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ENNESSEE VALLEY AUTHORL‘i
CHATTANOOGA, TENNESSEE 37401 ;’//o Z*7
K00 Chestnut Street Tower II

May 4, 1983

Director of Nuclear Reactor Regulation

Attention: Ms. E. Adensam, Chief
Licensing Branch No. 4
Division of Licensing

U.S. Nuclear Regulatory Commission

Washington, D.C. 20555

Dear Ms, Adensam:

In the Matter of the Application of ) Docket No. 50-U38
Tennessee .Valley Authority ) 50-139

By letter dated April 28, 1983 TVA requested NRC approval for use of
flexible metal hose at Bellefonte Nuclear Plant. Included with that -
letter was data demonstrating compliance with Regulatory Guide 1.84 and
ASME Code applications addressed in Code Case N-192,

Because of an inadvertent error, the data transmitted was not complete.
Enclosed are seven copies of the additional documentation demonstrating
compliance with Code Case N-192 for use of flexible metal instrumentation
hose assemblies at Bellefonte. Pursuant to seetion 50.55a(a)(2)(ii) of 10
CFR Part 50, the enclosed is provided for your review.

If you have any questions concerning this matter, pleaqe get in touch with
Bill Watters at FTS 858~ 2691,

2 éz[>&aiajlyfff> :]Zicsféi;r_ ' Very truly yours,

- TENNESSEE VALLEY AUTHORITY

M.

L. M. Mills, Manager
Nuclear Licensing

. Sworn to and subseribed before me
this fz - day of 1983
forgund- . B
Notary Publie
My %ommission Expires 4

Enclosures (T7)

ce: U.S. NMuclear Regulatory Commission
Region IT
Attn: Mr. James P. O'Reilly Administrator
101 Marietta Street, NW, Suite 2900
Atlantz, Georgia 30303

Sec Daidings T kT ¢ 305100358

An Equa!l Opportunity Employer



- No. 828398

TENNESSEE VALLEY AUTHORITY

DESICR SILCIrT ATION

BNP-DS-1940-4809-R0

BELLETONTE NWUCLEAR PLANT
FLEXIBLE METAL INSTRUMERTATION HOSES
FOR IWSTRUMENTATION AND COMNTROL SYSTEM
I certify that this design specification is correct and complete and is in
compliance with- Paragraph NCA-3252 of the ASME Boiler and Pressure Vessel
Code, Section III, Nuclear Power Plant Components. This design specifi-

cation consists of the following:

Revision No.

or Date
1. Item 1 ' RO
2. Attachment C, Quality Assurance Requirements for N £-2C-80
ASME Section III Components (Excluding Pumps, Valves,
and Automatic Backwash Filters), Component Supports,
and Piping Subassemblies
3. Attachment M, Marking and Certification Requirements 6-20-%9
for Fipe, Fittings, Flauges, and Bolting for Use in
ASHE Section IXI Nuclezr Class 2 or 3 Systems
4. Attachment Q, Pipe, Fittings, Tubing, and Miscellauneous 3-25-80
Compeonents Austenitic Stainless Steel leat Treatment ﬁ”ﬂ('":fz7¢?
f v -

Weldine Materials, Packaging, and Marking
& b o 29 o

—

Prepared Date  Correlated Date Subm 5'tcd Date prrovod "
- : R
TS T 9-3-30 Jg/,J Q,‘/ 7-3-&v \C R \\g\\,\g 3D (f47w«,a,, ’-‘/“v ‘}-:‘;-50
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I No.

TENNESSEE VALLEY AUTHORITY

ASME SECTION 111

CLASS 2 FLEXIBLE HOSE ASSEMBLIES

DESIGN SPECIFICATION CRITERIA LOCATOR

828398

INFORMATION REQUIRED DY NCA-3252 AND ITS LOCATION IN THIS SPECIFICATION

Function of the component including any Schedule of prices
dimensions upon which the functional

performance depends.

The design requirements, i.e., the mechanical Schedule of prices
and operational loadings.

The environmental conditions, including Schedule cf prices
radiation. :

The code classification of the component. Schedule of prices
The definition of the component. .Schedule of prices
Material requirements. . " Schedule of prices
Certification of the design specification. Cover sheet
Operability requirements. Schedule of prices

(1)



Flexible instrumentation hose - The flexible hose
shall be a straight section of hose with end con-
nections. - Flexible hose shall be NPT stamped and
meet the requirements of ASME B&PV Code Case N-192.

The flexible hose is to have annular convolutions
and be covered with braid. The pressure containing
boundary consists of single-ply, welded or seamless
tubing of inconel 625, ASME SB-443 (laterial to meet
the requirements of SB-444 as modified by ASME Code
Case N-188. Pressure test may be performed at top
assembly, reference ND-6114.), or SB-444.

‘The braided wire covering the convoluted metal bellows

shall be stainless and heat resisting steel wire in
accordance with ASTM A 580-75 of material types listed
in Tables I-7.0 and I-8.0 of ASME SA-479. All wire
strands shall be welded to the welding collars and
visually examined.

The end connections shall be square cut 3/8'" od

tube with a wall thickness of 0.065", material of
ASME SA-213, TP304. The end ccnnections shall be

of sufficient length to adapt to a standard compres-
sion fitting.

Metal Bellows Corporation nuclear instrumentaiion hose
assembly, or equal.

The boundaries of the hose assemblies are the ends of
the end connections. :

The complete flexible hose assembly requires NPT
stamp.

