Qi 8

10.9

‘N

TOTAL CYCLI C STRESS

ST * (S3+S4)+(S5+S6)
ST- 48610 PSI

ST " .7(S3+S4)+(S+S6)
STW 42274 PSI

ST = .?(S3+S4) +( S5+S6)
ST= 45836 PSI

ST - .7(S3+$4) +(95+S6)

ST- 40900 PsSI

CALCULATED LI FE

( THERMAL)*

( SEI SM C- OBE) **

(SEISMIC-SSE)**

(VIBRATION)

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

NC= MORE THAN |.COEXP 8 CYCLES

REQUI RED LI FE- 10000 CYCLES

NC- MORE THAN i.CEXP 8 CYCLES

REQUI RED LI FE"
NC' MORE THAN |.OEXP 8
REQUI RED LI FEI

NC- MORE THAN 1. 0EXP 8

500 CYCLES
CYCLES
500 CYCLES

CYCLES

EJMA FATI GUE ANALYSI S BASED ON CONSTANT PRESSURE.

( THERMAL)

( SEI SM C- CBE)

(SEISMIC-SSE)

(VIBRATION)

CR683
PAGE

* MODI FI ED EJMA FATI GUE ANALYSI S BASED ON CYCLI NG PRESSURE.
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10. 10

10. 101

10. 10. 2

10. 10. 3

10.11i

10.11.1

10.11..2

S10.11.3

BRAI D ANALYSI S

WRE D: A, D* .0250 INCHES

NUMBER OF W RES PER BUNDLE, Na
NUMBER OF BUNDLES, B= 48

ANGLE FROM HOSE AXI'S, X- 34 DEGREES

MElI GHT PER FOOT, BU  0.390 LBS

END LOAD DUE TO PRESSURE
F

. 7854( DP) EXP2( P)

F

926.71 LBS
BRAI D AREA, TOTAL

i

. 7854( D) EXP2(N) ( B)
As 0.094 SQ | NCHES
BRAI D STRESS
ST= F/ ACOSX
ST= 11859 PS|

ALLOMBLE STRESS * 18550 PSI
SPRI NG RATES

AXI AL SPRI NG RATE
KA- |.?(NP) (EB) (DP) ( TP) EXP3/ N( CF) (W EXP3

KA- 561.62 LB/IN

OFFSET SPRI NG RATE
KOw 1. 5(DP) EXP2( KA) (Fl )/ (L)EXP2
KO' 20.79 LB/IN

THERVAL DEFLECTI ON FORCES
Fa (KO) (DT)
Fl 6.24 Lb
MAXI MUM ALLOMBLE * N A LBS

CP683
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10.t. 4

10.

10.

10.

10.

10.

10.

12

12. 1

12. 2

12. 3

12. 4

12.5

DEFLECTI ON MOMENTS
hi (F)(L)(F2)/2
M 118.10 IN-LB
MAXI MUM ALLOQUABLE * N/A IN-LB

NATURAL FREQUENCI ES

VEl GHT OF HOSE
St ((ODD)N+. 57(L))3.1416D(T) (. 3)
Ui« 0.730 LBS

WEI GHT OF FLUID
W2 . 7851( DP) EXP2(L) (. 003486)

W= . 453E-01 L-—.

WEI GHT OF BRAID
V8" (PM (L)/12
We  0.410 LBS

TOTAL WEI GHT
W UL+W2+WB

W 1.19 LBS

AXI AL VI BRATI ON ( PARALLEL TO AXI S)

F- 9.81( KA/ W EXP. 5( F3) (FI RST NODE)
Fe 373.6 HZ

F- 19. 6( KA/ U) EXP. 5( F3) ( SECOND NODE)
F- 747.2 HZ

Fe 29.2( KA/ W EXP. 5( F3)
F-  1120.8 HZ

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

F' 1494.5 HZ

(THI RD NODE)

CP683
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10, 12.
t Ol

10. 13

10. 13.

10. 13.

10. 13.

10. 13.

SV.

10. 13.

10. 13.

10. 13.

6

1.1

1.2

1.3

2.1

2.2

LATERAL VI BRATI ON

24. 8( DP/ L) ( KA/ W EXP. 5( KVL) (FI RST HODE)
85.7 HZ

68. 2( DP/ L) ( KA/ W EXP. 5( KVL) ( SECOND NODE)
235.6 HZ

133( DP/ L) ( KA/ U) EXP. 5( KVL) ( TH RD NODE)
459.4 HZ

221( DP/ L) ( KA/ U) EXP. 5( KVL) ( FOURTH NODE)
763.3 HZ

FLOW | NDUCED VI BRATI ON

FLOW VELOCI TY

SYSTEM FLOW

Q FR/ 0.0 LB/ CUFT/ 60 SEC/M N
Q 0.000 CUFT/ SEC

FLOW AREA

A" . 7854( D) EXP2

A- 0.0052 SOFT

FLOW VELOCI TY
QA

V' 0.00 FT/SEC

HETAL NAUS

HMn . 3DP(T) 3. 1416( 3. 1416A#H- 2A) (. 00258)

MM . 0000113 LB- ( SEC) EXP2/ (1 N) EXP4

FLU D WASS

NFI - . 00346DP( H) (3. 1416) (. 0025S) / 2( 2A- T( NF) )
HN . 119E- 06 LB- ( SEC) EXP2/ (I N) | XP4

NF2. 003486DP( H) EXP3( 3. 1416) / 3DEL

IF2m t10E-05 LD- ( SEC) EXP2/ (I N) EXP4

CP683
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10.

10.

10.
10.

10.

10.

10.
10.

13.

13.
13.

13.

13.
13.

