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JUMPER CONNECTOR ANALYSIS

2-INCH BY 2-INCH CONNECTOR

S. K. Kanjilal
L. E. Ulbricht
M. R. Lindquist

Westinghouse Hanford Company

ABSTRACT

Jumper connectors are used for remotely connecting pipe lines
contuining transter fluids ranging from hazardous chemicals to other
nonhazardous liquids, The jumper connector assembly comprises hooks,
hookpins, a block, a nozzle, an operating screw, and a nut. The hooks are
tightened against the nozzle flanges by the operating screw that is tightened
with a remotely connected torque wrench. Stress analysis for the jumper
connector assembly (used extensively on the U.S. Department of Energy’s
Hanford Site, near Richland, Washington) is performed by using hand
calculation and finite-element techniques to determine the stress levels
resulting from operating and seismic loads on components of the assembly.
The analysis addresses loading conditions such as prestress, seismic,
operating, thermal, and leakage. The preload torque-generated forces at
which each component reaches its stress limits are presented in a tabulated
format. Allowable operating loads for the jumper assembly are provided to
prevent lenkage of the assembly during operating cycles.

INTRODUCTION

Jumper connectors are used for remotely connecting jumper pipe lines
in radioactively contaminated zones. The jumper pipes transport radioactive
Nuids and hazardous chemicals. This analysis was made for a particular
PURENX type connector used extensively in the Hanford Site, managed by the
U.S. Department of Energy, Richland Operations Otfice (DOE-RL),
Richland, Washington. The design analysis of the jumper connector is
performed to achieve the following objectives.

e  Determine the maximum amount of preload that can be applied
to a 2- by 2-in. jumper connector at the time of installation.
(Relate preload to operating screw (orque.)

®  Determine the maximum allowable load capacity for a 2- by
2-in. jumper connector.

®  [nvestigate the possibility of leakage from the connector
resulting from a seismic event and/or the application of the
operating loads,

DESCRIPTION OF THE EQUIPMENT

A sketch of the jumper connector assembly is shown in Figure 1, The
assembly mainly consists of thres hooks, a block, an operating screw, a
upper and a lower skirt, and the gasket retainer ring.

The installation and operation of the jumper is described below.

The jumper piping is welded to the block. The assembly is then lifted
and placed so that the gasket is mounted over the nozzle and the hooks
engage the flange of the nozzle. Once in position, the operating screw is
torqued by use of a remotely operated torque wrench that is activated for a
predetermined period of time. The torque wrench is rated for a specific
maximum torque. The torque is balanced by a compression force on the
block transmitted through the screw and by a tensile force in the.hooks.
These two equal and opposite forces hold the jumper connector assembly
together. Tn other words, the higher the torque, the greater the clamping
force.

Figure 1. Jumper Connector Assembly
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DESIGN PARAMETERS AND ALLOWABLE
®  Design pressure is 400 Ibf/in’.
®  Design temperature is 240 °F.

®  Torque versus force relationship is obtained from the test
results.

The allowable stresses for the hooks and hook pins are as follows:

Allowable stresses in bending = 0.60 S,
Allowable stresses in shear = 0.40°S,

where S, is the yield strength of the material.

These allowable stress criteria comply with the American Institute of
Steel Construction (AISC), Ninth Edition (AISC 1989).

The allowable for primary membrane and bending stresses for the
nozzle and the block material are as per American Society of Mechanical
Engineers (ASME) Section I1I, Sub-Section NB-3221.3 design criteria
(ASME 1989a).

The allowable material stresses for tension at the design temperature
for the gasket retainer ring material are taken from ASME B31.3-1990
edition (ASME 1990). The shear stresses for the above materials are limited
10 0.4,

MATERIAL PROPERTIES

The room temperature material properties of different component parts
are shown in Table 1.

Table 1. Room Temperature Material Properties.

LOAD CASES

Analyses for the jumper connector is performed to evaluate stresses for
the following loading conditions. :

Preload is because of loads generated when the operating screw is
torqued. Several standard formulas are available to calculate the torque
versus force relationship. The results vary widely, and arriving at a
consensus is difficuit. The load range considered for prestress analysis is
10 to 48 Kips pound force (kibf), which is approximately in the operating
screw ltorque range of 200 to 1,000 foot pound force (ft4bf).