. - "
Schedule of Prices _ No. 828398
t‘age INO. ]
"Lg“ ARTICLES OR SERVICES (GIVE DESCRIPTION OR CATALOG NO.) QUANTITY UNIT UNIT PRICLC ]! AMOUNT
(Guote wurit (rice and

compute criznsion)

TVA 5051 (DP-9-73)

DIDDER
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The hose assemblies will transport essential air from

Design Reaulrements

Function

the systems essential air headers to the instrument
air sources at various locations and elevations in the
auxiliary building and the secondary containment of

the reactor building.

Internal Conditions

Design pressure = 150 lb/inzg

100 1b/in2g

Operating pressure

150° F

Design temperature
. o
Operating temperature = 100" F
. e 2
Pneumatic test pressure = 187-1/2 1b/in"g
Pneumatic test temperature = Ambient

Auxiliary Building

Environment Conditions

Nominal: Temperature = 50° F to 120° F
Pressure = 14,3 to 16.0
Humidity = 30% to 80%
Radiation = Up to 1 x 10 rads 40 years
accumulated design

Upset: Temperature = 50° F to 120° F
Pressure = 14.3 to 16.0
Humidity = 10% to 98%
Radiation = Up to 1 x 10 rads 40 years
accumulated design

Accident: Temperature = 400° F
Pressure = 30 1b/in’g
Humidity = 100% 8
Radiation = Up to 1 x 10 rads 40 years
accumulated design

.
. ! .
Schedule of Prices No. 828398
Page No. 2
; ',“,E_)‘f‘ ARTICLES OR SERVICES (GIVE DESCRIPTION OR CATALOG KO.) QUANTITY UNIT UNIT PRICE 1 AMOUNT
(Quote u©nit grice and

compute extension)

TVA 5051 (DP-9.73)

BIDDCR
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Schedule of Prices No. 828398
Pace No. 3
i .
1vem ARTICLES OR SERVICES (GIVE DESCRIPTION OR CATALOG K. ) QUANTITY UNIT UNIT PRICT | ANMDUNT

No.

(Quete urit prize 2nd
compute  cxtension)

Cyclic Life Requiremcnts

General

The hose assemblies shall be designed for a total
lifetime of 40 years while undergoing the condi- -
tions specified below. Each hose assembly shiall

be identical. Cyclic life design shall be based

on analytical and test results. A certificd design
report shall be submitted for permanent retention by
TVA. Satisfaction of the requirecments of applicable
ASME Code c¢riteria shall be documented.

Model Description

The hose assemblies will be installed per Contractor's
recomnendations 2s delineated in an instruction manual
I to be submitted for permanent retention by TVA. Dis-
placements are applied to one end connection along
three orthogonal axes simultaneously. The assembly is
filled with fluid and pressurized to the operating
pressure. Flexible instrumentation hoses and material
shall be manufactured in accordance with Section III of
the ASME Boiler and Pressure Vessel Code, Division 1,
latest edition and addenda in effect on contract date.

Installation

A nominal offset misalignment of +1/2" in the X, Y, ,
and Z directions shall be assumed in the design calcu-
lations as a result of installation. Installation
temperature is assumed to be 707 F.

Displacement Due to Thermal Expansion

The hose zssemblies shall be capable of the {ollowing
thermal expansion movements for 5000 cycles:

X axis = )
)

Y axis = ) Vectorial sum = 5.0"
)

2 axis = )

Mechanically Induced Vibration

Sine wave input corresponding to 0.5 g acceleration
in each direction at frequencies of 10, 15, 30, and
60 Hz. Evaluate for input at most critical frequency
for 40 years of continuous service.

TVAS051 (DP-9-273)

s1ODYR
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Scheduie of Prices No. - 828398
Page Mo, 4
: ’:i;( ARTICLES OR SERVYICES (GIVE DESCRIPTION OR CATALOG MO.) QUANTITY UNIT UNIT PRICE { ANMOUNT
» Qucte umit fnice and
. cempute  extension)
Pressure Fluctuations
Internal pressure from zero to operating pressure for
5000 cycles.
! Seismic Criteria
t
t .
! Seismic test criteria shall be as delineated in Metal
Bellows Corporation's qualification test procedure
QTP73989, paragraph 4.6.
Protecticn from Damage
Contractor shall furnish data with respect to the
susceptibility of the flexible instrumentation hose .
assemblies to damage by inadvertent mishandling
(e.g., crushing and kinking) and also provide any
special handling instruction/protection methods he
y feels are required to prevent such damage.
Flexible instrumentation hoses and material shall be
manufactured in accordance with Section III of the
ASME Boiler and Pressure Vessel Code, Division 1,
latest edition and addenda in effect on contract date.
For additional requirements see attachments C, M,
and Q and contract document requirements list.
ASME Section III, Class 2
iark MNo.
1 3/8" od tube size 5GM03900--642 200 EA
Brand name & figure No.
!
; Manufacrurer
Point of manufacture
Drawing submittal after award, days
i
i

TVA S051 10P.0-73)

BiIDDER
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Schedule of Prices No. 828208

, Page No. 5
fren ARTICLES OR SERVICES (GIVE DESCRIPTION GR CATALOG NO.) QUANTITY UNIT UNIT PRICE AMOUNT

(Quote unit price znd
cotnpute ertension)

Has the supplier's, manufacturer's or bidder's Quality
System Certificate or Quality Assurance Program been
approved on a previous TVA contract? Yes No

1f not, please refer to attachment C &nd ensure that
your bid complies with the submittal requirements
therein. :

1f ves, identify in the following space the previous
TVA contract number on which approval .was obtained:

Noncompliance with the above may result in your bid
being ruled nonresponsive. .