BELLOWS SPRI NG RATE CP683
PAGE -53

FROH PARA i0.11.1

KAN  561.62 LB/IN

ELEMENTAL SPRI NG RATE

KEN 2NC( KA)

KE" 110077.06 LB/IN

FREQUENCY RANGE (FLEX HOSE)

| N- PHASE LONG TUDI NAL

FRII  (2KE/ (NM+HFI)) EXP. 5/ 2( 3. 1416)
FR - 22116.6 HZ

OUT- PHASE LONG TUDI NAL

FR2- (2KE/ (NN#MF2) ) EXP. 5/ 2( 3. 1416)
FRRW 21226.5 HZ

FI RST BENDI NG NODE

FBI " (8KE/ NVMVF2) ) EXP. 5/ 2( 3. 1416)
FBI- 42453.0 HZ

VORTEX SHEDDI NG VELOCI TY

PITCH (LANDA)  0.129 | NCHES
CONVOLUTI ON W DTH ( SONA) . 0. 084 | NCHES
LANDA/ SI ONAM 1. 526

FROM FI GURE 1

UPPER STROUNAL NUVBER, SUN . 39784
LOAER STROUNAL NUVBER, SLI . 16867

10.13. 4.2 FOR FRI

VU" FRI (SINA)/IU
VUE 4693. FT/SEC
VL" FRI(SIGMA)/tL
VL. 11069. FT/SC



I B-4.3 FOR FR2 CP63

. PACE 54
YU FrasiomA)sU

VU'  4504. FT/SEC
FR2(I6MA)/SL
Vt. 10623. FT/ SEC
10.13. 4.4 FOR FBI

W) FBi(SIGMA)/SU

VU 9008. FT/ SEC

VLi FBI (SI GNA)/ SL

VLa 21247. FT/ SEC
NO OVERLAP OCCURS BETWEEN THE BELLOS HOSE FLOW AND THE
VORTEX SHEDDI NG RANGE THEREFORE NO ADDI TI ONAL ANALYSIS
IS REQUI RED ON HOSE ASSEMBLY FOR | NDUCED VI BRATI ON

10.1.1 PRESSURE DROP

10.14.1  LOSS* (FRI CTI ON FACTOR) (L) ( DENSI TY) (V) EXP2/ 21X 0)
LOSS* . 000ECD0 PSI/ FT



t7XU"~

1140

11.0.1
&::

11.0.2

11.0.3
(.

11.0. 4

NBC JOB NO 14727

REFERENCES

TVA 80K A2-926892
VERT. HOSE 47U 450- 1003/ 1004 (PEN. NO. X-39A-1/-0

METAL BELLOAS CORP DRAW NG 774751

STANDARDS OF THE EXPANSI ON JO NT HANUFACTURERS
ASSOCI ATI ON (EJHA) FOURTH EDI Tl ON

ASSESSMENT OF FLEXI BLE LI NE FOR FLOW | NDUCED
VI BRATI ON - GEORGE C. MARSHAL SPACE FLI GHT CENTER
REPORT NUMBER 20H02540.

CP683
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e
OP~ATINO PRESSURE 650 PSIG ’
IDEfIGPERESSRE 900 PSIG é
OPERATING TEMPERATURE 100 F
DESIGN TEMPERATURE 150 F
ROOM TEMPERATURE PROOF PRESSURE 1350 PSIG
BURST PRESSURE 3600 PSIG
FLOW RATE, 0.0 LB/SEC
LINE S| ZE 1.0 INCHES
NOTIONS
THERMAL OFFSET, DT 0.445 INCHES
CYCLE LIFE 10000 CYCLES
VIBRATION OFFSET DV 0.470 INCHES AT 15 HZ

ALLOWABLE LOADS
FORCE N/A LBS
MOMENT N/A IN-LBS



S . 12HOSE DATA

~;12.1 BASIC TUBE, OD 1. 000 | NCHES
DUTSIDE DIA, D i.310 | NCHES
INSIDE DIA, D 0. 980 | NCHES
MEAN DIA, DP 1. 145 | NCHES
THI CKNESS. T 0. 020 | NCHES
SPAN, W 0. 165 | NCHES
PITCH Q 0.129 | NCHES
LENGTH, L 18. 625 INCHES
NO OF CONVOLUTI ONS, N 144

11.3 PERFORMANCE CONSTANTS

TP" T(D)EXP. 5/ (DP) EXP. 5 (MATERI AL THI NNI NG)
TPu 0.019 | NCHES

Q2W 0. 39

Q 2.2(DP(TP))EXP.5 0. 40

11.3.1 FROM FI GURE 38, EJNA STANDARDS
CP" 0.72

11.3.2 FROM FI OQURE 39, EJMA STANDARDS
CF' 1.50

11.3.3 FROM FI GURE 40, EJHA STANDARDS
CD- 1.56

BACE” 87



Sili4

1.4.1

11.4.2

11. 4.3

11. 4.4

PERFORMANCE EQUATIONS CP683
PAGE 58
BELLOWS TANGENT CIR:UIFERENTIAL PRESSURE STRESS
St (P)(D (EB)/2((TC) (EQ) +(N) (T) (EB))
SS 2672 Phl

SALLOMBLE STRESS * 18550 PSI

BELLOUS Cl RCUHFERENTI AL MEMBRANE PRESSURE STRESS
S2= (P)(DP)/2N(TP) (. 571 +2y/ Q
S2" 8918 PS|

SALLOWABLE STRESS * 18550 PSI

BELLOAS HERI DI ONAL PRESSURE STRESS
S3. (P)(W/2N(TP)
S3* 4012 PSI

BELLOWS HERI DI ONAL PRESSURE BENDI NG STRESS
S4. (P)(CP) (W TP) EXP2/ 2N
S4. 25822 PS|



D EWBHVALENT AXIAL MOTION DUE TO OFFSET CR683

PAGE 59
ET= 3DP(DT)/N(L) (THERMAL)

CET- 0. 0005699 | NCHES

SEQ BE3DP( DOBE) / N( L) ( SEI SM C )BE)
( EOBE- 0.0008287 | NCHES
SESSE  3DP(DSSE) / N( L) ( SEl SM C- SSE)

