOWS 

S3.  

S3* 

11.4.4 BELLOWS 

S4.  

S4.

CP683 
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( 

I

HERIDIONAL PRESSURE STRESS 

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

4012 PSI 

HERIDIONAL PRESSURE BENDING STRESS 

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

25822 PSI



' * * * : * .  S i5 EUIVALENT AXIAL MOTION DUE TO OFFSET 

ET= 3DP(DT)/N(L) (THERMAL) 

CET- 0.0005699 INCHES 

SEOIBE3DP(DOBE)/N(L) (SEISMIC

( EOBE- 0.0008287 INCHES 

SESSE 3DP(DSSE)/N(L) (SEISMIC

ESSE* 0.0012808 INCHES 

EV,= 3DP(DV)/N(L) (VIBRATION) 

EV- 0.0006020 INCHES

)BE) 

-SSE)

11.6 BELLOUS MERIDIONAL MEMBRANE DEFLECTION 

S5- EB(TP)EXP2(ET)/2(U)EXP3(CF) 

S5 434 PSI 

S5- EB(TP)EXP2(EOBE)/2(W)EXP3(CF) 

$5- 632 PSI 

S5- EB(TP)EXP2(ESSE)/2(M)EXP3(CF) 

5"- 977 PSI 

SSW EB(TP)EXP2(EU)/2(U)EXP3(CF) 

$5. 459 PSI

li.7 BELLOUS MERIDIONAL DEFLECTION STRESS 

S6 5SEB(TP)(ET)/3()EKP2(CD) 

56w 12376 PSI 

S6- SE»(TP)(EOBE)/3(U)W: P2(CD) 

S6 ' 17994 PSI 

569 S5C(TP)(ESSE)/3(U)EXP2(CD) 

$6. 27811 PS! 

S6 5Eb(TP)(EV)/3(U)EXP2(CD) 

56* 13071 PSI

STRESS 

(THERMAL) 

(SEISHIC-OBE) 

(SEISMIC-SSE)

(VIBRATION)

(SEISIC-OKE) 

(REISMIC-SSE) 

(VIBRATION)

CR683 
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S.S8 TOtAL CYCLIC STRESS 

S sT * <S3+S4)+S5+S6) 

SSTu 42646 PSI 

ST "* .7(S3+S4)+(S5+S6) 

SST. 39510 PSI 

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

ST" 49673 PSI 

ST * .7(S3+S4)+(SS+S6) 

ST. 34415 PSI

(THERMAL ) *

CR683 
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(SEiSHIC-OBE)w» 

(SEISHIC-SSE)** 

(VIBRATION)

SMODIFIED EJMA FATIGUE ANALYSIS BASED ON CYCLING PRESSURE.  

** EJMA FATIGUE ANALYSIS BASED ON CONSTANT PRESSURE.

11.9 CALCULATED LIFE 

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

NC- MORE THAN i.OEXP 8 CYCLES 

REQUIRED LIFE* 10000 CYCLES 

NC- HORE THAN 1.0EXP 8 CYCLES 

REQUIRED LIFE* 500 CYCLES 

NC HMORE THAN I.OEXP 8 CYCLES 

REQUIRED LIFE* 500 CYCLES 

NC- MORE THAN .O0EXP 8 CYCLES

(THERMAL)

(SEISMIC-OE) 

(SEISMIC-SS) 

(VIBRATION)

C

r_



li.iO BRAID ANALYSIS CP683 
. PAG8 6i 

UIRE DIA, D- .0250 INCHES PA 61 

NUMBER OF UIRES PER BUNDLE, Na 4 

NUMBER OF BUNDLES, B- 48 

ANGLE FROM HOSE AXIS, X-34 DEGREES 

UEIGHT'PER FOOT, WBU 0.390 LBS 

S1.10.1 END LOAD DUE TO PRESSURE.  

F" .7854(DP)EXP2(P) 

SF 926.71 LBS 

11.10.2 BRAID AREA, TOTAL 

A" .7854(D)EXP2(N)(B) 

A- 0.094 SQ INCHES 

11.10.3 BRAID STRESS 

ST- F/ACOSX 

ST- 11859 PSI 

ALLOWABLE STRESS 19550 PSI 

S11.11 SPRING RATES 

( .11.1 AXIAL SPRING RATE 

KA" 1.7(NP)(EB)(DP)(TP)EXP3/N(CF)(U)EXP3 

(KA 381.64 LB/IN C 

S11.11.2 OFFSET SPRING RATE ( 

KO 1l.5(DP)EXP2(KA)(Fl)/(L)EXP2 

K0O 6.49 LB/IN 

S 1.11.3 THERMAL DEFLECTION FORCES 

Fs (KDO)(T) 

F" 2.89 LB 

MAXlIUM ALLOMABE * N/A LB 

f



FI 
11.1i.4 

1 .- 2 1' 1i.12

DEFLECTION MOMENTS 

hM (F)(L)(F2)/2 

M- 80.69 IN-LB 

HAx UM ALLOWABLE 

NATURAL FREQUENCIES

CP683 
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N/A IN-LB

11.12.1 UEIGHT OF HOSE 

Ui« ((OD-D)N+.57(L))3.1416D(T)(.3) 

Uil 1.074 LBS 

11.12.2 WEIGHT OF FLUID 

U2- .7851(DP)EXP2(L)(.003486) 

U2- .669E-01 LBS 

11.12.3 WEIGHT OF BRAID 

W3* (BM)(L)/12 

U3- 0.605 LBS 

11.12.4 TOTAL WEIGHT 

Us UWi+2+U3 

UW 1.75 LBS

11.12.5 AXIAL VIBRATION (PARALLEL 

Fr 9.81(KA/U)EXP.5(F3) 

F- 253.8 HZ

Fs 19.6(KA/U)EXP.5(r3) 

Fm 507.6 HZ 

Fa 29.2(KA/M)EXP.5(F3) 

Fr 761.5 NZ 

f; 38.6(KA/U)EXP.5F3) 

Fe 1015.3 HZ

TO AXIS) 

(FIRST MODE)

(SECOND MODE)

(THIRD HODE) 

(FOURTH NODE)

0i, '9"



11.12.6 LATERAL VIBkATjON

24.8(DP/L)(KA/W)EXP.5(KVL) 

39.4 HZ 

68.2(bP/L)(KA/U)EXP.5(KVL) 

108.5 HZ 

133(DP/L)(KA/W)EXP.S(KVL) 

211.6 HZ 

221(DP/L)(KA/W)EXP.5(KVL) 

351.5 HZ

(FIRST NODE) 

(SECOND nONE) 

(THIRD MODE) 

(FOURTH NOE)