Shipping Data. Bidder must state:

Number of calendar days
after award for delivery, days

Point of origin of shipment

Method of shipment from
origin and name of first carrier

Method of delivery at destination

Shipping weight

TVA 5051 (DP-9-73)
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. METAL % CORPORATION

DOCUMENTATION OF COMPLIANCE

CR 730

FOR
MBC PART NO. 78153
TO THE REQUIREMENTS OF

ASME SECTION III NC-3649 AND CODE CASE N-192 & N-188-1

TENNESSEE VALLEY AUTHORITY

No. of Pages: 5
September 22, 1980
Revision A, October 17, 1980

PREPARED FOR

KNOXVILLE, TENNESSEE
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MBC JOB NO. 15278
MBC DESIGN REPORT CR 729
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Metal Bellows Corporation CR 730

Page i
VERIFICATION OF SPECIFICATION

DOCUMENTATION OF COMPLIANCE FOR METAL BELLOWS CORPORATION PART NO. 78153

Title:

AZAf?j
Revision: A /1740

Reference: Tennessee Valley Autiority SPECIFICATION NO. BNP-DS-1940-48Q9-R0O. . ___
AND MBC DESIGN REPORT CR 729, REVISION A

Prepared by: 4 Ahe~ Date: 9/13 /8o

Checked by: JO }J ,,,«,//[M,\, Date: 9-23%-§0

[ Y
Quality Assurance: Wﬁ(@/ Date: 24 sepP7. (9EO

***************************************************************#**********

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 Edition, including the Winter of 1979 Addenda, of ASME Code, Section III,
Paragraph NC-3000 and Code Case N-188-1 and N-192 ’

Signature: %M/z/’/ /7/ /‘////‘]/{/})\

Name: Ronald H. Nystrom

Number: 17261

Date: September 24, 1980

1y " \3
TxoCHm ¢ ™
o OF CAW

20960 Knapp Street « Chatsworth, Califoria 91811 ¢ U.8.A. « Telephone (213) 341-4900  Telex 651-483
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NOTE :
lii

THE BRATD FROVIGES THE EXTERNAL FRESTRATNT TG
HOSE BELLOWS aND REMAGINGS ON AT aldl. TIMEL,

I PERMITTYED FOR SGUIRH

ATERNAL RE
ERO LROE OF PAaRSGREPH.,

fOLAaST SEi

TESTS B

THE HOOF EXTERNAL RESTRAINT FORCE FAR EXCEEDS THE LOW
OFFSET LOADY CaAlLTED Y THE HOSE SQUIRMITNG.

IN BURST TESTY TO FATLURE (4 TINES MIN CGFERATING
FRESSUREY , THE HOSE DOES NOT SQUIRH AT aNy TIME, FUEN
THOUWGH THE BELLOWS DEFORMY DRAITICALLY WITHIN THE
BREATD. TN VERAL TESTS (AFTER FATLUREY THE BELLOWS
HOSE AaPFESaR TO LOGK LIKE & TURE INSIDE THE BRATD
WITH INTERNAL STI ; THE CUTETIDE RAGLIUS
OF  THE RELLOWE 3 oA TUBE WHITLE
THE INSIDE .

THES BURST TEST TC | Ak
EXCEEDS THE 2.23% TIMES SQUIRM REQUIREMENT B
FARAGRAFH .

THE HOSE FEITCH DOES NMOT CHARNGE BECAUSE OF THE FRICTION
LOAD CAURED BY THE HOOF SGUEEZE OF THE RBR&TD

(L) HOSES ARE MORMALLY HELD ONLY AT ONE END BY THE
EQUEFHENT WHICH AFPLIES THE TEST PREISURE.  THE

QFFOSITE END IS alLLOWED TO MOVE AS REGUIRED TO FIT

PRESSURE TEST TaNK.

(20 PROOF TEST PRESSURE WAS INCEEASED 10 alCOURT FOR.
DESTGN TEMFERATUREY.

CREY CEY(SF
SF = Z20 KET FOR O 5000 OYCOLES
K& (KOS Y (RS
NEC = Q8CACETHEH)Y = 1,008

FET = 4,470 ~ (L0844 (HUMEER DF TEITS
FES = 4,470 - (L044) (25 '

CACTUALLY MR HAY MORE THAM 25 TEITY PERFOREED T
REAFFIRM §-N CURVED

FES = 0,37

KE = ¢1.008)0,37) =« 37

K8 = WURE £.85 OMIN COUE Al LOWAELES

aoE ABPLE0 KEY O CREE R T2Y PaRA 2.8)

CLL253Y 489,800 KL ¢ 320KST
198.88 KEI ¢ 320 KSI

REQUIRENENT IS MET.

lh

- o
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12 MRC TS USING THE STANDARD IHHII'

BY TEST EQUATICNS
WITH THIS LIFE KERITRE
FROVIDES THE CALCULATIONS

SHUM Il%k

%m

MEC HAS CONDUGTED NANY TESTS OF ITS DWN AMD HAS FOUND .

RESULTS TO BE VERY STMILAR TO EJMA RESULTE.
SEE DESIGN STRESS REFORT CR729 USED |1r LESTGN
TFICATION. TEMIC TEST REFOR
AVATLARLE FOR TEET VERIFICATION.

P
2.
e

ARE

14 ALL TYFES OF STRESS CYULES WERE CONSIDERED WiTH
FRESSURE STRESS AND HOTION STRESS QCCURRING

SIMULTANECQUSLY TO PRODUCE THE STGNIFICANT STRESE FOR

LAIFE CALCULATIONS.
CUMULATIVE STRESSES FUR SETSMIC AND THERMAL MOTTON
MEET ASME B & FY CODE REQUIREMENT PERND 364%,4(6)
as FOLLOWS

TYPE

T4 = B000 THERMAL LIFE CYCLES
T2 = 100 SETSMIC LIFE CYCLEX

CYOLES STRESS PER CR 729 FARA 2.8

L5200 YD CTHERMAL
a0 K8 CRETSMICY

CALCULATED CYCLIC LIFE FER CR 729 FARA 2.9

Ni o= 24425 fYFIIS CTHERMAL )
N2 = 24930 CYCL {SETEMIC)

USAGE FalTORS

Ui o= TLARL = J2073533
W = TA/NE = (0040444

CUMULATIVE USAGE FACTORS IHALL NOT EXTEED 1.0
Ui o+ U2+ ETC < 4.0
LROTESA 4 LG04014C 1.0

LALL28E O 1.0

REQUIREMENT IS MET.