ESSE* 0.0012808 | NCHES
EV,= 3DP(DV)/ N(L) (VI BRATI ON)
EV- 0.0006020 | NCHES

11.6 BELLOUS MERI DI ONAL MEMBRANE DEFLECTI ON STRESS
S5-  EB( TP) EXP2( ET) / 2( U) EXP3( CF) ( THERMAL)
S5 434 PS
S5 EB( TP) EXP2( EOBE) / 2( W EXP3( CF) ( SEI SHI C- OBE)
$5- 632 PS|
S5-  EB(TP) EXP2( ESSE) / 2(M EXP3(CF)  ( SEI SM C- SSE)

5"- 977 PS
SSW EB( TP) EXP2( EU) / 2( U) EXP3( CF) (VI BRATI ON)
$5. 459 PS

li.7  BELLOUS MERI DI ONAL DEFLECTI ON STRESS
S6  5SEB(TP) (ET)/ 3() EKP2( CD)
56w 12376 PS
S6- SE»(TP) (EOBE)/ 3(U) W P2( CD) (SEISIC-OKE)
S6 17994 PS
56 B5C(TP)(ESSE)/3(U)EXP2(CD) (REISMIC-SSE)
$6. 27811 PS!
S6 SEb(TP)(EV)/3(U)EXP2(CD) (VIBRATION)
56* 13071 PSI



S8 TOQ AL CYCLIC STRESS CR683
ST * <S3+S4)+S5+S6) (THERMAL )* PAGE 00
SSTu 42646 PSI
ST "* . 7(S3+S4) +( S5+S6) ( SEi SHI G- OBE) w»
SST. 39510 PSI
ST .7(S3+S4)+(S5+S6) ( SEl SHI C- SSE) **
ST" 49673 PSI
ST * .7(S3+S4)+(SS+S6) (VI BRATI ON)
ST. 34415 PSI
SMODI FI ED EJMA FATI GUE ANALYSI S BASED ON CYCLI NG PRESSURE.
** EJMA FATI GUE ANALYSI S BASED ON CONSTANT PRESSURE.

11.9  CALCULATED LI FE
NC' ((C)(TF)/(ST-B))EXP3. 4
NC- MORE THAN i.CEXP 8 CYCLES  (THERMAL)
REQUI RED LI FE* 10000 CYCLES
HORE THAN 1.0EXP 8 CYCLES  (SEISMIC-OE)
REQU RED LIFE* 500 CYCLES

NC

NC HVORE THAN |.COEXP 8 CYCLES ( SElI SM G- SS)
REQUI RED LI FE* 500 CYCLES
NG MORE THAN . QODEXP8 CYCLES (VI BRATI ON)



[i.i0O BRAI D ANALYSI S CP683
U RE DIA D- .0250 INCHES PA® 61

NUMBER OF U RES PER BUNDLE, Na 4

NUMBER OF BUNDLES, B- 48

ANGLE FROM HOSE AXI'S, X-34 DEGREES

UElI GHT' PER FOOT,  WBUO. 390 LBS

$1.10.1 END LOAD DUE TO PRESSURE.
F' . 7854( DP) EXP2( P)
SF 926.71 LBS
11.10.2 BRAI D AREA, TOTAL
A" . 7854( D) EXP2(N) ( B)
A- 0.094 SQ | NCHES
11.10.3  BRAI D STRESS
ST- F/ ACOSX
ST- 11859 PS|

ALLOWABLE STRESS 19550 PSI
S11.11 SPRING RATES

(.11.1 AXI AL SPRI NG RATE

KA" 1. 7(NP) (EB) ( DP) ( TP) EXP3/ N( CF) (U) EXP3
(KA 381.64 LB/IN

S11.11.2  OFFSET SPRING RATE
KO 1I.5(DP)EXP2(KA) (FI )/ (L)EXP2
K0O 6.49 LB/IN
S 1.11.3  THERMAL DEFLECTION  FORCES
Fs (KDO) (T)
= 2.89 LB
MAXI | UM ALLOMABE * N/A LB

f



11.1i . 4 DEFLECTI ON MOMENTS CP683
PAGE 62
hM (F) (L) (F2)/2
M 80.69 INLB
HAX UM ALLOMBLE N/A IN-LB
11i.12 NATURAL FREQUENCI ES

11.12.1  UEI GHT 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
WB* (BM(L)/12
U3- 0.605 LBS

11.12. 4 TOTAL WEI GHT
Us UW +2+U3
w 1.75 LBS

11.12.5 AXI AL VI BRATI ON ( PARALLEL TO AXI'S)
Fr 9.81( KA/ U) EXP. 5( F3) (FI RST MODE)
F-  253.8 HZ
Fs 19. 6( KA/ U) EXP. 5(r 3) ( SECOND MODE)
Fm 507.6 HZ
Fa 29. 2(KA/ M EXP. 5( F3) (TH RD HODE)
o 761.5 NZ
f; 38.6(KA U) EXP. 5F3) ( FOURTH NODE)
Fe 1015.3 HZ



11.12.6

11.13

11.13.1.3

11.13.1.2

11.13.2.2

S11.13.2.2

LATERAL VI BKATj ON

24.8(DP/L)(KA/W)EXP.5(KVL) (FI RST NODE)
39.4 HZ

68.2(bP/L)(KA/U)EXP.5(KVL) ( SECOND nONE)
108.5 HZ

133(DP/L)(KAM)EXP.S(KVL) (THI RD MODE)
211.6 HZ

221( DP/ L) (KA W EXP. 5( KVL) ( FOURTH NOE)
351.5 HZ

FLOW INDUCED VIBRATION

FLOW VELOCI TY

SYSTEM FLOW

Q FR 0.0 Lt/CUFT/60 SEC/M N
0Q 0.000 CUFT/SEC

FLOW AREA
An .7854(D)EXP2
An 0.0052 SOFT
FLOW VELOCITY

V. QA

V.  0.00 FT/SEC
METAL MASS

NMe . 3DP(T)3.1416( 3. 14t 6A* +- 2A) (. 00325)