When installed and connected to a nozzle, the assembled parts behave
like a rigid mass. Two factors may influence the rigid behavior: (1) the
reduction of preload torque from seismic motion and (2) the seismic Iateral
force generated at the joints where different parts contact each other (e.g.,
the tip of the hook and the nozzle flange), which should be less than the
friction force acting at that joint. The fundamental frequency of the
combined model (Figure 2) was determined to be 166 Hz, which indicates
rigid behavior with no dynamic amplification. The connector will see
insignificant seismic forces and will maintain its integrity during a seismic
event.

Operating Loads |
The operating loads are developed because of pressure, dead load,

differential thermal expansion and seismic motions of the jumper piping. The

piping analysis evaluates dead loads, thermal loads, and seismic loads; these

loads constitute the reactions at the jumper connector point. A study of the

load data sheet from jumper piping stress analysis, suggests that an enveloped

load of 400 Ibf in each direction and a moment of 350 R4bf in two

directions is sufficient to cover the piping demands for a 2- by 2-in. jumper

connector. These enveloped loads are considered the extreme operating loads

for 2-in-diameter jumper pipe lines. The coefficient of friction between the

Teflon' gasket and the steel is smail; therefore, the block may rotate over the |

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

Hence, the moment along the nozzle axis is released.

The design temperature is 240 °F. The room temperature material
properties do not appreciably change at this low temperature. No time-
dependent thermal analysis is performed on this jumper connector; instead,
calculations are made with a temperature differential of 240 and 70 °F to
determine the relative thermal displacement of the nozzle {Tange and top of
the block. The resultant thermal movement is converted to an equivalent
force that considers the stiffness of the assembly at the center point of the
nut. This thermal-induced force is superimposed on the torque loads to find
the combined stresses in the hook and the nozzle flange.

The hlock is modelled with 400-1bf/in? internal pressure and with the
gasket at the bottom. The torque preload is applied as pressure on the
equivalent area at the top of the block and operating loads are applied at
praper locations on the sides. The criteria for no leakage are (1) that the
reactions at the sealing surface must he compressive and (2) that the net
reactive forces normal (o the compressive force should he less than the
reactive friction forces, or a mechanism should exist to transfer these forces
to the fixed nozzle hase. The coefficient of friction hetween the steel block
and the Teflon gasket is small (0.04) (Baumeister 1978). The friction force
at the interface of the block and Teflon gasket is not enough to restrain the
reactive forces. These forces are transferred to the fixed nozzie base through
the lower skirt and the gasket retainer ring. The compressive stresses at the
point of contact between the ring and the nozzle face are calcuisted and found

table. The hending stresses at the fixed end of the nozzle body are also

. Ultimate
; Thermal Loads
Compone st‘:c’ :hth tensile % ad
ot Material klbflg' , | strength | Elongatio
¢ T | dabirnt |
)

Hook ASTM A 747, Grades 15 145 9

CB7Cu-1 or CB7Cu-2
Hook ASTM A 108 Grade 1045 n 91 12
Pins (Cold drawn)
Nozzle ASTM A 743 Grade CD- 70 100 16 Lenkage

4MCu
Block ASTM A 276 Grade 304L 30 15 40

SST
Operating | ASTM A 148 60 90 20
nut
Operating | ASTM A 193 Grade 87 100 125 16
screw C.S.
Gasket ASTM A 276 Grade 304L 30 75 40
retainer SST
ring
Gasket Tetlon - - -

L]
acceptable, The torque loading that satisfies the above criteria is noted and
shown in Figure 3.

Teflon is a registered trade mark of E. 1. du Pont de Nemours & Company,
Wilmington, Detaware.



The minimum torque to stop leakage has a safety factor of 2.5 and is
specified in the results of this analysis.

The leakage analysis is based on the assumption that forces are
* distributed uniformly and that moments are distributed proportionally and
linearly on the sealing surface. The leakage analysis does not account for
such things as the effects of fluid characteristics, uneven or discontinuous
loading on the sealing surface, the condition of the sealing surfaces, or other
variable factors that could affect sealing performance.