S CR36Y,CRrHK27 CRY3T o C£ 724"
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. TD ATTACH THE LIGHT WALL BELLOWS MATERIAL TO HEAVIER
CRING WHERE THE ERAID AND TURE STUR ARE ATTACH

NDRIGAL COLLARS ARE-USED AND ARE-ACCOUNTED
NCE THE COLLARS FROVIDE a8 EXCELLEMT LOCATION

NN
ATTACHMENT OF THE HOSE (OR BELLOWS) JOINTS MEETS THE
REQUIREMENTS OF THE ASME B & FV CODE SECTION 11X

| FARA. NDABOO.

THE SPRING RATE FOR A ION& HU&L TS'USUhIL\ S0L0W
THAT 1T IS DIFFICULT TO" ME ASUM WITHOUT THE FBRATD
HHMJSL OF SQUIRM. MCUL‘ATE D' SFRING RATES
IN. LF?”Q. FRICTION FOR
OF THL IOhDING THAN SERING
LUNX[DIH!D GND A FACTOR
IMFOSED LOADS' WILL KE LESST
BY THE CUSTOMER.

-—

ROVIDE A LARGER FORTION
RATE LOADS- AND ARE ALSD
SFLIED TO SHOW THAT THE
16N THE ALLOWABLE REQUIRED

NO INDIVIDUAL SFRING hﬁ?k ]EST\ WILL BE FERFORMED GN
FRODUCTION HOSE.

(A)  REQUIRED NUMEER OF WIKES FOR HOSE -~ FEF .
CR72Y PARA 2,10, o

Mo FACERIICOS &) = DOWIRES

GRE FROVIDED

ACTUAL CONSTRUCTTON = 2400 %) = 448 WInEy

REQUIREMENT 1S FET.
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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 Editiog, 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: %M‘/f///g //[Mfc”’?*\
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Ronald H. Nystr5h
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‘Date: P A

20960 Knapp Street ¢ Chatsworth, California 91311 ¢ U.S.A. ¢ Telephone (213) 341-4900 ¢ Telex 651-483
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METAL Z%w CORPORATION
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CR 729
Page 1

INTRODUCTION

" This rébort CR 729, was brepafed by Metal Bellows Corporation (MBC)

Chatsworth, Ca11forn1a for the Tennessee Valley Authority, Knoxville,
Tennessee, in accordance with TVA Specification Number BNP-DS-1940-

4809-R0.

This report provides the design analys1s for .a % inch hose assembly
with 3/8 inch tube ends, for use in Bellefonte Nuclear Plant in various
Tocations 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 analys1s 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 hwgher 1ife 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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I HOSE DaTA

RAgai HﬁﬁIC TQEE,OD 0,500 ITNCHEES
' GUTSTDE Dlﬁ, on D. 700 ITNCHES
INSIDE DY, D . UL 485 THCOHEY
MEAN DIA, LF 0,592 ITNCHES
THICNNE#S, T D.044 ITNCHEY
MG lt{t M, . QLi0E THOHER
FITCH, A OL1E00 ITNCHES
LENGTH, L FH.000 INCHEY

WO OF CONVOLUTIONYS, o A60

DE FERFORMAMIE COMITANTE

ThFe TODIEXPLSA(DFIEXP .S (MATERTAL THINNING)
Tha 0L 054 INCHES
@r2W= 0,47

A2 AXDPCTRIVEXKR . S 0,49

203,08 FROM FIGURE €48, EJMS STANDARDS

Cis 0768

203,020 FROM FIGURE €19, £t STﬁNbﬁHDS

Ch= 4060

S

>

I
3

FROM FLGURE 20, By STHNDARDS

Clhs 4,65

A

3
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| Sl G ON Y CERY A2 COTE) CECY (M) (T CER)
Sim: 300 PET

CODE ALLOWSELE= 273500 FST

BELLOWS CTRCLHIFERENT DAL MEMBRANE FREIIURE STRESE
PR ASNCTR I CLBTA+EW 00
hEE paas FEI

CODE ALLOWABLE= 27500 P51

HELLOWS MERIDIONAL FRESSURE STRESS
§3m P W) ZENCTRD
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N EQUEYSLENT AXTAL MOTION DUE TO OFFIET

ETa ZDFCOTY /N CTHERMAL)
ET= 0,0039430 THUHES
EORE=30F (DORE ) AN CEETSMIL-0RES

EOBE= 0.001%70% THOHEEY

EASE= FDFODSSED AL

QL 0037435 TNOHES
ol AGF DV AR CVIBRATION

BN QL0000 BE THLHES

b BELLOWS MERIDLONAL HEMERANE DEFLECTION STRESS
e ERCTRYEXFZCET) /2 (W) EXFR L) CTHERNMAL )
SSm ARD0 PO
§m ERCTFOEXFZ CEORE) /2 G EXFI(CF)  CSETSHT 00
SRmEL09 ST |
S8 ERCTEYEXFZOESSE) /2 QD EXFIOFY  (SETSHTIC-58E)
$%s o 4200 FST