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

FLU D MAft

NFI - . 00346DP( H) 43. 1416) . 0025)/2 (2A-T(NF))
nVKr - .120E-06 LP-(SEC)EXP2/(IN)XP4
NF2.003486DP(H)| EX P33.1416)/3DEL

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



11.1,3.2.3 BELLOUS SPRI NG RATE CP683
PAGE 64
FROM PARA 11.11.1
KAw  381.64 LB/IN
-+ 11.33225% ELEMENTAL SPRI NG RATE
KE= 2NCCKA)

KE: 109912.31 LB/IN

1ti13.3  FREQUENCY RANGE (FLEX HOSE)
S11.13.3.1 | N PHASE LONG TUDI NAL
FR = (2KE/ (H+MHF1)) EXP. 5/ 2( 3. 1416)
FR = 22091.4 HZ
11.13.3.2 OUT- PHASE LONG TUDI NAL
FR2" (2KE/ NMM+MF2) ) EXP. 5/ 2( 3. 1416)
FR2* 21209.0 HZ
11.13. 3.3 FIRST BENDI NG NODE
FBI s (8KE/ HMMVF2) ) EXP. 5/ 2( 3. 1416)
FBI = 42417.9 HZ
11.13.4  VORTEX SHEDDI NG VELOCI TY
11.13.4.1 PITCH (LANDA)* 0.129 | NCHES
CONVOLUTI ON W DTH (SIOVA) & 0.0 5 | NCHES
LANDA/ SI GHA.  1.528
FROM FI GURE 1
UPPER STROUHAL NUMBER, SU= . 39744

LONER STROUHAL NU MER, SLu . 16855

11.13.4.2 FOR FR
VU* FRI (S| ONA) / SU
VUU  4706. FT/ SEC
VLW FRI(SIONA)/SL
VL. 1109S. FT/ SEC



11t.1.4.3 FOR FR2 CP683

PAGE 65
VU FR2(SIGW)/SU

VU= 4518. FT/ SEC
VL= CR2( Sl GHA)/ SL
VL- 10654. FT/ SEC
-11.13. 4.4 FOR FBI
VU= FBI (S| GW) / SU
VUv  9027. FT/ SEC
VLw FBi (SI GVA) | SL
VL= 21309., F?/ SEC
NO OVERLAP GCCURS BETUEEN THE BELLOQS HCJE FLOU ANP HE
:'VORTEX SHEDDIAG RANGE THEKEFORE -N ADDITIONAL ANALYSir
IS REQUI RED ON HOSE ASSEKBLY FOR | NDUCED VI BRATI ON

~1 14 PRESSURE DROP

lit,4.1 LOSS- ;PeICTION 7ACTOR) (L) (DESI TY) (V) EXP2/ 3D( O)
LIS . 000E+00 P.I/FT
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16.0

16.0.1

16.0.2

16.0.3

16.0.4

16.0.5

MBC JOB NO 14727 CR683
PAKE it

REFERENCES

TVA 80K A2-826892

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

METAL BELLOWS CORP DRAMING 77754

ASIE BOILER AND PRESSURE VESSEL CODE, SECTION |11
SUBSECTI ON NC CLASS 2 COMPONENTS

STANDARDS OF THE EXPANSION JOINT MANUFACTURERS

ASSOCIATION (EJMA) FOURTH EDITION

ASSESSMENT OF FLEXIBLE LINE FOR FLO INDUCED
VIBRATION - OEORGE C. MARSHAL SPACE FLIGHT CENTER
REPORT NUMBER 20M02540.



16.1 DESI GN CONDI TI ONS

OPERATI NG PRESSURE 1025 PSIS PAGE 82
DESI GN PRESSURE 1025
OPERATI NG TEMPERATURE 70 F
DESI GN TEMPERATURE F
ROOM TEMPERATURE PROOF PRESSURE 1537 PHI®
BURST PRESSURE 4100 PSI6
FLOW RATE 5 6PM
LI NE SI ZE 1.0 IPS
PP" . OSS ALLOWUALE 2. 0 PSI/FT
NOTIONS
THERMAL OFFSET, DT 0.513 INCHES
CYCLE LIFE 10000 CYCLES
OBE SEISMIC OFFSET, DOBE 0.776 INCHES
CYCLE LIFE 500 CYCLES
SSE SEISMIC OFFSET, DSSE 1.130 INCHES
CYCLE LIFE 500
VIBRATION OFFSET DV 0.530 INCHES AT IS HZ
LI FE 40 YEARS (EE NOTE)
ALLOWABLE LOADS
FORCE N/A LUS
MOMENT N AIN-LuS

NOTE:

THE TEN "YEARS OF SERVICE EXPRESSED OR IMPLIED IN THE B3SOIN
SPECIFICATION FOR THIS UNIT IS INTERPRETED Y METAL ILLMISICO

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 LIFtt 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
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16.2 HOSE DATA

£6.2.1 BASIC TUBE,OD 1.000
OUTSIDE DIA, OD 1.310
INSIDE DIA, D 0.980
MEAN DIA, DP 1.145
THICKNESS, 7 0.020
SPAN, W 0.1‘5
PITCH, Q 0.129
LENGTH, L 19.625
NO OF CONVOLUTIONS, N 132

16.3 PERFORMANCE CONSTANTS

TP= T(D)EXP.5/(DP)EXP.S
TP= 0.019 INCHES

Q/24= 0.39
Q/2.2(DP(TP))EXP.5= 0.40

16.3.1 FROM FIGURE 38, EJMA STANDARDS
CP= 0.72

$6.3.2 FROM FIGURE 39, EJMA STANDARDS
CF= §.50

16.3.3 FROM FIGURE 40, EJMA STANDARDS
Ch= .36

INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES

(MATERIAL THINNING)