Figure 2. Combined Model
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Solid Modelling of Nozzie
« Thermal Displacement Study

Figure 3. Torque vs. Compression
of Gasket. (Leakage Study)
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Gasket Retainer Ring (supplementary load path)

The gasket retainer ring is screwed to the lower skirt and contacts the
block. The tip of the gasket retainer ring touches the nozzle face. The top
of the retainer ring has a clearance of 0.033 in, from one edge of the block
face. A load path may be established to distribute the compression load from
the biock to the nozzle face through the lower skirt and the retainer ring. A
two-dimensional (2D) computer model is generated with the block and the
retainer ring to evaluate the stresses in the retainer ring. The gasket is used
as a spring element in this case.

DESIGN ASSUMPTIONS

The jumper connector presents a complex analytical problem having a
multitude of boundary conditions. The following assumptions are made to
evaluate the jumper connector.

®  The connection between the hooks and the nozzle flange is fixed
in translation. This fixity is based on the hook tension force
generated by torquing the operating nut. The fixity in the other
two directions is based on the friction force between the two
surfaces.

®  The hooks are connected to the hook pins by a rigid link to
transmit the torque force and are guided in two other directions
by their ling with the operating nut. This assumption is

valid because the tension of the hook is generated by 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; instead, the torque generated forces are represented by
a tension force placed at the center of the operating nut, with the
same compressive force or equivalent pressure on top of the
block. This assumption has no effect on the results of the
analysis.

®  The connection between the Teflon gasket and the nozzle is
assumed to be fixed in translation on the basis of the same
arguments as stated in the first assumption above.

®  The analysis assumes perfect fit-up conditions where each hook
sees an equal amount of tension load. An imperfect fit-up is
beyond the scope of this analysis.

®  No thermal analysis is performed for the wetted surface.
However, thermal expansion of the nozzle and black is
considered, and stresses in the jumper connector components
and the nozzle flange are increased to account for the relative
thermal movements. Because the upper-bound operating
temperature is below 400 °F, material properties do not change
significantly. Thermal-induced stresses are self-limiting and
have a high allowable.

©  The nozzle base is considered fixed in all directions.

COMPUTER MODELING

The ANSYS version 4.4 computer code (DeSalvo [987) is used to
perform a finite-element analysis on the jumper ct tor hly. The
following models are made for the analysis.

e A combined model of all the components, (see Figure 2). The
purpose of this model is to find the approximate stress levels in
the various components that resuit from static prestress loads
and also to make a dynamic run to find the natural frequency of
this equipment, All hook analysis are performed based on the
resultg of this model.




® A malel for the nozzle. The contact area between hook and
nozzle flange for one hook position is closely meshed for a 60-
deg segment (see Figures 4 and 5). The hook tension loads are
distributed uniformly on the contact nodes. The flange stresses
obtained from this model are used for qualifying the nozzle
flange.

® A model for the block (Figure 6). This model has Teflon
gaskets attached to the block and is restrained at the base with
translational restraint. This model is used to (1) perform a
stress analysis of the block, (2) determine the critical
combination of the operating loads, (3) perform the leakage
study, and (4) determine the compressibility of the gasket.

¢ 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 preload torque-induced
compression loads were distributed as pressure at the top of 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 stresses 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

1
8y = — V[(31 - 82)
V2

+(82 - 33)*+(31 - 83y
where
¥ = Yield stress of the material, and
i, 8, and 5, = Principal stresses in three orthogonal directions.

For the block and rozzie where ASME allowable are used, the
stresses are compared to allowable stress intensity that is based on maximum
shear stress theory, and is conservative compared to the distortion energy
theory.

HOOK ANALYSIS

Description of the Model

All three hooks are modeled and attached to the nozzle flange by
coupling translational degrees of freedom at the interfacing nodes. At the
top, each hook is coupled to the operating nut in two directions normal to the
hook to represent a guide and also connected with the hook pin by a rigid
link (see Figure 7) to transfer tension forces. All hooks are modeled together
with the nozzle and the block. Preload torque-generated tension forces are
input at the center line of the operating nut and distributed to all three hooks
by modeling a rigid link network. For the thermal displacement study, a
computer run is made to find the stiffness of the assembly at the center of the
operating nut. The relative thermal displacement is converted to preload
force based on the stiffness. Analysis is performed with a combined loading
of torque and thermal-generated preloads.

