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JUMPER CONNECTOR ANALYSIS

2-[NCH BY 2-INCH CONNECTOR

S. K. Kanjilal
L. E. Ulbricht

M. R. Lindquist

Westinghouse Hartford Company

ABSTRACT DESCRIPTION OF THE EQUIPMENT

A sketch of the jumper connector assembly is shown in Figure l. The
Jumper connectors are wed for remotely connecting pipe lines assembly mainly consists of three hooks, a block, an operating .crew, a

containing transfer fluids ranging from hazardous chemicals to other upper and a lower skirt, and the gasket retainer ring.
nonhazardousliquids, The.jumper connectorassemblycompriseshooks,
hookpins, a block, a nozzle, an operating screw, and a nut. The hooks are The installation and operation of the jumper is described below.
dgittened against the nozzle flanges by the operating screw that is tightened

with a remotely connected torque wrench. Stress analysis for the jumper The jumper piping is welded to the block. The assembly is then lifted
connector assembly (used extensively on the U.5. Department of Energy's and placed so that the gasket is mounted over the nozzle and the hooks
Hanford Site. near Richland,Washington)is performedbyusinghand

engage the flange of the nozzle. Once in position, the operating screw is
calculation and finite-element techniques to determine the stress levels torqued by use of a remotely operated torque wrench that is activated for a
resulting from operating and seismic loads on components of the assembly, predetermined period of time. The torque wrench is rated for a specific
The analysis addresses loading conditions such as prestress, seismic, maximum torque. The torque is balanced by a compression force on the
operating, thermal, and leakage. The preload torque-generated forces at block tramtmittedthrough the _'rew and. by a tensile force in the.hooks.
which eachcomponentreachesits stresslimitsare presentedin a tabulated These twoequalandoppositeforceshold thejumper connectoras,_mbly
format. Allowable operating loads for the jumper assembly are provided to together. [n other words, the higher the torque, the greater the clamping
prevent leakage of theassembly duringoperating cycles, force.

INTRODUCTION Figure 1, Jumper Connector Assembly

.lumper connectors areu.'_,d for remotely connecting jumper pipe lines
in rl,lh)|tctively contaminated zones. The jumper pipes transport radioactive Operating Screw

Ihdtls and Ilazardous chemicals. This analysis was made for a particular Operetlng Nut
PUREX type connectorused extensively in the Hanford Site, managed by the
U.S. Dep.'trtmentof Energy, RichlandOperationsOffice (DOE-RL)0 _ Hook Guide
Richhmd. Wa.,_hington. The design analysis of the jumper connector is Hook Pin
performed to achieve the following objectives.

• Determine themaximum amountof preloadthatcanbeapplied Spilt Washer
Upper

tn a 2- by 2-in. jumper connectorat the time of installation. _ _!_i Skirt

(Relate preloadto operatingscrewtorque.) r_::':Connecto
• Determine the maxilnum allowable load capacity for a 2- by Block

2-in..jumper connector. _ Hook,_
• Investigate the po.c_ibilityof leakage from the connector Gasket

re.,_nltingt'roma seismic event and/or the application (ff the Gasket

Ring _
Lower
Skirt

Nozzle H94030tS.S

i
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DESIGN PARAMETERS AND ALLOWABLE LOAD CASES

• Design pressureis 400 Ibf/in:. An•lyses for thejumper connectoris performedto evaluatestressesfor
, the following loading conditions.

• Design temperature is 240 °F.

• Torque versus force relationship is obtained from the test Preload is because of loads generated when the operating screw is
results, torqued. Several standardformulas •re available to calculatethe torque

versus force relationship. The results vary widely, and arriving at •
The allowable stresses for the hooks and hook pins •re as follows: consensus is difficult. The load range considered for prestre_ analysis is

10 to 48 Kips pound force (kibf), which is approximately in the operating

Allowable stresses in bending = 0.60 S7 screw torque range of 200 to 1,000 foot pound force (fHbf).
Allow•hie stresses in shear = 0.40 Sy

_;¢ismicLoa(lin_

where S_ is the yield strength of the material. When installed and connected to a nozzle, the assembled pare behave
like • rigid mass. Two factors may influence the rigid behavior: (1) the

These allow•hie stress criteria comply with the American Institute of reduction of preload torque from seismic motion and (2) the seismic lateral
Steel Construction (AISC), Ninth Edition (AISC I989). force generated st thejoints where different parts contact each other (e.g.,

the tip of the hook and the nozzle flange), which should be less than the

The allowable for primary membrane and bending stresses for the friction force acting at that joint. The fundamental frequency of the
nozzle and the block material •re as per American Society of Mechanical combined model (Figure 2) was determined to be 166 Hz, which indicates
Engineers (ASME) Section I110Sub-Section NB-3221.3 design criteria rigid behavior with no dynamic amplification. The connector will see
(ASME 1989a). insignificant seismic forces and will maintain its integrity during • seismic

event.