11.13 

11.13.1.3 

11.13.1.2 

11.13.2.2 

S11.13.2.2

FLOW INDUCED VIBRATION 

FLOW VELOCITY 

SYSTEM FLOW 

Q0 FR/ 0.0 Lt/CUFT/60 SEC/MIN 

0Q 0.000 CUFT/SEC 

FLOW AREA 

An .7854(D)EXP2 

An 0.0052 SOFT 

FLOW VELOCITY 

V. Q/A 

V. 0.00 FT/SEC 

METAL MASS 

NMe .3DP(T)3.1416(3.14t6A*+-2A)(.00325) 

Ms .0000113 Ll-(SEC)EXP2/1 N)EXP4 

FLUID MAft 

NFl-.00346DP(H) 43.1416) .0025)/2 (2A-T(NF)) 

nVKr .120E-06 LP-(SEC)EXP2/(IN)XP4 

NF2.003486DP(H)IEXP33.1416)/3DEL 

MF2, .109C-05 Lb-(SEC)IXP2/IWIN>)P4

PA683 
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11.1,3.2.3 

1:: 1.3.2.3 ... ,13.2,4 

Iti .13.3 

S11.13.3.1 

4 

, 11.13.3.2 

11.13.3.3 

11.13.4 

11.13.4.1

BELLOUS SPRING RATE 

FROM PARA 11.11.1 

KAw 381.64 LB/IN 

ELEMENTAL SPRING RATE 

KE= 2NCCKA) 

KE: 109912.31 LB/IN 

FREQUENCY RANGE (FLEX HOSE) 

IN-PHASE LONGITUDINAL 

FRI= (2KE/(H+MHF1))EXP.5/2(3.1416) 

FRI= 22091.4 HZ 

OUT-PHASE LONGITUDINAL 

FR2" (2KE/NMM+MF2))EXP.5/2(3.1416) 

FR2* 21209.0 HZ 

FIRST BENDING NODE 

FBIs (8KE/HMMMF2))EXP.5/2(3.1416) 

FBI= 42417.9 HZ 

VORTEX SHEDDING VELOCITY 

PITCH (LANDA)* 0.129 INCHES 

CONVOLUTION WIDTH (SIOMA)& 0.0 5 INCHES 

LANDA/SIGHA. 1.528 

FROM FIGURE 1 

UPPER STROUHAL NUMBER, SU= .39744 

LOWER STROUHAL NUiMER, SLu .16855

CP683 
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11.13.4.2 FOR FRI

VU* 

VUU 

VLw 

VL.

FRI(SIONA)/SU 

4706. FT/SEC 

FRI(SIONA)/SL 

1109S. FT/SEC

( 

4 
f t 

I' 

4



11t.1.4.3 FOR FR2

VU

vuVU= 

VL= 

VL-

CP683 
PAGE 65

FR2(SIGMA)/SU 

4518. FT/SEC 

CR2(SIGHA)/SL 

10654.FT/SEC

-11.13.4.4 FOR FBI 

VU= FBI(SIGMA)/SU 

VUw 9027. FT/SEC 

VLw FBi(SIGMA)ISL 

VL= 21309., F?/SEC 

NO OVERLAP GCCURS BETUEEN THE BELLOQS HCJE FLOU ANP ~ HE 

. :VORTEX SHEDDIAG RANGE THEKEFORE -N ADDITIONAL ANALYSir 

IS REQUIRED ON HOSE ASSEKBLY FOR INDUCED VIBRATION

-*- 1 14 PRESSURE DROP

1it,4.1 LOSS- ;P•ICTION 7 ACTOR)(L)(DESITY) 

-LI~!S .000E+00 P.I/FT

(V)EXP2/3D(O)

A.  

£ 

- . 4..

(

. t 

I.  

'4



MAETAL j.ýýr'4vS CORPOE-ATIO1I 
ml9? K4VA1e STREET? 

CNAISWW4TH, CA.LIWIIA $1311

FEPAU L r 

Yo4r 01* 

FL.ui~ Ip I

COMS4tIMATION.  

A4 9Dp TO1A

'OWEL (.0413)*I

-477 LB8 

s7.o'7&II 

-. 022 Lb

YJ EA WlJic4Irua 1.Iuits5 

(.)F~ X (H/e*, +9 4 f Irr PWos,+VERT. No se) qc$4I 

-7.04. LB5 

(C) ~' 734 ~ t 

Af 1e Ar I'l-4?/o 716r.1 AVI1urd arD6 
PIA~IVAL4J .IltS~~APaeN

tZ.o 

jZ. 1.



DOOM MC staJUM kAsoo -

ME1TAL '.,4!ý*V COOMI~ATION 44" I(- &r3P'72I 
3W7l KNOW* S1FT CAE. CUJTM TAE O ~g45j1*CPSOf~A~:t'~-ro TP A __ 7

12-3~. .SE15MIC FORCES (SSE)
12. 3. 1. DUE 70 Z.lVIr7/A

F~& 4 

(2.83) (2.4 ~1 s 

6.  

(b) e.~O~aZ ISO) $

(C=).F0".  

MoriAr 

12-A. DUEt Ta MAd

£S"VATIOM 76- -cr.. TA ZuIuTJzg 7.1;o 
P I VA &uE ( ft54~~ GeADSApVAfs

(A ~ A/Jb JEIJAMO FoRce)

JZ- 4. (1.  

iz. 4.z.
REF. PAPA 19it.Z, .1xo

/2.4.3 FS3& KSP. fAP Aoii 

Ot, ,g) C 4!*4) uPAPAo e.1d..

oo"Omý- - -



-PtIMGICLA REFL i5IcL p iii I 

MEIFT AL ý z CORPORATION f- ?.' 6,rnW1 cw sTRuT DATE C'T-_ 
cmATlrOVOO CALIFORMA 91311 1 _If_ #a -rb T A

P/N- 7774-1
I A51 CW

IZ~f.1.PUE to X.-WVITA 

F L 

F. /a(das. most + .- mmat/s +~ veer. i4os!r)A 

4 6 
>

Fr u F .Iups=s 
j E3 .

IZ.. 7TrA*. F06te 

1Z. 1. XA D/LT/p

Fx- Accs IDENT 

IZOV11TIA 4 

7.0. +6.7

A#VV JUjMc#* jorpcg D~gr 7.0 

#4ovA4~r#4T) + lA~lJ

1 48. 14L8 

~p) r; 
0iSes1igo Ab05'?

(b)



META ~AvCOVORATlON L i 
ftffl~SRU 
CHAISVO~lu.. CALaW.A% q I 9

IZ. 6.ZN

F, ZySTA4l-A'ri*IVP mrISAa4IV4cA#/fr fojtcc + 
A" e. AP c. 1C$I 01#C DU Tp AVov6A#giv7 

+ VIO$gA7*IV 

P-6? F'' ~. IpAl t fu. 3o 12"49 

=148.fi6 4S 

IZ. 6. 3. Lv opecra 

F OCAV 6491 ,94# +(ACCsp,#PTf A.40 %t1d$AuCFe 
Ou DUE /e /AP r/4 4 mpewrt. vimvrepoe 

-~~~~~KF PAOLA(sz..~.~3 

.y01CI 
-164.8 40 

)y F.