Analysis Results .

The analysis results show stress concentrations at different parts of the
hook hecause of curvature effects and aiso because of a small contact area.
Stress contours for a preload torque force of 48 kibf is shown in Figures 8
and 9. The tip of the hooks, which contacts the nozzle flange, shows high

concentration of stresses. This local concentration of stresses is par. )
because of the coupling effect between the hook and flange. At this location,
only two nodes are coupled to transfer the forces, while the actual
distribution is over a t ares. B the stress c« ions are Jocal
and compressive in nature, they are not expected to have any adverse effects
on the structural integrity of this component, and are not assessed further
within the scope of this analysis. The next highly stressed area occurs where
the profile takes an sbrupt tum to form the hook. The average principal
stresses at this region are considered as the design stresses the hook will see
during the preload torquing p The results are summarized in

Figure 10,

Figure 4. Part Model of Nozzle
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Figure 6. Block Model
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Figure 7. Hook Top Model
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Figure 8. Hook (Middle Portion)
Stress Contour Plot.
Torque Load 48 Kips.

Load: Torque Load 48 Kips
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Figure 9. Hook (Bottom Portion) Stress
Contour Plot. Torque Load 48 Kips.
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Figure 10. Hook Stress vs, Torque
Materfal ASTM A 747 Grade CB7CU-1
Ultimate Tensile Strength = 145 Kips/in?

200
180
< Principal
§ __Yioid Strees 118 Kipafn® __
]
£ 100 [~ stowsdle Sending !
Stress (08 x 113 :
--------- : Allowabie Shear
1Stress (0.4 x 114
v S 18 Kipand)
Thermal Displacement \
Stress (|I 1.19 Kipsan?) |
. { Shear Stress
° = o o
° 10 j20 30 ) 0
1838 3293

Torque Loed (Kips)
Skesses Are Dus 1o Combined Thermal and Torque Loads



BLOCK ANALYSIS

A detailed analysis of the block is made using a model consisting of
shell clements (see Figure 6). The Teflon gasket is modeled with the block.
A 2D model of the block and retsiner ring is also made to evaluate the gasket
retainer ring, should a load path be established through the lower skirt and
the retainer ring that contacts the nozzle face at one end. A separate model
of the block and nozzie is made to evaluate the thermal-induced stresses in
the block. The block models are used to perform the following evaluation:

®  Determine the stresses developed in the block

®  Study the reactions at the joint between the block and nozzle and
to determine the least torque foad required to stop leakage under
pressure and operating loads

®  Find the possible worst-case combinations of applied forces and
moments that produce the maximum stresses in the block
material

®  Determine the worst-case load combination to provide a leak
path

®  Determine the compressibility of the gasket

®  Perform a complete analysis of the block with the combined
preload torque-generated loads and the worst-case combination
of the operating loads

®  Compare the reactions at the assumed ope-directional lateral
supports with the friction forces and check for possible rotation
of the block

®  Find the axial thermal displacement of the block.

Analysis Results

Block Stresses. The worst stresses are at the top of the block where the
operating screw seat sees compression while the bottom face sees maximum
tension because of bending in two directions. The stress contour (Figure 11)
shows some concentration around the focation of the operating screw, but in
general, the stress pattern is smooth and concentric. Stress concentrations
developed around the hole (Figure 12) with or without operating loads. This
part of the block is reinforced with full penetration welds for connecting
jumper piping. The stress concentrations will partially dissipate once the
piping is attached. Other than this concentration, all stresses in the block
walls are within yield stress levels. In addition, stresses induced in the block
because of restrained thermal growth are evaluated. The restrained thermal
growth stresses are relatively low and are additive to the preload stresses.
Although temperature dependent stresses resulting from thermal expansion are
normally classified as secondary stresses, they are conservatively accounted
for in this evaluation as additional preload generated stresses. Thermal peak
stresses are not evaluated because the jumpers typically do not experience a
large number of severe thermal transient conditions. For block torque versus
stress intensity see Figure 13.