Ahw EROTPIEXPIOEW A2 EXFROCH CUTBRRATICN

2.7 BELLOWE MERTDIONAL DEFLECTION STRESE
Séus BERCTFY CETY AZCWYEXF2CD) CTHIE R MAL
Yhm L A9BeE PET

Sbs BERCTR) (EDRED /73 (WY EXFRILD) CHETIMIC-0RED

S V47T PEL

AR EXFR2CID) CAETEMIC-Z8ED

Shuw LAPBQR LY
$é ﬁEH(TP)(EU)/S(W)EXPQ(DD)‘ IVITERATIOM

AR L2 RPST

)
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TUTﬁL'CYCLIC STREEZY
':ST'w (343G 8%+ 54) {

ST= 159182 FIL
ST o  PEE3eEa) b (5548d ) '

S 3023? FET

ST = PR3 +T454(885+84)

STmliﬁﬂi?i S

ST = JFORI3040 0054040

e ELo0 PST

HODTFTED EdMa FaTIGUE aNALYST

ELMA FaT TOLE Sy

CALCULATED LIFE
NC= GO0 ST ACET-BY 0ERFE L4

NC= 24125 oyoLEs

THERMAL Y %

CSET ML TR e

CSELSMIC-S8E Y

CUTRESTION)

SORASED OR OYOLTHG

CORATED ON COMETANT FRESSURE.

Te =/t ( INCONEL £25)

CTHERMEL. )

FEQUIRED LIFE= 8000 CYLLES

NC= 2708762 DYULES

(NETSMIC-OREY

REQUIRED LIFEX 100 CYCLES

N 24931 CYCLES

o CIYETIMIC-SSED

REQUIRETD LIFEﬁ*-'&OO CYCLES

M

3

e MORES THAM L. 0EXF 8 CYCLES

CUTRRSTIOND

B DI R 24 N
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BRATD aNALYSTE ' INT

WIRE DIA, D= L0200 INCHES
NUMBER OF WIRES FER BUNDLE, M= K
NUMBER OF BUNDLEY, R 24
AMNGLE FROM HOSE @XI18, X=3X3X DEGHEES

WETGHT FER FOOT, Bu= 0,215 LES

FEND LOaAD IﬁlJlZI T FRESSURE
Fae LTRSS DO EXF20R)
fa A0 ES LRE

BRATD ORES, TOTEL
P CTREBACDIEXPF2 0N (R
fre 0L 0BE SE TNCHESY

BREATD STRESS
§T= FAACOEK

R GER4 T

CODE ALLOWARLE=  1§8550 FS1
SPRITNG RATES

ARlAL SPRING RaTE
B 47 ONF Y CERY CDF Y CTFYEXFIANCOF Y (W NP3

s 227,80 LERATH

QFFSET SPRING BATE
KOz 40300 EXPIOKM CF LY ALY EXF S

e O30 LEB/IN

 THERMﬁL DEFLECTION FORCEY

Fe (KO)CDT) DT 2 5 .
e ' . q o .t

MAXTMUM ALLOWABLE = N LRE
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B
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e 29 ORAZWIEXF LS (F3)

UEFLECTION MOMENTE

T (F ) (L) LFR) S

M 16.2 IN-LE
MAXTMUM alLOWAKLE = NAA TN-LLR

NaTURAL FREQUENCTES

WETGHT OF HOSE
Wi= {OD=-DON+ BT 33014060 CT (03D

Wi= G.784 LES

WETGHT OF FLULD
W SVHELODFYEXFECL ) CL000408)

W= 0,004 LRE

WETGHT OF BR&STD
Wl (R (L) 42

WA= OLA4% LRE

TOTVAL WETGHT

Wes WL R W

Ws  §.34 LES
AXTAL VIRRATION (FARALLELTO AXTS)
Fro 9,86 (KA/WEXF.5(F3)

Feo 48,7 1HZ

fam i?;é{Kﬁ/w)EXPAS(FK)' | (SECOND MODE)

Fra 237.3 HE

Feo ZELHCRAAWIEXP VB FE)

fran A7 4 A & M

gFIRST MODED

(THIRD MOLE)D

CFOURTH MODE)
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A Al

‘ﬁ# 24,8 DFL ONAESDEXF LS IFAD

LﬁTERﬁL UIBRQTIDN

Fres 4.8 HZ

frae &8 2CDFALY CKA/WD EXF S 4)
Fa 13,46 HZ

Fe £33CDF/L) (KA EXF LB (F4)

Fras ﬁﬁ;ﬁ HZ

fes ﬁRi(DF/L)(Kﬁ/M}EXPAﬁiFﬁ)

Faso 44,0 HZ

FLOW INDUCED UIERATION

FLOW VELDOCITY

SYSTEM FLOW

Qe FRA O GAL/CUHFTA/Q8EC MIN

Q= 0,000 CUHFT/SEGC

FLOW AREA

A L RS EXF
e 0L 0043 BOFT
FLOW VELOOTTY

Y 174

VEE % 0.00 FT/SEC

METAL MASS

(FIRST HOLE)

(FECOND MOBRED

(THIRD MODED -

CFOURTH MODE

M= JADPUTIE D843, 0446A+H-28) (L 00258

M= 0000031 Lﬁw(SEC)EXPﬁ/(IN5EXP4

FLUID MASS

HF 1=, 000408DF (H) (3.1486)(, 00258 /2 (2A=T (HF))

MES= 0000000 LE-(SECYEXFE/ CIN)EXFA

MF 2=, 000 408DF (HYEXFE(3.1416) /3DEL

MF2m 3000000 LH"(SEC)EXPB/(IN)EXPQ
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2.43.3,
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LA IR

2L
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CKE=  92015.50 LEJIN

2]
-
-

ed

LA LE

oo
LA

BELLOWS SFRING RATE

CRAs LR7LH0 LE/IN

. :\.’. 4

”INfPHASE LONGITUDINAL

FROM FaRe  2.14.4

RE= 2NCCKA)