CR683
PAGE 863



16.4

16.4.1

16.4.2

16.4.3

PERFORMANCE EQUATIOINS CR683

PAGE 84
BELLOWS TANGENT CIRCUMFERENTIAL PRESSURE STRESS

Sil (P)(D(EB)/2((TC) EC)+(N)(T)CEB))
Si 3043 PSl
CODE ALLOMABLEw 18700 PSI

BELLOWS CIRCUMFERENTIAL MEMBRANE PRESSURE STRESS
S2<P)(DP)/ 2N(TP) (. 57t *2U Q
S2w 10142 PS|

CODE ALLOMBLE- 18700 PSI

BELLOWS HERI DI ONAL PRESSURE STRESS
S3. (P)(W/2N(TP)
S3= 4570 PSI

BELLOWS HERI DI ONAL PRESSURE BENDI NG STRESS
S40 (P) (CP) (W TP) EXP2/ 2N
4

29424 PSSl



16. 5 EQUI VALENT AXI AL NOTI ON DUE TO OFFSET CR 83
ET" 3DP(DT)/N(L) ( THERNAL) PAGE 85
ET- 0.0005907 | NCHES
EOBE- 3DP( DOBE) / N( L) ( SEI Snl G- 4KIf)
EOBE= 0. 0008959 | NCHES
ESSE- 3DP( DSSE) / N( L) ( SEl SM C-SSE)
ESSE- 0.0013012 | NCHES
EV- 3DP(DV)/N(L) (VI BRATI ON)
EVu 0.0006103 | NCHES

16. 6 BELLOAS MERI DI ONAL MEMBRANE DEFLECTI ON STRESS
55. EB(TP) EXP2( ET)/ 2( u) EXP3( CF) ( THERVAL)
S+ 450 PS
SS* EB(TP) EXP2( EOBE) / 2( U) EXP3( CF) ( SEI SHI C- OVE)

S5 683 PSI

S5 EB(TP) EXP2( ESSE)/ 2( W EXP3(CF)  ( SEl SM C- SSE)
S$5 993 PSI

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

S5 465 PSI

16.7  BELLOAS MERI DI ONAL DEFLECTI ON STRESS
S6" 5EB(TP) (ET)/ 3( U) EXP2( CD) ( THERVMAL)
S6" 12834 PS|
S6- 5EBI TP) ( ECBE) / 3( M) EXP2( CD)
S6- 19464 PS| (SEISM G QA Q)
Séw 5EB( TP) ( ESSE) / 3( U) EXP2( CD)
S6* 28270 PS

S6. 5EB(TP) (EV)/ 3( U) EXP2( CD) (VI BRATI ON)
S6* 13259 PS|



16.8 TOTAL CYCLI C STRESS

ST * (<3+34) +( CSS+6)
ST= 47280 PSI
ST * . 7(S3*S4) +( S5+S6)

( STs 43944 PSI

ST * | 7(S3+$4) +( S5+S6)

CR683

PAGE 80
( THERNVAL) |

(SEISHIC-OBE)e*

( SEl SHI C- SSE) e*

STa 53060 PSI

<ST

ST

. 7(S3+54) +( SS+S6) (VI BRATI ON)

37522 PSI

* MODI FI ED EJMA FATI GUE ANALYSI'S BASED ON CYCI NG PRESSURE.

* %

16.9
NC.
NC

EJMA FATI GUE ANALYSI S BASED ON CONSTANT PRESSURE.

CALCULATED LI FE

((O) (TF)/(ST-8))EXP3. 4

NVORE THAN |.CEXP | CYCLES  (THERNAL)
REQUI RED LI FE. 10000 CYCLES

NORE THAN 1.CEXP O CYCLES  (SEISNIC-OSt)
REQUI RED LI FE* 500 CYCLES

NORE THAN i.QEXP CYCLES  (SEINIC-SSN)
REQUI RED LI FE* 500 CYCLES

NORE THAN .| OEXP CYCLES (VIBRATION)