The allowable material stre.qse.qfor tension •t the design temperature
for the gasket retainer ring material are taken from ASME 831.3-1990 OperatinE Loads !
edition (ASME 1990). The shear stresses for the above materials are limited The operating loads are developed because of pressure, dead load,

to 0.4 S,. differential thermal expansion and seismic motions of the jumper piping. The
piping analysis ev•luatas dead loads, thermal loads, and seismic loads; these
loads constitute the reactions at the jumper connector point, A study of the

MATERIAL PROPERTIES load data sheet from.jumper piping stress analysis, suggests thet an enveloped
load of 400 Ibf in each direction and a moment of 350 ff4bf in two

The room temperature material properties of different component parts directions is sufficient to cover the piping demands for • 2- by 2-in. jumper
_lreshown in Table 1. connector. These enveloped loads are considered the extreme operating loads

for 2-in-diameter jumper pipe fines. The coefficient of friction between the
Teflon I gasket and the steel is small; therefore, the block may rotate over the I

gasket surface because of the moment about the nozzle and block axis.

Table !. Room Temperature Material Properties. Hence, the moment along the nozzle axis is relea.,;ed.

.................... Uitimate
Yield tensile % Thermal Load_

Compone strength The design temperature is 240 °F. The room temperature material
nt Material (klbf/in: strength Elongatio properties do not appreciably change at this low temperature. No time-

) (klbf/in2 n dependent thermal analysis is performed on this jumper connector;, instead,
) calculations are made with a temperature differential of 240 and 70 QFto,, , .,.... , ,, , ,., ,,

Hook ASTM A 747, Grades !15 145 9 determine the relative thermal displacement of the nozzle flange and top of
CB7Cu-I or CB7Cu-2 the block. The resultant thermttl movement is converted to an equivalent

.... , ...... force that considers the stiffness of the assembly at the center point of the
Hook ASTM A 108 Grade 1045 77 91 t2 nut. This thermal-induced force is superimlx_sed on the torque loads to find
Pins (Cold drawn) the combined stresses in the hook and the nozzle flange.

...... |, ,,

Nozzle ASTM A 743 Grade CD- 70 100 [6
4MCu The block is modelled with 400-lbf/in: internal pressure and with the

....... gasket at the bottom. The torque preload is applied as pres.,lureon the
Block ASTM A 276 Grade 304L 30 75 40 equivalent area at the top ,)f the bh)ck and operating loads are applied at

SST proper locations on the sides. The criteria for no leakage are (l) that the.....
L_.__ ,

Operating ASTM A 148 60 90 20 reactions at the sealing surface must be compressive and (2) that the netreactive forces normal to the compressive force should be less thin the
nut reactive friction forces, or a mechanism should exist to transfer these forces

. ,.

Operating ASTM A 193 Grade B7 100 125 16 to the fixed nozzle base. The coefficient of friction between the steel blockand the Teflon gasketis small (0.04) (Baumeister1978). The friction force
_rew C.S. at the interface of the hlock and Teflon gasket is not enough to restrain the__

Gasket ASTM A 276 Grade 304L 30 75 40 reactive forces. These forces are transferred to the fixed nozzle base through
retainer SST the lower skirt and the gasket retainer ring. The compressive stresses at the

ring point of contact between the ring and the nozzle face are calculated and found
.... acceptable. The bending stresr,e.qat the fixed end of the nozzle body are al_

Gasket Teflon acceptable. The torque loading that satisfies the above criteria is noted and
shown in Figure 3.

tTeflon i.qa registered triodemark ¢ff E, I. du Pontde Nen_u_ & CcmIpany,
Wilmington, Delaw_re.

i i
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The minimum torque to stopleakage hasa safety factorof 2.5 and is qa_k;gtLReUzinerRing (supplementaryloadpath)
._pecifledin the results of this analysis. The gasket retainer ring is screwed to the lower skirt and contacts the

block. The tip of the guket retainer ring touches the nozzle face. The top
The leakage analysis is based on the assumption that forces are of the retainer ring has a clearance of 0.033 in. from one edge of the block

, distributed uniformly and that moments are distributed proportionally and face. A load path may be established to dis_bute the compression load from
linearly on the sealing surface. The leakage analysis does not account for the block to the nozzle face through the lower skirt and the retainer ring. A
such things as the effects of fluid cl_mcterisfics, uneven or discontinuous two-dimensional (2D) corn.purermodel is generated with the block and the
loading on the sealing surface, the condition of the sealing surface, or other retainer ring to evaluate the stresses in the retainer ring. The gasket is used
variable factors that could affect sealing performance, as a spring element in this case.

Figure 2. Combined Model DES[GN ASSUMPTIONS !

The jumper connector presents a complex analytical problem having a

/_ multitude of boundary conditions. The following as._umptionsare made to
evaluate thejumper connector.