PAB

no 6:00 "U"aw 

C. 10'ej

PAN 001 69



METAL CO2POP.ATIONL. .45 ±' 
UMP R*CAPP VS7IT DAT 
@OTCAIvrNe. CAt IFOMA 2131 [f& 1-901 -r v A

P/N-777-rD

70

/z.7. Drov4mic. mvmvNT 

A4mDMr~ A*,wst 

Sat-teir AD.4proRs 

;!.'4E 4 8.*.4lj 

FL-01 IN 1-V441

.477 

.*97

£8 a .6F~ =. 33~ 

1-8 dA2.01oFI.m.Ier 

f J 8 at 4.55 $A . 2.*93 

OLB6 1-1 W-=.0 3 2 .'

1*TAj.. -k* 72 .

12 7 .1. A c-Cs PeoNT Amemgc/: 

12. 7. 1.1. u C or* jain rIAD 

(013.6 72(.5 jiml?5) 

0~ 'L RIPs. PARtA 12-.7

NP) MUY a 3.07%(-4) -81 TAw.A.  

11.7.3. MOHEAIr AT SOCkE'r Ao'Ajrost 

n 3.S3 (119 ) 

=4.q9 e-48 REF. 9'Aft.l4. 4.2.

114f*L

JA#- £5

- - - %A



METAL CýW'J CW-wPORATION1C P 7 
MS71~~~NN Swoon:II likU 

1.F 7 ~ ~ .Z43 

Il.7.. TOTAL A4Mo2N7 

1Z. 7 .4.1.Z 3 ir DRr/0PI 

i T& 7A L DE FLI cV ir MOMENT(I0,19L. LV~r4A.ATr,0) 

t$s~A, IAce/0v"T 091 74P *WpP#4fNT 

b..b 14 03 Aotve~A zu + cre'o 

M@'EVV¶o go"% ro iStc.  

R19F. P'A~thto.it. 4 #.I.  
SPieCDFIC.ATBON ALLa0S445S1 12-7.3.1.  

A4Jw .07076 

a.0707 (30,000)(.13 3 ) 

'1*33



P/ -7 77- IMETAL I&AW.CORPORATtON 44ý c. P. 3 
"m Ott CAT@ awman 
CMMORN.CAL1000ma, 1"311 4,- if -400 1 -r v A

M, DEAD '.ue.XJ/$A04e. Al*O AGLIQVMrr 

-3.07i* + (i4ciw WEM 

# M04*aqw, Ar JOeW6T AtbArT*.)J 

or3.o7z*t ((SIs4)Zl, 4 q~ 

- 33.SLI~d'.I5Ri.T YA.1/. I2*. IL.?.90 

m (Fk.)) ,L 

M F 1.) 3F.) 

*22. otg N 

A4~5 07o74

mqM *
.. 1

wmmvý

I , ';~



MEiAL 044;&Vw CORPORATION 
I ATW O r .CE lSI A I 
@OSM1001te. CAlW 00NA 91311

5NGINERI tPkFRLNCM OM S7* 41 0.la LP C~LYv/4A Ic-- ' "
I ATE Cl"4t 

t -I I - 'r I" ,/
~*'-I-J'L I I" FlE O

12.8. 714j1,Sq,* $L. MOad/vT

a .n 6 ( 0 t - ) , 
k P 9.* * t . 9* t; II. 1I.2.  

Jpt GE F & .A TI oN ALL A OLa 

- • (s. " **) .174 

&0= () ,' .o 

-.17f 
-.174

Dotd IJ Ao4DIEadrg

A1 = F .f

a I K03 &.)
I. a r E 4.  

4* &r r•I4E-l A Tso

P/N - 777, 4--~--

[(.=a9.) r.Is ) ,.,c? )J (c ..T



-in-----. __

METAL k-O CORPORATION 

64ATUMMMMUMC M I WIA Il

Jd~tN~h [~j'jR&ELwcUMCEO 

c
PARk - * W U W~ I

13.0Ti*-V Ar cawNCt Out TrO fta'oNst 

AcC~lDf.14T ShEISMI~C.orwa 
1&.0.1. LIANDER AC.CigPiJT C.04OSpayupN 

l3.o.i. e. ASS w-11ioNvs

F~otm

A. ScsI smic impaT ( I. 5 N 7: gýe)f * 

5.Ampi.ifeC.A-rjO# FAciorj. Is DOR11090 FROMu 
lUfSvL'r- of Tosr PATA -AN is eCoNSAtIjvIp.ER

C-60i SOR VA 7# Vus

4mlflyea/ fC4 4 o2Tpul' vis pLkcmwr, 
mogas4

(tc4EAJo~I

1 .00J37

~GIIA~'' bULAtvap 

3O r~ 

J(L.14)(.k.e31:) 

- n±o~o.  Le~ '.1 

3w 
~~FP I,

1* I~van y l

i:*~'~ *~~>

P IN -7 7 4

zmAp40 T.ot"6mr4

8$,7 67 13

P.lft

mm_-q

-or 

a7A
DATE 

+-I I - Pis

woajr fo%*p&w!1 , sas 19@ ,a,, i



JMETAL CORlPORATION 
M7 I M"~l N~ STREET 

ICHAAWOITH. C&LIWOMZA 91311

13. C.z.I
'J'/DU409/9l/ eO/A~ 

ASS5 UMTtON$

A. Sa ism#C c. u f 1a. i f) .(%.

L±ve.wr khAA,1,P CAT/

8s.7 3.45'Z

L-vviazaf &cul 
INt. 9

00072. ±,1.00416

EQ4JaVAL4:H-r AxIAL. I'fflj 04

(. S V) (. S 0 

3 (j.14f')f±...40) 
(49) t6. 1, ) -

Eb4 It,4 

Sr. ad 

= a~q gO)(,& (.±.eeeo4fl)z..t 3~

P$1
663 .its eIs ± i

FR ES~UZOC r

psi

13. 0. &a.