16.10

16.10.1

16.10. 2

16.10. 3

16.11

16.11.1

16.11.2

( 6.11.3

SMAIINUM

BRAIIB" ANALYSIS

WIRE DIA, Do .0250 INCHES

NUMBER OF WIRES PER BUNDLE, N* 4
NUVBER OF BUNDLES, B8 48

ANGLE FRON HOSE AXI'S, X, 34 DEGREES
WEIGHT PER FOOT, BW, 0.390 LBS

END LOAD DUE TO PRESSURE
F* . 7854(DP) EXP2( P)
Fe 1055.42 LBS

BRAI D AREA, TOTAL
As . 7854(D)EXP2(N) (B)
SA 0.094 SQ INCHES

BRAI D STRESS
ST. F/ ACOSX
ST. 13506 PSI

CODE ALLOWABLE* 18700 PS|

SPRING RATES

AXI AL SPRI NG RATE
KA 11.7(NP)(EB)(DP)(TP)EXP3/N(CF)()WEXP3
KA" 361.79 LB/IN

OFFSET SPRING RATE
KO 1,5(DP)EXP2(KAI)  FI)/(L)EXP2
KO, 5.54 LB/IN
THERNAL DEFLECTION FORCES
Fa (KO) (DT)
Fe 2.84 LB

ALLOWABLE * N/A LBS

CR683
PAGE

ar



16.11.4 DEFLECTION HONENT$
PAM
* (F)(L)F2)/2
- 83.69 IN-LB IIrLc

NAXINMUI ALLOWABLE , NA IN-LD
16.12 NATURAL FREOUENCIES

16.12.1  WEIOHT OF HOfE
Wm (tO -D)N+ 57(L))3.1416D(T) (. 3)
Ur 1.133 LDS

16.12.2  WEIGHT OF FLUID
U2 .7SSi(DP)EXP2(L)(.036)
Vew 0.727 LU

16.12.3  WEIGHT OF BRAID
MB= (<M ,(L)/12
13. 0.63 LUB

16.12.4 TOTAL VEI GHT

Wi 2.50 LU

16.12.5  AXIAL VIBRATION (PARALLEL TO AXS)

F, 9.01(KA/I)EXP.5(P3) (FMRST ~ MOK)
Fe 206.6 HZ

Fe 19.6(KA/M)ELP.S(F3) SECOND NSE)
Fm 413.2 MZ

Fe 29.2(KA/M)EXP.5(P3) (THRS N0)
Fa 619.6 HZ

i 3U.6(KA/U)EXP.S(nt (FOURTH NOSE)
Fe 626.4 HZ



16.52.6

16.13

16.13.1
1i6.i3.1.1

16.13.1.2

16.13.1.3

16.13.2

16.13.2.1

6.3tS.2.2

LATERAL VIBRATION

F- 24.8(<P/L)<(IA/U)EXP.S(KVL)
FIl 30.3 HZ

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

Fe 133P(l/L) KA/W)EXP.t(KVL)
F* 163.4 HZ

o 22t1DP/L)(KA/Y)EXP.StKUL)
Fe 271.5 HZ

FLOW INDUCED VIDtATION

FLOW VELOCITY

SYST  FLOU

0* FR/7.40ALW/CUFT/O6EC NI N
QO 0.011 CUFT/SEC

FLOW AREA

in .?854()EXP2
A 0.0052 SOFT
FLOU VELOCITY
V.x A

V, 2.13 FTISIEC
NETAL NAS

(FIRST NME)

( SECOND NODE)

(THRU  HNODE)

(FOURTH NOW)

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

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

FLUID HNAs

WFl  .0360P(H 3.1416)(.00258)/2(a-T (NF(W

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

WF2  .0360P(H)IXP343.1416)/39L

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

PM



16.13.2.3

16.13.2.4

16.13. 3

16.13.3.1

16.13.3.2

16.13.3.3

16. 13. 4

16.13.4.1

16.13.4.2

BELLOUS SPRI NG RATE CRA83
PAhRE 90

FROM PARA 16.11.1

KA»  361.79 LS/IN

ELEMENTAL SPRI NG RATE

KB 2NC( KA)

KEr  109985.56 LB/IN

FREQUENCY RANGE ( FLEX HOSE)

| N- PHASE LONGI TUDI NAL

FRi - (2KE/ (Ot +HFI)) EXP. 5/ 2( 3. 1416)
FRI - 21096.6 HZ

OUT- PHASE LONGI TUDI NAL

FRe ( 2KE/ (Nt +NF2) ) EXP. 5/ 2( 3. 14i 6)
FR2- 15715.4 HZ

FI RST BENDI NG NODE

FBI - (8KE/ MHN F2)) EXP. 5/ 2( 3. | 416)
FBI- 31430.9 HZ

VORTEX SHEDDI NG VELOCI TY

PITCH (LANDA)m 0.129 | NCHES
CONVOLUTI ON W DTH (SI GBA)* 0. 015 | NCHES
LAVDA' SI GVAr 1.527

FROM FI GURE 1

UPPER STROUHAL NUMBER, SUN . 39762

LOAER STROUHAL NUHWNR, SL.* * 1660

FOR FRI
VU- FRi (SI BNA)/ SU
W, 4486. FT/SEC
VL. FRI(SI OWA)/SL

VWL 10560. FT/StC



-

,6.13.4.3 FOR FR2

PCM
VU, FR2('SI MNA)/ SU

VU, 3342. FT/SEC
VL FR2( SITA)/SL
VLI 7882.FT/SEC

16.13.4.4 FOR Ft L

1 16. 14

( 16.14. 1

VU FBI (SI ONA) / SU
VUl 6684. FT/SEC
VL FBi (SIOHA)/SL
W 15763. FT/ SEC
NO OVERLAP OCCURS BETMEN THE BELLOAB HO FLOM AND THE
VORTEX SMHDDIN RANGE THEREFOE NO ADDITIONAL MAAL.YS
IS REQUIRED ON HOSE ASSENMLY FOR INDUCED VIATION

PRESSURE DROP

LOSS& (FRI CTI ON FACTOR) (L) ( ENUI TY) ( Vt | EXP2/ 2t)
LOSSw  0.03 PSI/FT

PRESSURE LOSS ALLOWAdLE 2.0 PSIFT

"1
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17.0

17.0.14

17.0.2

17.0.3

17.0.4

17.0.5

MBC JOB NO 14727
REFERENCES

TVA BOKN A2-826892
VERT. HOSE 474 450-1047 (PEN.ND.X-40A-1)

METAL BELLOWS CORF DRAWING 77754

ASME BOILER AND FRESSURE VESSEL CODE, SECTION III
SUBSECTION NC CLASS 2 CONMPONENTS

STANDARDS OF THE EXPANSION JOINT MANUFACTURERS
ASSOCIATION (EJMA) FOURTH EDITION

ASSESSMENT OF FLEXIBLE LINE FO™ FLOW INDUCED
VIBRATION - GEORGE C. MARSHAL SPACE FLIGHY CENTER
REPORT NUMBER 20M02540.

CR683
PAGE 92
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17.4  DESIGN CONDITIONS CR683
PAGE 93

OPERATL 3 PRESSURE 1025 PSIG
DESIGN PRESSURE 1025 FSIG
OPERATING TEMPERATURE 70 F
DESIGN TEMPERATURE 70 F
ROOM TEMPERATURE PROOF PRESSURE 1537 PSIG
BURST FRESSURE 4100 PSI6
FLOW RATE ' S 6PN
LINE SIZE 1.0 IPS
PRESSURE LOSS ALLOWABLE 2.0 PSI/FT
MOTIONS

THERMAL OFFSET, DT 0.487 INCHES

CYCLE LIFE 10000 CYCLES

OBE SEISMIC OFFSET, DOBE 0.745 INCHES

CYCLE LIFE 500 CYCLES

SSE SEISMIC OFFSET, DSSE 1.090 INCHES
CYCLE LIFE 300 CYCLES

VIBRATION OFFSET DV 0.540 INCHES AT 45 HZ
LIFE 40 YEARS (SEE NOTE)