• The connectionbetweenthe hooksandthe nozzle flangeis fixed
in translation. This fixity is based on the hook tension force
generatedby torquingth(_operatingnut. The fixity in the other
twodirectionsis basedon the friction force betweenthe two
surfaces.

• The hooksare connectedto the hook pinsby a rigid link to
transmitthe torqueforce andare guidedin two otherdirections
by theircouplingwith the operatingnut. This assumptionis
valid becausethe tensionof the hook is generatedby the upward
movement of the operating screw, which functions as a guide
and a rigid body to transfer the tension forces.

• The operating screw itself is not modeled in the finite-element
analysis: inste|KI,the torquegenerated forces are represented by

__ a tension force placed at the center of the operating nut, with the

_me compressive force or equivalent pressure on top of the
block. This assumption has no effect on the results of the
analysis.

Solid Modelling of Nozzle • TheconnectionbetweentheTeflon gasketand thenozzle is
• Thermal Displacement Study assumedtobe fixed intranslationon thebasisof the same

argumentsas statedin the tint assumptionaLx)ve.

• The analysisassumesperfectfit-up conditionswhereeach hook
sees an equal amountof tension load. An imperfect fit-up is

mgum 3. Torquevs. Compreulon beyond the scope of this analysis.
of Gasket.(LeakageStudy)

• No thermalanalysisis performedfor thewetted surface.
TorqueLo_s (Kips)forOakm ¢omp_mmmon However, thermal expansion of the nozzle and block is

10 al Z0 40 so considered,andst_ in thejumper connectorcomponents

thermalmovements. Becausethe upl_r-boundoperating
temperatureis below400 "F, material propertiesdo not change

i I3° / t °'ms _ haveSignificantly. Thermal-inducedsire,seesare seif-limitingandahighallowable.u_ i / 1 o.0e • The nozzleha, is consideredfixed in all dircction_.

•"1- /._1 1; L _P" Lmadlm" --40.04 COMPUTER MODELING

_00 The ANSYS version4.4 computercode(DeSalvo 1987) is usedto

.0= performa finite-elementanalysison thejumper connectorassemhly. The
following models aremade for the analysis.

_'_S 0 :11Z."_ I1.1 I 10 • A combinedmodelof all thecomponents.(see Figure 2). The
I Torque_ (Klpsl purposeof thismodelis to find the approximatestres._levels in
) (Im_u_m_ L_) thevariouscom[mnentsthat resultfrom static prestressloads
(.)._mmloemOuewOpem_la,_£m',.l.SNXl_ andsl._oto makea dynamicrun to find thenatural frequencyof

thisequipment.All hookanalysisare performed hosedon the
resultsof thismodel.
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• A model for the nozzle. The contact area between hook and concentration of stresses. This local concentrationof stresses rispar_j
nozzle flange for onehook positionis closelymeshed for a 60- becauseof the couplingeffect betweenthehookandflange. At thislocation.
deg segment(.,teeFigures4 and 5). The hook tensionloads are only two nodesarecoupledto transferthe forces,while theactual

' distributeduniformly on thecontactnodes. The flangestresses distributionis over a contactarm. Becausethe stressconcentrationsam local
obtained from this model are used for qualifying the nozzle and compressive in nature, they ire not expected to have any adverse effects
flange, on the structund integrity of this component, and am not assessed further

within the scopeof thisanalysis. The nexthighlystressedareaoceumwhere

• A model for the block (Figure 6). This model has Teflon the profile takes an abrupt turn to form the hook. The average principal
gaskets attached to the block and is rmtrained at the b_ with stresses at that region ate consideredas thedesign stresses the hook will see
translational restraint. This model is used to (l) perform a during the preload torquing pmcmm. The results are sununarlzed in
stress analysis of the block, (2) determine the critical Figure 10.
combination of the operating loads, (3) perform the leakage

study, and (4) determine the compressibility of the gasket.
Figure 4. Part Model of Nozzle

• A 2D model of the block and the retainer ring. The gasket is
modeled as a spring element with proper stiffness obtained from
the three-dimensional (3D) model. The preloed torque-induced
compressionloadswere distributedas pressureat the topof the
block. The retainer ring is coupled with the block at proper
locations in translation only. The purpose of this model is to
evaluate the stress level of the retainer ring should a load path
be established through the lower skirt and the retainer ring.

• A 3D model of the block and nozzle. A spring element of equivalent

stiffness to that of the operating nut and hooks is attached at the top of
the block. This model is created to evaluate the relative thermal

growth of the hook when free thermal displacement is restricted by the
hooks.