- ~METAL 
mmp romov liat 
o"6avmTh. CA

dC,.i-d CORPORATION 

LSFOWNA 91311

0.3. CrCI LI 4FE (AccIPENr -t O 

ST 27 S3+ 5,4 >+ (Ss I5(v) A~c ovev + ( 5-t 5,g~ 

6+86 112. + 6+1.; 

=~ IN/'#' 61 ~ i 

~ 5 c~IF~C~h~raoA, 'L.wAL 4o~c

Pf$s4 A. is .4ofamiTC



MZTAL ý4;k~ coRtpor.ATtON~ 

CIATnIS.~n4. CALIFOMdA g1311

14.0 LOsAPINO;:

XS'ufrA/ICOVZ t.OAP. (He- -34sa. 1 )

s&,= 4 tA +
.IS .t4 

i

dt~e 14A = mvmsAIT Dug To DEFL~cT .40,y it 
1 4momea OUa To ONAto wciotirT 

MOT Xi' Op9AATlot/4 . MGofgr rp ewFA.06T .jti-~ 

'App~i~okc,$TJ*. olCJSPAJ 

fpi.L- V'ALmrs u6Sp.

to 135 t 
4 f-133)

.7 OC A 1.+ ., Rto,)

=3.3¶17 Ass' (I < /S' CC & 
R P. R I~ta Iz 1i.4. 1Z.7.

P4 to,_ _ __ _ 41. 2 Jk. (Alt -s 4S 1. a)

qe, (1.3 If) 4 
4 (III)

.#IS U. 8) C 1 i40@ba % f3&2 
7C(1 )1,f 3

m %%%~e4 P$ /3 3 apit

a .S(". k~'" C1.0 Is sI

ompfol P~jfgm COOT

1%, AIco.#mom~9A W&s WASIP 00 $VAUEMO ddSO 8440 u(I6)

14.0f..

I.oS~

R9 F- PAIL h 12.7-4.1 0 12.7.4. Z





METAL CORPORATION 
3P? RMAPP StIT 

IAIwOmTw. CAUfOMmA *l39t

MoTrow * r 

ri4MAl4- A L.

(b) jE•S4Mc o0E 

* IS 

(C) SEISfIC SSt u 

15. . 3. MOTfol Fa y 

(&) r4 IA L. I

1HoRIionTAL. osL. i 

(.913) * .vi Smw.

I 3* (.s13 (s)]' 

.778 s.  

w(.4 rc. ( 1st 

(.4 87) * .487 *<

% 0

(t) $SKI4c o86£ -= +7 .4I7(.. +a.  

Sm .14S lu.

*- .*4' (.4D7t.S'1)J 

.. * * -t

IS. .2.  

(4M)

mmm

14 - -



METAL VAWCORPORATION 
aMUNW~ Ina 
@e"mTN, CMIU4oUm 131

Is..4.

I S.I. of*. .

IT'. 1.4. z.

Morio#V Fea VaS.FAruo'*N 

8 w (.0 os 1) fa f-is 1 

D a .043 wN. f ~~ swolur c~voiri.o) 

DIsPt.ACU.EEAr = +f.rll:!ftAIsm1I0

I'F4TicAt. oiesg.

I.

DISpSLA 09gN'&r 04 C -487 (. P43 +



t 

MBC JOB NO 14727 CR683 
PAKE it 

16.0 REFERENCES 

16.0.1 TVA 80K A2-826892 

HORIZ.HOSE 4?7 450-1047(PEN.NO.X-40A-I) 

16.0.2 METAL BELLOWS CORP DRAMING 77754 

16.0.3 ASiE BOILER AND PRESSURE VESSEL CODE, SECTION III 

C SUBSECTION NC CLASS 2 COMPONENTS 

S 16.0.4 STANDARDS OF THE EXPANSION J01NT MANUFACTURERS ( 

ASSOCIATION (EJMA) FOURTH EDITION 

16.0.5 ASSESSMENT OF FLEXIBLE LINE FOR FLO INDUCED 

VIBRATION - OEORGE C. MARSHAL SPACE FLIGHT CENTER 

REPORT NUMBER 20M02540.  

t 

4 .  

* f 

1 t 

4 4
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16.1 DESIGN CONDITIONS 

OPERATING PRESSURE 

DESIGN PRESSURE 

OPERATING TEMPERATURE 

DESIGN TEMPERATURE 

ROOM TEMPERATURE PROOF PRESSURE 

BURST PRESSURE 

FLOW RATE 

LINE SIZE 

PP" .OSS ALLOWUALE

1025 

1025 

70 

1537 

4100 

5 

1.0 

2.0

NOTIONS

THERMAL OFFSET, DT 

CYCLE LIFE 

OBE SEISMIC OFFSET, DOBE 

CYCLE LIFE 

SSE SEISMIC OFFSET, DSSE 

CYCLE LIFE 

VIBRATION OFFSET DV 

LIFE 

ALLOWABLE LOADS 

FORCE 

MOMENT

0.513 

10000 

0.776 

500 

1.130 

500 

0.530 

40 

N/A 

N/A

PSIS 

F 

r 

PflG 

F 

PSIO 

PSI6 

6PM 

IPS 

PSI/FT 

INCHES 

CYCLES 

INCHES 

CYCLES 

INCHES 

INCHES 

YEARS 

LUS 

IN-LuS

PAGE 82

AT IS HZ 

(EE NOTE)

NOTE: 

THE TEN "YEARS OF SERVICE EXPRESSED OR IMPLIED IN THE B3SOlN 
SPECIFICATION FOR THIS UNIT IS INTERPRETED Y METAL ILLMIS uCO 
TO DI A DESIuN OBJECTIVE ONLY. NETAL BELLOUS ENSINEERINS HAS TO 
THE VEST OF ITS ABILITY, BAMI) ON INFORNATION FURNISMD AND OENEML 
APPLICATION KNOWLEDE, TRIED TO DEFINE ALL OF THE SERVICE PARAMETER 
THAT MOULD E IMPOSED DURING "tERVICE LIFEt AND EVNTUALLY REULT IN 
FATIWUE FAILURE, HOWERVE. IT MUST K APPRSCIATED THAT THERE AME 
PRACTICAL LINITATIONS IN IMEININ ALL CONSITIONS IMPOSB ON A UNIT 
DURING ITS "ERVICE LIFE" AND FOR THIS REASON THE UNIT WILL K 
SUBJECT TO ALL TERMS AN CONDITIONS OP METAL ELLONS CORPORATION 8 
STANDARD MARANTY



16.2 

16.2.1 

4

HOSE DATA 

BASIC TU3E,OD 

OUTSIDE DIA, OD 

INSIDE DIA, D 

MEAN DIA, DP 

THICKNESS, T 

SPAN, U 

PITCH, Q 

LENGTH, L 

NO OF CONVOLUTIONS, N

CR683 
PAKS 83 
0M413~ 

91a U
INCHES 

INCHES 

INCHES 

INCHES 

INCHES 

INCHES 

INCHES 

INCHES 

*~C

16.3 PERFORMANCE CONSTANTS

TPm T(D)EXP.5/(DP)EXP.5 

TPr 0.019 INCHES 

Q/2V* 0.39 

Q/2.2(DP(TP))EXP.5w 0.40

(MATERIAL THINNINB)