ALLOWABLE LOADS
FORCE N/A LBS

MOMENT N/A IN-LBS
NOTE:

THE TERM “YEARS OF SERVICE" EXPRESSED OR IMPLIED IN THE DESIOGN
SPECIFICATION FOR THIS UNIT IS INTERPRETED BY METAL BELLOMS CORP

TD 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, 1T MUST BE APPRECIATED THAT THERE ARE
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 TERMS AND CONDITIONS OF METAL BELLOWS CORPORATION §
STANDARD WARRANTY
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17.2 HOSE DATA
17.2.1 BASIC TUBE,OD 1.000

OUTSIDE DIA, OD £.310
INSIDE DIA, D 0.980
MEAN DIA, DP 1.145
THICKNESS, T 0.020
SPAN, W 0.465
PITRH, Q 0.129
LENGTH, L 18.625
NO OF CONVOLUTIONS, N 144

17.3 PERFORMANCE CONSTANTS

TP= T(DIEXP.S/(DP)EXF.5
TP= 0.019 INCHES

Q/2u4= 0,3%
Q/72.2(DP(TP))EXF.5= 0.40

17.3.4 FROM FIGURE 38, EJMA STANDARDS
CP= 0.72

£17.3.2 FROM FIGURE 39, EJMA STANDARDS
CF= §.50

£7.3.3 FROM FIGURE 40, EJMA STANDARDS
CD= 1.56

INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES

(MATERIAL THINNING)

CRé83
PAGE 94
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17.4
17.4.14

17.4.2

17.4.3

17.4.4

PERFORMANCE. EQUATIONS CRé683
PAGE 95
BELLOWS TANGENT CIRCUMFERENTIAL FRESSURE STRESS
Si= (F)(D)CER)/2((TCICEC)+(N)C(T)(EB))
Si= 3043 PSI

CODE ALLOWABLE= 18700 PSI

BELLOWS CIRCUMFERENTIAL MEMBRANE PRESSURE STRESS
$2= (F)(DP)/2N(TH) (.524+20/Q)
S2= 10457 PSI |

CODE ALLOWABLE= $8700 PSI

BELLOWS MERIDIONAL PRESSURE STRESS
S$3

(P) (W) /72N(TP)
$3= 4570 PSI

BELLOWS MERIDIONAL PRESSURE BENDING STRESS
S4= (P)(CP)(W/TP)EXP2/2N

S4

29408 PSI



r 2

7S

fe

17.5 EQUIVALENT AXIAL MOTION DUE TO OFFSET
ET= 3DP(DT)/N(L)  (THERMAL)
ET= 0.0006237 INCHES
EOBE=3DP(DOBE)/N(L)  (SEISMIC-OBE)
EOBE= 0.0009542 INCHES '
ESSE= 3DP(DSSE)/N(L)  (SEISMIC-SSE)
ESSE= 0.0013960 INCHES
EVe 3DP(DV)/N(L)  (VIBRATION)
EV= 0.0006532 INCHES

17.6 BELLOGS HERIDIONAL.ﬂEﬂBRANE DEFLECTION STRESS

$S= EB(TP)EXP2(ET)/2(M)EXP3I(CF) (THERMAL)
S$3= 475 PS1

S5
S5
$3
S5
$5
S5

EBC(TP)EXP2(EOBE) /72(W)EXP3(CF) (SEISMIC-OBE)
127 PS1

EB(TP)EXP2(ESSE)/72(W)EXP3I(CF) (SEISHIC-SfE)

- 4063 PS1

EB(TP)EXP?(EU)/2(U)EXP3(CF) (VIBRATIO«)
498 PSI

17.7 BELLOWS MERIDIONAL DEFLECTION STRESS
Sé= SEB(TP)(ET)/I(WIEXP2(CD) (THERMAL)
Sé= 13344 PSI

Sé= JEB(TP)(EOBE)/3(WIEXP2(CD) (SEISHIC-0BE)

Sé= 20719 PSI1

Sé= SEB(TP)(ESSE)/I(WIEXP2(CD) (SEISNIC-SSE)
Sé= 30314 PSI

Sé= JEB(TP)(EV)/I(WIENP2(CD) (VIBRATION)

$é

14483 PS1

CR683
PAGE 96
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17.8  TOTAL CYCLIC STRESS CR683
PAGE 97
ST = (S3+54)+(55+56) (THERMAL ) #
ST= 47999 PSI
ST = .7(S3+54)+(55+56) (SEISHIC-OBE) n
ST= 45232 PSI
ST = .7(S3+54)+(S5+$6) (SEISHIC-SSE)u#
ST= 55164 PSI1
ST = ,7(S3+54)+(S5+56) (VIBRATION)
 ST= 38467 PSI
* MODIFIED EJMA FATIGUE ANALYSIS BASED ON CYCLING PRESSURE.

%% EJMA FATIGUE ANALYSIS BASED ON CONSTANT PRESSURE.

i7.9 CALCULATED LIFE
NC= ((C)(TF)/(ST-B))EXP3.4

NC= MORE THAN 1.0EXP 8 CYCLES (THERMAL)
REQUIRED LIFE= 10000 CYCLES

NC= MORE THAN {.0EXP 8 CYCLES (SEISNIC-0BE)
REQUIRED LIFE= 500 CYCLES

NC= MORE THAN 1.0EXP 8 C.. .ES (SEISNIC-SSE)
REQUIRED LIFE= 500 CYCLES

- NC= MORE THAN §.0EXP 8 CYCLES (VIBRATION)