ANALYSIS OF THE COMPONENTS

The stres._s in the finite elements, except for the nozzle and block, are
evaluated using the distortion-energy theory. The condition of yielding based
on the distortion energy theory is

[Sy ,, _ V-((6[ - _2)z

.(62 - &3)=+(Sl - 83):1

where
,,, Yield stress of the material, and

B,, &.and _ -' Principal st_ in three orthogonal directions.
Figure 5. Hook Nozzle Flange

For the block and nozzle where ASME allowableare used, the Contact Area.
stresses are compared to allowable stress intensity that is based on nutximum ./_
shear stress theory, and is conservative compared to the distortion energy .r_ .rm_ 72S ANSYS4.4
theory. .l"ai .V'__i 7Z4 Jun$, 1992

I ... $04 _HI•_.#:m._m_r.7 pn_,,7NOOn
HOOK ANALYSIS ._- "_'_'w-r-_'-_'_sm.lU • . _ ,t,_ltml ,..

OIST • o,sg_ffS

U)e._:riptionof the Model .me .u' m_ •
All three hooksare modeledandattachedto thenozzleflangeby "_ ._I "._._,y,_'_,4_.'_p8 YF, 1.7S

coupling translational degrees of freedom at the interfacing nodes. At the ,o,_]_t-,bi.!_ .,, _'_....ra_pe".'__7_:_._'_
top, each hook is coupledto the operatingnut in two directionsnormalto the ;_ ;s_s "3__4_.'_._'__4_ _ AssumedHOok
hook to represent a guide and slag connected with the hook pin by z rigid :_ :4"i :_z,t4n._t._4tO 'm L_d_l Area:r .9 ,4 _;r.31t31s._lle

link (see Figure 7) to transfer tension forces. All hooks are modeled together .]_1 .]_ ._l)zsm_&l_'

with the nozzle and the block. Preload torque-generated tension forces are .,_,%z_",0_ '_-1_,_e[_4_ Atom .
input at the center line of the operating nut and distributed to all three hooks i_'_ "*_ •__'_k,_,t_e_:z,_q.z4q_4ii1'_, ,114l .I13 41 " Load Distribution

computer,,,.is.,,,de,ofindthestirrnessofthe_,.b_yatthe_,nterofthe .i_ :;_t:,:;._,__ .o.o,,_...

operating nut. The relative thermal displacement is converted to preload 't_ _ .,l_J .11su2Leta_;;-.PVr 3 s 17 * !1• (12Nodesforce ba.,u_lon the stiffness. Analysis is performed with a combined loading .t_1_ ._,,,_'e_.¶_[_'_z_e_ um__ _rs,o
of torque and thermal-generated preloads. ' t_ .125t_J.,_S.,_..llI_]S14Tee4 Hedm X Y Z

.t_- .13_131iT"_. _" 1_02_1_ 4 sJl00 I,/S 0,,m._,.n:r-_.,_. , ,..m ,.n o
.1Z4]_I?3SI73S ,t_._. it I.l_ 1,7S O

AnalYsiS Results .t72e_/-_t/4_.'-'.",.' ass_.wo _.Ts
--- 1_1}'42"1_ 'z_ 311 t.3a01 1,1l O

The analysis results show stress concentrations at different parts of the ' znet_:n _,s _._nz _.n o
hook becauseof curvature effects sad ai_ because of s small contact area. ._n't uit _J,m ,.n 0

Strek_ contours for a preload torque force of 48 klbf is shown in Figures 8 H9403015.2
and 9. The tip of the hooks, which contacts the nozzle flange, shows high

r ,

, f
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• Figure 6. Block Model

• Figure 9. Hook (Bottom Portion) Siren

Contour Plot. Torque Load 48 Kips.

I C_©,,traUo, .f / / / ) I-"_ I
I (ignoredI, "J / / / / t _t I

Cok:ulal_np ) C

0

I

• 111M1
/ \ /A n, 44os0 /
/ \ / c ,.=se /
/ \ / 0, N4se /

..... / V _:l:=ll
1 / Load'.TorqueLoad G• 1700S2// ,0K,,...d ..... =RE

i ThermalI-gad3.SSKIPa 1-22044, I

',,/I I_::_ Figure 10. Hook Stress vs. Torque
_ Material ASTM A 747 Grade CBTCU-1

Ultimate Tensile Strength : 145 Kips/In =

Solid Modelling of Nozzle =__=..__=l_m

• Load on Hook Directly lw

T Prlnclpld

Hs4O3OlS.V .. _'n___d%__.___!s.rap_

Figure 8. Hook (Middle Portion) .. 10o -u=w==_oe,._ / :

J Stress (0,6 x 11$ jr t
Stress Contour Plot. • n KIE__n_" : ..........
Torque Load 48 KIps. - ....... :_,- ;Jumw,mes_,=r

/ ! !Stress (0.4 x 114
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6J.OCK ANALYSIS Figure 11, Top of Block Principal Stress
Contours Torque Load 4b Kips