16.3.1 FROM FIGURE 38, EJMA STANDARDS 

CP" 0.72 

16.3.2 FROM FIGURE 39, EJNA STANDARMD 

CFr 1.50 

16.3.3 FROM FIGURE 40, IJNA STANDARMS 

CDl 1.56

1.000 

1.310 

0.980 

1.145 

0.020 

0.165 

0.129 

19.625 

152



16.4 

16.4.1

PERFORMANCE EQUATIO1NS 

BELLOWS TANGENT CIRCUMFERENTIAL PRESSURE STRESS 

Sil (P)(D)(EB)/2((TC) EC)+(N)(T)CEB)) 

Si 3043 PSI 

CODE ALLOWABLEw 18700 PSI

CR683 
PAGE 84

16.4.2 BELLOWS CIRCUMFERENTIAL MEMBRANE PRESSURE STRESS 

S2< (P)(DP)/2N(TP)(.57t*2U/Q) 

S2w 10142 PSI 

CODE ALLOWABLE- 18700 PSI

16.4.3 BELLOWS 

S3.  

S3= 

1..4.4 BELLOWS 

S40 

S4=

HERIDIONAL PRESSURE STRESS 

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

4570 PSI 

HERIDIONAL PRESSURE BENDING STRESS 

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

29424 PSI

€



·; 

i··

16.6 BELLOWS MERIDIONAL MEMBRANE DEFLECTION 

55. EB(TP)EXP2(ET)/2(u)EXP3(CF) 

S5* 450 PSI 

SS* EB(TP)EXP2(EOBE)/2(U)EXP3(CF) 

S5- 683 PSI 

SS5 EB(TP)EXP2(ESSE)/2(W)EXP3(CF) 

S$5 993 PSI 

SS EB(TP)EXP2(EV)/2(U)EXP3(CF) 

S5- 465 PSI

CR 83 
PAGE 85

16.5 EQUIVALENT AXIAL NOTION DUE TO OFFSET 

ET" 3DP(DT)/N(L) (THERNAL) 

ET- 0.0005907 INCHES 

EOBE-3DP(DOBE)/N(L) (SEISnIC-4 

EOBE= 0.0008959 INCHES 

ESSE- 3DP(DSSE)/N(L) (SEISMIC 

ESSE- 0.0013012 INCHES 

EV- 3DP(DV)/N(L) (VIBRATION) 

EVu 0.0006103 INCHES

STRESS 

(THERMAL) 

(SEISHIC-OVE) 

(SEISMIC-SSE) 

(VIBRATION)

16.7 BELLOWS MERIDIONAL DEFLECTION STRESS 

S6" 5EB(TP)(ET)/3(U)EXP2(CD) 

S6" 12834 PSI 

S6- 5EBITP)(EOBE)/3(M)EXP2(CD) 

S6- 19464 PSI 

S6w 5EB(TP)(ESSE)/3(U)EXP2(CD) 

S6* 28270 PSI 

S6. 5EB(TP)(EV)/3(U)EXP2(CD) 

S6* 13259 PSI

(THERMAL) 

(SEISMIC-OlC) 

(VIBRATION)

~~--2,: ·;:·;·;;·.·: 
5-.· i; i 
-··I:? 

6;"" 

· · 

,, 

·:-

( 1*

KIE) 

-SSE)



16.8 TOTAL CYCLIC STRESS 

I ST * (<3+S4)+(CSS+6) 

ST= 47280 PSI 

ST * .7(S3*S4)+(S5+S6) 

( STs 43944 PSI 

ST * .7(S3+S4)+(S5+S6) 

STa 53060 PSI 

<ST * .7(S3+S4)+(SS+S6) 

ST" 37522 PSI

CR683 
PAGE 80

(THERMAL)I

(SEISHIC-OBE)e*

(SEISHIC-SSE)e* 

(VIBRATION)

* MODIFIED EJMA FATIGUE ANALYSIS BASED ON CYCING PRESSURE.  

** EJMA FATIGUE ANALYSIS BASED ON CONSTANT PRESSURE.

16.9 CALCULATED LIFE 

NC. ((C)(TF)/(ST-8))EXP3.4 

NC NMORE THAN I.OEXP I CYCLES 

REQUIRED LIFE. 10000 CYCLES 

NC- NORE THAN 1.OEXP O CYCLES 

REQUIRED LIFE* 500 CYCLES 

NC- NORE THAN i.OEXP O CYCLES 

REQUIRED LIFE* 500 CYCLES 

NC- NORE THAN .IOEXP 1 CYCLES

(THERNAL) 

(SEISNIC-OSt) 

(SEINIC-SSN) 

(VIBRATION)



[,'.  
16.10 BRAID ANALYSIS CR683 

PAGE a7 WIRE DIA, Do .0250 INCHES 

NUMBER OF WIRES PER BUNDLE, N* 4 

NUMBER OF BUNDLES, B3 48 

ANGLE FRON HOSE AXIS, X,34 DEGREES 

WEIGHT PER FOOT, BW, 0.390 LBS 

16.10.1 END LOAD DUE TO PRESSURE 

F* .7854(DP)EXP2(P) 

* Fe 1055.42 LBS 

16.10.2 BRAID AREA, TOTAL 

As .7854(D)EXP2(N)(B) 

SA 0.094 SQ INCHES 

16.10.3 BRAID STRESS 

ST. F/ACOSX 

(  ST. 13506 PSI 

CODE ALLOWABLE* 18700 PSI 

16.11 SPRING RATES 

16.11.1 AXIAL SPRING RATE 

KA 1I.7(NP)(EB)(DP)(TP)EXP3/N(CF)()WEXP3 

£ KA" 361.79 LB/IN 

16.11.2 OFFSET SPRING RATE 

KO l,.5(DP)EXP2(KAl) Fl)/(L)EXP2 

KO, 5.54 LB/IN 

( 6.11.3 THERNAL DEFLECTION FORCES ' 

Fa (KO)(DT) 

Fe 2.84 LB 

SMAIINUM ALLOWABLE * N/A LBS



r.1 

16.11.4 D 

16.12 Nd

EFLECTION HONENT$ 

* (F)(L)F2)/2 

- 83.69 IN-LB 

NAXINMUI ALLOWABLE , 

ATURAL FREOUENCIES

PAM 

NA IN-LD 

IllrLc

S 16.12.1 WEIOHT OF HOfE 

Wm (tOI-D)N+.57(L))3.1416D(T)(.3) 

Ulr 1.133 LDS 

16.12.2 WEIGHT OF FLUID 

:U2 .7SSi(DP)EXP2(L)(.036) 