Operating Loads and Combinations. Operating loads produce maximum
stresses on the elements located at both the edge of the opening and at the top
of the block above the opening. The stresses around the opening for jumper
piping will partially disappear after the jumper pipe is welded to the block.
When operating loads are combined with the torque loads, the maximum
stress occurs on the inside face of the elements located at the contact surface
of the screw and the block. Stresses due to torque loads are critical. Hence,
the controlling stresses for the block analysis are limited to those elements
located helow the operating screw. To find a load combination that produces
critical stress in the block, an element that sees maximum stresses hecause of
torque load is chosen. The combination of the operating {oads that produce
maximum stresses on the ch el t is considered critical. To find the
worst combination, unidirectional loads are combined in all possible ways,
starting with two variables and adding the third variable with the worst

Figure 11. Top of Block Principal Stress
Contours Torque Load 46 Kips
and Operating Loads.
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Flgure 12. Principal Stress Contours
Side of Block (Looking Toward Hole).

Solid Modelling of Nozzle

Figure 13. Block Torque vs. Stress Intensity
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combination of the first two variables until all forces and moments are

enveloped.

For leakage consideration, the operating forces are combined so that
maximum tension is developed at the gasket nozzle interface. The critical
load combinations are as follows.

(1)Fx + Py + Fz-Mx + Mz
(2)Fx + Py - Fz - Mx + Mz
where

Fx = Fy = Fz = 400 Ibf
Mx = Mz = 350 tt.lbf.

X direction is along the jumper pipe line and positive toward the
jumper, Y direction is along the nozzle and block axis and positive toward
the block top. All clockwise moments are positive.

The load combination (1) is critical for stresses, and load combination
(2) is critical for leakage.

Load Path Determination. 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
established through the fower skirt and gasket ring to the nozzle face. A 2D
block model is prepared to study the behavior of load transfer through the
gasket ring. The retainer ring hecomes highly over-stressed because of its
cantilever configuration and eccentric load path. As the retainer ring
hecomes overstressed, the compressive load shifts to bear on the gasket
through the block/gasket interface. This concludes that neither the lower
skirt nor the retainer ring participates in the direct load transfer mechanism.

Rotation of the Block. Because of the opening on one side of the block face,
the compressive forces from the preload torque are not distributed uniformly
over the gasket/block interface. One side of the gasket compresses more than
the opposite side. This unequal distribution caused the block to rotate,
releasing compression on one side and increasing compression on the other.
The block also tends to rolate because of operating loads. The static friction
on the contact surface hetween the operating screw head and the block top is
assumed to act to prevent this rotation. Two supports, one in each direction
perpendicular to the axis of the ¢, are d at the top edge of the
block to simulate the friction force effects. Thus, the loads are distributed
uniformly. The reactions acting in a plane normal to the connector axis at
the gasket level are primarily from pressure and the operating loads and
remain practically constant throughout the torquing process. These reactions
are transferred to the nozzie hase through the gasket retainer ring and the
lower skirt. The stresses developed on the retainer ring and nozzle for these
loads are checked and found acceptahle.

NOZZLE ANALYSIS

Description of the Model

A finer mesh model is prepared with a 60-deg segment (Figure 4) and
the hook reaction was distributed to 62 closely spaced nodes covering one
hook contact area (Figure 5). Proper boundary conditions are imposed to
represent the continuity at the sides,

Analysis Results

The critical part of the nozzle is the flange. The pressure and
operating loads had negligible effects on the nozzle stresses and are not
addressed for the nozzle analysis. The 60-deg segmented madel is used for
the flange analysis. The maximum stress intensity for the elements at the
bottom of the flange level for different torque loading with constant thermal
pretoad are plotted in Figure 14. For principal stress plots refer to Figures
15 and 16.

Figure 14. Nozzle Flange Stress
Intensity vs. Torque
Matorial: ASTM A 743 Grade CDAMCU
Ultimate Tensiie Strength = 100 Kips/In?
Yield Strength = 115 Kips/in?