Ip_rio_ion of the Model and Operating Loads,
. A detailed analysis of the block is made using a model consisting of _ - -

shell elements(see Figure6). The Teflon gasket is modelexlwith the block.
A 2D model of the blockandretainerring is also madeto evaluate the guket
retainerring, shoulda loadpath beestablishedthroughthe lowerskirt and
the retainerring that contactsthenozzlerace at oneend. A separatemodel _'_
of theblock and nozzleis madeto evaluatethe thermal-inducedstressesin

the block, The block modelsare usedto perform the following evaluation: JA, _,, ,

• oo,.rn.ine,hestr.esdevelopedintheb,ock "OPmOO O/ If

• Studythe reactionsat the joint between theblockand nozzleand _ !
to determinethe leasttorqueloadrequiredto stopleakageunder I),4'

pre.c,mre andoperatingloads jv

• Find the possibleworst-casecombinationsof appliedforcesand A : 22065
momentsthat producethe maximumstressesin the block B = 28902
material SolidModellingof Nozzle C = 35739

0 = 42576
• Determinethe worst-caseload combinationto providea leak E = 49413

F = 56250
path G = 63087

• Determinethe compressibilityof the gasket H = 69924I : 7e781

• Performa completeanalysisof the blockwith thecombined
preload torque-generatedloadsand theworst-casecombination
of. the operating loads Figure 12. Principal Stress Contoum

Side of Block (Locking Toward Hole).
• Comparethe reactionsat theassumedone-directionallateral

suplx_rtswith the friction forcesand checkfor possiblerotation
of theblock

• Find the axial thermaldisplacementof theblock.

Analysis Results

Block Stresses.The worst stressesare at thetop of. the block where the
operatingscrew._,at _ compressionwhile thebottom face seesmaximum
tensionbecauseof bendingin twodirections. The stresscontour(Figure 1l)
showsrome concentrationaroundthelocationof theoperatingscrew, but in
general, the stresspattern is smoothandconcentric. Strecqconcentratiorm
developedaroundthehole (Figure 12)with or withoutoperatingloads. This
part of theblock is reinforcedwith full penetrationwelds for connecting
jumper piping. The stress concentrations will partially dissipate once the
piping is attached. Other than thisconcentration,all stressesin the block I
walls are within yield stresslevels. In addition,stressesinducedin the block
hecau_ of'restrainedthermalgrowth are evaluated. The restrainedthermal

growth stre.,mesare relativelylow andare additiveto the preloadstresses. Figure 13. Block Torque vs, Stress Intensity
Althoughtemperaturedependentstressesresultingfrom thermalexpansionare Material ASTM A 240 GR 304L
normallyclassifiedas secondarystresses,theyare conservativelyaccounted Ultimate Tensile Strength : 75 KlpWlnz
t'or in thisevaluationas additionalpreloadgenerated_tres._¢,s.Thermal peak Yield Strength : 30 KIp_ln 2
stres._s are not evaluated because the jumpers typically do not experience s
large numberof _vere thermaltransientconditions. For blocktorqueversus eo ....

stre._s intensity see Figure 13. /

O_f_ratingLoads and Combinations. Operating loads produce maximum strmminmn_stresseson the elementslocatedat boththeedgeof the openingand at thetop ,_ e0

/of' the block above theopening. The s_ aroundtheopeningfor jumper
piping will partially disappearaRer the jumper pipeis welded to the block.
Wllen operatingloadsarecombinedwith the torqueloads,themaximum _ 40

stressoccurs on the insideface of the elementslocatedat thecontactsurface l 1._s_._

of thescrew andthe block. Stressesdue to torqueloads arecritical. Hence, _ - .........":_

lhe controlling stres_qeafor the block analysisare limited to thoseelements ._
locatedbelow the operatingscrew. To find a loadcombinationthat produces w _ [

critical stressin theblock, anelementthat .,ruesmaximum._tre._esI'_ecauseof. ..1". _
torq.e load is churn, The combinationof theoperatingloadsthat l_roduce -._ I
maximumstresseson thechosenelementis consideredcritical. To find the 0 _'J' I _ . ! I .... _ ......I I I ,
worstcombination,unidirectionalloadsare combinedin all possibleways, 0 10 120 so 40 so

17.S Kips

starlingwith two variablesandaddingthethird variablewith the worst TocqueLoad(Kips)
Torque _NI Ino0udN Ol_mlng Loado



i ¢

combinationof the first two variablesuntil all forcesand momentsare Figure 14. Nozzle Flange StroBe
ewTeloped. Intonelty VB. Torque

Materlah ASTM A 743 Grade CD4MCU
Forleakageconsideration,theoperating forcesare combinedsothat Ultimate Tensile Strength : 100 Kips/In :_

maximumtension is developedat the gasketnozzle interface. The critical Yield Strength = 115 KlplRn z
loadcombinationsare as follow.q. 140 -

' :7:
(I) Fx + Fy + Fz-Mx + Mz Ize -

(2)Fx + Fy-Fz-Mx + Mz _ lee
8.