FREQUENCY RANGE (FLEX

CFRAsE (2KE/ MMHF DD EXPL5 /203, 1416)

FRi= 38453.7 HZ i
UUTﬁPHASE LONGITUDINAL
FRw CORE/ CMMAMERY TEXF L S5/2 (3, £416)
FRO= RORZ0,4 HE

FIRST HENDIHNG HODE

Fhds (BRE/MMAMF2 EXPLB/203014406)

FRi= {880,101 HI

VORTEX FHEDDING VELDCITY -

PITCH (uabad= 0,100 INCHES

CUNUOLUTION WILLTH (SLGNA)&f G.066 TROHES

LAMDAASTGMA= L0545
FrROM FIGURE 1
URFER STROUHAL NUMBER, SUs= .40094

LOWER STROUHAL NUMRBER, Sl= 16938

Wil KER0 L FT/YED

Yl FRECEIGMN) /5L

Vil - 4904, FT/SED
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REIIN

A
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YUs FRICSTGHA) ZSU
Vs 6340, FT/SEC
Yl FR2CSTHMA) 751,
Ul 14518, FT/8EC
FOR Fit
YU FELCSTEMAY 75U
UUs £2619. FT/SEC
YLs FELCSTGMA) /5L
Yis 298F5. FT/SEC
NO OUERLAF OCCURS BETWEEN THE BELLOWS HOSE FLOW AND THE
VORTEX SHEDOTNG RONGE THEREFORE NO ADDTTIONAL ANALYILS

T OREQUIRED O HOXE ASTEMBLY FOR TNBUCED VIBRATLION

FRESZURE DROPF

LSS CFRICTION FaCTOR)Y (L) (HENSETY Y (W EXRISZDIG)

LOSS=  0.00 FSLAFT

FREZSURE LOYY AlLLOWABLE= N/A”'
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A

3.0 4

Page J4

TYPICAL MOTIONS

Using configuration (_D) (See Figure I) measured center linc bend
radii as hose was moved thru required motions:

NOTL: Configuration @i.ndicated 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,

» Gondition III: Free end moves horizonally (x£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 90°to radius, hose develops 2nd radius
where hose goes into offset.

MOTIONS DURING ANGULA TION (SMALL PORTION OF HOSE)

¢

A . 01745 ¥

oo -
ANGLE CHANGE WHEN PORTION OF HOSE CHANGES RADIUS
LENGTH S '
Aeor o [t oL I S
o= 017451 .01 7451‘_2> T 01754 BRI T

NOTE: When hose is straight,, is considered infinity and fraction
becomes &3 zero. 2

NUMB_ER OF CONVOLUTIONS IN SMALIL PORTION

N = .._g__
9
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Page (5

3. 0.4 ~ MOTION PER CONVOLUTION DUE TO ANGULA TION

ey = Sp 01745€ (EJMA  EQ 3)
ENO 4o
4y (01745 078\ T
: L
q

i

A.SquC-}l—-'-. 1>(in.)
4 n T2 :

3.0.4.], MOTION PER CONVOLUTION DUE TO ANGULATION FOR CONDITION 1

el
<

ey = .5 (.592) (.10) { L= 1 ] =243 x10
7.5

4,5

1. 0 4 L. MOTION PER CONVOLUTION DUE TO ANGULATION FOR CONDITION II

[ ,f,.:a'.‘ !

eg = -5(.592) (1) L - 2 ]2y x 1073
7.5 s T T
Or,
. 1 - 0] = 2.69 %1073
eq = .5 (.592) (1) |—o 69
11. 0

3. 0.4, 3 MOTION PER CONVOLUTION DUE TO ANGULATION FOR CONDITION III

. » ‘ o
_eg® .5 (.592) (.1) [:—-—1——-—— - O] = 394 X 10

7.5
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METAL % CORPORATION 7, W ks Finvw 78153
DATE CUSTOMER PAGE  OF
g??j:s’:\lbz)‘:\p:l!?TCF:ELEIIORNIA 91311 ) 67//?/(fo T v A 16

3.0.4.94  MoTION Pk CONVOLUTION DUE 7o 0FFSET Kok
CoNODITION [V, k ) ;

e. - 3 Dp Dy »
(Ne ) (LL) ;

3 (.592)(5)

(360) (34)

= (.8 % )0°

v
Q

c 4. S. THe worsT CASE  Fop EQuivulenT TTERMAL  oFFET
MoTION SHALL BE UNOER ConDrTion TTT. ' ’

€y (Ne) (L =,
D.r - & I ) i;
(3.9 x707%) (360)(}6)

3 (592)
= L85 . (USE N COMPUTER FPROGRAN )

—
—

3. . Fom SEIsmic MoTION, 7HE WORST CASE S¥ril GE

FREEEND o VES b/o/Z/zcv,vrAu)’ 2/ v, STRAIGAT YOS E

e s e o i it o e

Develops SAME 7.5 . RADIVS AVD RADIS
Becomes s7rAIENT |

/
25

69:

w3

(590 (1) 55 o] =399 2/0"

D3SE

1

28.7% IN.