120 |- Siress Intensity

60
40
| Thermai Stress 10 Kpsdn? _
J — l 1 ] L l 1
° 10 20 20 ) 0
1426 Kips Torque Load (iips)
Suesses Are Oue 1o Combined Torque
and Thormasi Olsplacement
#8403015.4
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OPERATING BOLT AND NUT ANALYSIS

Hand calculations are made to qualify the operating bolt and nut.
Internal and external threads are checked for shear stress per ANSI Bl.1
(ANSI 1982). The threads for both the screw and nuts are found good for
torque-generated loads to 48 kibf. The screw is checked for combined
compression and shear loads. The operating nut is also checked for bending
stresses for the overhung portion. Both of the parts are acceptable for a
torque force of 48 kibf.




. Figure 16, Nozzle Section Along
X-Axis, Principal Stress
Contour Plot.

St
Load: 48 Kips Torque
Load + Thermal Loads

A 2 16319
8 = 31257
C 2 481938
c D 281133
E 2 76071
F = 91008
Q 5 105940
H = 120884
_— 15135822

H9403018.3

HOOK PIN ANALYSIS

The hook pin is considered as a simple beam spanning the two arms of
the operating nut. The hook attachment is represented as 2 uniform loading
at the center region of the pin. The pin is checked for bending and shear
stresses. Bending stresses are found to control the design. The allowable
bending stress is reached at a torque-generated force of 14.77 kibf at design
temperature.

RESULTS

The results of the above analysis are tabulated in Table 2. The table
indicates the preload torque-generated forces at which the component reaches
the allowable stress limits. Thermal expansion of the block and nozzle
causes a constant preload to the hooks, hook pins, and nozzle flanges. Two
columns for preload torque-generated forces are shown on the table. One
column shows the mechanical loads (i.e., loads from torquing of the screw
only) at which the component reaches its allowable limits; the other column
chows the allowable preload caused by torque considering thermal effects
(i.e., thermal losds induced in the component from restricted thermal
growth). In the case of the block, the preload torque-generated forces also
include the operating forces.

DISCUSSION

The relative thermal displacement between the bottom face of the
nozzle fange and the top of the block caused a constant preload of 3.55 kibf.
This thermal load is added to the preload torquing forces and induced stresses
on the abave components. Thesa components are evaluated on the basis of
the combined thermal and mechanical loadings. Stresses resulting from
operating loads are small compared to the preload torque stresses. Stresses
generated by pressure \oads are also small. The nozzle flange is stressed hy
the clamping forces of the hook. The highty stressed part of the flange do
not experience the stresses from pressure or operating loads. The torque
preload stresses in the flange are critical and governing; hence, pressure and
operating loads are not considered in the nozzle flange analysis.

Table 2. Allowable Load Table

. ot | ot
Desc:? tont | Allowable .oml::;d generated
Item stress gene forces Remarks
component/ (kibf/in?) forces considerin,
item (Mechanical) 8
KIbf thermal effects
kibf
{ {Hooks re 21.93 18.380 Refer to
Figure 10
2 |Nozzle 509 17.81 14.26% Refer to
Figure 14
3 | Block 300 17.5 17.5% Refer to
Figure 13
4 |Gasket 16.79 sc0 romarks | see remarks | Gasket
retainer ring retainer ring

will yield and

provide
alternate load
path
4 |Openating  |see soe remarks |48 Good for 48
screw remarks klbf loading
5 |Operating  |see see remarks |48 Good for 48
nut remarks kibf
loading
% |Hook pins  |46.2f 18.32 18.770 Bending stress
is critical
7 | Stop leakage 6.1 6.1 This force
(leakage includes a
study) factor of
safety of 2.5
(see Figure 3)
Notes:

(1) These values are 60% of yield based on American
Institute of Steel Construction (AISC 1989) design criteria,

(2) Based on the use of American Society of Mechanical
Engineers Boiler and Pressure Vessel (ASME 1989) Code,
Section 111, Sub-Section NB 3221.3.