where I mFx - Fy =, Fz = 400 lbf 60 l"_lm"

X directionis along the jumper pipeline andpositivetoward the ze _- I Them_Stoma10Klpwlezjumper, Y directionis :dons the nozzleand block axisand positive toward
the block top. All clockwi_ momentsare positive, o • I _ _ I , I , l ,

10 I 2o _10 4e M
The loadcombination(!) is critical for stresses,andloadcombination 142GKIpeTarqueLmtd0dpl)

(2) is critical for leakage. _m,_0_mCe_mNTmmwNITl_mal0tmammmmzI._dm
Iw4_ms.4

Load Path Determinati0_. The preload torque generated by the operating
screw acts on the top of the block and compresses the gasket. The retainer

ring has a small area of contact with the nozzle face. A load path may be Figure 15. Plan of Nozzlq Flange
established through the lower skirt and gasket ring to the nozzle face. A 2D Hook Contlmt Surflme
block model is preparedto study thebehaviorof loadtransferthroughthe Principal Strmlo Contours.
gasket ring, The retainer ring becomeshighly over-stressed because of its
cantilever configuration and eccentric load path. As the retainer ring
becomesoverstre,,tsed,thecompre,c_iveloadshiftsto bear on thegasket Lead:41lKlps • ,"

Torque_ + _ •,_,,,,_._.through the block/gasket interface. This concludes that neither the lower ThermalI.oed ...- _ _tt_
skirt nor the retainer ring participates in the direct load transfer mechanism. _ _'_"_"_','_'_" _col t

Rot.ationof the Block;. Becauseof theopeningon one sideof the block face, ' M
thecompressiveforces t'romthe preloadtorqueare not distributedunifonllJy _,',._'_'_I_ r
over thegasket/block interfqce. One side of the gasketcompressesmore than .

the opposite side, This unequal distribution caused the block to rotate, AB,,41k_lZ33533 ,,_l__---"_ :'__f_"'' ii_]'

releasingcompressi_)non one sideand increasingcompressionon the other. O • e31eo ,
The block also tends to rotate because of operating loads, The static friction OmTTgOT ; -- ' O.
on the contact surface between the operating screw head and the block top is !I • 12BOOF • 107(124 I 0
a_sumedto act to preventthisrotation. Two supports,one in eachdirection O • _442 ' _ ' x, *.....,

perpendicular to the axis of the connector, are assumed at the top edge of the H• 1372(10 ' _' ' !t"'_)
block to simulate the friction force effects, Thus, the loads am distributed 11,ts20ye : ._..,' -'-., I

uniformly. The reactions acting in a plane normal to the connector axis at A,._ ,'

remain practically constant throughout the torquing process. These reactions ,'

are transferred to the nozzle hue through the g_ket retainer ring and the t_C'//_-_]_/:,_,,_./j_,_,"-/._._'_/_c
lower skirt. The ._tre._.s developed on the retainer ring and nozzle for these A"__."._,_,_. _"
loadsare checked and found acceptable, e_-. ",/_

NOZZLE ANALYSIS

[_-,cription of the Model
A finer mesh m(_Jel is prepared with a 6e-des segment (Figure 4) and

the hook reaction was distributed to 62 closely spaced nodes coveting one

hook contact area (Figure 5). Proper boundary conditions are imposed to OPERATING BOLT AND NUT ANALYSIS
representthe continuity at the side.q.

Hand calculations are made to qualify the operating bolt and nut.
Analysis Results Internal and external threads are checked for shear stretmper ANSI BI. I

(ANSl 1992). The threads for both the screw and nuts lurefound good for
The critical part of the nozzle is the flange. The pre._ure and torque-generated loads to 48 klbf. The screw ia checked for combined

operating loads had negligible effects on the nozzle stres.,_-_and are not compression and shear loads. The operating nut is dm checked for bending
addressed for the nozzle analysis. The 60-des segmented model is used for stresses for the overhung portion. Both of the parts are acceptable for a
the flange analysis. The maximum stress intensity for the elements at the torque force of 4g klbf,
bottom of the flange level for different torque loading with constant thermal
preloadare plotted in Figure 14. For principalstre&qplotsrefer to Figures
15and 16.

l,



Table 2. Allowable Load Table

" Figure 16. Nozzle Section Along ,

• X-AxlIk Principal Stress Pre-load load torq.e-
Contour Plot. Description torque- generated

.... - of generated forces

component/ considering
_-_,_ C item (Mechanical] thermal effects

C_L_....\ klbf klbfCO A _ Refer to [

I ' " c Rol;,,o 1
"3 31ock 17.5

t B.--..-_,I I n F ,:.\_ (3 l/ 1/11, / °'+retainerring

Ips Torque retainer ring will yield and
/ T "_,i e Loed. Thermal Loeds I provide

|°r+J: / ""-'°'d
I _A.,.,, I "+ "'
I i I \ l n. 3+2s7 I klbfloading
I I I \I c=4m9s I =re-'T_TG-_r
/ I ' _ _ O = 81133 / klbf
l -- __' C I; ; '/11071 l remarks loading
/ .__......._,C P • 91008 l
/ "FI I Q.lo.4o / _ st=,.+

t B-k_lll _ H = 120884 ] is critical
I • 135822 6._ 6.1 This force

includes a
(leakage factor of

H9403015.3 study) safety of 2.5
(see Figure 3)

ores:

HOOK PIN ANALYSIS (I) These values am 60% of yield based on AmericanInstituteof Steel Construction (AISC 1989) design criteria.