W2w 0.727 LU 

16.12.3 WEIGHT OF BRAID 

M3= (<M,(L)/12 

13. 0.63 LUB 

16.12.4 TOTAL WEIGHT 

WI 2.50 LU

16.12.5 AXIAL VIBRATION (PARALLEL 

F, 9.01(KA/I)EXP.5(P3) 

Fe 206.6 HZ 

Fe 19.6(KA/M)ELP.S(F3) 

Fm 413.2 MZ 

Fe 29.2(KA/M)EXP.5(P3) 

Fa 619.6 HZ 

Fr 3U.6(KA/U)EXP.S(nt 

Fe 626.4 HZ

TO AXS) 

(FmRST MOK) 

SECOND NSE) 

(THRS NMO) 

(FOURTH NOSE)



16.S2.6 LATERAL VIBRATION 

F- 24.8(<P/L)<(IA/U)EXP.S(KVL) 

FI 30.3 HZ 

F- 6.2CP/L) (KtU)EXP.StKVL) 

F- U3. HZ 

Fe 133P(l/L) KA/W)EXP.t(KVL) 

F* 163.4 HZ 

Fr 22t1DP/L)(KA/Y)EXP.StKUL) 

Fe 271.5 HZ

(FIRST NME) 

(SECOND NODE) 

(THRU HNODE) 

(FOURTH NOW)

16.13 

16.i3.1 

1i6.i3.1.1 

16.13.1.2 

16.13.1.3 

16.13.2 

16.13.2.1 

6.3tS.2.2

FLOW INDUCED VIDtATION 

FLOWU VELOCITY 

SYST FLOU 

0* FR/7.40ALW/CUFT/O6EC NIN 

QO 0.011 CUFT/SEC 

FLOW AREA 

Am .?854()EXP2 

A 0.0052 SOFT 

FLOU VELOCITY 

V.* /A 

V, 2.13 FT/SrEC 

NETAL NAS 

Me .3<P(T)3.1416(3.141i6A+-2A)(.002Sm) 

NNM .0000113 LB-(ICC)ICEP2/(IN)P4 

FLUID HNAs 

WFl .036oP(H 3.1416)(.00258)/2(a-T(NF(W 

Wis .0000012 LJ-(IC)IXP2/t(INIXP4 

WF2 .036OP(H)IXP343.1416)/39L 

MF2 .0000113 LI-(SECC)IP2/(IN)IP4

PM



16.13.2.3

16.13.2.4

BELLOUS SPRING RATE 

FROM PARA 16.11.1 

KA» 361.79 LS/IN 

ELEMENTAL SPRING RATE 

KEr 2NC(KA) 

KEr 109985.56 LB/IN

t 16.13.3 

16.13.3.1 

16.13.3.2

16.13.3.3

16.13.4 

16.13.4.1 

4

16.13.4.2

FREQUENCY RANGE (FLEX HOSE) 

IN-PHASE LONGITUDINAL 

FRi- (2KE/(Ot+HFI))EXP.5/2(3.1416) 

FRI- 21096.6 HZ 

OUT-PHASE LONGITUDINAL 

FRe- (2KE/(Nt+NF2))EXP.5/2(3.14i6) 

FR2- 15715.4 HZ 

FIRST BENDING NODE 

FBI- (8KE/MHN-F2))EXP.5/2(3.I416) 

FBl- 31430.9 HZ 

VORTEX SHEDDING VELOCITY 

PITCH (LANDA)m 0.129 INCHES 

CONVOLUTION WIDTH (SIGBA)* 0.015 INCHES 

LAMDA/SIGMAr 1.527 

FROM FIGURE 1 

UPPER STROUHAL NUMBER, SUN .39762 

LOWER STROUHAL NUHWNR, SL.* *1660

FOR FRI 

VU- FRi(SIBNA)/SU 

UU, 4486. FT/SEC 

VL. FRI(SIOMA)/SL 

VUL 10560. FT/StC

CRA83 
PAhE 90



r.  
K 
r; 
; 

"·: 

-.

FR2(SIMNA)/SU 

3342. FT/SEC 

FR2( SlIA)/SL 

7882.FT/SEC

16.13.4.4 FOR FtL 

VUI FBI(SIONA)/SU 

VUI 6684. FT/SEC 

VL FBi (SIOHA)/SL 

VL• 15763. FT/SEC 

NO OVERLAP OCCURS BETMEN THE BELLOWS HO FLOM AND THE 

VORTEX SMHDDIN RANGE THEREFOE NO ADDITIONAL MAAL.YS 

IS REQUIRED ON HOSE ASSENMLY FOR INDUCED VIATION

1 16.14 PRESSURE DROP

( 16.14.1 LOSS& (FRICTION FACTOR)(L)(ENUITY)(VtIEXP2/2t) 

LOSSw 0.03 PSI/FT 

PRESSURE LOSS ALLOWAdLE 2.0 PSIFT

(

,6.13.4.3 FOR FR2 

VU, 

VU, 

VL

VLI

I "
PCM '1



MBC JOB NO 14727 CR683 
PAGE 92 

17.0 REFERENCES 

17.0.1 TVA 0BK A2-826892 

VERT. HOSE 47W 450-1047 (PEN.NO.X-40A-I) 

S 17.0.2 METAL BELLOWS CORP DRAMINO 77754 

17.0.3 ASHE BOILER AND PRESSURE VESSEL CODE, SECTION III ( 

SUBSECTION NC CLASS 2 COKPONENTS 

17.0.4 STANDARDS OF THE EXPANSION JOINT MANUFACTURERS 

ASSOCIATION (EJNA) FOURTH EDITION 

X( 
17.0.5 ASSESSMENT OF FLEXIBLE LINE FOC FLOW INDUCED 

VIBRATION - GEORGE C. MARSHAL SPACE FLIGOH CENTER 

REPORT NUMBER 20M02540.  

( 

( ( 

t



I

THERMAL OFFSET, DT 

CYCLE LIFE 

OBE SEISMIC OFFSET, 

CYCLE LIFE 

SSE SEISMIC OFFSET, 

CYCLE LIFE 

VIBRATION OFFSET DV 

LIFE 

ALLOWABLE LOADS 

FORCE 

MOMENT

DOBE 

DSSE

DESIGN CONDITIONS 

OPERATe. 3 PRESSURE 

DESIGN PRESSURE 

OPERATING TEMPERATURE 

DESIGN TEMPERATURE 

ROOM TEMPERATURE PROOF PRESSURE 

BURST PRESSURE 

FLOW RATE 

LINE SIZE 

PRESSURE LOSS ALLOWABLE 

MOTIONS

1025 

1025 

70 

70 

1537 

4100 

5 

1.0 

2.0 

0.487 

10000 

0.745 

500 

1.090 

500 

0.510 

40 

N/A 

N/A

PSIG 

PSIG 

F 

F 

PSOI 

PSIG 

OPM 

IPS 

PSI/FT 

INCHES 

CYCLES 

INCHES 

CYCLES 

INCHES 

CYCLES 

INCHES 

YEARS

LBS 

IN-LBS

NOTE: 