(3) Based on the use of ASME B&PV Code B31.3 temperature
dependent allowable stresses (ASME 1990).

Friction between different mating surfaces plays an important role in
stabilizing the block. The attached jumper pipe connection on one side of the
block causes unequal distribution of compression forces on the nozzle face,
resulting in possible rotation of the block. The block rotation may lead to
unequal clamping forces on the hooks. This phenomenon is resisted by the
friction force acting at the interface between the screw and the block. Hence,
hook stresses are not significantly affected by the operating londs and are not
considered in the hook analysis.

High stress concentration resulting from abrupt change of profile or
concentrated loading is possible in the hooks, nozzle, and
block. The hook tip that clamps with the nozzle flange experiences high
local concentration of stresses. The operating loads prod | stress
concentration in the block around the opening where those loads are applied.
The nozzle flange also has high stress concentration both at the hook
engagement points and near the root of the flange. Peak stresses developed
at the region of local concentration will redistribute to adjacent elements
because of high ductile hehavior of the material. These peak stresses are not
considered as peak design stresses for this analysis.

The allowable torque load for the nozzle flange is 14.26 kibf. which is
lower than the hook pin allowable of 14.77 kibf. The difference between
these two allowable torque foad values is approximately 500 Ihf, which for all
practical purposes is judged to be insignificant and is considered to be within
the tolerance of engineering analysis accuracy limits. Also, it should he
noted that the 14.77 kibf alfowable torque load for the pin is based on a
calculated maximum principal stress value, whereas the 14.26 kibf allowable



mrqqe\oad for the nozzle is based on a more conservative calculated stress
intensity value. In addition, the nozzie materiai, CD4MCu, is slightly more
guctile than the pin material, ASTM A108, Grade 1045 (16% versus 12%,
see Table 1). Hence, because of calculational accuracy limitations,
conservatism with respect to the calculated stress intensity value for the
nozzle, and the slightly higher ductility of the nozzle material, the critical
component in the jumper connector assembly is considered to be the hook pin
that reaches its allowable bending stresses at a torque-generated load of
14.77 kIbf. The allowsble stresses for the block is considered as 1.5 Sm, or
the yield strength and the corresponding torque load is 17.5 kibf, which is
higher than the pin or the nozzle flange.

The maximum torque-gene ited force for the jumper assembly,
including the operating loads, is rated as 14.77 kibf. Safety is already
included in the allowable stresses and need not be considered further.

The minimum preload torque-generated force is 6.1 kibf (Figure 4) to
prevent leakage resviting from internal pressure and operating loads. This
load includes a safety factor of 2.5.

From the preliminary torque testing results, the minimum torque to
prevent leakage at design temperature and pressure will be approximately
70 ft4b. The maximum torque force of 14,77 kibf will be approximately
150 fr4bf.

CONCLUSIONS AND RECOMMENDATIONS

The conclusions and recommendations of this analysis are summarized
below:

¢ The maximum preload torque-generated forces should be limited
to 14.77 kibf to keep the stress levels of all components within
safe allowable limits. This torque force will correspond to
approximately 150 ft-ibf of torque

e The minimum torque-generated forces should be 6.1 kibf to seal
the gasket for an internal pressure of 400 psi and at 240 °F.
The corresponding minimum torque value will be approximately
70 ftibf

¢ The allowable reactions from the operating loads should not
exceed the enveloped absolute values of F, = F, = F, =
400 (bf and M, = M, = 350 fi1bf, where x, y, and z are the
three orthogonal dire:tions and the x direction is axial for the
jumper piping and y direction is parallel to the nozzie-block
axis. The moment, M,, is released at the cc tor point.

®  The torque versus force relationship shouid be linear to fix the
torque rating for this equipment. Friction force changes if
galling occurs at high torque loads. The working preload torque
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 gasket retainer 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 hase.

@  The tie bolts should be torqued snug tight to avoid
unnecessary compressive stress on the block cross section.

®  Because the jumper assembly is sensitive to preload torque, the
remote control torque wrench should be controllable or
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 the jumper assembly may be increased if
the interface between the block and the nozzle is redesigned to

provida clamping action at the interfrcc as in the case of
flanges.
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