The hook pin is considered as a simple beam spanning the two arms of
the operating nut. The hook attachment is represented as a uniform loading (2) Based on the use of American Society of Mechanical
at the center region of the pin. The pin is checked for bending and shear Engineers Boiler and Pressure Vessel (ASME 1989) Code,
stresses. Bending stresses are found to control the design. The allowable Section 11I,Sub-Section NB 322t.3,
bending stress is reached at a torqmpgenemted force of t4.77 klbf at design
temperature. (3) Based on the use of ASME B&PV Code B31.3 temperaturedependent allowable stresses (ASME 1990).

RESULTS Friction between different mating surfaces plays an important role in
stabilizing the block. The attachedjumper pipe connection on one side of the

The results of the above analysis are tabulated in Table 2. The table block causes unequal distribution of compression forces on the nozzle face,
indicates the preload torque-generated forces at which the component reaches resulting in poemiblerotation of the block. The block rotation may lead to
the allowable stress limits. Thermal expansion of the block and nozzle unequal clamping forces on the hooks. This phenomenon is resisted by the
causes a constant preload to the hooks, hook pins, and nozzle flanges. Two friction force acting at the interface between the screw and the block. Hence,
columns for preload torque-generated forces are shown on the table. One hook stresses are not significantly affected by the operating Io_Jdsand are not
column shows the mechanical loads (i.e., loads from torquing of the screw considered in the hook analysis.
only) at which the component reaches its allowable limits; the other column
shows the allowable preload caused by torque considering thermal effects High stressconcentration resulting from abruptchange of profile or
(i.e., thermal loads induced in the component from restricted thermal concentrated loading is possible in the hooks, nozzle, and
growth). In the case of the block, the preload torque-generatad forces also block. The hook tip that clamps with the nozzle flange experiences high
include the operating forces, local concentration of stresses. The operating loads produced stress

concentration in the block around the opening where tho_ loads are applied.
The nozzle flange also has high stress concentration both at the hook

DISCUSSION engagement points and near the root of the flange. Peak stresses developed

The relative thermal displacement between the bottom face of the at the region of local concentration will redistribute to adj,<;entelements
nozzle flange and the top of the block caused a constant preload of 3.55 klbf. because of high ductile behavior of the material. These peak stresses are not
This thermal load is added to the preload torquing forces and induced stresses considered as peak design stresses for this analysis.
on the above components. These components are evaluated on the basis of
the combined thermal and mechanical Ioadings. Stresses resulting from The allowable torque load for the nozzle flange is 14.26 klhf. which is

operating loads are small compared to the preloed torque stresses. Stresses lower than the hook pin allowable of 14.77 kibf. The difference between
generated by pressure loads are also small. The nozzle flange is strewed hy these two allowable torque load values is approximately 500 ihf, which for all
the clamping forces of the hook. The highly stressed part of the flange do practical purposes is judged to be insignificant and is considered to he within
not experience the str_ from pressure or operating loads. The torque the tolerance of engineering analysis accuracy limits. Also, it should he
preloat_ ,_tresses in the flange are critical and governing; hence, pressure and noted that the L4.77 klbf allowable torque load for the pin is ha,_edon a
operating loads are not considered in the nozzle flange analysis, calculated maximum principal stress value, whereas the 14.26 klhf allowable
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torqqe'_oadfor the nozzle is basedon a moreconservativecalculatedstreg provideclampingactionat the interfr,_ at ill theearnof r
intgnsityvalue. In addition, thenozzle material,CD4MCu, is slightlymore flaages. 1
ductile than the pin material, ASTM AI08, Grade 1045(16% versus12%,
seeTable !), Hence, becauseof calculationnlaucuraeylimitations,
contervztism with respectto thecalculatedstressintensityvalue for the
nozzle, andthe slightly higherductilityof the nozzlematerial, thecritical
componentin thejumper connectorL,.semblyis consideredto be the hookpin 12.0 REFERENCES
thatreachesitsallowable bendingstre_ql at z torque.generatedloadof
14.77 klbf. The lilowable stres_ for theblockis consideredu [.5 Sm, or AISC, 1989, Maxt_l of StealCoMlructiop. AllowableSires D_l n. Ninth
the yield strengthand the correspondingtorque loadis 17.5 klbf, which is Edition,Americanhzslituteof SteelConstruction,IM., ChtcallO,Illinois.