DoBe = |437 N
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METAL M CORPORATION 7 A HRen Piv 78153
20977 KNAPP STREET . DATE CUSTOMER PAGE  OF
CHATSWORTH, CALIFORNIA 91311 9//9 /‘PD 7. V. A. _ /7

3. 2. MOVEmENT FokR VIBRATION Of{SET :
g H .05—” (LD

0.5 = oo0sll (10)"D

O - 0978 1~

DV =..0978%+ . 0q974"

= 137 . AT 1o HZ2 (worsT CDND/TION)




'/f. ENGINEER REFERENCE UMBER
METAL ﬁi%w CORPCRATION 7 fhon P/v 75153

. 20877 KNAPP STREET DATE CUSTOMER PAGE  OF
CHATSWORTH, CALIFORNIA 91311 9/19/¢0 T V. A - /8

¢ 0 LoADING COMBINATION :
THE WORST CASE FOR THE Fwér.(;' éj MOMENT SHALL B¢

CNODER  vHE INSTALLATION CoNF/GtHMT/oA/@

4. 1. SHEAR ‘LoAD
END TwBE = ,27 LB
ADAPTOR = .044 LB
SPRING o = .12 LB
Hose § BRAID .5 ( .716+ .695 ) = b8 LB
. FLuio yn Hosg .5 ( .004) = ,00Z LB
V2 DEAD WEIGHT = [ 066 LB
2. JS€ismic Forces: (SSE)
4.2.1. DUE To INERTIA:
F;? = lo66 x 29’5 = 7z 532 LB
Fa = loes x 395 = 3,98 18
'F“Q/z.lsz"* 3-I?8L REeF. PAEA. 4. |

H

3.844 LB  (SHEAR)

4 2.2. DUE To MOVEMENT :

-Fz= 30 ( 1.0)

Fy -

il

03 LB

- F ] 934 o3 =.42%n
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ENGINEER REFERENCE NUMBER \\
METAL %W CORPORATION 7 Fou 728753
. . OATE CUSTOMER PAGE OFf |
é?-cg:;s:v%:”:yf’:;\iﬁ:onmA 913N . 9//?/}0 7. V. A. /q '
4.3 SEISmic Fopece : (OBE) !
4.3. 1. DUE To INERTIA:
: !
Fa T l.ogb X f.Sg = 1.599 LB
F = 1066 * 2.09 - -5 ;4
: 1.066 3 2.132 LB
F=.1599 *+2132" ;
}
= 2.6 LB ( SHEAR)
4 3.2, DUE TO MOVEMENT : !
Fa =FE: .30 (.5) E
= .15 ¢§
i
F=/16 *4 g *
= .2/2 LB
4. 4. VIBRATION FoR<gs ,
. {
44 1. Due To INERTIA :
Fa@‘ F} =1.oee(.s‘§’s>
= .533% LB
Fo=,533%+ 533~ ;
i
= 753 LB
§




/ ENGIMEER REFERENCE NUMBER
METAL m CORPORATION 7. At PaoJ 75775 %
20977 KNAPP STREET DATE CUSTOMER PAGE  OF
CHATSWO}T’!TH, CALIFORNIA 91311 q//?//a j T VA ' s 20

4.5 Toral SHEAR ForcE,
4.5 I NORMAL  CownDITION :

F = DEAD WEIGHT t THERMAL EXPANS[oN + VIBRATION

= o6 t Fo t .753

2.7 L :
e REF. PAEA. 4.1 2. 11,3

. 4 4 1.
4 5.2, LIPSET LOoNDIToM :

-1
1

NORMAL + ©OBE

i

2719 +(2_65 1».2./2.)

* 5.59) LB Rep, pARA b & )
o 3.4
4 5.3, EMERGENCY CoNDITION : RS
F =NorMAL. + Ss€E
= 2719 +( 3,849 +.9.24)
= 6987 Lp ke £ PARA. 4. &)
/-/. x./
% a2




ENGINEER REFERENCE NUMBER

METAL ?Z%w CORPORATION A s Frar 78153

i [~ R
20977 KNAPP STREET DAT CUSTOMER

‘ PAGE

£

OF

CHATSWORTH, CALIFORNIA 91311 - 9/14 /?0 < 7. V. /I

4. 6. DYNAMIC AMpMENT

MOMENT ARmS :
END TUBE 228 xI {Qia

ADAPTOR - 044 LB x 2.76 /v

SpRING L2 LB x 538 IN

Hose 4§ BrAID L 68 LB 2 (2,13 N

Fl.ujp 1IN HOSE 002 LB 2 3.13

o

= 825 IMN- LB

= L0066

IM-LB |

!

F 6.l SEISMIc MOMENT . (55¢&)

/1’? = 9.286 «x 9\3’5 = 18.572.L 8

M}_-; 9.286 33’} = 27.858 18

9.286

IN-LB

Ref. bAra. o 6. i

. = M * 3 M,
M=y P 3
= 33.481 [N-LB
4. 6. 2. SEISmic amomeny . [0BE)

M{f:‘ 9.2 86 X }.5‘35 = /3.93 Lp

9.28¢4 ,1.03,’5 = 18.57 L 8

i

-"’I}‘

M=l 1395 “457”

= 23.2/9 JN-Lf

REL. pARR. Y ¢
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/h ENGINEER REFERENCE NUMBER
: . |
METAL % CORPORATION F A v/ 18/53 \
20977 K STREET DATE CUSTOMER FAGE  OF :
c(::)/gs)vvh(l)/;::u. CALIFORNIA 91311 9//?/f0 T. VA . a2 J

4 4.3 MOMINT Dus 70 VIBRAT/oN :

M{}: M} = 9.286 «.59%9

= 4643 /~7-L8

M = [4643 + 4 6a3*

= 6.566 IN-LB
G 6. Y rorMINT AT  TwuBe .