THE TERM "YEARS OF SERVICE* EXPRESSED OR IMPLIED IN THE DESIGN 
SPECIFICATION FOR THIS UNIT IS INTERPRETED BY HETAL BELLOWS CORP 
TO BE A DESIGN OBJECTIVE ONLY. METAL BELLOWS ENGINEERING HAS TO 
THE BEST OF ITS ABILITY, BASED ON INFORMATION FURNISHED AND GENERAL 
APPLICATION KNOWLEDGE, TRIED TO DEFINE ALL OF THE SERVICE PARAMETERS 
THAT WOULD BE IMPOSED DURING "SERVICE LIFE" AND EVENTUALLY RESULT IN 
FATIGUE FAILURE, HOWEVER, IT MUST BE APPRECIATED THAT THERE ARE 
PRACTICAL LIMITATIONS IN DEFINING ALL CONDITIONS INPOSED ON A UNIT 
DURING ITS "SERVICE LIFE' AND FOR THIS REASON THE UNIT WILL BE 
SUBJECT TO ALL TERMS AND CONDITIONS OF METAL BELLOWS CORPORATION S 
STANDARD WARRANTY

CR683 
PAGE 93 

AT 15 HZ 

(SEE NOTE)



17.2 

S17.2.1

HOSE DATA 

BASIC TUBE,OD 

OUTSIDE DIA, OD 

INSIDE DIA, D 

MEAN DIA, DP 

THICKNESS, T 

SPAN, U 

PITrH, Q 

LENGTH, L 

NO OF CONVOLUTIONS, N

17.3 PERFORMANCE CONSTANTS

TP- T(D)EXP.5/(DP)EXP.% 

TP= 0.019 INCHES

(MATERIAL THINNING)

Q/2U= 0.39 

Q/2.2(DP(TP))EXP.5= 0.40 

17.3.1 FROM FIGURE 38, EJMA STANDARDS 

CP- 0.72 

17.3.2 FROM FIGURE 39, EJMA STANDARDS 

CF& 1.50 

17.3.3 FROM FIGURE 40, EJMA STANDARDS 

CD- 1.56

CR683 
PAGE 94

1.000 

1.310 

0.980 

1.145 

0.020 

0.165 

0.129 

18.625 

144

INCHES 

INCHES 

INCHES 

INCHES 

INCHES 

INCHES 

INCHES 

INCHES



S 17.4 PERFORMANCE EQUATIONS 

17.4.1 BELLOWS TANGENT CIRCUMFERENTIAL PRESSURE STRESS 

Sil (P)(D)(EB)/2((TC)(EC)+(N)(T)(EB)) 

Sil 3043 PSI 

CODE ALLOWABLE= 18700 PSI 

17.4.2 BELLOWS CIRCUMFERENTIAL MEMBRANE PRESSURE STRESS 

S2- (P)(DP)/2N(TP)(.571+2y/Q) 

S2- 10157 PSI 

CODE ALLOWABLE= 18700 PSI 

17.4.3 BELLOWS MERIDIONAL PRESSURE STRESS 

S3< (P)(W)/2N(TP) 

1 S3" 4570 PSI 

17.4.4 BELLOWS MERIDIONAL PRESSURE BENDING STRESS 

S4" (P)(CP)(W/TP)EXP2/2N 

S4" 29408 PSI

( 
(I
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17.5 EQUIVALENT AXIAL NOTION DUE TO OFFSET 

ET- 3DP(DT)/N(L) (THERMAL) 

ET- 0.0006237 INCHES 

EOBE-3DP(DOBE)/N(L) (SEISMIC

EOBE- 0.0009542 INCHES 

ESSE" 3DP(DSSE)/N(L) (SEISMIC 

ESSE- 0.0013960 INCHES 

EVn 3DP(DV)/N(L) (VIBRATION) 

EV- 0.0006532 INCHES

17.6 BELLOWS MERIDIONAL MEMBRANE DEFLECTION 

S5» EB(TP)EXP2(ET)/2(W)EXP3(CF) 

( 35- 475 PSI 

S5- EB(TP)EXP2(EOBE)/2(U)EXP3(CF) 

S"S 727 PSI 

S5- EB(TP)EXP2(ESSE)/2(W)EXP3(CF) 

5 ' 1065 PSI 

S5- EB(TP)EXP2(EV)/2(W)EXP3(CF) 

5 - 498 PSI
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O8E) 

-SSE)
I

STRESS 

(THERMAL) 

(SEISMIC-OBE) 

(SEISMIC-S•E) 

(VIBRATICT )

17.7 BELLOWS HERIDIONAL DEFLECTION STRESS 

56A 5EB(TP)(ET)/3(W)EXP2(CD) 

36w 13544 PSI 

S6A 5EB(TP)(EOBE)/3(U)EXP2(CD) 

S6- 20719 PSI 

S6- 5SE(TP)(ESSE)/3(W)EXP2(CD) 

56- 30314 PSI 

S6- 5EB(TP)(EV)/3(UW)EP2(CD) 

56O 141i3 PSI

(THERNAL) 

(SEISMIC-OE) 

(SEISMIC-sE) 

(VIBRATION)

ii i 1C·l 

I:: 

· ,i··



17.8 TOTAL CYCLIC STRESS 

ST = (S3+÷4)+(<5+6) 

ST* 47999 PSI 

ST * .7(53+S4)+(rS+S6) 

ST= 45232 PSI 

ST * .7(S3+S4)+(S5+6) 

ST= 55164 PSI 

ST w .7(S3+S4)+(S+S36) 

STo 38467 PSI

(THERMAL)*
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(SEISHIC-OBE)** 

(SEISMIC-SSE)** 

(VIBRATION)

* MODIFIED EJNA FATIGUE ANALYSIS BASED ON CYCLING PRESSURE.  