higher thanthe pin or the nozzle flange. ANSI, 1982, Unified Inch.ScrewThre_ tUN & UNR 'thread Fern), ANSI

The maximum torque-genet._tedforce for thejumper assembly, B[. l, AmericanSocietyof MeclumioalEnilhme_, New York, New York. •
includingthe operatingloads, is ratedas [4.77 klbf. Safetyis already
includedin the allowablestressesand neednot be consideredfurther. ASMB, 19891, SectioaIlL Division l ._SuhmctioaNB-3221.3. Ru],,- for

(;oMm_ion of N--uclear_owerPlantCom_eent¢ The Amedc_ulg_eietyof

The minimumpreload torque-generatedforce is 6.1 klbf (Figure 4) to MeclumicalEnginears,New York, New York,
preventleakageresl',itingfrom internal pressureandoperating loads. This
load includesa _fe_ty factor of 2..'r, ASMB, 1989b, Section!11.Division I - Ao_tcm_ _nnendix 111.Basisfor

F.s!-___k!i_ki_zDesi_ Stre_ Intensity Vlluea tnd Allowable Sh_m Vzlum._The

From thept,;liminsry torquetesting results,the minimumtorqueto AmericasSoeietyof MechanicalEngineers, New York, New York.
preventleakagest design temperatureand pressurewill be approximately
70 ft4b. The maximum torqueforce of 14.77klbf will beapproximately ASME, 1990, ChemicalPlantand PetroleumReftm_ Pieing. ASMn B31.3,
150 ft4bf. AmericanSocietyof MechanicalEngineers,New York, New York.

BaumeiW_r,T., 1978, Marks' Stl_-_-_."dHandbookfor MeelumiealEngineers.

CONCLUSIONS AND RECOMMENDATIONS EighthEdttion, McGraw-HiiiBook Company,New York, New York.

The conclusionsand recommendationsof thisanalysisare summarized Conner,L E., 1990. H__k CMtine. gameteConmetor. HS-BP-O07I,
below: WestinghouseHanfordComl_.ny, Richlm_l,Wmddnltou.

• The maximumpreload torque-generatedforcesshouldbe limited DeSalvo,O. L, andR. W. Gornum,1987, _.L_lJnEl_n¢ Analysis
to 14.77 klbf to keep the stresslevelsof all componentswithin __vstemUser,s Manual. SwarutonAnalysisSystems,let., Houston,
safe allowable limits. This torque forcewill correspondto PemuJylvanit.

approximately150 ft.lbf of torque Hopper,A. O., andG. V. Thompson, 1964, How to CalculateandDeain
for Stressin PreloadedBolts. ProductEnilinearin8.

• The minimumtorque-generatedforcesshouldbe6.1 klbf to sea|
the g_ket for an internalpressureof 400 psiandat 240 °F.
The corresponding minimum torque value will be approximately Harris, ]., 1991, Ooeratine Nut Castir_. Remote Connector. HS.BP-0073,
70 ft.lbf Westinghouse Henford Company, Richlend, Washington.

• The allowable reactions from the operating loads should not McClusky, J. K., 1985, Nozzle. Remote Connector Steinlem Steel.
exceedthe envelopedabsolutevaluesof F_ =. F, ,, F, -, SpecificationNo. HS-BP-0Oig, WestinghouseHanford Company,Richland,
400 Ibf and M_ ,, M, =, 350 ft.lbf, where x, y, and Z are the Wuhington.
three orthogonal dire:tinna a,td the x direction is axial for the
jumper piping and y direction is parallel to the nozzlwhlock SAE, 1983, SA_EHandboo_:t Volume [. Materials. Society of Automotive
axis. The moment, M_, is released at the connector point. Engineers, Inc., Warrendale, Pennsylvanis.

• The torque versus force relationship should be linear to fix the

torque rating for thisequipment. Friction forcechangesif
galling occursat high torqueloads. The working preloadtorque
range as specified should not cause any galling. More research
is recommended on the materials or design to prevent galling
effects.

• The lower skirt and gL,_ketretainer ring should be assembled such that
the top surface of the skirt is in contact with the block's stepped
surface for transferring reactions normal to the torque load into the
nozzle base.

• The tie bolts shouldhe torquedsnugtight to avoid
unnecessarycompressivestre..¢qon the blockcrc_ section.

• I_cau_ the jumper assembly is sensitive to preload torque, the
remotecontrol torquewrenchshouldbe controllableor
calibrated and have the capability to exert measured amounts of
torque.

• The gasket functions both as a load bearing and leakage sealing
unit. The efficiency of thejumper assembly may he increased if
the interface between the block and the nozzle is redesigned to
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