Hose Force x L (Hose Evp 7o 7use)

4. 6.41. g0 L8 # 313 /N = 2.8|7 /v-L83 s S AL

4. 6.4 2. 429 LB X 313 N = 327 IN-LB JS5E
ReSL. PAnA Y - on

4 6. 43 Lzl2 LB x 313 M = 63 V-L0B 0 BE
REf pARA. ¢z

G 7. ToTAL MOopMENT
4 7. 1L ACORMA L. CONDITION

M=z DEAD wVEIGHT + THERMAL § V/BRaATION

= 9.286 + ( 16.2 +2817) + 6. 56¢

= 349869 (NMNLD REL pARY 4 4 ¢

A

4. 7. 2. LIPSET ConvDITION G 6.3

M = Nokmal + o0BE

il

34.669 + (23214 t .663 )

13

58.74¢ VLB
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METAL g:\%m CORPORATION

ENGINEER

T g

REFERENCE MUMBER

s J577 63

20077 KNAPD STREET DATE CUSTOMER FAGE TGF !
CHATSWORTH, CALIFORNIA 91311 9//9/d90 T v A 23 “—J
4. 7.3 EMERGENCE ConDITION | :
M= NokmAL + SSE

= 34.86q tT(33.48/+ 1327)

;

it

£9.677 |n-LB

Ref. parh

AL

P e ik —mas s
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- ENGINEER REFERENCE NUMBER \

METAL % cORPORATION | 7. A7~ P/IV 78153 z
DATE CUSTOMER PAGE  OF

f:(:qggscvh:)‘:::uﬁcisjlonrqm 91311 Q/I 9 /cPO T V. A 24 !

£ 0 MOTION AT CENTER DUE TO RESPONSE FRom 3E/SMIC l

INpuT
5. o0.]. ASsumpTions

A> SEISmIC INpUT of 39

(B) AMpLIFICATION FACTOR /35 DERIVED FROm
REsulTs of TesT DATA 15 CONS/DERED
CONSER VATIVE

FRERQ INpuT AMPLIF/CAHON S ouTPUT Displ. ExcUR.'g
4z 9 g ). (v
4.9 | 3 3 6 489 12495,

5.0. 2. EQUIVALENT AXIAL MoTION AT CENTER : '
3 Dp A 3 (.592) (t2.945) i
= = = L. 00134
(,sN) (.SL) (.5) (360) (.5) (36)

5. 0.3, MOTION STRESS AT CENTER :

¢ - Ey ty e

a
¥ 2w’ e,
’;(zq xlo")T( 0!4)’.
= 2V (+.001384) = *,889ps
z (.108) (1.60) 887 s
. 5 €, t, e
S, = b Ep

3 wr Cg

6 ‘A
- 5‘(7-"?*“2 )(.0'4)(1.0015‘}>
3 (.108) (1.65) |

il

47113 psi




Q ENGINEER REF ERENCE NUMBER
MeTaL Bathos corroraTion | T 474 Piv 78153
20877 KNAPP STREET DATE CUSTOMER PAGE  OF
CHATSWORTH, CALIFORNIA 91311 2/14 /f'o 7. Vv A. s
5y.o. 9, ToTAL STRESS
Se o= .1 (355 t54) t Se 15
= .7(556+28I12) + (3778 t+94224)
= [(°0,36] ps|
'§5.0.5, €YcLE LIFE a
6 24
N, = T¢l.B6 % |0 ) Te w)
Sy - § 4000 '
= 390,984 cyctEs SIVEGURTE
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ENGINEER REFERENCE NUMBER ™,
METAL Tg%w CORPORATION 7 AFr piv 75753
20977 KNAPP STREET DATE CUSTOMER | PAGE T OF
CHATSWORTH, CALIFORNIA. 91311 /19 /fo T b A ' 2 6

6.0 pP/IPING :
6.0.1. ADAPTORS + [P/ 74991)

+. » f‘
0.0 =.7/2 27 n. 's‘

: - +. 003 |
;. D = 507 - pop . : ° !

tow = . 095 1w

P D
£ reap = vy t A (we -364/1)
g p(}) |
- ISso (.71) 10 ,‘
2 275004 150 (. 9)] |
= 00193 N Tmiv > Lrego

DEsIGN 15 ADEQUATE
6-C.n.. ruBE [ Piw 78157)

+. oo | !

o.0D = .375‘_'0/ A

I.0D= 3/2 toor
- .00

moy D 0255w,

+ o p_D A
“eeao™ T 05 4 p (m. 3641
}
150 (.5) s - 5
= ' ;

Z~[ 18300 + {80 (.4)]

= .00z /N~

g

v 2 Tpego "

DE 5'16/« 15 HPEQUATE

. - ;
\_ J



r ] . ENGINEER ) RESENCENUMBER - \
METAL &w CORPORATION | 7. A%~ | P/N 78153

20977 KNAPP STREET DATE CUSTOMER PAGE  OF
10/18/80 7. V. A. 27

CHATSWORTH, CALIFORNIA 91311

7.0 LoApinG : (AT VERY END  of TuBE)

7.0.1 SUSTAINED LoAD : (UPSET CoNDITION)

*
P Do 15 L My

= + < A wWe-3652.)
55(. qt:c Z N ’Sﬂ ( : )

WHERE : Mpy= MOMENT Dut To WPSET CoNDITION

_ 150 (315> .15 (1.8) (£8.746)
4 (063) T (.156)7(.063)

=223 +16465 (psi)

16,688kl 18,3 kol

REF. PRARA. 4 7 2.

7.0. 2, CCCASIONAL LOAD

* .
D, 75 ¢ Marmg) |
it + B)s, Sg (l.2) (Me-36521)

S =
e
_ 150 (.35 . 15 (1LB) (69.677)
4 (.ob3) T Las5) ((ob3)

=223 t 19529 (pPsi)
= 19,782 Koo K 21,98 Koa

My t Mg = MOmMENT DUE 70 EMERGENLY CONDITINV

REF. pakA . o 7. 3.
,

A CALCULATION WAC BASED ON TUBE Ewp
(.375" 0.0, 063" rHk crES 304 PER SA479, 2/3)

- ' y