¢}



PLS

17.40

17.10.4

17.10.2

17.10.3

17.44

17.41.4

17.144.2

17.41.3

BRAID ANALYSIS : CF 683
PAGE 98

WIRE DIA, D= .0250 INCHES

NUMBER OF WIRES PER BUNDLE, N= 4

NUMSER OF BUNDLES, B= 48

ANGLE FROM HOSE AXIS, X=34 DEGREES

WEIGHT PER FOOT, BW= 0.390 LBS

END LOAD DUE TO FRESSURE

F= .7854(DP)EXP2(P)
F= 1055.42 LBS
BRAID AREA, TOTAL
A= . 7854 (D)EXP2(N) (B)
A= 0.094 $Q INCHES
BRAID STRESS
$T= F/ACOSX
ST= 13506 PSI ' )
CODE ALLOWABLE= 18700 PSI

SPRING RATES

AXIAL SPRING RATF
KA= 1. 7(NP)(EB)(DP)(TP)EXPI/N(CF) (N)EXP3
KA= 38{.64 LB/IN

OFFSET SPRING RATE
KO= §.5¢DP)EXP2(KA)(F1)/(L)EXP2
KO= 6.49 LB/IN
THERMAL DEFLECTION FORCES
F= (KO)(DT)
Fe 3.46 LB
MAXIMUY ALLOWABLE = N/A LBS

) - ) N
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17.14.4

17.42

£7.12.1

17.12.2

17.12.3

17.12.4

17.42.5

DEFLECTION MOMENTS
M= (F)(L)(F2)/2
H= 88.31 IN-LB
" MAXIMUM ALLOWABLE = M/A IN-LB
NATURAL FREQUENCIES

WEIGHT OF HOSE
Wi= ((OD-DIN+.57(L))3.5446D(T)(.3)
Wi= 1.074 LBS

WEIGHT OF FLUID

W2= 7854 (DP)EXP2(L) (.036)
W2= 0.690 LBS

WEIGHT OF- BRAID
W3= (BW)(L)/42
W3= 0.605 LBS

TOTAL WEIGHT
W= Wi+U2+W3
Ws 2,37 LBS

AXIAL VIBRATION (PARALLEL TO AXIS)

F= 9.8{(KA/WIEXP.5(F3) (FIRST MODE)
F= 217.9 HZ

Fu 19.6(KA/ZW)EXP.3(F3) (SEC?ND HODE)
F= 435.8 NZ

Fs 29.2(KAZWIEXP.S(F3) (T“lRD MODE)
F= 653.6 HZ

Fs 38.6(KA/MIEXP.3(F3) (FOURTH MODE)
F= 874.5 M2

CR&83
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17.42.6

£7.43
17.13.4
17.43.4.4

17.43.4.2

17.43.4.3

17.43.2

$17.43.2.14

§17.43.2.2

LATERAL VIBRATION

F= 24.8(DP/L) (KA/WIEXP.S(KVL)
F= 33.9 HZ |
F= 68.2(DP/L) (KA/WIEXP.S(KVL)
F= 93.4 HZ

-
"

133(DP/L) (KA/WIEXP.5(KVL)
- 184.6 HZ

-n
"

F= 224 (DP/L) (KA/WIEXP.S(KVL.)
301.8 HZ

-
| ]

FLOW INDUCED VIBRATION

FLOW VELOCITY

SYSTEM FLOW

Q= FR/7.48GAL/CUFT/60SEC MIN
Q= 0.04t CUFT/SEC

FLOW AREA

A= ,7854(D)EXP2
A= 0.0052 SQFT
FLOW VELOCITY

Vs Q/A

Vs 2.43 FT/SEC
METAL MASS

CR683
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(FIRST MODE)

(SECOND MODE)
(THIRD MODE)

(FOURTH MODE)

MM= . 3DP(T)3.1446(3.1416A+H-2A)(.00238)
MM= ,00004143 LB-(SEC)EXP2/(INIEXP4

FLUID MASS

MFi= ,034DP(H)(3.5416)(.00258)/72((2A=T(NF))
MFi= ,0000042 LB-(SECIEXP2/(INIEXP4

MF2= ,036DP(H)EXP3(3.5416)/3DEL

MF2= .0000412 LB-(SEC)EXP2/(INIEXP4



17.43.2.3

17.13.2.4

17.43.3
17.43.3.4

17.43.3.2

17.13.3.3

17.43.4
17.13.4.4

17.43.4.2
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EELLOWS SPRING RATE

FROM PARA §7.11.%

KA=  381.64 LB/IN
ELEMENTAL SPRING RATE
KE= 2NC(KA)

KE= §£09942.3f LB/IN

FREQUENCY RANGE (FLEX HOSE)
IN-PHASE LONGITUDINAL

FRi= (2KE/(MM+MF1))EXP.5/2(3.5416)
FRi= 2§083.8 HZ

OUT-PHASE LONGITUDINAL

FR2= (2KE/(MM+NF2))EXP.5/2(3.1446)
FR2= 1574$.0 HZ

FIRST BENDING MODE

FBi= (BKE/MM=MNF2))EXP.5/2(3.1416)
FBi= 31438.0 HZ

VORTEX SHEDDING VELOCITY

PITCH (LAMDA)= 0.4129 INCHES

CONVOLUTION WIDTH (SIGMA)= 0.085 INCHES

LAMDA/SIGMA= {.528

FROM FIGURE 1§

UPPER STROUHAL NUMBER, SU= ,39744
LOWER STROUHAL NUMBER, SL= .16835

FOR FR{
VUs FR{(SIGMA)/SU
VW= 4492. FT/SEC
VL= FRL(SIGMA)/SL
VL= 10591. FT/SEC

CR683
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17.43.4.3 FOR FR2 S CR683
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VU= FR2(SIGMA)/SU

VU= 3349. FT/SEC
UL= FR2(SIGMA)/SL
VL=  7896.FT/SEC

17.13.4.4 FOR FBY

17.14

17.14.4

VU= FB1(SIGNA)/SU

VU= 6698. FT/SEC

VL= FB1(SIGNA)/SL

VL= 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

LOSS= (FRICTION FACTOR)(L)(DENSITY)(V)EXP2/2D(G)
LOSS=  0.03 PSI/FT
PRESSURE LOSS ALLOWABLE= 2.0 PSI/FTY

Y 6 A o

n A =

~
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