** EJMA FATIGUE ANALYSIS BASED ON CONSTANT PRESSURE.

17.9 CALCULATED LIFE 

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

NC= HORE THAN .O0 EXP 8 CYCLES 

REQUIRED LIFEw 0000 CYCLES 

NC= MORE THAN i.OEXP 8 CYCLES 

REQUIRED LIFE- 500 CYCLES 

NC= MORE THAN 1.OEXP 8 C., .ES 

REQUIRED LIFE- 500 CYCLES 

NC. MORE THAN I.OEXP 8 CYCLES

(THERMAL) 

(SEISMIC-OBE) 

(SEISMIC-SSE) 

(VIBRATION)

( 1



17.10 BRAID ANALYSIS CF.683 
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UIRE DIA. D- .0250 INCHES 

NUMBER OF WIRES PER BUNDLE, N, 4 

4 NUNMER OF BUNDLES, BI 48 ( 

ANGLE FROM HOSE AXIS, X034 DEGREES 

WEIGHT PER FOOT, BU* 0.390 LBS 

17.10.1 END LOAD DUE TO PRESSURE 

i F- .7854(DP)EXP2(P) € 

F, 1055.42 LBS 

17.10.2 BRAID AREA, TOTAL 

SA-n .7854(D)EXP2(N)(B) ( 

An 0.094 SQ INCHES 
( C 

17.10.3 BRAID STRESS 

( ST- F/ACOSX ( 

ST* 13506 PSI 

CODE ALLOWABLE- 18700 PSI 

17.11 SPRING RATES 

17.11.1 AXIAL SPRING RATF 

I KAw 1.7(NP)(EB)(DP)(TP)EXP3/N(CF)(W)EXP3 

KA, 381.64 LB/IN 

17.11.2 OFFSET SPRING RATE 

KO- 1,5(DP)EXP2(KA)(F)/(L)EXP2 

( KO- 6.49 LB/IN 

17.11.3 THERMAL DEFLECTION FORCES 

Fe (KO)(DT) 

SFo 3.16 LB 

IAXI•UN ALLOWABLE * N/A LBS
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( 17.11.4 DEFLECTION MOMENTS 

Mw (F)(L)(F2)/2 

Mn 88.31 IN-LB

17.12 

17.12.1

MAXIMUn ALLOWABLE 

NATURAL FREQUENCIES

P/A IN-LB

WEIGHT OF HOSE 

UI- ((OD-D)N+.57(L))3.1416D(T)(.3) 

W1i 1.074 LBS

0 17.12.2 WEIGHT OF FLUID 

U2n .7851<DP)EXP2(L)(.036) 

U2- 0.690 LBS

17.12.3 WEIGHT OF BRAID 

( U3w (BU)(L)/12 

U3w 0.605 LBS 

17.12.4 TOTAL WEIGHT 

WU Ul+U2+W3 

W Mu 2.37 LBS

( 17.12.5 AXIAL VIBRATION (PARALLEL 

Fe 9.81(KA/W)EXP.5(F3) 

Fs 217.9 HZ 

( Fo 19.6(KA/W)EXP.5(F3) 

F" 435.8 HZ 

Fe 29.2(KA/W)EXP.5(F3) 

( eF 653.6 HZ 

Fe 3S.6(KA/W)EXP.5(F3) 

Fm 671.5 HZ

TO AXIS) 

(FIRST MODE) 

(SECOND HO0E) 

(THIRD MODE) 

(FOURTH HODE)



17.12.6 LATERAL VIBRATION 

F" 24.8(DP/L)(KA/U)EXP.5(KVL) 

Fm 33.9 HZ 

Fa 60.2(DP/L)(KA/W)EXP.5(KVL) 

Fu 93.1 HZ 

F- 133(DP/L)(KA/W)EXP.5(KUL) 

F- 181.6 HZ 

Fa 221(DP/L)(KA/W)EXP.5(KVL) 

F- 301.8 HZ

.13 
17.13.  

17.13.1.1 
4

17.13.1.2 

17.13.1.3

(FIRST' ODE) 

(SECOND MODE) 

(THIRD NODE) 

(FOURTH HODE)
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FLOW INDUCED VIBRATION 

FLOW VELOCITY 

SYSTEM FLOW 

0- FR/7.480AL/CUFT/60SEC HIN 

0Q O.O01 CUFT/SEC

FLOW AREA 

A* .7854(D)EXP2 

A- 0.0052 SOFT 

FLOW VELOCITY 

V 0Q/A

V" 2.13 FT/SEC 

I 17.13.2 METAL MASS

( 17.13.2.1 

(

17.13.2.2

HMh .3DP(T)3.1416(3.1416A+H-2A)(.00253) 

MHH .0000113 LI-(SEC)EXP2/(IN)EXP4 

FLUID MASS 

NHFi .036DP(H)(3.1456)(.0025S)/2((2A-T(NF)) 

NMFl .0000012 LB-(SEC)EXP2/(IN)EXP4 

MF2- .036DP(H)EXP33.14i6)/3DEL 

MF2m .0000112 LI-(SEC)EXP2/(IN)EXP4

t'



S17.13.2.3 BELLOWS R~stG RATE 

.FROM PARA 17.11.1 

KA" 381.64 LB/IN 

( 17.13.2.4 ELEMENTAL SPRING RATE 

KE, 2NC(KA) 

KEu 109912.31 LB/IN
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17.13.3 FREQUENCY RANGE (FLEX HOSE) 

17.13.31 IN-PHASE LONGITUDINAL 

SFRI- (2KE/(HN+HFI))EXP.5/2(3.1416) 

FRi= 21083.8 HZ 

17.13.3.2 OUT-PHASE LONGITUDINAL 

( FR2= (2KE/(MM+NF2))EXP.5/2(3.1416) 

FR2- 15715.0 HZ 

17.13.3.3 FIRST BENDING MODE 

( FBI= (8KE/HMMHF2))EXP.5/2(3.1416) 

FBIt 31438.0 HZ 

17.13.4 VORTEX SHEDDING VELOCITY 

S17.13.4.1 PITCH (LANDA)* 0.129 INCHES 

CONVOLUTION WIDTH (SIGMA)w 0.085 INCHES 

LANDA/SIGMA- 1.528 

FROM FIGURE 1

UPPER STROUNAL NUMBER, SUN .39744 

LOWER STROUNAL NUMBER, SL" .16855

17.13.4.2 FOR FRI 

VU- FRI(SIOMA)/SU 

VUN 4492. FT/S[C 

VLs FRI(SIOA)/SL 

VLI 10591. FT/SEC

(c



17.13.43 FOR 

17.13.4.4 FOR

FR2 

-VUm 

VU

VLM 

VL

FBI 

VU

vu

VLw 

VL-
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FR2(SIGHA)/SU 

3349. FT/SEC 

FR2(SIONA)/SL 

7896.FT/SEC 

FBI(SItMA)/SU 

6698. FT/SEC 

FBi(SIBMA)/SL 

15793. FT/SEC

NO OVERLAP OCCURS BETWEEN THE BELLOWS HOSE FLOW AND THE 

VORTEX SHEDDING RANGE THEREFORE NO ADDITIONAL ANALYSIS 

IS REQUIRED ON HOSE ASSEMBLY FOR INDUCED VIBRATION

PRESSURE DROP

17.14.1 LOSSm (FRICTION FACTOR)(L)(DENSITY)(V)EXP2/2D(0) 

LOSS- 0.03 PSI/FT 

PRESSURE LOSS ALLOWABLE* 2.0 PSI/FT

1'

(.

17.14




